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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.1,2  

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 approaches3 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  is 

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,4-6  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.7,8 Recent studies have shown that similar efficacy 

can be achieved with lesser volumes.9 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.10-13 

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.14-19 

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.20  

Clonidine, a selective α2 adrenoreceptor with a weak α1 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 

µg have been administered with minimal side effects.21 It has been proposed that 

clonidine exerts its effect by influencing resorption of local anaesthetics through 

local vasoconstriction22 or it may have a direct action on the nerve fiber.23  

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 µg/kg.  
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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.1,2 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.3-5  

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.6 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.7 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.8 

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.9 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.10 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 block11 

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,12-14 shorten onset 

time,15,16 reduce vascular puncture17,18 and achieve a reduction in the volume of local 

anaesthetic required.19 

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.20  

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.21 
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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.22,23 A longer duration may be achieved with use of ropivacaine 0.5% or 

levobupivacaine 0.5%.24 Traditionally, greater volumes of local anaesthetic have 

been administered to achieve successful axillary brachial plexus block,25,26 but recent 

studies have demonstrated that this can be achieved with even very low volumes of 

2-4 mL lidocaine 1.5% per nerve19 or ultra-low volume of 1 mL lidocaine 2% per 

nerve.27 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.28,29 

Both these techniques have been compared by Bernucci et al30 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 

 

 

 

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 

 

 

 

Figure 4. Arrow heads showing sonographic appearance of the conjoint tendon of 

the latissimus dorsi and teres major muscles 
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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) 

e  

 

 

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,1-4 to shorten 

onset time,5-7 and to afford a reduction in the local anaesthetic dose.8-11 

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 anaesthetic1,12,13 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%14 or 

even 1 mL of lidocaine 2% per nerve.22 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-Ⅲ 

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 
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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 block15 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, T0) 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 T0 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 T0 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 al16 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.  

  



46 
 

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 techniques8-10. Use of large volumes of local anaesthetic is 

associated with increased incidence of complications e.g., systemic toxicity of local 

anaesthetics17,18 and inadvertent phrenic nerve block during interscalene block 

leading to respiratory impairment19. 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 al20 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 al21 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.   
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A number of studies have demonstrated that successful ultrasound guided axillary 

brachial plexus block can be achieved with very low volumes. Harper et al14 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 

al22 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 

  

Motor test 

 

Sensory test site 

Median 

Radial  

Ulnar 

Musculocutaneous 

Flexion of radial 3 fingers 

Extension of wrist/elbow 

Abduction of fingers 

Elbow flexion 

Thenar eminence 

Dorsum of hand 

Hypothenar eminence 

Over base first metacarpal 

 

 

Modified Bromage Scale  

 

Score         Definition 

 

4                Full power in relevant muscle. 

3                Reduced power but ability to move muscle against resistance 

2             Ability to move relevant muscle group against gravity but not against 

            resistance 

1                Flicker of movement in relevant muscle group 

0                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 

  

Group 10 mL 

(n=15) 

 

 

Group 30 mL 

(n=15) 

 

P value 

 

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/m2 

 

 

25.7  ± 3.1 

 

27.1 ± 2.9 

 

0.21 

 

ASA grade (I/II/III), n 

 

 

7/7/1  

(47%, 47%, 6%) 

 

7/8/0 

 (47%, 53%) 

 

0.59 

 

Duration of surgery, min 

 

 

55.13 ± 19.2 

 

55.33 ± 9.3 

 

0.97 

 

Site of surgery  

(forearm, wrist, hand),n 

 

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 

            Motor 

 

15 (10-15) 

10 (5-15) 

 

5 (5-15) 

5 (5-5) 

 

0.053 

0.016 

Ulnar nerve 

Sensory 

            Motor 

 

10 (5-15) 

10 (10-15) 

 

5 (5-5) 

5(5-10) 

 

0.012 

0.005 

Median nerve 

Sensory 

            Motor 

 

10 (5-15) 

10 (5-15) 

 

5 (5-10) 

5 (5-5) 

 

0.019 

0.001 

 

Musculocutaneous nerve 

Sensory 

            Motor 

 

10 (5-10) 

10 (5-10) 

 

5 (5-5) 

5 (5-5) 

 

0.006 

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 

  

Group 10 mL 

(n=15) 

 

 

Group 30 mL 

(n=15) 

 

P 

value 

 

Difference, 

* % 

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 

Motor 

 

165 (147-185) 

172 (147-185) 

 

195 (173-218) 

204 (185-225) 

 

0.001 

0.001 

 

15 

16 

Ulnar nerve 

Sensory 

Motor 

 

165 (151-185) 

166 (152-185) 

 

 

195 (179-220) 

205 (188-235) 

 

0.002 

<0.001 

 

15 

19 

Median nerve 

Sensory 

Motor 

 

169 (143-180) 

169 (147-187) 

 

190 (179-220) 

195 (182-235) 

 

<0.001 

0.005 

 

11 

13 

Musculocutaneous 

nerve 

Sensory 

Motor 

 

 

165 (147-185) 

166 (157-185) 

 

 

195 (185-230) 

210 (182-235) 

 

 

0.002 

0.001 

 

 

15 

20 
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3.8 Figures 

Figure 1. Consort flow diagram 

n = number 
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Excluded (n= 30) 

   Not meeting inclusion criteria (n=5) 

   Declined to participate (n= 25) 

Analysed (n= 15) 

 Excluded from analysis (n= 0) 

Lost to follow-up (n= 0) 

Allocated to group 10 mL (n= 15) 

 Received allocated intervention (n= 15) 

Lost to follow-up (n= 0) 

Allocated to group 30 mL (n= 15) 

 Received allocated intervention (n= 15) 

 

Analysed (n= 15) 

 Excluded from analysis (n= 0) 

 

Analysis 

Follow-Up 

Randomized (n= 30) 

Enrollment 
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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 

 

 

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. 

*P=0.001 

 

* 

* 
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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.1-4 Previously, numerous studies have compared efficacy of brachial plexus 

block using different local anaesthetic solutions of varying concentrations and 

volumes.5-7 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.8,9 In 

contrast, in perivascular axillary blocks with a fixed dose of local anaesthetic, larger 

volumes provided a better quality sensory10 and quicker onset motor block11 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-Ⅲ 

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 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 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 

Scale4 (Table1 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, T0) to attainment of absent sensation to cold and a motor score <2, 

respectively. Overall sensory and motor block onset time was taken from T0 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 T0 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 (T0) 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 T0 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 1cm 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. 
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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,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.8-16 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.9 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%.14 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.11 In contrast, studies where the axillary block was performed 

using the multiple injection nerve stimulator technique12 and  infraclavicular block 

using ultrasound,13 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.3,17  

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.18-20 

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.15 In contrast, ultrasound guided 

interscalene block resulted in faster onset of block using lower volume and higher 

concentration of ropivacaine.16 
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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.   
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4.7 Tables 

Table 1: Patient characteristics 

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

y = years, n=number 

 Group 2% 

(n=10) 

Group 1% 

(n=10) 

P 

Value 

Age, y 46.8 ± 18.2 48 ± 15.7 0.88 

 

Sex, M/F, n 7/3 8/2 0.60 

 

BMI, Kg/m2 25.3 ± 3.2 24.5 ± 3.6 0.62 

 

ASA grade (I/II/III), 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  

(forearm, wrist, hand), n 

0/5/5 0/6/4 0.65 
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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% 

(n=10) 

Group 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 ] 0.41 

Overall onset of surgical 

anaesthesia 

8.75 [7.5 – 10] 6.25 [5 – 7.5 ] 0.03 

 

Radial nerve 

Sensory 

               Motor 

 

5 [5 – 10] 

5 [2.5 – 7.5] 

 

5 [2.5 – 7.5] 

3.75 [2.5 – 5] 

 

0.12 

0.55 

Ulnar nerve 

Sensory 

               Motor 

 

6.25 [5 – 7.5] 

5 [2.5 – 7.5] 

 

5 [2.5 – 5] 

5 [2.5 – 7.5] 

 

0.12 

0.87 

Median nerve 

Sensory 

               Motor 

 

6.25 [5 – 10] 

5 [2.5 – 7.5] 

 

5 [2.5 – 5] 

5 [2.5 – 5] 

 

0.03 

0.93 

Musculocutaneous nerve  

Sensory 

               Motor 

 

5 [5 – 10] 

3.75 [2.5 – 5] 

 

3.75 [2.5 – 5] 

5 [2.5 – 5] 

 

0.10 

0.87 
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Table 3. Sensory and motor block duration 

Data are expressed in minutes, values are mean ± SD 

 Group 2% 

(n=10) 

Group 1% 

(n=10) 

P  

value 

Overall sensory duration 171.6 ± 7.1 158.4 ± 21.7 0.08 

 

Overall motor duration 165.1 ± 5.9 150.9 ± 17.2 0.02 

 

Overall duration  

of surgical anaesthesia 

165.1 ± 5.9 150.9 ± 17.2 

 

0.02 

Radial nerve 

Sensory 

              Motor 

 

176.1 ± 3.7 

170.1 ± 7.2 

 

167.40 ± 20.4 

158.4 ± 18.6 

 

0.20 

0.08 

Ulnar nerve 

Sensory 

             Motor 

 

174.6 ± 3.6 

168.6 ± 8.0 

 

168.9 ± 22.4 

158.4 ± 19.7 

 

 

0.44 

0.15 

Median nerve 

Sensory 

               Motor 

 

173.1 ± 5.9 

168.1 ± 7.4 

 

162.9 ± 19.9 

152.4 ± 15.4 

 

0.14 

0.01 

Musculocutaneous nerve 

Sensory 

               Motor 

 

173.1 ± 7.8 

166.6 ± 7.3 

 

161.4 ± 19.9 

152.4 ± 20.4 

 

0.10 

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%  

(n=10) 

Group 1% 

(n=10) 

P 

Imaging time, min (A) 

 

2.5 ± 0.5 2.4 ± 0.6 0.70 

Needling time, min (B) 

 

8.5 ± 1.2 6.7 ± 0.9 0.002 

Performance time, mins (A+B) 

 

10.9 ± 1.3 9.1 ± 0.5 0.001 

No. needle passes 10.5 ± 2.3 7.2 ± 1.0 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 

n = number 
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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. 

*P = 0.03 
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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 µg/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.1-4 

Previous studies have yielded conflicting results when Clonidine, an α2-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,5-10 other studies have found 

contrasting results.11,12   

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 µg/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 µg/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, T0) to attainment 

of absent sensation to cold and a motor score <2, respectively. Overall sensory and 

motor block onset time was taken from T0 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 Spo2 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 (T0) until attainment of sensory block in all 

four nerve distribution areas. Similarly, overall onset of motor block was defined as 

the time interval from T0 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 al13 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 time5-7 and prolonged duration 

of anaesthesia and analgesia following conclusion of blocks.5-9 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 µg/kg of clonidine was chosen based on previous reports.5,9 Doses of up to 

150 µg have been used with minimal side effects.14,15 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.5 They concluded  that 30 to 90 µg clonidine improved the quality of nerve 

block while limiting the side effects. Similarly, Iohom et al6 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,16 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.17,18 The precise mechanism, however, in which 

clonidine exerts its action remains speculative. Several theories have been postulated 

including that clonidine with selective α2 adrenoreceptor agonist and weak α1 agonist 

activity, causes vasoconstriction by postsynaptic adrenoreceptor activation,19-21 thus 

prolonging block duration by reducing the vascular absorption of local anaesthetic 

mixtures. Other studies did not support those results11,22 and hypothesised  that 

clonidine may have direct effect on nerve fiber conduction, mainly in A alpha and C 

fibres.23-25 Despite this observed effect, clonidine alone has been shown to be 

incapable of producing analgesia when injected into the axillary brachial plexus 

sheath.26  

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.27 

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 1µg/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 

(n=12) 

Group 2 

(n=12) 

P 

Value 

Age, y 

 

41.4 ± 10.6 42.3 ± 8.6 0.82 

Sex, M/F, n 

 

7/5 8/4 0.67 

BMI, Kg/m2 

 

25.8 ± 1.8 25.7 ± 2.0 0.98 

ASA grade (I/II/III), 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 

(forearm, wrist, hand), n 

0/10/2 1/6/5 0.19 
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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 

(n=12) 

Group 2 

(n=12) 

P 

Value 

Overall sensory block, min  10 [8.8 – 12.5] 5 [5 – 7.5] < 0.001 

 

Overall motor block, min  7.5 [6.3 – 7.5] 5 [2.5 – 7.5 ] 0.001 

 

Radial nerve block, min 

        Sensory 

        Motor 

 

10 [7.5 – 11.3] 

5 [5 – 7.5] 

 

5 [3.8 – 7.5] 

3.8 [2.5 – 5] 

 

0.002 

0.014 

Ulnar nerve block, min 

       Sensory 

        Motor 

 

7.5 [7.5 – 10] 

5 [5 – 7.5] 

 

5 [5 – 6.3] 

3.75 [2.5 – 5] 

 

0.005 

0.007 

Median nerve block, min  

       Sensory 

       Motor 

 

7.5 [5 – 11.25] 

5 [5 – 7.5] 

 

5 [5 – 7.5] 

3.8 [2.5 – 5] 

 

0.001 

0.005 

Musculocutaneous nerve 

block, min 

       Sensory 

       Motor 

 

 

7.5 [7.5 – 8.8] 

5 [2.5 – 6.3] 

 

 

5 [5 – 6.8] 

2.5 [2.5 – 5] 

 

 

0.003 

0.18 
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Table 3. Sensory and motor block duration  

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

 Group 1 

(n=12) 

 

Group 2 

(n=12) 

P 

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 

 

               Motor 

 

 
175 [148 - 192] 

 

180 [151 - 187] 

 

 

 
225 [200 - 231] 

 

225 [208 - 231] 

 

 
0.001 

 

< 0.001 

 

Ulnar nerve block, min 

 

               Sensory 
 

               Motor 

 

 

182 [156 - 192] 
 

178 [148 - 190] 

 

 

 

227 [200 - 241] 
 

226 [211 - 233] 

 

 

 

0.002 
 

< 0.001 

 

Median nerve block, min 
 

Sensory 

 
               Motor 

 
 

180 [156 - 190] 

 
176 [156 - 193] 

 

 
 

230 [200 - 241] 

 
225 [215 - 238] 

 

 
 

0.001 

 
< 0.001 

 

Musculocutaneous nerve block, min 

 
Sensory 

 

               Motor 

 

 
180 [156 - 195] 

 

168 [156 - 195] 
 

 

 
233 [215 - 241] 

 

225 [215 - 231] 

 

 
0.001 

 

< 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 ± 5.4 128.9 ± 6.4 0.73 

15 min 127.3 ± 7.7 131.4 ± 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 ± 7.9 125.5 ± 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 125.9 ± 8.0 129.1 ± 7.7 0.33 

120 min 127.1 ± 6.1 130.7 ± 8.6 0.25 

150 min 124.5 ± 6.4 126.6 ± 6.9 0.45 

180 min 129.9 ± 6.4 132.3 ± 8.4 0.45 

210 min 127.4 ± 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 73.8 ± 4.5 0.14 

10 min 70.8 ± 3.3 72.0 ± 3.5 0.40 

15 min 74.1 ± 6.5 72.8 ± 2.4 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 71.6 ± 7.2 0.88 

35 min 71.0 ± 5.7 70.8 ± 6.3 0.92 

40 min 70.1 ± 6.8 71.8 ± 5.5 0.51 

45 min 69.7 ± 6.2 70.3 ± 6.2 0.82 

50 min 70.8 ± 4.8 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 ± 5.9 72.1 ± 7.5 0.93 

150 min 70.5 ± 6.0 71.2 ± 5.5 0.77 

180 min 71.0 ± 5.7 70.8 ± 6.3 0.92 

210 min 71.4 ± 5.7 70.3 ± 5.8 0.64 

240 min 71.4 ± 5.7 73.1 ± 4.1 0.42 
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Table 6: Heart rate changes 

Values are mean (SD) 

 Group 1 Group 2 P value 

Baseline 74.5 ± 2.2 73.6 ± 3.8 0.47 

5 min 73.6 ± 3.3 73.4 ± 3.0 0.89 

10 min 73.9 ± 2.9 72.8  ± 3.4 0.41 

15 min 74.4  ± 2.8 73.7  ±  3.1 0.54 

20 min 72.8  ± 4.8 70.9  ± 4.6 0.34 

25 min 73.9  ±  3.1 72.2  ±  4.1 0.25 

30 min 74.4  ±  2.8 73.7  ±  3.1 0.54 

35 min 73.6  ± 3.3 73.7  ± 2.6 0.94 

40 min 73.1  ±  3.3 73.4  ±  3.2 0.80 

45 min 74.2  ±  3.2 73.1  ±  4.9 0.53 

50 min 73.3  ±  4.6 72.3  ± 4.6 0.57 

55 min 73.4  ±  3.4 72.5  ± 4.7 0.58 

60 min 73.6  ± 3.3 73.4  ± 3.0 0.89 

90 min 74.5  ±  2.2 73.6  ±  3.8 0.47 

120 min 74.5  ± 1.9 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 72.9  ± 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 

n = number 
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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. 

* P < 0.001 

 
 

 

 

 

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. 

* P =  0.001 

 

* 

* 
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Figure 4. Systolic blood pressure changes (SBP) 

The line graphs represent mean and standard deviation in group 1 and 2  

 

 

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 µg/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 1µg/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 1µg/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.1-3 

 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.2,3 Advances in ultrasound technique have 

greatly improved the quality and consistency of  peripheral nerve block (PNB) 

achieved .4 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.5 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.6-23 Analysis of these studies is 

difficult by virtue of the influence of variables such as:- ⅰ. Patient characteristics.24 ⅱ. 

Site of administration-variations in their anatomy and neural architecture (non-neural 

and neural tissue ratio).25-28 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 1µg/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 structures6 or reducing 

the extent of systemic complications associated with inadvertent intravascular 

injection29). 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 
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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.30 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 µg have been used with limited 

side effects.31 Our study has shown that adding clonidine at a dose of 1µg/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 1µg/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.32,33  

Reports describing the use of the adjuvants such as dexamethasone, 

dexmedetomidine or a combination of these look promising for extending the 

duration of analgesia.34 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.   

 

 

 

 

 

 

 

 

 



115 
 

6.3 References for chapter 6 

1. Horn JL, Swide C, Gaebel BA, Cross RL, Jr. Comparison of efficiency, 

recovery profile and perioperative costs of regional anaesthesia vs. general 

anaesthesia for outpatient upper extremity surgery. European Journal of 

Anaesthesiology. 2007;24(6):557-559. 

2. Klein SM, Evans H, Nielsen KC, Tucker MS, Warner DS, Steele SM. 

Peripheral nerve block techniques for ambulatory surgery. Anesthesia and 

Analgesia. 2005;101(6):1663-1676. 

3. O'Donnell BD, Ryan H, O'Sullivan O, Iohom G. Ultrasound-guided axillary 

brachial plexus block with 20 milliliters local anesthetic mixture versus 

general anesthesia for upper limb trauma surgery: an observer-blinded, 

prospective, randomized, controlled trial. Anesthesia and Analgesia. 

2009;109(1):279-283. 

4. Choi S, McCartney CJ. Evidence Base for the Use of Ultrasound for Upper 

Extremity Blocks: 2014 Update. Regional Anesthesia and Pain Medicine. 

2016;41(2):242-250. 

5. Eng HC, Ghosh SM, Chin KJ. Practical use of local anesthetics in regional 

anesthesia. Current Opinion in Anaesthesiology. 2014;27(4):382-387. 

6. Riazi S, Carmichael N, Awad I, Holtby RM, McCartney CJ. Effect of local 

anaesthetic volume (20 vs 5 ml) on the efficacy and respiratory consequences 

of ultrasound-guided interscalene brachial plexus block. British Journal of 

Anaesthesia. 2008;101(4):549-556. 

7. O'Donnell BD, Iohom G. An estimation of the minimum effective anesthetic 

volume of 2% lidocaine in ultrasound-guided axillary brachial plexus block. 

Anesthesiology. 2009;111(1):25-29. 



116 
 

8. Harper GK, Stafford MA, Hill DA. Minimum volume of local anaesthetic 

required to surround each of the constituent nerves of the axillary brachial 

plexus, using ultrasound guidance: a pilot study. British Journal of 

Anaesthesia. 2010;104(5):633-636. 

9. Serradell A, Herrero R, Villanueva JA, Santos JA, Moncho JM, Masdeu J. 

Comparison of three different volumes of mepivacaine in axillary plexus 

block using multiple nerve stimulation. British Journal of Anaesthesia. 

2003;91(4):519-524. 

10. González AP, Bernucci F, Techasuk W, Pham K, Finlayson RJ, Tran DQ. A 

randomized comparison between 3 combinations of volume and 

concentration of lidocaine for ultrasound-guided infraclavicular block. 

Regional Anesthesia and Pain Medicine. 2013;38(3):206-211. 

11. van Geffen GJ, van den Broek E, Braak GJ, Giele JL, Gielen MJ, Scheffer 

GJ. A prospective randomised controlled trial of ultrasound guided versus 

nerve stimulation guided distal sciatic nerve block at the popliteal fossa. 

Anaesthesia and Intensive care. 2009;37(1):32-37. 

12. Casati A, Baciarello M, Di Cianni S, et al. Effects of ultrasound guidance on 

the minimum effective anaesthetic volume required to block the femoral 

nerve. British Journal of Anaesthesia. 2007;98(6):823-827. 

13. Casati A, Fanelli G, Aldegheri G, et al. Interscalene brachial plexus 

anaesthesia with 0.5%, 0.75% or 1% ropivacaine: a double-blind comparison 

with 2% mepivacaine. British Journal of Anaesthesia. 1999;83(6):872-875. 

14. Schoenmakers KP, Wegener JT, Stienstra R. Effect of local anesthetic 

volume (15 vs 40 mL) on the duration of ultrasound-guided single shot 



117 
 

axillary brachial plexus block: a prospective randomized, observer-blinded 

trial. Regional Anesthesia and Pain Medicine. 2012;37(3):242-247. 

15. Smith BE, Siggins D. Low volume, high concentration block of the sciatic 

nerve. Anaesthesia. 1988;43(1):8-11. 

16. Taboada M, Alvarez J, Cortés J, Rodríguez J, Atanassoff PG. Is a double-

injection technique superior to a single injection in posterior subgluteal 

sciatic nerve block? Acta Anaesthesiologica Scandinavica. 2004;48(7):883-

887. 

17. Cappelleri G, Ambrosoli AL, Turconi S, Gemma M, Ricci EB, Cornaggia G. 

Effect of local anesthetic dilution on the onset time and duration of double-

injection sciatic nerve block: a prospective, randomized, blinded evaluation. 

Anesthesia and Analgesia. 2014;119(2):489-493. 

18. Fenten MG, Schoenmakers KP, Heesterbeek PJ, Scheffer GJ, Stienstra R. 

Effect of local anesthetic concentration, dose and volume on the duration of 

single-injection ultrasound-guided axillary brachial plexus block with 

mepivacaine: a randomized controlled trial. BMC Anesthesiology. 

2015;15:130. 

19. Nuñez Aguado D, López Alvarez S, Salamanca Montaña ME, Janeiro Amela 

M, Fernández Fernández R, Cobian Llamas JM. [Brachial plexus block with 

levobupivacaine at the humeral canal: comparison of a small volume at high 

concentration with a large volume at low concentration]. Revista Espanola de 

Anestesiologia y reanimacion. 2005;52(9):529-535. 

20. Nader A, Kendall MC, De Oliveira GS, Jr., et al. A dose-ranging study of 

0.5% bupivacaine or ropivacaine on the success and duration of the 

ultrasound-guided, nerve-stimulator-assisted sciatic nerve block: a double-



118 
 

blind, randomized clinical trial. Regional Anesthesia and Pain Medicine. 

2013;38(6):492-502. 

21. Fredrickson MJ, White R, Danesh-Clough TK. Low-volume ultrasound-

guided nerve block provides inferior postoperative analgesia compared to a 

higher-volume landmark technique. Regional Anesthesia and Pain Medicine. 

2011;36(4):393-398. 

22. Fredrickson MJ, Smith KR, Wong AC. Importance of volume and 

concentration for ropivacaine interscalene block in preventing recovery room 

pain and minimizing motor block after shoulder surgery. Anesthesiology. 

2010;112(6):1374-1381. 

23. Fredrickson MJ, Abeysekera A, White R. Randomized study of the effect of 

local anesthetic volume and concentration on the duration of peripheral nerve 

blockade. Regional Anesthesia and Pain Medicine. 2012;37(5):495-501. 

24. Baeriswyl M, Taffé P, Kirkham KR, et al. Comparison of peripheral nerve 

blockade characteristics between non-diabetic patients and patients suffering 

from diabetic neuropathy: a prospective cohort study. Anaesthesia. 

2018;73(9):1110-1117. 

25. Loukas M, Tubbs RS, Stewart D. An abnormal variation of the brachial 

plexus with potential clinical significance. The West Indian Medical Journal. 

2008;57(4):403-405. 

26. Cornish PB, Leaper C. The sheath of the brachial plexus: fact or fiction? 

Anesthesiology. 2006;105(3):563-565. 

27. Areeruk P, Karmakar MK, Reina MA, Mok LYH, Sivakumar RK, Sala-

Blanch X. High-definition ultrasound imaging defines the paraneural sheath 

and fascial compartments surrounding the cords of the brachial plexus at the 



119 
 

costoclavicular space and lateral infraclavicular fossa. Regional Anesthesia 

and Pain Medicine. 2021;46(6):500-506. 

28. Moayeri N, Bigeleisen PE, Groen GJ. Quantitative architecture of the 

brachial plexus and surrounding compartments, and their possible 

significance for plexus blocks. Anesthesiology. 2008;108(2):299-304. 

29. Barrington MJ, Kluger R. Ultrasound guidance reduces the risk of local 

anesthetic systemic toxicity following peripheral nerve blockade. Regional 

Anesthesia and Pain Medicine. 2013;38(4):289-299. 

30. Albrecht E, Chin KJ. Advances in regional anaesthesia and acute pain 

management: a narrative review. Anaesthesia. 2020;75 Suppl 1:e101-e110. 

31. McCartney CJ, Duggan E, Apatu E. Should we add clonidine to local 

anesthetic for peripheral nerve blockade? A qualitative systematic review of 

the literature. Regional Anesthesia and Pain Medicine. 2007;32(4):330-338. 

32. Sunderland S, Yarnold CH, Head SJ, et al. Regional Versus General 

Anesthesia and the Incidence of Unplanned Health Care Resource Utilization 

for Postoperative Pain After Wrist Fracture Surgery: Results From a 

Retrospective Quality Improvement Project. Regional Anesthesia and Pain 

Medicine. 2016;41(1):22-27. 

33. Lavand'homme P. Rebound pain after regional anesthesia in the ambulatory 

patient. Current Opinion in Anaesthesiology. 2018;31(6):679-684. 

34. Kang RA, Jeong JS, Yoo JC, et al. Improvement in postoperative pain 

control by combined use of intravenous dexamethasone with intravenous 

dexmedetomidine after interscalene brachial plexus block for arthroscopic 

shoulder surgery: A randomised controlled trial. European Journal of 

Anaesthesiology. 2019;36(5):360-368. 



120 
 

Appendices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



121 
 

Appendix I. Publications: Original/proof of articles 

 

Ultrasound Guided Axillary Brachial Plexus Block 
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Effect of lidocaine volume on the duration of axillary brachial plexus block: a 

randomised controlled trial 
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Effects of local anaesthetic dilution on the characteristics of ultrasound guided 

axillary brachial plexus block: a randomised controlled study 
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Appendix Ⅱ. Original data. 

 

1. Chapter 3 original data 

 

Patient characteristics 

Subject  Group Age, y Sex M/F BMI, 

Kg/m2 

ASA Duration 

of 

surgery, 

mins 

Site of 

surgery 

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 Ⅲ 45 Wrist 

11 2 52 F 29.4 Ⅱ 65 Wrist 

12 1 31 M 26.7 1Ⅰ 40 Wrist 

13 2 41 F 26.3 Ⅱ 60 Wrist 

14 1 38 F 22.4 Ⅱ 60 Wrist 

15 1 31 M 22.9 Ⅰ 45 Wrist 

16 1 50 F 28.1 Ⅱ 45 Wrist 

17 2 59 F 27.7 Ⅱ 60 Wrist 

18 2 19 M 29.1 Ⅰ 40 Hand 

19 1 59 F 24.5 Ⅱ 60 Wrist 

20 2 24 M 24.1 Ⅰ 60 Hand 

21 2 62 F 22.4 Ⅱ 55 Wrist 

22 2 73 M 33.5 Ⅱ 60 Wrist 

23 2 30 M 24.7 Ⅰ 45 Forearm 

24 1 59 F 26.3 Ⅱ 50 Wrist 

25 2 59 F 30.1 Ⅱ 60 Wrist 

26 1 69 F 25.3 Ⅱ 75 Wrist  

27 2 45 M 24.2 Ⅰ 50 Wrist  

28 1 72 F 22.1 Ⅱ 75 Wrist 

29 1 56 M 32.4 Ⅱ 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  

S 

RN 

M 

UN  

S 

UN 

M 

MN  

S 

MN 

M 

MCN 

S 

MCN 

M 

Overall 

Sensory 

Overall 

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  

S 

RN 

M 

UN  

S 

UN 

M 

MN  

S 

MN 

M 

MCN 

S 

MCN 

M 

Overall 

Sensory 

Overall 

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 Nil 

5 2 384 

6 1 170 

7 2 Nil  

8 2 290 

9 2 Nil 

10 1 160 

11 2 300 

12 1 Nil 

13 2 200 

14 1 190 

15 1 Nil 

16 1 263 

17 2 Nil 

18 2 Nil 

19 1 186 

20 2 222 

21 2 325 

22 2 243 

23 2 Nil 

24 1 Nil 

25 2 225 

26 1 190 

27 2 Nil 

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, 

Kg/m2 

ASA Duration 

of 

surgery, 

mins 

Site of 

surgery 

1 2 62 M 22.1 Ⅱ 50 Wrist 

2 1 79 F 24.6 Ⅱ 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 Ⅱ 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 Ⅱ 65 Hand 

17 1 61 F 22.2 Ⅱ 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  

S 

RN 

M 

UN  

S 

UN 

M 

MN  

S 

MN 

M 

MCN 

S 

MCN 

M 

Overall 

Sensory 

onset 

Overall 

Motor 

onset 

Overall 

onset 

of 

block 

1 2 5 7.5 5 7.5 5 7.5 2.5 5 5 7.5 7.5 

2 1 5 2.5 5 2.5 5 2.5 5 2.5 5 2.5 5 

3 1 5 5 5 2.5 5 2.5 5 2.5 5 5 5 

4 2 7.5 5 7.5 7.5 5 7.5 5 5 7.5 7.5 7.5 

5 2 2.5 7.5 2.5 7.5 5 7.5 5 7.5 5 7.5 7.5 

6 1 10 7.5 7.5 7.5 7.5 5 10 10 10 10 10 

7 2 5 5 5 5 2.5 5 5 5 5 5 5 

8 1 10 7.5 7.5 5 7.5 5 5 5 10 7.5 10 

9 2 2.5 2.5 2.5 2.5 2.5 5 2.5 2.5 2.5 5 5 

10 1 5 5 7.5 5 5 7.5 5 5 5 7.5 7.5 

11 2 7.5 2.5 7.5 2.5 7.5 2.5 7.5 2.5 7.5 2.5 7.5 

12 1 20 22.5 15 12.5 15 12.5 15 12.5 20 22.5 22.5 

13 1 2.5 2.5 2.5 5 10 5 2.5 5 10 5 10 

14 2 2.5 2.5 2.5 7.5 5 7.5 5 7.5 7.5 7.5 7.5 

15 2 2.5 2.5 5 2.5 2.5 2.5 2.5 2.5 5 2.5 5 

16 2 2.5 2.5 5 2.5 2.5 2.5 2.5 2.5 5 2.5 5 

17 1 10 2.5 5 2.5 10 2.5 10 2.5 10 2.5 10 

18 1 5 5 5 2.5 5 7.5 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 2.5 7.5 5 2.5 2.5 2.5 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  

S 

RN 

M 

UN  

S 

UN 

M 

MN  

S 

MN 

M 

MCN 

S 

MCN 

M 

Overall 

Sensory 

Overall 

Motor 

Overall 

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 1 179 169 179 179 179 164 179 179 179 164 164 

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 1 171 171 171 156 171 171 171 156 171 156 156 

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 

time, 

mins (A) 

Needling 

time, 

mins (B) 

Performance 

time, mins 

(A+B) 

Needle 

passes, 

n 

Vascular 

puncture, 

n 

Parasthesia, 

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, 

Kg/m2 

ASA Duration 

of surgery, 

mins 

Site of 

surgery 

1 2 41 F 24.4 Ⅱ 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 Ⅱ 65 Wrist 

19 2 51 F 21.7 Ⅱ 50 Wrist 

20 2 55 M 26.6 Ⅱ 60 Hand 

21 1 32 M 26.3 Ⅰ 45 Wrist 

22 1 35 M 26.9 Ⅱ 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 

µg/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  

S 

RN 

M 

UN  

S 

UN 

M 

MN  

S 

MN 

M 

MCN 

S 

MCN 

M 

Overall 

Sensory 

Overall 

Motor 

Overall 

onset 

of 

block 

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

2 2 2.5 2.5 2.5 2.5 2.5 2.5 5 5 5 5 5 

3 1 7.5 5 10 7.5 10 7.5 7.5 5 10 7.5 10 

4 1 10 7.5 10 7.5 7.5 7.5 7.5 7.5 10 7.5 10 

5 2 7.5 5 5 5 7.5 5 7.5 5 7.5 5 7.5 

6 2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

7 1 15 5 2.5 2.5 12.5 7.5 10 2.5 15 7.5 15 

8 2 7.5 5 7.5 5 7.5 5 7.5 5 7.5 5 7.5 

9 2 7.5 5 7.5 5 7.5 5 7.5 2.5 7.5 5 7.5 

10 1 10 7.5 10 7.5 12.5 7.5 10 7.5 12.5 7.5 12.5 

11 1 7.5 5 7.5 5 10 12.5 7.5 2.5 10 12.5 12.5 

12 1 12.5 5 10 5 12.5 5 7.5 5 12.5 5 12.5 

13 2 5 2.5 7.5 2.5 5 2.5 5 2.5 7.5 2.5 7.5 

14 1 5 5 5 5 7.5 5 7.5 5 7.5 5 7.5 

15 1 5 2.5 7.5 5 7.5 2.5 7.5 2.5 7.5 5 7.5 

16 2 2.5 2.5 5 2.5 5 5 2.5 2.5 5 5 5 

17 1 10 7.5 7.5 5 7.5 5 5 5 10 7.5 10 

18 1 10 7.5 10 7.5 7.5 5 5 5 10 7.5 10 

19 2 5 5 5 5 5 2.5 2.5 5 5 5 5 

20 2 7.5 7.5 5 5 7.5 5 5 7.5 7.5 7.5 7.5 

21 1 12.5 5 7.5 5 5 5 10 7.5 12.5 7.5 12.5 

22 1 7.5 7.5 7.5 5 7.5 5 7.5 2.5 7.5 7.5 7.5 

23 2 5 2.5 5 2.5 5 2.5 5 2.5 5 2.5 5 

24 2 5 2.5 5 2.5 5 2.5 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 

 

 

 
Subject 

Group RN  

S 

RN 

M 

UN  

S 

UN 

M 

MN  

S 

MN 

M 

MCN 

S 

MCN 

M 

Overall 

Sensory 

Overall 

Motor 

Overall 

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 (mmHg) 

 

 

 
 

 

 

 

Diastolic blood pressure changes (mmHg) 

 

 

 
 

 

 

 

 

Subject Group Baseline 5 10 15 20 25 30 35 40 45 50 55 60 90 120 150 180 210 240

1 2 121 136 131 121 124 118 131 121 125 125 126 125 121 136 121 118 121 133 125

2 2 118 125 129 118 126 131 132 129 120 121 120 121 118 125 118 120 118 136 120

3 1 122 124 130 126 128 137 120 127 134 128 118 128 118 113 125 128 127 120 134

4 1 133 121 135 112 131 133 132 132 129 124 130 124 128 137 120 118 134 128 129

5 2 134 121 122 134 135 133 136 134 118 118 133 118 134 121 134 129 134 125 118

6 2 138 118 133 138 133 136 136 129 134 134 136 134 138 118 138 127 138 121 134

7 1 141 134 138 136 132 133 124 130 126 128 137 128 118 134 128 118 131 136 126

8 2 142 127 136 142 136 125 125 133 138 138 125 138 142 134 142 120 142 118 138

9 2 143 124 125 143 135 133 121 125 142 142 121 142 143 138 143 132 143 136 142

10 1 124 122 126 131 131 131 136 132 133 131 127 131 126 131 125 133 133 125 133

11 1 136 124 130 126 128 132 120 121 134 128 118 128 131 129 131 136 138 121 134

12 1 137 122 127 137 133 129 136 137 132 133 143 133 137 117 137 125 137 118 132

13 2 129 133 121 129 121 138 118 129 131 143 118 143 129 142 129 124 129 125 131

14 1 125 120 128 125 122 125 125 125 126 137 136 137 125 119 125 121 125 134 126

15 1 118 132 120 118 134 121 121 118 127 125 132 125 118 120 118 118 118 138 127

16 2 131 136 118 131 128 134 134 131 134 129 121 129 131 124 131 128 131 121 134

17 1 122 124 132 122 128 118 118 122 126 118 127 118 122 132 122 121 122 142 126

18 1 133 131 124 133 120 134 134 133 120 122 120 122 133 124 133 120 133 129 120

19 2 132 125 131 132 133 138 138 136 138 131 127 131 132 120 132 120 132 118 138

20 2 136 121 129 136 129 137 142 136 142 132 132 132 136 133 136 131 136 134 142

21 1 136 120 127 136 127 138 138 136 132 133 132 133 136 135 136 132 136 120 132

22 1 125 133 120 125 124 131 142 125 124 136 124 136 125 120 125 124 125 118 124

23 2 127 118 132 128 129 129 118 129 118 143 121 143 118 129 118 143 141 145 118

24 2 129 135 140 125 126 129 131 133 134 132 126 132 128 129 126 127 122 133 134

Subject Group Baseline 5 10 15 20 25 30 35 40 45 50 55 60 90 120 150 180 210 240

1 2 81 79 66 72 81 72 67 58 74 64 69 81 73 58 58 64 58 64 64

2 2 64 81 69 71 74 64 69 73 75 74 74 64 69 73 73 74 73 64 74

3 1 77 66 76 72 72 72 77 77 77 77 73 77 77 77 77 72 77 72 72

4 1 64 64 69 77 77 77 64 64 64 64 74 64 64 64 64 77 64 77 77

5 2 64 77 69 69 71 75 77 74 73 72 74 64 69 74 74 74 74 74 74

6 2 74 71 73 72 69 71 58 69 74 64 62 74 64 69 76 76 69 74 76

7 1 64 67 68 64 64 64 77 77 58 72 69 64 77 77 77 64 77 64 64

8 2 77 69 76 74 72 71 71 73 69 77 64 77 69 73 73 74 73 76 74

9 2 77 66 77 76 74 71 58 78 73 64 69 77 69 78 78 72 78 74 73

10 1 72 71 66 77 77 77 77 72 72 72 73 72 72 72 72 77 72 77 77

11 1 77 73 67 64 72 64 64 77 77 77 78 77 77 77 77 64 77 64 64

12 1 64 74 69 64 77 64 77 64 64 64 79 64 64 64 64 64 64 64 64

13 2 69 69 71 77 76 75 77 79 78 74 64 69 81 79 79 77 79 72 74

14 1 77 58 72 77 64 77 72 77 77 77 69 77 77 77 77 74 77 74 74

15 1 64 73 73 77 77 77 77 64 64 64 64 64 64 64 64 72 64 74 74

16 2 74 73 72 75 77 75 77 69 79 76 74 74 64 69 81 64 69 77 69

17 1 64 74 74 81 64 64 64 64 64 64 64 64 64 64 64 77 64 76 76

18 1 74 76 75 78 64 64 77 69 74 64 69 74 64 69 77 64 69 74 74

19 2 64 75 74 74 64 69 74 77 69 77 74 64 69 77 77 77 77 64 73

20 2 64 76 77 71 58 72 77 64 58 72 77 64 74 64 69 64 64 77 78

21 1 78 73 72 77 77 77 64 73 74 77 69 78 74 73 75 77 73 64 77

22 1 79 78 69 81 77 73 64 74 76 64 68 79 58 74 74 64 74 77 64

23 2 72 77 69 71 58 72 77 64 68 71 58 72 77 64 69 64 64 64 79

24 2 77 72 71 71 58 72 77 71 71 58 72 77 64 71 58 74 71 64 69



150 
 

Heart rate changes 

 

 

 

 

 

SpO2 changes 

 

 

 
 

 

 

 

 

 

 

 

Subject Group Baseline 5 10 15 20 25 30 35 40 45 50 55 60 90 120 150 180 210 240

1 2 77 76 75 75 70 73 75 76 74 70 73 75 76 77 75 77 75 75 74

2 2 76 75 75 75 70 73 75 73 75 76 70 73 75 76 74 75 76 74 73

3 1 75 77 77 74 76 75 74 76 77 78 77 78 77 75 75 73 72 69 70

4 1 74 75 74 77 77 78 77 78 77 75 77 75 75 74 76 77 78 77 78

5 2 72 69 70 69 68 66 69 72 71 69 70 66 69 72 71 69 70 66 69

6 2 73 72 69 72 70 71 72 73 71 69 70 70 72 73 76 77 78 77 78

7 1 75 76 76 78 78 77 78 76 77 78 77 78 76 75 70 73 75 76 73

8 2 71 72 69 73 70 72 73 75 76 77 73 71 72 71 73 77 78 77 78

9 2 71 72 76 72 66 69 72 71 69 70 66 69 72 71 69 70 66 69 69

10 1 73 70 72 72 66 69 72 71 69 70 66 69 70 73 75 76 73 72 71

11 1 76 75 75 73 75 76 73 75 73 75 70 73 75 76 75 76 72 71 70

12 1 77 75 76 76 73 75 76 70 73 75 76 74 75 77 74 70 73 75 76

13 2 71 72 69 72 66 69 72 71 69 65 66 69 72 71 69 70 66 69 71

14 1 75 67 71 71 66 70 71 69 69 70 71 72 67 75 78 77 72 73 75

15 1 73 70 69 72 66 69 72 71 69 70 66 69 70 73 75 76 70 69 71

16 2 65 69 70 69 65 66 69 72 71 69 70 66 69 65 66 69 72 71 69

17 1 77 78 77 77 77 75 77 75 75 74 78 77 78 77 75 77 75 75 74

18 1 72 71 69 70 71 73 70 69 69 71 69 68 71 72 73 74 73 71 70

19 2 76 74 78 77 74 76 77 78 77 78 74 79 74 76 77 78 77 78 69

20 2 77 79 76 74 78 77 74 76 77 78 77 78 79 77 76 75 73 74 77

21 1 77 74 76 78 78 77 78 77 75 77 75 75 74 77 75 77 75 75 74

22 1 70 75 75 75 70 73 75 76 74 77 78 73 75 70 73 75 76 72 71

23 2 76 74 76 78 76 77 78 77 78 81 82 78 74 76 77 78 77 78 78

24 2 78 77 71 78 78 77 78 70 73 75 76 76 77 78 79 74 75 77 74

Subject Group Baseline 5 10 15 20 25 30 35 40 45 50 55 60 90 120 150 180 210 240

1 2 97 96 96 96 94 95 95 95 95 96 97 96 97 97 96 95 97 96 96

2 2 96 97 97 96 96 94 95 95 95 96 96 97 96 97 97 95 97 96 96

3 1 96 97 96 95 96 97 97 95 95 96 95 96 96 97 97 95 97 96 97

4 1 97 96 97 97 96 96 97 96 96 97 96 96 97 96 97 96 97 97 98

5 2 96 97 95 94 93 94 95 94 94 95 95 96 96 97 96 94 97 95 96

6 2 96 97 96 96 96 97 96 97 97 97 96 97 96 97 97 97 96 97 97

7 1 97 97 96 96 97 96 97 97 97 96 97 96 97 97 97 97 97 96 96

8 2 97 96 97 97 96 97 97 97 97 97 97 96 97 97 97 97 97 97 97

9 2 97 95 94 95 97 95 96 96 96 97 96 97 97 97 96 96 97 97 97

10 1 96 96 95 94 93 95 95 94 94 95 96 97 96 97 95 94 96 95 97

11 1 96 97 97 97 96 96 97 96 96 97 97 97 96 97 97 96 97 97 96

12 1 97 96 97 97 96 97 96 96 96 97 96 97 97 97 97 96 97 97 96

13 2 97 97 96 97 97 96 97 96 96 97 96 96 97 96 97 96 96 97 96

14 1 97 96 95 95 94 95 95 96 96 96 96 96 97 97 97 96 97 96 97

15 1 97 97 95 95 94 95 95 96 96 96 96 96 97 97 97 96 97 96 96

16 2 96 96 97 97 95 96 96 96 96 96 97 97 96 96 96 96 97 96 98

17 1 97 96 97 96 97 97 96 97 97 97 97 96 97 96 97 97 96 97 96

18 1 96 97 96 95 95 94 95 95 95 97 96 96 96 97 97 95 97 97 96

19 2 97 97 96 97 97 96 97 97 97 97 97 96 97 96 97 97 97 97 96

20 2 96 97 96 97 97 96 96 97 97 97 97 97 96 97 96 97 97 97 96

21 1 96 96 96 96 96 97 96 97 97 97 96 97 96 97 97 97 97 97 96

22 1 97 96 96 95 96 96 94 95 95 95 96 96 97 96 97 95 96 95 96

23 2 97 96 96 96 97 96 97 97 97 96 97 96 97 97 97 97 97 96 96

24 2 96 96 94 95 95 95 96 96 96 96 97 97 96 97 97 96 97 96 97
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Sedation score 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Subject Group Baseline 5 10 15 20 25 30 35 40 45 50 55 60 90 120 150 180 210 240

1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 2 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 2 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0

10 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

11 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

14 1 0 0 1 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0

15 1 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0

16 2 0 0 0 1 1 1 1 0 1 1 0 1 0 0 0 0 0 0 0

17 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 1 0 0 0 1 1 0 1 0 1 1 1 1 1 0 0 0 0 0 0

19 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

21 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

22 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

24 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0


