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1. Introduction 

An ever increasing demand for regional anaesthesia from patients and surgeons 

matches the growing realization that regional anaesthesia can provide superior pain 

management and perhaps improve patient outcomes to meet evolving expectations for 

ambulatory, cost-effective surgery. Our aging population presents with an increasing 

range of co-morbidities, demanding a wider choice of surgical anaesthesia options 

including the use of a variety of regional techniques in conjugation with general 

anaesthesia to optimize clinical care, while at the same time reducing the risks of 

complications. Thus, the practice of regional anaesthesia remains an art for many 

practitioners and consistent success with these techniques often appears to be limited to 

anaesthesiologists who are regional anaesthesia enthusiasts (Tsui, 2007).  

With modern anaesthetic techniques, recovery after surgery can be rapid, smooth 

and complete. However, in many day-case patients regional anaesthetic techniques might 

be preferable. Regional anaesthesia can reduce or avoid the hazards and discomfort of 

general anaesthesia including sore throat, airway trauma, and muscle pain, but it also 

offers a number of advantages to outpatients undergoing surgery. These techniques 

provide analgesia without sedation, prolonged postoperative analgesia and allow earlier 

patient’s discharge. Regional anaesthesia reduces the requirements of opioids, reducing 

the incidence of postoperative nausea and vomiting. It can be used alone, in combination 

with sedation or as a part of balanced analgesia with general anaesthesia (Rawal, 2001). 

The ideal in the practice of regional anaesthesia would be the ability to precisely 

deliver to the target nerve exactly the right dose of local anaesthetic without incurring any 

risk of damage to the nerve or its related structures taking in consideration that nerves are 

not blocked by the needle but by the local anaesthetic around. The introduction around  

30 years ago of electric stimulation (ES) as an objective means for identifying needle-

nerve proximity was an integral step towards transforming regional anesthesia into a 

‘science’ (Peterson et al., 2002). 
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Brachial plexus block was first accomplished by Halsted in 1884 when he freed 

the cords and nerves of the brachial plexus after blocking the roots by direct injection 

with cocaine solution. In 1887, Crile disarticulated the shoulder joint after rendering the 

arm insensitive by blocking the brachial plexus using direct intraneural injection of each 

nerve trunk with 0.5% cocaine under direct vision (Bridenbaugh, 1988). 

Hirschel produced the first percutaneous brachial plexus block in 1911 through 

the axillary approach. Kulenkampff introduced the supraclavicular brachial plexus block a 

few months after Hirschel described the axillary approach. He injected his own plexus 

with 10 ml of procaine at the midclavicular position lateral to the subclavian artery 

obtaining complete anaesthesia of the arm. Infraclavicular approaches to the brachial 

plexus were first described by Bazy and Pauchet in 1917 (Larson, 2005). 

Interscalene brachial plexus block (ISBPB) is a well established technique in 

anaesthetic practice with high success rate. Its first description by Winnie was in 1970. 

The block is indicated for anaesthetic and analgesic purposes for shoulder and upper arm 

surgeries. Winnie originally placed the puncture at the level of the laryngeal prominence 

on the lateral border of the sternocleidomastoid with the needle in a perpendicular 

direction. This needle direction used to cause major complications like puncture of the 

epidural space or inadvertent administration of local anaesthetics into the vertebral artery 

with risk of seizures. The technique was later modified by Meier and colleagues in 2001, 

who used a more cranial puncture site with a more tangential orientation of the needle 

(Marhofer et al., 2005). 

The continued success of regional anaesthetic techniques can be partially credited 

to improved local anaesthetics with lower toxicities and longer duration of action.  

The story of local anaesthetics began when Carl Koller used the naturally occurring 

alkaloid cocaine in his search for a topically effective anaesthetic for eye surgery. 

Cocaine was highly toxic and of short duration. Procaine was synthesized in 1905 by 

Alfred Einhorn and was the most commonly used local anaesthetic agent until 1932 when 

tetracaine, a longer acting agent, become available. Lidocaine, introduced in 1948 by 

Torsten Gordh, has several advantages including lower toxicity and intermediate duration 
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of action and is still widely used. Other local anaesthetics include chlorprocaine 

introduced in 1952, mepivacaine in 1957 and bupivacaine in 1963. Concerns about 

therapy-resistant cardiovascular toxicity led to the introduction of newer agents like 

ropivacaine in 1996 and levobupivacaine in 1999 (Larson, 2005). 

Different technical modalities are being used for identifying and locating the 

brachial plexus in the interscalene area. Conventional methods include electric 

stimulation and patient-reported paraesthesia which rely on surface landmark 

identification in a semi-blind manner. Apart from individual and anatomical variations, 

the success rate here is dependant on equipment accuracy. 

The exciting recent technological advance in this field has been the introduction 

of anatomically-based ultrasound (US) imaging. The introduction of this technology 

represented the first time in nearly 100 years of practice of regional anaesthesia that an 

operator has been able to view an image of the target nerve (Tsui, 2007). 

Ultrasound guidance has improved the success and decreased the complication 

rate in regional anaesthesia in general. The use of two-dimensional ultrasonic imaging to 

localize the brachial plexus has been highly successful in several approaches. Modern 

ultrasound machines are capable of imaging individual roots to their cords in the 

infraclavicular region. The sonographic image can be used to guide the injection needle 

while minimizing the risk of injury of adjacent structures (Schwemmer et al., 2006). 

The use of Ultrasound for nerve blocks was first reported by La Grange et al. in 

1978, who performed supraclavicular brachial plexus block with the help of a Doppler 

US blood-flow detector to aid identification of the subclavian artery and vein. 

Abramowitz et al., in 1981 used Doppler US to identify and
 
mark the location of the 

axillary artery for brachial plexus
 
block in patients whose axillary artery was impalpable. 

In 1988, Vaghadia and Jenkins described the use of Doppler US
 
in three patients for 

intercostal nerve block. Again, Doppler
 
sonography was used to identify the relevant 

arteries before
 
marking the skin for injection. Ting and Sivagnanaratnam 

in 1989 used 

US to confirm
 
placement of a cannula in the axillary sheath and to demonstrate

 
the spread 

of local anaesthetics in 10 patients for forearm or
 
hand surgery. 
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An increase in interest in this technique was noted from the mid-1990s,
 
probably 

as a result of improvements in ultrasound equipment (Greher et al., 2002). Kapral and 

colleagues in 1994, used ultrasound to guide placement of cannulae
 
within the brachial 

plexus sheath and to confirm the spread
 
of local anaesthetics in both axillary and 

supraclavicular approaches. Güzeldemir and Üstünsöz in 1995 described the placement of 

a catheter under US-guidance for continuous axillary brachial plexus blockade. 

 Sheppard and colleagues in 1998, while
 
not specifically describing ultrasound for 

nerve blocks, evaluated
 
the ability of ultrasound to visualize components of the brachial

 

plexus using magnetic resonance imaging (MRI) as a guide to background anatomy. 

They also felt that colour
 
Doppler was essential to prevent the confusion of nerves with

 

small blood vessels. Yang and colleagues in 1998 looked at the anatomy
 
of the brachial 

plexus under ultrasound and subsequently used
 
it to guide the placement of catheters for 

interscalene and
 
supraclavicular blocks. 

Most of the studies of ultrasound guidance in regional anaesthetic practice
 
have 

looked at one or more of the various approaches to the
 
brachial plexus, some using 

ultrasound to identify and mark
 
the skin over blood vessels and others using it to guide 

the
 
needle or catheter to the nerve. Ultrasound has also been used

 
to visualize the spread 

of local anaesthetic from a catheter
 
and to validate currently used landmarks (Marhofer  

et al., 2005). 

Satisfactory results have been obtained with US-guidance in supraclavicular and 

axillary approaches for brachial plexus blocks. On the other hand, the literature is 

deficient as regards the interscalene approach. 

While electrostimulation-guided ISBPB is a well established and well accepted 

procedure in routine daily clinical practice, the aim of the current study is to compare 

conventional blocks using traditional surface anatomy localization and nerve stimulation 

to Ultrasound-guided techniques in the less studied intrascalene approach to the brachial 

plexus for shoulder surgery.  
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Given the fact that an experienced anaesthetist would do both block techniques 

(nerve stimulator and ultrasound-guided interscalene ISBPB), the study was designed to 

detect important differences in parameters such as: 

1. Time to perform the block. 

2. Onset time. 

3. Success rate. 

4. Patient satisfaction. 

5. Do we see a large amount of adverse effects such as paraesthesia or vessel 

puncture using either method? 

6. Is there any difference in the quality of postoperative pain therapy? 
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2. Materials & Methods 
 

In order to compare conventional and ultrasound-guided interscalene brachial 

plexus blocks (ISBPB) in shoulder surgery we performed a prospective randomized 

controlled trial (RCT) at the Department of Anaesthesiology, Intensive Care Medicine 

and Pain Therapy in Ulm University and Rehabilitation Hospital (RKU) in a 4-month-

period between April and July 2008 after having the approval of the Ethics Committee of  

Ulm University  

2.1 Criteria for Inclusion: 

Adult patients undergoing shoulder or upper limb surgery at the Orthopaedic 

Department of Ulm University Hospital (RKU) with a range of age between 16 to 85 

years and an ASA score Ι to Ш after clarification of the procedure and obtaining a written 

consent. 

2.2 Criteria for Exclusion: 

Exclusion criteria included: 

• Hypersensitivity to local anaesthetics 

• Pre-existing neurological deficits 

• Bleeding Tendencies 

• Skin lesions at the site of planned blocks 

• Local sepsis 

• Respiratory failure 

• Patient incompliance 

• Refusal to the study or 

• Request of general anaesthesia. 
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2.3  Patient Groups: 

Following approval to enter the study and a written informed consent, sixty 

patients scheduled for elective shoulder surgery were randomized into two groups of 30: 

a. Group A (NS):  

ISBPB using nerve stimulator alone (conventional landmark-guided interscalene 

block).  

b. Group B (US):  

ISBPB guided by two-dimensional ultrasonic image, with the secondary use of 

nerve stimulator after securing a correct needle position. 

Only two experienced anaesthesia specialists performed all blocks. 

 

 

2.4 Anatomical Considerations: 

A sound knowledge of the brachial plexus anatomy is a vital prerequisite for 

achieving a successful nerve block (Figures 1-4). 

 

Roots:  

The anterior rami of the spinal nerves C5, 6, 7, 8, and T1 form the roots of the 

brachial plexus. The roots emerge from the transverse processes of the cervical vertebrae 

immediately posterior to the vertebral artery, which travels upwards in a vertical direction 

through the transverse foramina. Each transverse process consists of an anterior and a 

posterior tubercle, which meet laterally to form the costotransverse bar.  

The transverse foramen lies medial to the costotransverse bar and between the 

anterior and posterior tubercles. The spinal nerves joining the plexus run in an inferior 

and anterior direction within the sulci formed by these structures. 
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Figure 1: Superficial relations of the brachial plexus (Punctum Nervosum): 
A: Superficial cervical plexus, B: Supraclavicular nerves 

(Sobotta: Atlas der Anatomie des Menschen, 20. Auflage, Urban und Schwarzenberg, 1997). 

 

B 

A 
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Figure 2: Anatomy of the brachial plexus. 
A: Phrenic nerve, B: Accessory phrenic nerve, C: Trunks of the Brachial plexus, D: Suprascapular nerve. 

(Sobotta: Atlas der Anatomie des Menschen, 20. Auflage, Urban und Schwarzenberg, 1997). 

 

D 

B 

A 
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The dorsal scapular nerve arises from the C5 root and passes through the middle 

scalene muscle to supply the rhomboids and levator scapulae muscles. The long thoracic 

nerve to the serratus anterior muscle arises from C5, 6, and 7 roots and also pierces the 

middle scalene muscle as it passes posterior to the plexus.  

 

Trunks and Divisions: 

 

The trunks of the brachial plexus pass between the anterior and middle scalene 

muscles. The superior trunk lies closest to the surface and is formed by the C5 and C6 

roots. The suprascapular nerve and the nerve to subclavius arise from this trunk.  

The suprascapular nerve contributes sensory fibers to the shoulder joint and provides 

motor innervation to the supraspinatus and infraspinatus muscles. The C7 root continues 

as the middle trunk and the C8 and T1 roots join to form the inferior trunk. The trunks 

divide behind the clavicle into anterior and posterior divisions, which separate the 

innervation of the ventral and dorsal halves of the upper limb.  

 

The phrenic nerve (C4) passes between the anterior and middle scalenes and 

continues over the surface of the anterior scalene muscle, thus a diaphragmatic twitch 

during interscalene brachial plexus block performed with a nerve stimulator may indicate 

placement of the needle anterior and medial to the plexus. The spinal accessory nerve 

(CN XI) runs posterior to the brachial plexus over the surface of the middle and posterior 

scalenes. Contact with the spinal accessory nerve with a nerve stimulator (stimulating 

twitch in the trapezius) indicates placement of the needle posterior to the plexus. 

 

Cords and Branches: 

 The cords are named the lateral, posterior and medial cord, according to their 

relationship to the axillary artery. The cords pass over the first rib close to the dome of 

the lung and continue under the clavicle immediately posterior to the subclavian artery. 

The lateral cord receives fibers from the anterior divisions of the superior and middle 

trunk and is the origin of the lateral pectoral nerve (C5, 6, 7). 
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Figure 3: Branches of the brachial plexus. 

(Tutorial of Ulm Rehabilitation Hospital, 3
rd

 Edition, 2005). 
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The posterior divisions of the superior, middle, and inferior trunk combine to 

form the posterior cord. The upper and lower subscapular nerves (C7, 8 and C5, 6) leave 

the posterior cord and descend behind the axillary artery to supply the subscapularis and 

teres major muscles. The thoracodorsal nerve to the latissimus dorsi (C6, 7, 8) also arises 

from the posterior cord. The anterior division of the inferior trunk continues as the medial 

cord and gives off the medial pectoral nerve (C8, T1), the medial brachial cutaneous 

nerve (T1) and the medial antebrachial cutaneous nerve (C8, T1). The lateral cord divides 

into the lateral root of the median nerve and the musculocutaneous nerve which passes 

into the substance of the coracobrachialis muscle. The posterior cord gives off the 

axillary nerve and continues along the inferior and posterior surface of the axillary artery 

as the radial nerve. The axillary nerve supplies the shoulder joint, the deltoid and the teres 

minor muscles before ending as the superior lateral brachial cutaneous nerve.  

The radial nerve continues along the posterior and inferior surface of the axillary artery. 

The medial cord contributes the medial root of the median nerve and continues as the 

ulnar nerve along the medial and anterior surface of the axillary artery. The medial and 

lateral roots join to form the median nerve which continues along the posterolateral 

surface of the axillary artery. 
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Figure 4: Sensory supply of the brachial plexus.  

(Tutorial of Ulm Rehabilitation Hospital, 3
rd

 Edition, 2005). 
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2.5 Local Anaesthetics: 
 

Local anaesthetics (LA) are drugs that when applied in sufficient concentration in 

the site of action prevent conduction of electrical impulses by the membrane of the nerve 

and muscle. When local anaesthetics are given systemically, the function of cardiac, 

skeletal and smooth muscles as well as the transmission of impulses in the peripheral and 

central nervous system and within the specialized conducting system of the heart may be 

altered (Strichartz and Berde, 2005). 

All commonly used local anaesthetics have a three part structure: aromatic group 

(benzene ring), which determines fat solubility, and so the potency (lipophilic group), as 

well as the duration of plasma protein binding of the local anaesthetic, as sodium channel 

is protein so, so that drugs that bind to proteins for a longer time, have a longer duration 

of action; intermediate chain, which is the basis for local anaesthetic classification: either 

amino-amine (with amide linkage) or amino-ester local anaesthetic (with ester linkage) 

and tertiary amine group that determines its water solubility (hydrophilic group) at 

physiological pH. Tertiary amines usually carry positive charges so they are weak bases 

(Tucker, 1993). 

An ester linkage is relatively unstable and ester local anaesthetics are broken down 

by hydrolysis, both in solution and following injection into the plasma by the 

pseudocholinesterase enzyme (Table 1). Thus solutions have a relatively short half-life 

and are usually difficult to sterilize as heat cannot be used. Because they are broken down 

in plasma, they can be relatively non-toxic if the process is rapid, as with procaine and 

chloroprocaine, but in such cases their duration of action is also brief. The metabolic rate 

decreases in abnormal pseudocholinesterase variants, but there is no prolongation in 

brachial plexus block if aminoesters are in such variants (Tucker, 1993). 

An amide linkage is much more stable than an ester linkage and drugs in solution 

withstand heat sterilization and pH changes (may be needed when adding epinephrine). 

Likewise, they are not broken down in plasma and must be metabolized by the liver. 

Oxidation dealkylation appears to be the primary metabolic pathway for bupivacaine, 

etidocaine, lidocaine, mepivacine, and ropivacaine. Extensive hydrolysis is important in 
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complete metabolism of lidocaine. For other amino amides, microsomal oxidation 

followed by conjugation appears to predominate the metabolic profile. Little or no drug is 

excreted unchanged (Tucker, 1993). 

The two local anaesthetics that we used in this study were prilocaine and 

ropivacaine with the former used for the block itself and the latter for postoperative 

patient controlled analgesia (PCA). Prilocaine is a local anaesthetic of the amide group.  

It has an intermediate duration of action and is longer acting than lidocaine. Ropivacaine 

is a long-acting, amide-type local anaesthetic. Its structure and pharmacokinetics are 

similar to those of bupivacaine, however, it exhibits significantly lower cardiotoxicity 

compared to bupivacaine. It is also less lipid soluble and cleared via the liver more 

rapidly than bupivacaine. Its duration of action is 8-13 hours for peripheral nerve block 

(Figure 5). 

Solutions of local anaesthetics are deposited near the nerve. Diffusion of the drug 

molecules away from the locus is a function of tissue binding, removal by the circulation 

and local hydrolysis of aminoester anesthetics. The result is penetration of the nerve 

sheath by the remaining drug molecules. Local anaesthetic molecules then permeate the 

nerves axon membrane and reside there and in the axoplasm. The speed and extent of 

these processes depend on a particular drug’s pKa and the lipophilicity of its base and 

cation species. Binding of local anaesthetic to sites on voltage-gated sodium channels 

prevent opening of the channels by inhibiting the conformational changes that underlie 

channel activation. Local anaesthetics bind in the channel’s pore and also occlude the path 

of sodium ions (Strichartz and Berde, 2005). 
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Table 1: Pharmacological Properties of Local Anaesthetics. 

 

PROPERTIES AMINOESTERS AMINOAMIDES 

Metabolism rapid by plasma cholinesterase slow, hepatic 

Systemic toxicity less likely more likely 

Allergic reaction Possible - PABA derivatives form very rare 

Stability in solution breaks down in ampules (heat, sun) very stable chemically 

Onset of action Slow as a general rule moderate to fast 

pKa's higher than pH = 7.4 (8.5-8.9) close to pH = 7.4 (7.6-8.1) 

 

 

 

 

    

 

Figure 5: Chemical composition of Prilocaine (left) and Ropivacaine (right). 
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2.6 Anaesthetic Procedure: 
 

ISBPB was performed in the anaesthesia induction room. Regardless of where the 

actual procedure is performed, adequate space, equipment and monitoring are imperative 

to ensure time-efficient care of the patient undergoing nerve block procedures. One of the 

key issues of successful implementation of nerve block is that supplies, drugs, and other 

equipments for the block procedure must be readily available in the room and prepared at 

bedside. The physical size of the block room should allow proper monitoring, emergency 

access, and resuscitation of the patient. Oxygen administration, non-invasive monitoring, 

emergency airway management with positive-pressure ventilation and suction must be 

the minimum basic requirements for such a room. 

Adverse effects and complications of peripheral nerve blocks are relatively rare. 

However, when they do occur, immediate and astute intervention is necessary to prevent 

serious complications. All drugs should be neatly organized in an immediately accessible 

drawer and checked on daily basis for availability and expiration date. Emergency drugs 

like atropine, adrenaline and propofol (Table 2) are stored in a designated drawer in the 

nerve block carts along with the rest of the nerve block equipment. This way, they are 

immediately available to us throughout the nerve block procedure. A short-acting 

barbiturate (e.g. thiopental) can be used instead of propofol, however, this requires 

dilution of the drug at the time when its prompt administration is of utmost importance. 

In addition, the hypnotic and sedative effects of a barbiturate may be longer-lived than 

those of propofol. These drugs also require more intensive monitoring and airway 

management. 

For each patient, an intravenous line was placed, supplemental oxygen was given, 

electrocardiographic monitoring was instituted and non-invasive blood pressure cuff and 

pulse oximeter were fixed. When low-intensity current nerve stimulation and slow needle 

advancement are used, interscalene brachial plexus block is associated with minimal 

patient discomfort. Most patients received 1-3 mg of midazolam to achieve a comfortable 

and cooperative state during nerve localization. 
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Following needle placement as it will be described below for both NS and US 

group; 30 ml (300 mg) prilocaine 1% were injected and a catheter is fixed 2 cm beyond 

the needle for postoperative pain relief. Patients were then placed in the “beach chair” 

position for the coming shoulder surgery. During surgery, additional sedation as needed 

using intravenous 1 to 3 mg midazolam was given and a propofol continuous infusion at 

a rate of 2 mg/kg/hour was initiated.  

 

 

Table 2: Emergency Drugs required during Nerve Block Procedures. 

 

Drug Suggested dose (70-kg adult) 

Atropine 0.2 mg to 0.4mg IV increments 

Cafedrine HCl + Theodrenaline HCl  0.5 ml to 1ml IV 

Adrenaline 10 µg to 100 µg IV 

Midazolam 2.0 mg to 10 mg IV 

Propofol 30 mg – 200 mg IV 

Muscle relaxant (succinylcholine) Succinylcholine: 20-80 mg IV 
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2.7 Block Techniques: 
 

2.7.1 Nerve Stimulation Group: 

The ability to electrically stimulate a peripheral nerve or plexus depends upon 

many variables, including: 

1) conductive area at the electrode,  

2) electrical impedance,  

3) electrode-to-nerve distance, 

 4) current flow (amperage), and  

5) pulse duration. 

Electrode conductive area follows the equation, 

                                                    R = pL/A 

R: electrical resistance, p: tissue resistance,  

L: electrode-to-nerve distance, and A: electrode conductive area. 

Therefore, resistance varies to the inverse of the electrode’s conductive area.  

Tissue electrical impedance varies as a function of the tissue composition. In general, 

tissues with higher lipid content have higher impedances. Modern electrical nerve 

stimulators are designed to keep current constant, in spite of varying impedance.  

The electrode-to-nerve distance has the most influence on the ability to elicit a motor 

response to electrical stimulation. This is governed by Coulomb’s law: 

                                         E = K(Q/r
2
) 

Where E: required stimulating charge, K: constant, Q: minimal required stimulating 

current, and r: electrode-to-nerve distance. So, the ability to stimulate the nerve at low 

amperage (e.g.< 0.5 mA), indicates an extremely close position to the nerve. Similarly, 

increasing current flow (amperage) increases the ability to stimulate the nerve at a 

distance. Increasing pulse duration increases the flow of electrons during a current pulse 
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at any given amperage. Therefore, reducing pulse duration to very short times (e.g. 0.1 or 

0.05 ms) diminishes current dispersion, requiring the needle tip to be extremely close to 

the nerve to elicit a motor response. The above parameters can be varied optimally to 

enhance successful nerve location and subsequent blockade (Urmey, 2006).  

Peripheral nerves are composed of thousands of nerve fibers; they contain either 

sensory or motor fibers of the somatic and autonomic nervous system, but sometimes 

both in combination. Electrical impulses reaching a nerve, when they exceed a specific 

threshold stimulus current, trigger depolarization of the neuronal membrane, thereby 

including transmission of excitation along the nerve fibers. If the nerve contains motor 

fibers, the electrical current will induce contraction at the effector muscle. If these stimuli 

are on sensory fibers, they cause paraesthesia in the distribution of the nerve.  

This underlying principle of electrical stimulation is utilized in the peripheral regional 

anaesthesia. Electrical current should not exceed 100 µsec so as to exclusively stimulate 

motor fibers.  

ISBPB represents the most cranial approach to the brachial plexus (Figure 6). 

Various puncture techniques are possible. In our study, the anterior approach (according 

to Meier) is the access used for blocking the brachial plexus in the interscalene area.  

The puncture point is located at the level of the superior thyroid notch along the posterior 

edge of the sternocleidomastoid muscle. The puncture is directed caudally, slightly to  

the lateral side and aims at the puncture site of the vertical infraclavicular blockade.  

This technique has a lower risk of inadvertent vessel puncture (of the vertebral artery), 

production of high spinal or peridural anaesthesia and creates more favorable conditions 

for catheter placement for continuous block technique. 

The patient lies supine (without a pillow), the arm to be blocked is positioned 

comfortably on the abdomen and the head turned away from the operative side. Patient is 

asked to slightly elevate the head in order to increase the prominence of the 

sternocleidomastoid muscle. Care should be taken for the external jugular vein, which 

commonly exists in this area. 
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Figure 6: Interscalene nerve block: Modification according to Meier. 

(Tutorial of Ulm Rehabilitation Hospital, 3
rd

 Edition, 2005). 

1. Cricoid.    
2. Superior thyroid notch.            

3. Sternocleidomastoid.  
4. Puncture sites for anterior access.               
5. Vertical infraclaviular puncture site. 
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After preparing the skin with an antiseptic solution and draping our field,  

we created a skin wheal and infiltrated the puncture channel using local anaesthetic at the 

determined needle site. This is the most uncomfortable part of the entire block procedure, 

provided that low-intensity nerve stimulator is used to identify the brachial plexus.  

Care should be taken to infiltrate the local anaesthetic in the subcutaneous tissue plane 

only because the brachial plexus may be superficial at this location. Deeper needle 

insertion may easily result in injection into the brachial plexus sheath and a consequent 

difficulty in obtaining the twitch response. A Stimuplex
®

 D 55 mm 15˚ bevel, 22 G 

completely insulated needle (except for a small area on the tip) connected to Stimuplex
®

 

HNS 12 (B. Braun Melsungen AG) nerve stimulator, with a current of 1 mA, pulse 

duration of 0.1 ms and pulse frequency of 2 Hz, to a 5 ml syringe with NaCl 0.9% 

through the injection line was then inserted through the locally infiltrated skin (Figure 7).  

 

 

 

Figure 7: Nerve stimulator: Stimuplex® HNS 12 and stimulation needles: Stimuplex® D/ 
Contiplex® D / Contiplex® Tuohy (B. Braun Melsungen AG). 

(Tutorial of Ulm Rehabilitation Hospital, 3
rd

 Edition, 2005). 
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The direction of insertion is caudal, however with a discrete dorsal orientation 

relative to the body axis. After 3-4 cm, the upper trunk or portions of the lateral sheath 

are reached, this becomes evident by contractions in the region of the biceps brachii 

muscle (musculocutaneous nerve). While monitoring the stimulatory response, we 

reduced the stimulation current incrementally until the threshold electrical current of 0.2-

0.3 mA is reached. If a stimulatory response is still triggered below 0.2 mA, the needle 

must be retracted slightly. Here it is important that the anaesthesiologist and the assistant 

coordinate their activities. If visible contractions of the muscle continue to occur at the 

threshold current we performed a negative aspiration test (due to the highly vascular area 

and potential for inadvertent intravascular injection) and slowly injected the local 

anaesthetic. We then turned the stimulation current back up to 1.0 mA after the first  

10 ml of the local anaesthetic have been injected. This is done to rule out an accidental 

intravascular position. If the needle is inadvertently positioned intravascularly, the local 

anaesthetic will be washed away and any increase in the stimulation current would lead to 

renewed and strong muscle contraction. Aspiration checks should be performed 

repeatedly throughout the entire injection. Stimulation of the brachial plexus with a 

higher current (e.g. more than 1.0 mA) results in an exaggerated response and 

unnecessary patient’s discomfort. In addition, an unpredictably strong response often 

causes dislodgment needle position withdrawal reaction by the patient. The twitches of 

the biceps, deltoid and triceps will all result in the same success rate. Sometimes twitches 

of the biceps may be combined with the deltoid or even the diaphragm indicating the 

presence of an accessory phrenic nerve (Figure 2). 

 We avoided injecting local anaesthetics when stimulation was obtained at a 

current intensity less than 0.2 mA to avoid intraneural injection. Forceful injection of 

large volumes of local anaesthetics carries a risk of injection within the epidural sleeves 

and the consequent spread of the local anaesthetic towards the subarachnoid space (total 

spinal anaesthesia). Attention should be paid to avoid interpretation of the diaphragmatic 

and trapezius twitches as the desired stimulation of the brachial plexus. Misinterpretation 

of these twitches is among the most common causes of block failures. Whenever in 

doubt, we palpated the muscle that appears to be twitching to ensure the proper response. 
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2.7.2 Ultrasound Guided Group:  

  An ultrasound probe (transducer) has dual functions. It emits and receives sound 

waves, thus functioning both as a speaker and a microphone. As the name implies, 

ultrasound waves are high-frequency sound waves (³ 20,000 cycles/s, 20 kHz) that are not 

audible to the human ear. Ultrasound (US) frequencies useful in clinical medicine are in 

the megahertz (MHz) range. When an electrical current is applied to an array of 

piezoelectric crystals (quartz) within the ultrasound transducer, mechanical energy, in the 

form of vibration, is generated, resulting in ultrasound waves. As the ultrasound waves 

move through body tissues of different acoustic impedances, they are attenuated (lose 

amplitude with depth), reflected, and/or scattered. Waves reflected to the transducer are 

then transformed back into an electrical signal that is then processed by the ultrasound 

machine to generate an image on the screen.  

Depending on the amount of waves returned, anatomic structures take on different 

degrees of echogenicity. Structures with high water content like blood vessels and cysts, 

appear hypoechoic (dark, black) because US waves are transmitted through these 

structures easily with little reflection. On the other hand, bone and tendons block US 

wave transmission and the strong signal returned to the transducer gives these structures a 

hyperechoic (bright, white) appearance on the screen. Structures of intermediate density 

and acoustic impedance, such as the thyroid gland, appear grey. Knowing the speed of 

sound in tissues (1540 m/s on the average) and the time of echo return, the distance 

between the probe and the target structures (depth) is calculated. 

Ultrasound equipment: 

Ultrasonography has many applications in clinical anesthesia. With appropriate 

probes, vascular imaging, echocardiography, and nerve imaging can be performed with 

the same unit. Compound imaging is an advanced feature in some of the cart-based units. 

The resolution of nerve images is enhanced with compound imaging when multiple lines 

of crystals on the transducer (as opposed to a single line) emit and receive ultrasound in 

multiple planes before final display of the image that is electronically reconstructed. 

Color Doppler is another useful feature that differentiates vascular from non-vascular 
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structures (e.g. nerves). Compact portable units currently available with many 

sophisticated features are also suitable for peripheral nerve imaging. 

Transducers (probes): 

Ultrasound scanning of deep abdominal organs such as the liver, gall bladder and 

the kidneys requires low-frequency probes (3-5 MHz). Scanning superficial structures, on 

the other hand, requires high-frequency probes (10-15 MHz) that provide high axial 

resolution; however, beam penetration is limited to 3 to 4 cm. A lower-frequency probe 

(4-7 MHz) is suited for scanning intermediate structures, such as the infraclavicular part 

of the brachial plexus and the sciatic nerve in adults. 

Probe orientation: 

It is advisable to follow the tradition of pointing the premarked end of the probe 

towards the head when scanning in a sagital or parasagital plane and pointing towards the 

patient's right when scanning in an axial plane, so that saved images will be correctly 

interpreted at a later time. 

Scanning technique: 

Patient positioning for each block is essentially the same as is used for standard, 

non-image-guided peripheral nerve blocks. Sterile precautions should be followed, 

especially when a continuous catheter technique is performed. In this case, a long sterile 

sheath covering the probe and the cord and a sterile conducting gel are recommended. 

Transverse and longitudinal views are most commonly used for nerve imaging. 

When the probe is perpendicular to the long axis of the nerve, the transverse (short axis, 

cross-sectional) view shows nerves in round to oval shapes with internal hypoechoic 

nerve fascicles surrounded by the hyperechoic epineurium. When the probe is parallel to 

the long axis, nerves in longitudinal view appear tubular with linear hypoechoic 

fascicular components mixed with hyperechoic bands corresponding to the interfascicular 

epineurium. Nerves have different degrees of echogenicity. For example, nerve roots and 

trunks of the brachial plexus in the interscalene and supraclavicular regions appear 
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mostly hypoechoic, while peripheral branches of the brachial plexus and the sciatic nerve 

are largely hyperechoic.  

Scanning the interscalene region: 

In the interscalene region, the cervical roots forming the brachial plexus are 

located between the anterior and middle scalene muscles. They are best visualized when 

scanned in the lateral aspect of the neck in an axial oblique plane. In this manner, the 

sternocleidomastoid muscle can be identified superficially. Deep to it are the anterior and 

middle scalene muscles where one or more roots are seen in the interscalene groove. 

They appear mostly hypoechoic, with few internal punctuate echos. Deeper to this plane, 

the vertebral artery and vein are seen next to the vertebral transverse process. The carotid 

artery and internal jugular vein are identified medially (Figures 8-9). After sonographic 

identification of the brachial plexus, we injected glucose 5% to scan the fluid around the 

plexus then we fixed the needle not to move. Nerve stimulation is then switched on 

looking for the designated muscle response in the same way used in Group A patients. 

The quality of ultrasonographic images captured is dependent on the quality of the 

ultrasound machine and transducers, the anaesthesiologist’s familiarity and interpretation 

of US anatomy pertinent to the block, and a good eye-hand coordination to track needle 

movement during advancement. Deposition and spread of anaesthetics can also be 

appreciated with real-time imaging during injection (Figure 10). 
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Figure 8: Ultrasound probe position to obtain a 

transverse view of the brachial plexus in the 

interscalene area (Brull et al., 2007). 

 
Figure 9: Ultrasound image of the brachial plexus 

in the interscalene area (Brull et al., 2007).  

SCM = Sternocleidomastoid muscle 

ASM = Anterior Scalene Muscle 

MSM = Middle Scalene Muscle 

IJ = Internal Jugular Vein 

CA = Carotid Artery 

N.B. Arrows mark brachial plexus roots in the 

interscalene groove. 
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Figure 10: Transverse sonogram showing local anaesthetic spread and distension (arrows) in 
the interscalene groove (Chan, 2003). 

                      SCM: Sternocleidomastoid muscle. 
                      SMM: Scalenus medius muscle. 
                      SAM: Scalenus anterior muscle. 
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2.8 Endpoints: 

2.8.1 Pre-surgery: 

In all patients, the occurrence of paraesthesia, vascular puncture or other 

complications during the performance of the block was recorded. The tolerable sensation 

of pressure felt down the arm “pressure paraesthesia” was commonly described on 

injection and was distinguished from the painful electric-like sensation characteristic of 

direct needle contact with a nerve “painful paraesthesia”. All patients were monitored for 

signs of local anaesthetic toxicity, respiratory difficulty or haemodynamic change 

following brachial plexus anaesthesia. Assessment of the sensory and motor blockade 

was made following injection and the time was recorded. The sensory block was assessed 

by the response to cold alcohol spray in the shoulder area. The motor block was tested by 

assessing shoulder flexion, extension, abduction and adduction as well as elbow and wrist 

extension (radial nerve), elbow flexion (musculocutaneous nerve) and wrist flexion 

(median nerve).  

The effect of the resulting ISBPB was graded according to this system: 

0: No success. Change to general anaesthesia (GA). 

1: Complete sensory and motor block. 

2: Block requires supplementary analgesia (fentanyl >50 µg &/or ketamine). 

 No need for GA. 

3: Another attempt of block is needed or shifting to another technique. 

 

2.8.2 Intraoperative: 

All patients were checked if they are in need of supplemental local anaesthetics 

through the fixed catheter or conversion to general anaesthesia if the block was 

incomplete for surgery. All patients received a sedating dose of propofol at a rate  

of 2mg/kg/hour unless the patient asked to stay fully awake during the operation.  
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The total dose of propofol was calculated and if any additional drugs were given was also 

recorded. Clonidine was given for those patients with high blood pressure especially 

undergoing arthroscopy in order to minimize bleeding so that the surgical field can be 

better viewed by the surgeon. 

2.8.3 Postoperative: 

Two hours after injecting the first dose of prilocaine, Patient Controlled Analgesia 

(PCA) was started for all patients with 0.2% ropivacaine.  

Patients were kept for one hour in the postanaesthesia recovery room following 

the start of PCA and assessed every half an hour by the recovery nurses for the Visual 

Analogue Scale (VAS) for pain (Figure 11), the motor power for elbow flexion, and any 

late side effects of local anaesthetics. The set-up for PCA was 3 ml/hour continuous 

infusion rate, 5 ml bolus dose to be given by the patient himself if he is feeling pain and 

20 min is the lockout time for the bolus. The motor power was assessed in a score of five 

points where 1 is for muscle twitches without active movement, 2 for movement with 

gravity, 3 for movement against gravity but not against resistance, 4 for movement 

against mild resistance and 5 for normal power against full resistance.  

After one hour, patients were discharged to the regular ward with the same set-up 

of the PCA device. Patients were followed for 8 hours following the block time for the 

VAS and the regain of the muscle power and if any additional analgesics were needed for 

the patient. 

 Twenty-four hours following the block, the interscalene catheter was removed 

with assessment of VAS and the motor power. A simple questionnaire of 6 points was 

filled by each patient describing his satisfaction at the time of performing the block, 

during the operation itself and about the postoperative pain relief and whether or not he 

would like to have the same block technique gain if he is subjected to the same operation 

in the future. 

 



Materials & Methods 
 

 31 

 

 

 

Figure 11: Visual Analogue Scale (Rawal 2001). 

 

 

2.9 Statistical Analysis: 

  

Statistical analysis was done using the statistical software SAS, version 9.1.3.  

The results were given at first descriptively as absolute or relative frequencies for 

categorical variables and as median, range (minimum, maximum) and standard deviation 

for continuous variables; separated for both groups. Differences between nerve stimulator 

(NS) and ultrasound (US) groups were analyzed exploratively by the Fisher’s Exact Test 

and the Mann-Whitney-U-Test. Statistical significance was accepted at a p-value of <0.05.  

Because of the pilot nature of this study, the significance level was not adjusted for 

multiple testing. 
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3. Results 

Sixty patients were included in this study and were randomized into two groups; 

thirty patients each. Group A (Nerve stimulator group) included 14 males and 16 females 

who ranged in age between 36 and 82 years (median, 60.5 years). Group B (Ultrasound 

guided group) included 19 males and 11 females who ranged in age between 30 and 75 

years (median, 56.5 years). The mean body mass index (BMI) in both groups (Group A: 

28, Group B: 26) showed no statistically significant difference (p=0.053).  

The ASA score was nearly similar in both groups where in Group A 16 patients 

had an ASA 2 score and 14 patients an ASA 3 score while Group B included 1 patient 

with ASA 1 score, 14 patients with ASA 2 score and 15 patients with ASA 3 score 

(p=0.79). The renal functions were the same for both groups with a mean serum 

creatinine level of 91 µmol/L in both groups. In Group A 26 patients were non-diabetic 

and 4 patients had non-insulin dependant diabetes mellitus (NIDDM). Group B included 

28 non-diabetic patients, 1 patient with insulin dependant diabetes mellitus (IDDM) and 1 

patient with NIDDM. 

There have been twelve different surgical procedures for which scalene block was 

done in this study with a variable degree of surgical invasiveness and operative trauma. 

The most common operation performed was arthroscopic subacromial decompression 

(ASAD), done in 38 cases with lateral clavicular resection (ASAD & LCR) in 6 of them, 

nearly equally divided between the 2 groups. In five patients, removal of plates and 

screws was performed. Four patients had arthroscopic removal of shoulder calcifications. 

Four more had total shoulder replacement, 2 had shoulder hemiarthroplasty, 2 had open 

reduction and internal fixation (ORIF) of fracture humerus, 1 open reduction and internal 

fixation of an acromial fracture, 1 had change of screws, 1 with lateral clavicular 

resection, 1 had open biopsy for upper arm mass and 1 had an excision of arm lipoma 

(Table 3). In both groups, the right shoulder was operated upon in 16 cases and the left 

side in 14 cases. 
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Table 3: 

Shoulder Operations done in this Study 

Type of Operation  Cases (%) NS  US  

� ASAD 32 (53%) 16 16 

� ASAD with LCR 6 (10%)  3 3 

� Removal of plate and screws 5 (8%)  3 2 

� Arthroscopic removal of calcifications 4 (6%) 2 2 

� Total shoulder replacement  4 (6%) 3 1 

� Shoulder hemiarthroplasty 2 (3%) 0 2 

� ORIF of fracture humerus 2 (3%) 1 1 

� ORIF of acromion fractures 1 (2%) 0 1 

� Change of screws 1 (2%) 1 0 

� LCR alone  1 (2%) 0 1 

� Open biopsy for upper arm mass 1 (2%) 1 0 

� Excision of arm lipoma 1 (2%) 0 1 

TOTAL 60 (100%) 30 30 

ASAD: arthroscopic subacromial decompression, LCR: lateral clavicular resection,  

ORIF: open reduction & internal fixation. 
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The mean operative time was 45 (+ 17) minutes in Group A and 48 (+ 19) 

minutes in Group B. 

In Group A, 16 patients received 2 mg of midazolam as a premedication,  

8 patients received 3 mg, 2 patients received 4 mg, and 4 patients with no premedication, 

while in Group B, 11 patients received 2 mg, 7 patients received 4 mg, 4 patients 

received 3 mg, 1 patient received 1 mg, and 7 patients had no premedication (p=0.13). 

The time spent for detecting the brachial plexus and injecting the local anaesthetic 

drug properly around the plexus was not significantly varying between both groups 

(Figures 12). The mean time was 3.9 (+ 4) minutes in Group A, while it was 3.3 (+1.4) 

minutes in Group B (p=0.3). 

 

 

 

Figure 12: Time needed for localization of the brachial plexus. 

(NS: Nerve Stimulator, US: Ultrasound). 

 

Patients 
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Regarding the number of trials taken to get a successful motor response in  

Group A, 29 patients experienced a successful motor response from the first trial whereas 

3 trials were done in the last patient after which we failed to get any motor response after 

18 minutes necessitating the use of ultrasound guidance to be able to detect the brachial 

plexus and successfully inject the local anaesthetic around it (Figure 13). In Group B:  

in 13 patients only 1 change of needle position was needed, in another 13 patients we 

changed the needle position twice, while in 4 patients we changed the position of the 

needle 3 times to be able to see the plexus, these were blocks in which the nerve 

stimulator alone failed to elicit any motor response (p=2.3). 

 

 

Figure 13: Number of Trials to reach the brachial plexus. 

(NS: Nerve Stimulator, US: Ultrasound). 
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Comparing the depth of the brachial plexus between both groups, the mean depth 

in Group A was 4 cm (+ 0.8 cm), while in Group B it was 3.5 cm (+ 0.7 cm) (p=0.005).  

In all cases the catheter was fixed 2 cm beyond the depth of the needle. 

In Group A, the minimum mA reached was 0.2 mA, while the maximum was  

0.4 mA (median: 0.26 mA). In Group B, the minimum was 0.1 mA and the maximum 

was 1.3 mA (median: 0.36 mA). In 77% of cases we got a biceps muscle response  

(23 patients) in Group A, in 10% (3 patients) a deltoid response, and 10% of cases  

(3 patients) we got a triceps response and no response in one patient (3%) (Table 4).  

In Group B, the biceps was the muscle of response in 60% of cases (18 patients), in 13% 

(4 patients) we had a deltoid response, in 3% (1 patients) we had triceps response, while 

in 24% (7 patients) we failed to get any muscle response although we increased the 

electric stimulation to 1.5 mA but we were able to see the brachial plexus and the local 

anaesthetic was injected around the plexus (p=0.02). 

 

 

Table 4:  

Muscle Response  

 None Biceps Triceps Deltoid  Total  

Group A (Nerve Stimulator)  
1 

(3%)  

23 

(77%) 

3 

(10%) 

3  

(10%) 

30 

(100%) 

Group B (Ultrasound guided)  
7  

(24%)  

18 

 (60%)  

1  

(3%)  

4  

(13%)  

30 

(100%)  
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There was no significant difference between both groups regarding the onset time 

taken for the block to start (Figures 14). In Group A, the mean time was 5.2 (+ 4.1) 

minutes, while it was 5.4 (+ 2.3) minutes in Group B (p=0.2).  

 
 

 

 

 

 

 

 

 

 

 

Figure 14: Time to onset of brachial plexus block. 

(NS: Nerve Stimulator, US: Ultrasound). 

 

 

 

 

Patients 
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As regard the success obtained by the performed block technique (Figure 15),  

27 patients in Group A had a complete block (Effect 1), 2 required additional analgesia 

(Effect 2) and in the last case we shifted to using ultrasound guidance (Effect 3).  

In Group B, all but two cases had a complete sensory and motor block (Effect 1). In the 

remaining two cases, block required supplementary analgesia (Effect 2).  

 

 

Figure 15: Block success in both study groups. 

(NS: Nerve Stimulator, US: Ultrasound). 

0: No success. 

1: Complete block. 

2: Supplementary analgesia. No GA. 

3: Another block attempt or another technique needed. 
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Drugs given intraoperatively were midazolam, fentanyl, propofol, and ketamine 

(Table 5). The mean dose given of midazolam was 1.6 (+ 1.3) mg in Group A, and 1.5  

(+ 1.4) mg in Group B (p=0.54). For fentanyl, the mean dose was 7.5 (+ 20) µg in Group 

A, and 9.2 (+ 23) µg in Group B (p=0.75). Propofol was given in a mean dose of 217  

(+ 106) mg in Group A while the mean dose in Group B was 174 (+ 91) mg (p=0.1). 

Ketamine was given in mean dose of 5 (+ 2.7) mg in Group A and in a 13 (+ 4.1) mg in 

Group B (p=0.32). In Group A, clonidine was given in a mean dose of 29 (+54) µg and 

in Group B 53 (+ 71) µg (p=0.25).  

 

 

 

Table 5: 

Intraoperative Medications 

 Midazolam Propofol Fentanyl Ketamine  Clonidine  

Group A (Nerve Stimulator)  
22 patients 

(1-4 mg)  

29 patients 

(65-520 mg) 

4 patients 

(50-75 µg ) 

1 patient 

(15 mg) 

8 patients 

(50-150 µg) 

Group B (Ultrasound-guided)  
20 patients 

(1-6 mg)  

29 patients 

 (20-400 mg)  

5 patients 

(25-100 µg)  

3 patients 

(10-15 mg)  

11 patients 

(75-150 µg) 
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Figure 16: Postoperative Analgesia according to visual analogue scale (VAS) in both groups after 

starting patient controlled analgesia (NS: Nerve Stimulator, US: Ultrasound). 

Two hours after the initial dose of prilocaine, VAS and the regain of motor power 

(ability of the patient to flex his elbow joint) was assessed and PCA was started with 

ropivacaine in the postanaesthesia recovery room. In Group A, 29 patients (97%) were 

free of pain (VAS of 0) and 1 patient (3%) with VAS of 5 (Figure 16).  In Group B,  

28 patients (94%) were free of pain with VAS of 0, 1 patient (3%) with VAS of 3 and  

1 patient (3%) with a VAS of 5 (p=1). 

After 30 minutes of starting the PCA, VAS was 0 in 29 patients (97%), and 5 in  

1 patient (3%) in Group A, while it was 0 in 27 patients (90%), 4 in 2 patients (7%), and 

5 in 1 patient (3%) in Group B. The differences were not statistically significant (p=0.7). 
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After one hour of PCA, the VAS in Group A was 0 in 27 patients (90%), 2 in 2 

patients (7%) and 1 in another patient (3%). In Group B, 24 patients (80%) had a VAS of 

0, 4 patients (14%) had a VAS of 2, 1 patient (3%) had a score of 4 and 1 more patient 

(3%) a VAS of 8. The difference was again not statistically significant (p=0.1). 

Three hours after PCA, 19 patients (63%) had a VAS of 0, 5 patients (17%) had a 

VAS of 2, 2 patients (7%) had a VAS of 3, 2 patients (7%) with VAS of 1, 1 patient (3%) 

with a VAS of 4, and 1 patient (3%) had a VAS of 7 in Group A. In Group B, the VAS 

was 0 in 13 patients (43%), 2 in 5 patients (17), 3 in 3 patients (10%), 4 in 3 patients 

(10%), 5 in 3 patients (10%), 1 in 2 patients (7%), and 8 in 1 patient (3%) (p=0.4). 

Four hours after starting the PCA in Group A, 14 patients (47%) showed a 0 VAS, 

2 patients (7%) a VAS of 1, 4 patients (13%) a VAS of 2, 5 patients (17%) a VAS of 3,  

3 patients (10%) a VAS of 4, 1 patient (3%) a VAS of 5, and 1 patient (3%) a VAS of 8. 

In Group B, 9 patients (30%) presented with a VAS of 0, 3 patients (10%) with a VAS of 

1, 5 patients (17%) with a VAS of 2, 6 patients (20%) with a VAS of 3, 2 patients (7%) 

with a VAS of 4, 2 patients (7%) with a VAS of 5, 1 patient (3%) with a VAS of 6, 1 

patient (3%) with a VAS of 7 and 1 patient (3%) with a VAS of 8 (p=0.9). 

The VAS was assessed six hours after the application of PCA. In Group A,  

14 patients (47%) presented with 0 VAS, 1 patient (3%) with 1 VAS, 6 patients (20%) 

with 2 VAS, 3 patients (10%) with 3 VAS, 3 patients (10%) with 4 VAS, 2 patients (7%) 

with 5 VAS, and 1 patient (3%) with 6 VAS. Group B, 10 patients (33%) with a 0 score, 

6 patients (20%) with a score of 1, 7 patients (23%) with a score of 2, 2 patients (7%) 

with a score of 3, 2 patients (7%) with a score of 4, 2 patients (7%) with a score of 5, and 

1 patient (3%) with a score of 6 (p=0.56). 

Eight hours after the PCA, in Group A, the VAS was 0 in 13 patients (43%),  

1 in 1 patient (3%), 2 in 5 patients (17%), 3 in 7 patients (23%), 4 in 2 patients (7%), and 

5 in 2 patients (7%). In Group B, the VAS was 0 in 8 patients (26%), 1 in 5 patients 

(17%), 2 in 5 patients (17%), 3 in 5 patients (17%), 4 in 1 patient (3%), 5 in 4 patients 

(13%), and 9 in 2 patients (7%) (p=0.3). 
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Twenty-four hours after the start of the PCA, patients were assessed for the VAS 

before removal of the interscalene catheter. In Group A, 14 patients (46%) were free of 

pain (VAS 0), 2 patients (7%) with score 1, 5 patients (17%) with score 2, 4 patients 

(13%) with score 3, and 5 patients (17%) with score 4. In Group B, 7 patients (23%) were 

free of pain, 5 patients (17%) with a score of 1, 6 patients (20%) with a score of 2,  

7 patients (23%) with a score of 3, 2 patients (7%) with a score of 4, 2 patients (7%) with 

a VAS of 5 and 1 patient (3%) with a VAS of 7. The difference was again not statistically 

significant (p=0.17). 

 

Figure 17: Postoperative motor power in both groups after starting patient controlled analgesia. 

(NS: Nerve Stimulator, US: Ultrasound). 

The ability of the patient to flex the elbow joint was also tested two hours after the 

initial dose of prilocaine and before the start of PCA as an indicator of regaining motor 

power (Figure 17). In Group A, 77% could not move their elbow, 13% had a motor 

power of 1 and 10% of patients a motor power of 2. In Group B, 87% of patients were 
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not able to move the joint, in 3% the motor power was grade 1, and 10% had a motor 

power of grade 2 (p=0.47). 

Half an hour after the start of PCA in Group A, 67% could not flex the joint,  

13% had a motor power of 1, 17% with a motor power of 2, and 3% of patients had a 

motor power of 3. In Group B, 74% could not move the elbow, 10% had a motor power 

of 1, 13% a motor power of 4 and in 3% of patients motor power was 3 (p=0.9). 

One hour after the start of PCA, 60% of patients could not move their elbow,  

10% had a motor power of 1, 20% with a motor power of 2, 7% with a motor power of 3 

and 3% with a motor power of 4 in Group A. Sixty percent of patients in Group B were 

unable to move the elbow joint after one hour, 7% had a motor power of 2, 23% a motor 

power of 2, and 10% a motor power of 3 (p=1). 

Two hours after the start of PCA in Group A, 40% of patients had no motor 

power for elbow flexion, 17% a motor power of 1, 10% a motor power of 2, 27% a motor 

power of 3, 3% a motor power of 4, and 3% a full motor power. In Group B, 27% were 

unable to move the elbow, 17% with a motor power of 1, 20% with motor power of 2, 

29% with a motor power of 3, and 7% with full motor power (p=0.7). 

Three hours after the start of PCA, 20% of patients in Group A were unable to 

move the elbow, 20% with a motor power of 1, 20% with a motor power of 3, 13% with a 

motor power of 3, 17% with a motor power of 4 and 10% with full motor power.  

In Group B, 10% were unable to move the joint, 7% with a motor power of 1, 17% with a 

motor power of 2, 33% with a motor power of 3, 20% with a motor power of 4 and 13% 

with a motor power of 4 (p=0.33). 

Four hours following the start PCA in Group A, we had 13% of patients who were 

unable to move the elbow joint, 17% with a motor power of 1, 13% with a motor power 

of 2, 17% with a motor power of 3, 27% with a motor power of 4 and 13% with full 

motor power. In Group B, 7% were unable to move the elbow, 7% with a motor power of 

1, 13% with a motor power of 2, 20% with a motor power of 3, 26.5% with a motor 

power of 4, and 26.5% with full motor power (p=0.67). 
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Six hours after the start of PCA, 10% of patients in Group A had a 0 motor power, 

14% had a motor power of grade 1, 10% had a motor power of grade 2, 20% had a motor 

power of grade 3, 23% had a motor power of grade 4, and 23% had full motor power.  

In Group B, 7% presented with a grade 1 motor power, 17% with a grade 2 motor power, 

10% with a grade 3, 40% with a grade 4 motor power, and 26% with full motor power 

(p=0.3). 

Eight hours following the start of PCA, in Group A, 10% of patients were unable 

to move their elbow, 3% presented with a motor power of 1, 7% with a motor power of 2, 

33% with a motor power of 3, 20% with a motor power of 4, and 27% with a motor 

power of 5. In Group B, 3% presented with a motor power of 1, 17% with a motor power 

of 2, 13% with a motor power of 3, 30% with a motor power of 4, and 37% with full 

motor power (p=0.15).  

Twenty-four hours following the start of the PCA, only 3% of patients in Group A 

were still unable to move the elbow joint, 13% had a motor power of 2, 7% with a motor 

power of 3, 20% had a motor power of 4, and 57% with full motor power. In Group B, 

also 3% were unable to move their elbow, 3% presented with a motor power of 2, 17% 

with a motor power of 3, 17% with a motor power of 4, and 60% had a full motor power. 

(Figure 17). The differences were again statistically insignificant (p=0.55). 
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Untoward effects of Interscalene Brachial Plexus Block: 

1. Bloody tap: occurred in only one patient in Group A. No patients in Group B had such 

a tap. 

2. Nerve affection: 

a- Horner’s syndrome (ptosis, myosis, enophthalmos, anhydrosis, and flushing of one 

side of the face) occurred in two patients in Group A and in three patients in Group B. 

b- Recurrent laryngeal nerve palsy causing hoarseness of voice occurred in one 

patient in Group A. It also occurred in one patient in Group B and that was also 

accompanied with Horner’s syndrome. 

c- Phrenic nerve stimulation occurred in one patient in Group A, while in Group B.  

one patient suffered from Horner syndrome combined with phrenic nerve stimulation. 

d- Paraesthesia occurred in two patients from Group B, while no patients suffered 

from it from Group A.  

In general, no severe complications have been seen in this study. All cases of 

neurological dysfunction resolved in the early postoperative period. No systemic toxicity 

from local anaesthetics and no haemodynamic complications were encountered.  

No significant difference in complication rate was noted between both groups (p=0.52). 
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Patients’ Satisfaction: 

In a scale of 6 points, patients were asked about their satisfaction at the time of 

detecting the plexus and insertion of the pain relieving catheter, during the operation 

itself and in the postoperative period (Figure 18). During insertion, 70% of patients in 

Group A and 77% in Group B were completely satisfied with the procedure (p=0.6). 

Intraoperatively, 97% of patients in Group A and 90% in Group B were completely 

satisfied with the block (p=0.6). 

In the postoperative period, 77% of patients in Group A and 43% in Group B 

were completely satisfied regarding the relief of postoperative pain (p=0.35). All patients 

in Group A agreed to have the same technique if they are going to be subjected to the 

same operation again, while 97% in Group B would accept it in a future operation (p=1). 

 

 

Figure 18: Patient satisfaction in a scale of six points (1-6) at needle insertion (ins), during (dur) 

and after (aft) the operation (NS: Nerve Stimulator, US: Ultrasound). 
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4. Discussion 

In recent years, there has been a growing interest in the practice of regional 

techniques and, in particular, peripheral nerve blocks for surgical anaesthesia and 

postoperative analgesia. The development of local anaesthetic agents with lower toxicity 

and long duration of action had contributed to this change. Compared with general 

anaesthesia, regional anaesthesia is associated with multiple benefits including reduced 

morbidity and mortality (Rodgers et al., 2000; Beattie et al., 2001), superior postoperative 

analgesia (Buist, 1990; McCartney et al., 2004), cost-effectiveness (Chan et al., 2001), 

and a lower rate of serious complications (Aromaa et al., 1997; Moen and Dahlgren, 

2004). As such, the practice of regional anaesthesia have gained popularity worldwide 

(Brull et al., 2007). Regional anaesthesia with single-shot or continuous peripheral nerve 

blocks can provide superior analgesia and a lower complication rate compared to 

parenteral anaesthetics. However, it is highly dependent on the accurate delivery of a 

correct dose of local anaesthetics to attain success and to avoid rare but potentially 

devastating nerve damage. One of the principle challenges in regional anaesthesia is the 

unreliability of conventional modalities like electric stimulation and patient-reported 

paraesthesia for confirming precise nerve localization. Inadvertent puncture of adjacent 

structures causing complications to the patient or frustrating the anaesthesiologist with 

time-consuming trial and error attempts has been reported. 

Peripheral nerve blockade (PNB) is usually performed without visual guidance, 

relying mainly on surface anatomic landmarks and electrical stimulation to localize 

nerves. Moreover, multiple trial and error attempts to place the needle can disappoint the 

operator, cause pain to the patient and waste valuable time in the operating room. 

Inaccurate needle placement and local anaesthetic spread account for most PNB failures, 

whereas “trial and error” needle manipulations for localization can cause complications. 

The two most commonly used conventional techniques for nerve localization 

during PNB are peripheral nerve stimulation (PNS) and mechanical elicitation of 



Discussion 

 

 48 

paraesthesia. The introduction of peripheral nerve stimulators into clinical practice was a 

major advance in regional anaesthesia. PNS uses an insulated needle through which an 

electrical current is applied using a nerve stimulator. Anatomical landmarks identify the 

point of insertion through the skin, and the needle is advanced until an appropriate motor 

response is obtained. The location of the needle tip is carefully adjusted in order to 

achieve the desired motor response at an electrical current below 0.5 mA, which 

conventionally designated close approximation of the needle tip to the nerve.  

The mechanical paraesthesia technique involves inserting a short-beveled needle at the 

appropriate anatomic landmark and advancing it until a paraesthesia is elicited in the 

distribution of the desired nerve, suggesting close proximity of the needle to the nerve. 

Unfortunately, even with these tools, performance is still far from perfect. Despite the 

time-tested record of safety of these “blind” techniques, an inherent rate of block failure 

exists. Nerve stimulator is also no help in avoiding puncture of blood vessels, the pleura, 

and other vulnerable structures, the anatomical relations of which to the target nerves 

show considerable variability, and complications including local anaesthetic toxicity due 

to intravascular injection and nerve damage from the mechanical trauma and/or 

intraneural injection have been reported (Enneking et al., 2005). 

The problem with designated anatomical landmarks is that they are variable from 

patient to patient and do not always correlate with the location of the underlying nerve or 

plexus. In addition, landmark measurements are often complicated and inaccurate, 

requiring linear measurements with a ruler and frequently a “one size-fits all” philosophy. 

Dexterity and delicate proprioception are often required to be successful at block 

placement. Finally, searching blindly with a sharp invasive needle can pierce or damage 

vessels, nerves, or other nearby underling anatomical structures (Urmey 2006). 

Alon Winnie once predicted: “Sooner or later, someone will make a sufficiently 

close examination of the anatomy involved, so that exact techniques will be developed.” 

Imaging guidance for nerve localization holds the promise of improving block success 

and decreasing complications. Multiple radiologic modalities, including magnetic 

resonance imaging (MRI), computed tomography (CT) and fluoroscopy have been used 

to guide needle placement for PNB. However, these modalities are limited by costs, 
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prohibitive space requirements, static images, and need for contrast dye. Ultrasonography 

may represent just such a method for providing a “sufficient close examination of 

anatomy” (Greher and Kapral 2003). It is noninvasive, causes no radiation exposure, is 

more affordable and portable compared to other imaging techniques, requires little 

preparation for immediate use, and can be taught and learned with relative ease. Perhaps 

the most significant advantage of ultrasound technology is the ability to provide anatomic 

examination of the area of interest in real-time (Klaastad and Smedby, 2001).  

For regional anaesthetists, this development is probably as significant as the introduction 

of laparoscopic surgery for general surgery almost 20 years ago. As Bodenham in 2006 

suggests, the majority of senior colleagues will learn from their peers, but training in 

ultrasound techniques needs rapidly to become part of the core of every anaesthetist, just 

as laparoscopic work is for surgeons (Hopkins 2007). 

When scanned in the transverse section, nerves appear consistently as oval to 

round hypoechoic shadows in clusters often punctuated with small internal hyperechoic 

bands. In a study by Silvestri et al. in 1995 comparing the histological structure with the 

ultrasound echo-texture of peripheral nerves, the hypoechoic components corresponds to 

neuronal fascicles and the hyperechoic areas correlate with connective tissue layer 

forming the epineurium. Such internal echogenic fascicular pattern is appreciated most 

often in the trunks and proximal cords and is less apparent at the root level. Compared to 

nerves; vessels, tendons and muscles are also hypoechoic whereas fat and bones are 

hyperechoic. In the transverse view, small vessels, lymph nodes, and muscle fascicles can 

be mistaken for nerves because they have similar size and echogenicity. For this reason, 

we use nerve stimulator to interrogate the identity of the hypoechoic shadows, 

presumably nerves, in our study. 

 Brull et al. in 2007 emphasized that there are two predominant advantages of 

Ultrasound-guided PNB. First, US enables the operator to manipulate the needle under 

direct vision to ensure close proximity of the needle tip to the target nerve. Deposition 

and spread of local anaesthetic are readily appreciated with real-time US imaging during 

injection. Experience with US-imaging has revealed that nerves are often displaced by 

injection of local anaesthetics. Ultrasound allows the operator to confidentially advance 
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or reposition the needle after administering an initial injection of local anaesthetic.  

The operator can thereby distribute local anaesthetic uniformly around the plexus.  

Thus, Ultrasound-guided PNB translates into faster onset, longer duration, and improved 

block quality with reduced amounts of local anaesthetics compared with blocks using the 

peripheral nerve stimulator. The second important advantage of Ultrasound-guided nerve 

localization is the intrinsic safety of real-time imaging as vessels and nerves are easily 

identified, and the risk of intravascular and intraneural injection of local anaesthetic may 

diminished. 

 Chan (2003) in his case report found that direct real-time visual guidance for the 

block needle at the time of advancement is an added technical advantage of using US.  

He found that the 5-to 12-MHz probe is most suitable for needle guidance in the 

interscalene region because of image clarity and that the 5-cm probe has a wider 

scanning field than other probes. His technique of advancing the needle inline with the 

ultrasound beam allows moment-by-moment observation of the needle shaft and tip at 

the time of nerve localization. The path of needle advancement he used is unconventional 

(i.e. through the scalenus medius muscle toward the nerve trunks in the interscalene 

groove, as seen on ultrasound). This method of nerve localization with purposeful needle 

movement will likely eliminate multiple trial-and-error attempts. In his case report, nerve 

localization was also confirmed with nerve stimulation. He concluded that whether 

double confirmation (ultrasound-guidance and nerve stimulation) can further improve 

accuracy of nerve localization over ultrasound alone is not known at this time.  

Observing local anesthetic spread in the interscalene groove at the time of injection is 

also valuable for showing accurate local anesthetic placement around the nerves.  

Ultrasound scanning shows interscalene groove distension, cephalad to caudad solution 

spread and enhanced nerve images after local anesthetic injection. Any unintentional 

injection outside the interscalene compartment (e.g. into the scalenus muscle) can be 

detected at the time of injection and appropriately corrected. He ends that ultrasound 

technology is valuable to anaesthesiologists for nerve localization and needle placement 

during interscalene block, especially in patients with difficult anatomy. 
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 Perlas et al., in their study done 2003 on 15 volunteers, demonstrated that high-

frequency ultrasound probing 5-12 MHz can generate clear images of the brachial plexus, 

visually guide the needle to reach target nerves with precision, and show nerve 

movement when the needle makes contact with the nerve. Their preliminary data suggest 

that it is technically feasible to localize accurately and consistently the brachial plexus at 

the interscalene, supraclavicular, axillary and midhumeral locations using high-resolution 

ultrasound imaging. The ability to visualize depends on the depth of the penetration of 

the ultrasound beam. With the linear 12-15 MHz probe, they obtained excellent images 

of the brachial plexus as it is situated superficially (within 1-2 cm from the skin surface) 

at these four locations. However, its ability to provide superior image resolution in the 

near field (3-4 cm) is offset by the limited penetration capacity of this probe precluding 

its usefulness at the infraclavicular location. To scan deep-seated structures,  

probes of lower frequency (e.g. in the 4-7 MHz range) will be necessary. When it comes 

to probe selection for brachial plexus scanning, one must find the optimal balance 

between image quality and the depth of penetration. 

Ultrasound interpretation and performance is operator-dependent. Ultrasound-

guided regional anaesthesia does require practice and a preliminary training period is a 

prerequisite for a successful performance. There is a learning curve associated with 

training in ultrasound techniques, which requires recognition of sonographic anatomy as 

well as the development of hand-eye coordination in accurate needle positioning.  

Nerve stimulation, however, has its own limitations. The technique relies on 

physiological responses of neural structures to electric stimulation (ES), for which there 

is considerable inter-individual variation. Accordingly, it is fitting to question the 

significance of the commonly accepted threshold current of 0.5 mA to ensure block 

success, when a range of current thresholds more realistically reflects normal 

physiological variability. Although we were able to stimulate the brachial plexus to a 

level below 0.5 mA, a study done in 2007 by Sinha and colleagues for 61 patients 

planned for ambulatory shoulder surgery using US-guided intersacalene block combined 

with nerve stimulator concluded that the observed motor response below or above 0.5 mA 

had no impact on the success or duration of upper trunk block. Furthermore, ES 

responses are influenced by the interplay of injectates, physiologic solutions (e.g. blood) 
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and disease. Not surprisingly, the introduction of ES failed to result in a renewed interest 

in regional anaesthesia (Tsui, 2007). 

Most studies comparing ultrasound imaging and nerve stimulation techniques for 

upper extremity plexus anaesthesia have demonstrated the superiority of US with respect 

to block completeness at 30 minutes, overall block success (surgical anaesthesia), rapid 

block performance, shorter onset times, prolongation of block and reduced complications 

(Williams et al., 2003; Marhofer et al., 2004; Soeding et al., 2005; Liu et al., 2005; Sites 

et al., 2006; Chan et al., 2007). In their study involving 80 patients for supraclavicular 

block comparing the two block techniques, Williams et al. concluded that ultrasound-

guided neurostimulator-confirmed supraclavicular block is more rapidly performed and 

provides a more complete block than supraclavicular block using anatomic landmarks 

and neurostimulator confirmation. 

While the cumulative evidence may appear very convincing, many of the studies 

show conflicting results for certain parameters and the large variability in trial 

methodologies and application of different outcome measures account for many of the 

discrepancies. Indeed, the various endpoints used during research in regional anaesthesia 

may bias outcomes when comparing multiple regional block techniques. This matter is 

evident in two of the results generated by Chan et al.. First, the US-guided block success 

rate was lower than anticipated (80–83%) due to rigid definitive endpoints of complete 

pinprick anaesthesia in three nerves at 30 minutes. Secondly, their failure to show a 

benefit of combining US and NS may have resulted from using visualized circumferential 

injectate spread to determine injection, rather than an acceptable motor response within a 

certain milliamperage range. Conversely, their endpoints for using NS, which accepted a 

triceps muscle contraction for radial nerve involvement, may have been detrimental to the 

block onset timing with this technique as well as success rates as these proximal responses 

may have been inadequate to produce optimal results. This is especially true considering 

that the radial nerve is often the most difficult nerve to locate during axillary blockade; 

clearly, US visibility of the nerve will enhance success. 
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Recent progress in the science and application of nerve stimulators to localize 

peripheral nerves had been rapid in many aspects (Borgeat and Capdevila, 2007). 

Johnson et al. in 2007, for example, applied a computerized model for electric 

stimulation of peripheral nerves and contributed new and important observations with 

direct clinical applications. Recent technological advances in the application of nerve 

stimulation, the availability of bevelled, insulated needles and the description of new 

approaches have made nerve stimulation a highly successful technique in experienced 

hands in up to 95 - 98% of cases with a low incidence of severe complications (Borgeat 

et al., 2001; Borgeat et al., 2004; and Capdevila et al. 2005). 

In contrast to the mentioned literature discussing the advantages of ultrasound 

over nerve stimulation, we could not show these added advantages in this current study. 

The time spent for plexus detection and injection of the local anaesthetic did not vary 

significantly between both groups (3.9 minutes in Group A and 3.3 minutes in Group B). 

Biceps muscle response was the most common response achieved in both groups. 

Although in more than half of the patients in Group B we needed to change the needle 

position once (n: 13) or twice (n: 4), a successful motor response from the first trial was 

achieved in all but one patient in Group A. In this patient, however, we were only able to 

locate the plexus after using Ultrasound guidance. There was no significant difference 

between both groups as regards the time taken for the block to start (5.2 minutes in Group 

A and 5.4 minutes in Group B). We did not detect significant difference in the 

intraoperative medications used in both groups. There was also no difference in pain 

perception (VAS) and regain of motor power between both groups at all time intervals 

after starting PCA. Furthermore, patients were nearly equally satisfied with both 

techniques.  

Likewise, Casati et al. in 2007 investigated, in a study involving 60 patients,  

the challenging question of whether nerve stimulator or ultrasound guidance will 

selectively affect success rate, incidence of complications, and patients’ satisfaction and 

acceptance of the procedure after axillary brachial plexus block. Their results showed that 

in experienced hands, nerve stimulator and ultrasound-guided blocks provide similar 

success rates, onset times, a comparable incidence of complication and patients 
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satisfaction and acceptance for both groups. The results obtained in the current series 

compare favourably with their results. 

With the ultrasound technique, identification of the surface landmarks is not as 

important. A preliminary scan prior to needle insertion shows anatomic details of the 

nerves and their neighboring structures. The site we select for needle puncture was the 

site with the shortest skin-to-nerve distance. Nerve localization by ultrasound can be 

combined with nerve stimulation. Both tools are valuable and complementary, not 

mutually exclusive. Ultrasonography provides anatomic information and can allow the 

attending anaesthesiologist to see local anaesthetic spread around the plexus in addition 

to the real-time visual guidance to navigate the needle toward the target nerve while the 

motor response to nerve stimulation provides functional information about the nerve in 

question. 

 An interesting finding in this study is the inconsistency of nerve-stimulated 

muscle contraction when the needle is in contact with a nerve in 24 % of cases (n: 7) in 

Group B in which ultrasound guidance was used. Despite clear ultrasound evidence of 

nerve contact in the transverse view, the stimulating needle may not evoke muscle 

contraction with current up to 1.5 mA. In this situation, it is not necessary to further 

advance the needle because the needle tip will pass the nerve. In this issue, the results of 

our study lend support to studies of Choyce et al. (2001), Urmey and Stanton (2002), and 

Perlas et al. (2003) but in the study of Perlas et al., they tried rather fine adjustment by 

moving the needle tip longitudinally along the course of the nerve (i.e. moving to either 

side of the transverse plane evoked muscle contraction. If ultrasound guidance is not 

provided in the current study, we would have advanced the block needle further in search 

of muscle contraction not realizing that it has already reached the target. 

 Ultrasound-guided brachial plexus anaesthesia does ”bring light” into regional 

anaesthesia and can be applied to everyday clinical practice. In the context of both 

regional anaesthesia and vascular access, we are perhaps going through a similar process 

to that already navigated by obstetricians and cardiologists in their daily use of 
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ultrasound, and the benefits ultrasound can add to their practice. This seems to be the 

direction we are heading in with regional anaesthesia. 

No severe complications were encountered in this study. In general, these could 

be attributed either to the block technique or to the local anaesthetics used. Nerve 

dysfunction (Horner’s syndrome, recurrent laryngeal nerve palsy, phrenic nerve 

stimulation or persistent paraesthesia) was nearly equally divided between both groups  

(4 patients in Group A and 5 patients in Group B) and was transient. Dynamic 

examination of peripheral nerves shows that they are mobile structures that typically 

move away or to the side when approached by the insulated needle. Conceivably, nerve 

movement may protect the nerve from direct needle injury to some extent. However, 

although relatively blunt-tipped and less likely to impale a nerve, insulated needles have 

been associated with clinical reports of neurological damage. Under normal brachial 

plexus circumstances, firm manual pressure applied on the skin will pin down the nerve 

(in particular, at the interscalene and the axillary locations) and fix it in position before 

needle insertion. This may decrease nerve mobility and increase the chance of direct 

needle contact or trauma in some situations. In a study done in 2006 by Faryniarz and 

colleagues over 133 patients undergoing shoulder surgery through ISBPB using nerve 

stimulator, they had 68% of patients with recurrent laryngeal nerve palsy and 59% with 

Horner’s syndrome, although both of them resolved in the same day of operation, one 

patient (0.7%) had seizures from an intravascular injection of the local anaesthetic that 

required intensive monitoring. With US-guided blocks, the skin pressure exerted by the 

probe is probably less than manual palpation allowing a greater degree of nerve mobility 

(Perlas et al., 2003). In our study, only two patients in Group A and three patients in 

Group B developed a transient Horner’s syndrome (8%) whereas recurrent laryngeal 

nerve palsy occurred in one patient in each group (3%). 

Patient, surgical, and anaesthetic risk factors may contribute to neurologic 

sequelae after shoulder and upper extremity surgery. In addition, underlying subclinical 

neuropathies such as those encountered in diabetes, other metabolic neuropathies or 

proximal nerve root compression syndromes such as cervical radiculopathy may increase 

a given nerve’s susceptibility to injury via a double-crush phenomenon. When a regional 
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anaesthesia technique is used, neurologic injury may also result from traumatic, ischemic 

or toxic insults related to ISBPB. Although major neurologic sequelae or neuropathy are 

rare, a frequent but variable incidence of short- and long-term paraesthesia or pain 

unrelated to surgery was reported after single injection and continuous ISBPB (Borgeat et 

al., 2003). In our study, we had two patients in the ultrasound guided group with 

paraesthesia while no patient suffered of it in the nerve stimulator group. 

Ultrasound guidance is notably helpful in two particular circumstances. It greatly 

facilitates PNB for obese patients in whom the classic anatomic landmarks are especially 

difficult to identify and palpate. It is also an important resource for teaching residents and 

fellows the intricate anatomy essential to the practice of regional anaesthesia.  

The technique is such a significant step-change in regional anaesthesia with no inherent 

harmful effects. With appropriate training, experience, and performance, US techniques 

have the potential to produce a successful nerve block in all cases with minimal 

complications secondary to needle misplacement. In other words, any deviation from this 

standard is an operator deficiency rather than a short-coming technique. 

One must be mindful of the fact that despite the initial excitement of sonographic 

techniques, US visualization is still indirect and images are subject to individual 

interpretation. In fact, it is not surprising that Chan et al. in 2007 were unable to 

demonstrate an added benefit when combining NS and US, as these investigators are very 

experienced with both regional techniques. Ultrasound guidance, like NS, is not perfect. 

We can never be totally sure of a nerve’s identity, as even Chan’s group using high-end 

ultrasound technology failed to achieve 100% block success in the ultrasound guided 

groups. They commented that: “this is likely the result of mistaken nerve identity in 

Group US and misinterpretation of local anaesthetic circumferential spread”. Rather than 

abandoning NS techniques in favour of US imaging alone, a more prudent course might 

be to combine the two technologies to further approach the goal of a 100% success rate, 

without untoward side effects, for all regional blocks. 

Safe and successful US-guided peripheral nerve blocks depends on the operator’s 

ability to image the target nerve and its surrounding structures, hold the probe in one hand 
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and manipulate the needle in the other hand, and visualize the needle and the target nerve 

simultaneously. Brull and colleagues in 2007 emphasized the “five Ps” of US-guided 

nerve blockade that must be understood by all trainees of this applied technology.  

The “five Ps” are position, probe, placement, plane, and picture. First, the patient must be 

positioned properly to ensure optimal exposure for scanning, unobstructed manipulation 

of the probe and the needle, and patient comfort. Second, the probe with appropriate 

frequency range and array must be selected depending on the block to be performed. 

Third, the operator must know where to place the probe on the patient’s body in order to 

facilitate imaging and needle manipulation. Fourth, in order to capture the target nerve 

and vasculature in cross section, the appropriate scanning plane must be used. Lastly, the 

operator must know what to look for; that is, he must know the characteristic picture of 

the nerves and the surrounding structures in the territory scanned. 

Apart from block success, cost-effectiveness and practicality need to be 

demonstrated in order to fully support Ultrasound guidance in regional anaesthesia. 

Ultrasound may not reduce costs if nerve stimulation is still required to provide additive 

confirmation of needle-nerve proximity or for the initial learning stages of US-guidance. 

On the other hand, routine application of this technology may ultimately increase the 

overall utilization rate of regional anaesthesia. Maximizing block accuracy as well as 

improving training for those inexperienced in regional techniques are both attractive 

incentives for using US. Importantly, US guidance may improve two critical factors 

related to trainees’ comfort with peripheral nerve blocks: familiarity with the relevant 

anatomy and confidence level with the block through visualization of related anatomical 

structures, needle trajectory, and local anaesthetic application. 

 In the meantime, careful consideration will be needed when consenting patients 

for regional anaesthetic techniques. Some patients are aware enough and asking to have 

‘the block with scanner’ rather than the ‘twitcher’ and considering the number of patients 

who research their medical treatment on the internet. We believe that in the near coming 

future we will be at the stage, especially in brachial plexus blocks, when it is advisable to 

inform the patient of the potential benefits of an ultrasound guided technique even when 

this cannot be offered to them (perhaps because of inexperience on the part of the 
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anaesthetist or lack of suitable equipments). This will be needed to counter the argument, 

in the event of litigation arising from a complication, that the patient would not have 

consented if they had known a potentially safer technique was available elsewhere. 

Regardless of either real or perceived advantages, there are some limitations to be 

noted with ultrasound guidance. Some anaesthesiologists are expert in their ability to 

interpret US images, while many others have more limited experience. Ultrasonography 

for regional anaesthesia can have a ‘long learning curve’, especially when considering 

the variables of controlling and tracking needle insertion. Indeed, in their study of 

simulated US-guidance with residents, Sites et al. in 2004 identified a “concerning  

novice pattern” where residents failed to adequately view their block needle at all times 

during the procedure. Continual identification of the block needle is essential for 

improvements in success and safety of peripheral blocks, particularly in sensitive sites 

such as the infraclavicular block location or when traditional landmarks are not used for 

needle insertion. Developing methods to best align the probe and needle and to optimize 

needle visibility within the tissues will help with training and general performance of US 

guidance. Additionally, developing systematic scanning methods to reliably identify the 

target nerves will be particularly beneficial to novice operators. Including NS for 

objective determination of the nerve’s identity will be useful, particularly for clinicians 

first learning the technique of US guidance. Finally, it will be important to develop 

unique training standards to guide residency training programs and teaching institutions 

and to establish evaluation criteria for performing US-guided regional anaesthesia. 

Optimum patient selection for each technique is of great benefit. Obese patients 

with short neck and those with previous operations in the neck region are the best 

candidates for US-guided techniques. Ultrasound can save time for the anaesthesiologist 

and avoid subjecting the patient to pain and repeated failed trials. Optimum patient 

positioning and sterile techniques are encouraged. This is particularly important for the 

continuous catheter technique when it is necessary to use sterile conducting gel and a 

sterile plastic sheath to fully cover the entire transducer. Potential disadvantage of US 

include inaccurate imaging due to operator inexperience, prolonged technical training for 

some operators, and ultimately user-dependency once US skills are mastered. 
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An important issue that is particularly relevant to US-guided regional anaesthesia 

relates to the very practical aspects of performing blocks in this manner. Many fine 

studies showing success of the technique or reviewing the methodology of US-guided 

blocks used very high-quality cart-based US systems which provide compound imaging 

and generate high resolution images where anatomical and block substances can be 

visualized very clearly. Our experience with the more affordable and more compact 

machines (SonoSite) demonstrates a need for considerable learning to successfully use 

and train others with these systems. 

Further evidence-based research will certainly improve this specialty’s view of 

US-guided nerve blocks and ultimately the practice of regional anaesthesia. While the 

direct costs of US versus NS, or block performance times may be easy to compare, the 

true cost-benefits for routine application of this technology in clinical practice will 

require further evaluation, particularly for ambulatory surgery. The emerging literature on 

critical teaching and training in US-guided nerve blocks will establish evidence-based 

approaches to determine the most effective applications for this “state of the art” 

technology. In addition to reports from well-conducted randomized controlled trials, 

subtle but important changes are likely to be seen through observation of resident training 

in PNBs and increasing our clinical experience with Ultrasound for regional anaesthesia. 

Much can be done in terms of optimizing ultrasound-guided techniques, describing the 

frequency of relevant anatomical variants, and defining minimum effective doses of local 

anaesthetics when applied accurately under ultrasound guidance. Ultimately, patient 

satisfaction with regional anaesthesia is likely to increase and the benefits of US-guided 

nerve blocks will become evident to the full spectrum of health care professionals.  

While ultrasound guidance is sure to draw many anaesthesiologists back towards 

the practice of regional anaesthesia, its widespread use will ultimately depend on its 

clinical efficacy, cost-effectiveness, and practicality. One must be mindful of the fact that, 

despite the initial excitement of this technique, Ultrasound visualization is still indirect 

and images are subject to individual interpretation.  
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To conclude, our results showed the similarity in time to perform ISBPB and the 

onset of complete block as well as the success rate, patient satisfaction, incidence of 

complications and the postoperative pain relief in both groups. In fact, it is not surprising 

that we were unable to demonstrate an added benefit when combining ES and US, as the 

investigators are experienced with both techniques. Rather than abandoning electric 

stimulation techniques in favour of US imaging alone, a more prudent course might be to 

combine the two technologies to further approach the goal of a 100% success rate, 

without untoward side effects, for all regional blocks. 

Ultrasound guidance provides a real-time imaging for peripheral nerve 

identification which is being increasingly used in research and appear to offer better 

accuracy and safety in addition to giving the anaesthesiologist self-confidence being 

observing the block needle and guiding its advancement to the desired depth and 

direction toward the target nerve and visualising the spread of the local anaesthetic 

injected around the plexus. This method is technologically-dependant, requiring a long 

learning curve for beginners, and is relatively expensive. The high cost will limit its 

immediate general availability, but continued technical development and cost reduction 

as well as good and continuous training for beginner anaesthesiologists will change this 

ultimately. The statement that nobody has an eye on the needle can be revised after 

combining both techniques. Through ultrasound we have a dispassionate eye above the 

needle to control what we are doing and to give nerve blocks an objective basis. Any 

method that offers even the possibility of improved accuracy in identifying the nerves we 

want to block and the structures we do not wish to damage must be of value and continue 

to be evaluated. In this study, we failed to detect statistical differences between electric 

nerve stimulation and ultrasound-guided techniques. Interscalene brachial plexus block 

(ISBPB) seems to be equally high effective using either technique. A good knowledge of 

the local anatomy and the experience of the anaesthesiologist and his familiarity with 

performing both techniques seem to be more important in this regard. Larger and perhaps 

multicenter studies are, however, needed to draw statistical significance. In our point of 

view, electric nerve stimulation and Ultrasound guidance should be considered as 

complementary rather than alternative tools.  
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5. Summary 

 In order to compare conventional interscalene brachial plexus block (ISBPB) 

using surface anatomy localization and nerve stimulation to Ultrasound-guided blocks for 

shoulder surgery, sixty adult patients were included in this prospective study and 

randomized into two groups; thirty patients each. Group A using nerve stimulator alone 

and Group B guided by two-dimensional Ultrasound and the use of nerve stimulator. 

Both groups were matched for age, sex, American Society of Anaesthesiologists (ASA) 

score, Body Mass Index (BMI), comorbidity and the operative procedure. The time taken 

to stimulate the brachial plexus and the onset of block were recorded. The effect of the 

resulting block was graded and additional medications needed were documented. 

Postoperative patient controlled analgesia (PCA) was used for pain relief. The visual 

analogue scale (VAS) and the regain of motor power were checked at regular intervals. 

Patient satisfaction while inserting the needle, during the operation and after surgery  

was questioned. 

The mean operative time was 45 minutes in Group A and 48 minutes in Group B. 

No differences in the preanaesthetic medication was noted. The time spent for detecting 

the brachial plexus and injecting the local anaesthetic around the plexus was not 

significantly varying between both groups. The mean time was 3.9 minutes in Group A, 

and 3.3 minutes in Group B (p =0.3). Although in more than half of the cases in Group B 

we needed to change the needle position once (n: 13) or twice (n: 4), a successful motor 

response from the first trial was achieved in all but one patient in Group A.  

In this patient, however, we were only able to locate the brachial plexus after using 

Ultrasound guidance. Biceps muscle response was the most common muscle response 

achieved in both Group A (77%) and Group B (57%) patients. There was no significant 

difference between both groups as regards the time taken for the block to start. In Group 

A, the mean time was 5.2 minutes, while it was 5.4 minutes in Group B (p=0.2).  

There was no block failure necessitating a general anaesthesia at all. 
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No significant difference existed in the intraoperative medications used in both 

groups. There was also no difference in pain perception (VAS), regain of motor power 

between both groups at all time intervals after starting PCA and in patients’ satisfaction. 

Complications were nearly equally divided between both groups. Four patients in  

Group A and 5 patients in Group B had some kind of transient nerve dysfunction  

(Horner’s syndrome, recurrent laryngeal nerve palsy, and phrenic nerve stimulation). 

Paraesthesia occurred in two patients in Group B only. A bloody tap was seen in only one 

patient in Group A. 

Interscalene brachial plexus block is equally high effective using either electric 

nerve stimulation or ultrasound-guidance. No advantage could be attributed to one or the 

other technique if the blockades are performed by anaesthesiologist who are experienced 

in both techniques. The key steps in performing a successful regional blockade are the 

identification of the exact nerve position, approaching it with a precisely located needle 

without injuring adjacent structures and then carefully injecting the needed dose of local 

anaesthetics. A good knowledge of surface anatomy is an essential starting point in these 

procedures. Electric nerve stimulation and Ultrasound guidance should be regarded as 

complementary rather than alternative tools. 
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Group A (NS) 

 

 

 

 
Nr. Age Sex  [cm]  [kg] ASA DM RFT OP Side 

Time 
[min] Trials 

Needle 
[cm] Catheter[cm] mA MR Onset [min] OP [min] Premed Mid Prop Fent Clon Ket Effect Comment 

2 36 2 165 80 2 0 88 1 1 1 1 4,0 6,0 0,24 1 4 40 2 3 180 75 50 0 2   

4 61 2 165 70 2 0 90 1 2 3 1 4,5 7,0 0,25 1 4 60 2 2 90 0 0 0 1   

5 48 1 175 80 2 2 77 1 1 2 1 3,0 6,0 0,24 3 1 60 2 4 180 50 0 0 1   

7 48 1 180 80 2 0 78 5 1 10 1 5,0 8,0 0,30 1 10 25 3 0 520 0 0 0 1   

9 49 1 185 83 2 0 146 1 2 3 1 4,0 7,0 0,26 1 4 60 2 1 190 0 0 0 1   

11 75 2 165 80 3 0 71 9 1 2 1 5,0 8,0 0,20 1 5 65 4 0 120 0 150 0 1   

13 59 2 153 81 3 2 99 1 2 4 1 3,0 5,0 0,28 1 4 45 2 2 160 0 0 0 1   

17 63 2 160 58 3 0 81 1 2 1 1 3,5 6,5 0,28 1 5 35 2 2 100 0 0 0 1   

18 66 2 163 85 3 0 73 1 2 3 1 4,0 7,0 0,28 1 4 45 2 2 200 0 0 0 1   

19 44 2 170 120 3 0 85 1 2 3 1 5,0 8,0 0,28 1 3 30 0 4 280 0 0 0 1   

21 40 1 186 102 2 0 82 1 1 11 1 4,0 8,0 0,26 2 25 30 4 4 270 0 75 0 1   

24 69 2 151 64 3 0 131 5 2 2 1 4,5 7,5 0,26 1 4 70 2 0 310 0 0 0 1   

26 82 1 176 84 3 0 107 1 2 5 1 5,0 7,0 0,24 1 7 50 0 0 270 0 0 0 1   

27 52 2 165 75 2 0 80 11 1 2 1 3,0 5,0 0,24 1 4 25 0 0 0 0 0 0 1   

30 64 1 174 95 2 2 79 1 2 2 1 4,0 6,0 0,24 1 5 40 2 2 310 0 150 0 1   

32 58 2 164 74 2 0 86 1 1 5 1 3,0 5,0 0,20 1 2 70 2 2 180 0 0 0 1   

33 45 1 183 82 2 0 99 3 1 2 1 3,5 5,5 0,28 1 5 10 3 2 65 0 0 0 1   

36 72 1 163 73 3 0 104 1 1 6 1 5,0 7,0 0,22 1 5 55 0 2 300 0 0 0 1   

37 71 2 168 95 3 0 158 5 2 3 1 4,0 6,0 0,28 1 5 60 3 0 290 50 0 0 1   

39 60 2 177 77 3 0 93 3 1 2 1 4,0 6,0 0,22 1 5 30 2 1 160 0 0 0 1   

40 60 1 178 98 3 0 87 1 2 2 1 5,0 7,0 0,28 1 7 35 2 3 300 0 0 0 1   

44 41 2 157 80 2 0 73 1 1 1 1 4,0 6,0 0,26 2 4 35 3 2 150 0 75 0 1   

45 72 2 165 75 3 2 88 2 1 6 1 4,5 6,5 0,28 3 7 60 3 1 190 0 75 0 1   

46 73 1 175 85 3 0 90 7 2 2 1 4,5 7,0 0,20 1 3 60 3 0 200 0 0 0 1   

49 61 1 182 94 2 0 87 2 1 3 1 3,5 5,5 0,26 1 5 30 3 2 380 0 150 15 2   

50 43 1 170 82 2 0 91 4 1 21 3 5,0 7,0 0,40 0 4 30 2 2 190 0 0 0 3 + US 

53 70 1 175 67 2 0 84 1 2 2 1 3,0 5,0 0,22 1 3 40 2 1 200 0 0 0 1   

56 71 2 167 75 2 0 74 3 1 2 1 4,0 6,0 0,28 3 5 15 3 0 150 50 0 0 1   

57 63 1 184 78 3 0 99 2 1 2 1 3,0 5,0 0,28 2 5 70 2 3 320 0 150 0 1   

59 56 2 150 45 2 0 104 4 2 5 1 2,0 4,0 0,28 1 3 60 2 2 310 0 0 0 1   
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Group A (NS) 

 

 

Nr. VAS t0 VAS t1 VAS t3 VAS t6 VAS t24 MG t0 MG t1 MG t3 MG t6 MG t24 Sf ins Sfdur Sfaft Repeat C/O 

2 0 0 0 2 3 0 2 2 4 5 1 1 1 1 0 

4 0 4 0 0 0 2 2 2 1 5 1 1 1 1 0 

5 0 0 7 5 3 0 1 5 3 5 2 1 2 1 0 

7 0 0 2 3 2 1 2 5 3 5 1 1 1 1 0 

9 0 1 1 0 1 1 2 4 5 5 2 1 1 1 1 

11 0 0 0 0 0 1 1 4 3 5 1 1 1 1 0 

13 5 4 3 6 4 0 3 4 4 5 2 1 2 1 0 

17 0 0 0 1 0 0 0 2 2 4 2 2 3 1 2 

18 0 0 0 2 0 0 2 4 5 5 1 1 1 1 2 

19 0 0 0 0 0 2 2 0 0 0 2 1 1 1 0 

21 0 0 0 0 1 2 3 3 4 5 2 1 1 1 0 

24 0 0 2 4 2 0 0 0 4 5 1 1 2 1 0 

26 0 0 2 2 4 0 0 1 5 5 1 1 1 1 0 

27 0 0 2 3 3 0 0 3 4 5 1 1 1 1 0 

30 0 0 0 0 4 0 0 1 1 2 1 1 1 1 5 

32 0 0 2 3 4 0 0 2 2 4 1 1 1 1 0 

33 0 0 0 5 3 0 0 3 5 4 1 1 2 1 0 

36 0 0 3 2 0 0 0 0 1 2 5 1 1 1 4 

37 0 0 0 4 4 0 0 1 4 4 2 1 1 1 0 

39 0 0 0 0 0 0 0 2 5 5 1 1 1 1 0 

40 0 0 0 0 2 0 2 3 3 4 1 1 1 1 0 

44 0 0 0 0 0 0 0 0 3 5 1 1 1 1 0 

45 0 0 4 4 2 0 0 1 3 3 2 1 3 1 0 

46 0 0 0 0 0 0 0 1 2 4 1 1 1 1 0 

49 0 0 0 0 0 0 0 0 0 2 1 1 1 1 0 

50 0 0 0 0 0 0 0 1 1 3 1 1 2 1 0 

53 0 0 0 2 0 0 0 0 0 2 1 1 1 1 0 

56 0 0 0 0 0 1 1 4 5 5 1 1 1 1 0 

57 0 0 0 0 0 0 0 2 5 5 1 1 1 1 0 

59 0 0 1 2 3 0 0 4 4 5 1 1 1 1 0 
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Group B (US) 
 

 

Nr. Age Sex  [cm]  [kg] ASA DM RFT OP Side 
Time 
[min] Trials 

Needle 
[cm] Cath [cm] mA MR Onset [min] OP [min] Premed Mid Prop Fent Clon Ket Effect Comment 

1 72 2 160 75 3 0 95 1 1 5 3 3,5 6,5 0,26 1 10 53 2 2 110 25 75 0 1   

3 36 1 177 78 2 0 98 1 2 3 2 2,5 4,0 0,44 1 5 40 0 2 130 0 0 0 1   

6 35 1 185 75 3 0 80 1 2 8 3 3,0 6,0 0,50 1 2 50 1 3 130 0 150 10 2   

8 71 1 184 85 2 0 95 1 1 3 2 3,5 6,0 0,40 2 8 50 0 3 200 0 150 0 1   

10 75 1 172 72 3 0 132 1 2 3 1 4,0 7,0 0,38 3 3 60 4 0 200 0 0 0 1   

12 47 1 180 85 2 0 86 10 1 1 1 2,5 6,0 0,80 1 6 30 3 2 150 0 0 0 1   

14 45 2 166 60 2 0 79 5 2 4 1 3,5 6,5 1,30 1 6 45 4 6 270 100 150 15 2   

15 75 2 166 60 3 0 80 6 1 2 1 3,0 6,0 0,88 1 6 105 2 3 400 0 0 0 1   

16 69 2 164 75 2 0 83 1 1 3 1 3,0 6,0 0,34 1 7 20 2 2 100 0 0 0 1   

20 49 1 178 108 3 0 105 1 2 3 1 5,0 8,0 0,00 0 12 45 2 0 250 0 0 15 2   

22 30 1 184 74 2 0 102 3 1 2 1 3,0 5,0 0,00 0 3 20 2 2 230 50 0 0 1   

23 40 2 160 78 3 1 78 1 2 3 3 4,0 6,0 0,20 1 6 60 2 0 250 0 150 0 1   

25 51 1 185 75 2 0 88 4 2 4 1 4,0 6,0 0,20 1 5 35 2 2 115 0 0 0 1   

28 67 2 170 55 3 0 125 7 1 3 1 3,0 5,0 0,60 1 5 60 0 3 230 50 0 0 1   

29 70 1 173 80 2 0 103 1 1 2 1 2,5 4,0 0,18 1 3 60 2 0 230 0 0 0 1   

31 42 1 189 89 2 0 103 1 2 2 2 4,0 6,0 0,00 0 5 55 0 0 0 0 0 0 1   

34 53 2 164 57 2 0 71 4 1 3 2 3,0 5,0 0,70 1 5 30 3 1 140 0 0 0 1   

35 74 2 165 67 3 0 88 2 1 2 2 3,0 5,0 0,10 1 4 50 4 0 140 0 0 0 1   

38 63 1 174 90 2 0 103 1 2 3 2 4,0 6,0 0,72 1 4 60 2 2 250 0 150 0 1   

41 75 1 172 68 3 0 70 2 1 3 1 3,5 6,0 0,70 1 5 30 2 1 50 0 0 0 1   

42 56 1 190 90 3 0 92 1 1 3 1 4,0 6,0 0,42 1 3 45 4 0 150 0 150 0 1   

43 59 1 167 87 2 0 92 1 1 2 2 4,0 6,0 0,00 0 5 55 4 0 10 0 0 0 1   

47 40 1 180 70 3 0 88 6 1 6 2 3,0 5,0 1,00 0 4 75 3 2 335 0 150 0 1   

48 52 2 165 85 2 0 80 12 1 4 2 3,0 5,0 0,20 1 6 80 4 1 310 50 150 0 1   

51 31 1 180 78 1 0 115 3 2 4 2 3,0 5,0 0,60 2 6 20 0 2 80 0 0 0 1   

52 57 1 175 80 2 0 95 1 2 5 3 5,0 7,0 0,00 0 7 30 2 1 120 0 150 0 1   

54 69 1 178 80 3 2 98 1 2 3 2 4,0 6,0 0,30 2 10 45 4 0 200 0 0 0 1   

55 67 2 165 72 3 0 90 1 2 4 2 3,0 5,0 0,18 1 2 45 3 2 140 0 0 0 1   

58 43 2 168 98 3 0 67 2 1 3 2 4,0 6,0 0,00 0 5 35 0 0 20 0 150 0 1   

60 73 1 170 86 3 0 89 8 2 3 1 3,0 5,0 1,00 2 3 55 0 2 115 0 0 0 1   
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Group B (US) 
 

Nr. VAS t0 VAS t1 VAS t3 VAS t6 VAS t24 MG t0 MG t1 MG t3 MG t6 MG t24 Sf ins Sfdur Sfaft Repeat C/O 

1 0 0 8 5 3 0 0 2 2 3 2 1 1 1 0 

3 0 0 0 2 0 0 2 2 5 5 2 1 1 1 0 

6 0 0 1 2 0 0 0 5 2 5 1 1 1 1 0 

8 0 0 0 1 3 0 0 2 2 5 1 1 3 1 0 

10 0 0 3 0 2 1 3 5 5 5 1 1 2 1 0 

12 0 0 0 1 1 2 2 1 2 3 1 1 1 1 0 

14 3 2 2 0 0 0 2 3 4 3 1 1 1 1 1+2 

15 0 0 0 0 3 0 0 0 4 3 1 1 1 1 2 

16 0 2 1 1 0 0 0 4 4 4 1 1 1 1 2+5 

20 0 0 0 1 1 2 3 3 4 5 2 1 2 1 0 

22 0 2 2 0 2 2 2 2 4 5 1 1 1 1 0 

23 0 0 3 2 4 0 2 3 5 5 1 1 2 1 3 

25 0 0 2 2 3 0 0 3 5 5 1 1 1 1 0 

28 0 0 2 3 2 0 0 4 4 5 1 1 1 1 0 

29 0 0 0 2 2 0 0 1 4 3 2 1 1 1 0 

31 0 0 3 2 3 0 0 3 4 5 1 1 1 1 0 

34 0 0 0 0 2 0 0 2 4 5 1 1 2 1 0 

35 0 2 2 5 7 0 0 3 4 4 2 1 5 1 3 

38 0 0 0 1 2 0 0 3 3 5 1 2 4 1 0 

41 0 0 0 6 4 0 1 3 4 4 1 1 4 1 0 

42 5 4 4 2 1 1 2 4 5 4 2 2 2 1 0 

43 0 0 0 0 0 0 0 0 1 0 1 2 2 1 0 

47 0 0 4 3 5 0 0 2 3 2 4 1 5 2 0 

48 0 8 5 4 3 0 3 5 5 5 1 1 3 1 0 

51 0 0 0 0 1 0 0 0 1 5 1 1 1 1 0 

52 0 0 0 0 1 0 0 0 2 5 1 1 2 1 0 

54 0 0 0 5 0 0 1 4 5 5 1 1 2 1 0 

55 0 0 5 1 0 0 2 4 4 5 1 1 2 1 0 

58 0 0 4 4 3 0 0 3 4 5 1 1 2 1 0 

60 0 0 0 0 5 0 0 2 3 4 1 1 2 1 0 
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Legend: 
Sex: 
1→ Male. 

2→Female. 

ASA: 
American Society of Anesthesiologists score. 

Diabetes Mellitus (DM): 
0→Non diabetic. 

1→IDDM. 

2→NIDDM. 

Renal function test (RFT) 
Creatinine (mg) 

Operation (OP): 
1→Arthroscopic subacromial decompression (ASAD). 

2→Arthroscopic subacromial decompression with lateral clavicular resection (ASAD+LCR). 

3→Removal of plates and screws. 

4→Arthroscopic removal of shoulder calcifications. 

5→Total shoulder replacement. 

6→Shoulder hemiarthroplasty. 

7→Open reduction & internal fixation of fracture humerus. 

8→Open reduction & internal fixation of acromion fracture. 

9→Change of screws. 

10→Lateral clavicular resection (LCR). 

11→Open biopsy for an upper arm mass. 

12→Excision of arm lipoma. 

Side of operation: 
1→Right. 

2→Left. 

Block Technique: 
1→Nerve Stimulator. 

2→Ultrasound Guided. 

Muscle Response (MR): 
1→Biceps. 

2→Triceps. 

3→Deltoid. 

Premedication (Premed): Midazolam (mg). 

Intraoperative medications:  
Mid: Midazolam (mg), Fent: Fentanyl (µg), Clon: Clonidine (µg), Ket: Ketamine (mg). 

VAS: Visual Analogue Scale 

MG: Muscle Grade 

Satisfaction (Sf): 
ins:  at needle insertion. 

dur: during the operation. 

aft:  after the operation. 

Complications (C/O): 
0→No complications. 

1→Recurrent laryngeal nerve palsy. 

2→Horner Syndrome. 

3→Paraesthesia. 

4→Bloody Tap. 

5→Phrenic nerve stimulation.  
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