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Abstract 

The clinical application of regional anesthesia has grown 
dramatically in recent years in part due to the increasing adoption of 
ultrasound imaging for peripheral block placement.  Ultrasound 
technology enables real-time visualization of nerves, surrounding 
structures and local anesthetic spread and therefore offers theoretical 
advantages over existing methods of nerve localization.  This 
systematic analysis was conducted to assess the current state of 
evidence for improved block efficacy, safety and other patient related 
outcomes with ultrasound guided peripheral nerve blockade (UGPNB).  
A search of the PubMed database was conducted for all randomized 
controlled trials comparing UGPNB to peripheral blocks performed at 
the same anatomic site by an alternative method of nerve localization.  
Forty-four studies, 39 adult and 5 pediatric, were identified for 
analysis and the results presented in Appendix 1,2,3,4,5.  There is 
increasing Level Ib Grade A evidence that UGPNB, when applied by 
clinicians with the appropriate skill set, can be performed faster than 
alternative techniques yielding blocks that are more effective, with 
quicker onset and longer duration, requiring less local anesthetic, and 
causing less vascular puncture and greater patient comfort.  Improved 
safety with UGPNB remains largely theoretical due to the low 
complication rate of all techniques of peripheral nerve block, but there 
is Level III Grade B evidence to suggest a decrease in neurologic 
sequelae. 

Background 

Regional anesthesia (RA) is a method of blocking neural 

transmission in a limited area of the body and consists of both central 

and peripheral techniques.  Central techniques, also known as 

neuraxial blocks, include epidural and spinal anesthesia, whereas 

peripheral nerve blockade (PNB) targets single nerves or an entire 
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nerve plexus and will be the focus of this analysis.  Successful PNB 

relies on three simple principles: identifying the correct nerve/plexus, 

placing the needle as close as possible to the target without direct 

contact and surrounding the nerve/plexus with local anesthetic (LA)1.   

With appropriate patient selection, PNB used alone or in 

combination with general anesthesia (GA) can offer several benefits: 

decreased patient morbidity and mortality, superior postoperative 

analgesia, improved cost-effectiveness, decreased postoperative 

complications, and an improved postoperative course (decreased use of 

anti-emetics, faster recovery and discharge, and increased patient 

satisfaction)2.  Contraindications to PNB include patient refusal, 

severe coagulopathy, bacteremia, and infections overlying the injection 

site.  Relative contraindications include mild coagulopathy or pre-

existing neuropathy3.  The primary complications of PNB are rare and 

include permanent direct peripheral nerve injury, adjacent tissue and 

organ injury, local anesthetic systemic toxicity (LAST), and in the 

upper extremity blocks:  pneumothorax and hemi-diaphragmatic 

paresis (HDP)3.  Transient neuropraxias are more common and usually 

self-limited. 
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The first use of local anesthetic for neural blockade was 

performed by Karl Koller, a Viennese ophthalmologist, who in 

September 1884 applied cocaine directly to the cornea for superficial 

eye surgery4.  Later, in December 1884, two New York City surgeons, 

William Halsted and John Hall, were the first to inject cocaine directly 

into nerve trunks and concluded that nerve transmission was blocked 

because anesthesia was only produced distal to the point of injection 

and along the nerve distribution5.  However, the term “regional 

anesthesia” was actually coined by Harvey Cushing in 1902 to describe 

his method of blocking a nerve plexus under direct vision5.   

From the early twentieth century until the 1970s the main 

developments in PNB were the introduction of new local anesthetics, 

and new approaches using anatomical methods of nerve localization6.  

During this period anatomic landmark based approaches were assisted 

via specialized techniques using transarterial localization, fascial 

“pops”, and paresthesia, which is a subjective sensation of “pins and 

needles” elicited in the nerve distribution from direct nerve contact1.  

Techniques were innovated in the 1970s with the introduction of 

electrical nerve stimulators.  These stimulators use an insulated 

needle and electric current to elicit a motor response in the targeted 
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nerve5 distribution and have been the “gold standard” for the past 20-

30 years7.  Empirically, motor response to stimulation with current 

below 0.5mA with pulse duration of 0.1ms signifies that the needle’s 

tip is sufficiently close to a nerve to yield a high block success rate5.  

Advances in needle delivery devices, safer local anesthetics and the 

development of indwelling catheters have also helped expand the scope 

of PNB from intraoperative anesthesia to postoperative analgesia3. 

 Ultrasound (US) imaging was first applied to the clinical 

practice of PNB in 1978 to detect blood flow and help facilitate 

supraclavicular brachial plexus block8.  However, the technology 

remained unsuitable for the visualization of neural structures or direct 

use in peripheral block placement until 19946.  Since that time, US 

imaging has advanced considerably and high-resolution machines 

designed specifically for RA are becoming both affordable and 

portable1,6.  

Ultrasound waves are inaudible 

high frequency sound waves (>20kHz) 

that are attenuated, reflected or 

scattered as they move through tissues 

Figure 1: Peripheral Nerve Cross Section 
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of different acoustic impedances.  As a result, the position of objects 

can be inferred from the flight time of their acoustic echoes and 

anatomic structures take on different degrees of echogenicity.  

Structures that cause little reflection, such as fluid, appear hypoechoic 

(black or dark) whereas structures that cause strong reflection, such as 

bones and tendons, appear hyperechoic (bright).  Because attenuation 

of sound waves is frequency dependent, penetration of high frequency 

waves in deep tissue is limited and scanning of deeper nerves requires 

a lower frequency probe (4-7MHz).  More superficial structures, like 

the brachial plexus, can be visualized with high-frequency probes (10-

15MHz) providing greater resolution5.  

A peripheral nerve is a complex structure consisting of fascicles 

held together by an enveloping external connective sheath called the 

epineurium.  A fascicle is a group of nerve fibers and capillary blood 

vessels embedded in loose connective tissue, called the endoneurium, 

and surrounded by a multilayered epithelial sheath, called the 

perineurium5.  On short axis (SAX) cross sectional US images, 

peripheral nerves have a fascicular echotexture that produces a 

“honey-comb” appearance5.  Short axis views of target nerves have 

dominated PNB because they remain stable throughout the length of 
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the nerve (in the absence of branching) and provide assessment of the 

circumferential distribution of injected local anesthetic, which 

produces a “donut sign”5.  With current high-resolution US, 

monofascicular nerves as small as 1mm in diameter can be visualized 

and the block needle tip can be visualized as it is advanced under real 

time image guidance5.  

Significance 

Despite its many clinical benefits, PNB has traditionally been a 

less popular anesthetic option than GA.  The natural variability of  

 

human anatomy and neural responses to stimulation has assured that 

there is an inherent failure rate to PNB even when performed with NS 

by experienced clinicians2.  For instance, a study by Beach et al.9 

showed that muscle stimulation and paresthesia may not occur when 

Figure 3: Donut Sign Figure 2: Honey Comb texture 
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US confirms correct needle position10, and even an intraneural NS 

needle can fail to provoke muscle contraction11.  Beyond issues of block 

success, anesthesiologists are also generally less familiar with regional 

techniques, which require additional skill sets12. 

However, in the past decade there has been a dramatic increase 

in the clinical application of PNB, in part due to the rapidly expanding 

role of US imaging1.  Growing numbers of clinicians are electing to use 

US in their daily practice and a large number of different techniques 

utilizing US guidance have been described for blocks and perineural 

catheter placement6.  Increased popularity of US may be due to 

multiple reasons such as dissatisfaction with success rates of 

traditional block techniques, preference for a visual endpoint, 

increased clinician familiarity with US, and a belief in increased safety 

with US guidance13.  While many believe that US guidance will become 

the new “gold standard” it is important to scientifically assess the 

utility of this new technology.  This systematic review attempts to 

evaluate and summarize the existing evidence for improved clinical 

outcomes of safety, effectiveness and patient satisfaction with US 

guided peripheral nerve block (UGPNB) versus alternative techniques 

of nerve localization.      
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Research Materials and Methods 

 
 The National Library of Medicine’s PubMed and the 

Cochrane Database for Systematic Reviews were searched for 

randomized controlled trials (RCTs) that compared UGPNB to 

alternative methods of nerve localization.  Only studies that compared 

peripheral blocks at the same location and had exclusion criteria 

consistent with other RCTs were included.  Search terms included: 

“ultrasound guided regional anesthesia”, “ultrasound regional 

anesthesia”, “ultrasound-guided peripheral nerve blockade” and 

ultrasound guided block.  In addition, large case series (>500 patients) 

were included to provide information regarding the frequency of 

complications related to UGPNB. 

Results 

 A total of 44 RCTs that compared UGPNB to an 

alternative technique were identified for analysis; 24 RCTs for upper-

extremity (UE) blocks in adults, 15 RCTs for lower-extremity (LE) 

blocks in adults, and 5 RCTs for pediatric blocks.  The primary and 

secondary outcomes of each study were included in this analysis as 

well as documented complications regardless of statistical significance.  
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Upper and LE block quality outcomes have been considered separately 

whereas other all other experimental outcomes have been considered 

as a whole.  No differentiation has been made between pediatric and 

adult data.  See Appendices 1,2,3,4,5 for individual RCT, case series, 

and analysis results.  

Figure 4: UGPNB Effect on Block Efficacy 

 
Block Quality:   

Two endpoints were considered in this assessment of block 

quality:  block success and complete block.  To be considered 

successful, a block must have been placed per study protocol and have 

not required: conversion to general or spinal anesthesia, the 

administration of a rescue block, or excessive analgesic 
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supplementation as defined by the individual study parameters.  

Complete block is the total loss of sensation or motor control in the 

appropriate nerve territory, normally recorded at a predetermined 

time interval.   A number of RCTs also assessed the successful 

placement of perineural catheter by their ability to provide extended 

analgesia.      

Fifteen RCTs investigated UE block success, of which 5 studies 

14,15,16,17,18 (33%) showed a significant improvement with US guidance.  

Ten RCTs investigated complete block of the UE, of which 3 

studies19,15,16 (33%) demonstrated a significant increase in the rate of 

complete block with US guidance.  Nine RCTs evaluated LE block 

success, of which 4 studies 20,21,22,23 (44%) revealed a significant 

increase with US-guidance.  Ten RCTs investigated complete block of 

the LE, of which 7 studies 24,25,26,27,28,29 (70%) demonstrated a 

significant improvement with US guidance.  Six RCTs 15,30,31,32,33,34 

evaluated perineural catheter placement, of which 3 15,31,34 (50%) 

demonstrated a significant improvement in rates of successful 

placement with US-guidance.  In no study was UGPNB a statistically 

inferior nerve localization technique in regards to block quality and in 

all but 3 trials 35,36,37 UGPNB was as effective as or better than 
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alternative techniques at delivering reliable surgical block or more 

complete anesthesia.   

Performance Time:   

Block performance time was evaluated in twenty-eight RCTs.  

Definitions of performance time varied; some included the time spent 

pre-scanning to achieve adequate imaging of neurovascular structures 

and/or palpation of landmarks, whereas others considered only the 

time from needle insertion to the end of local anesthetic injection. 

Seventeen of 28 RCTs (61%) that evaluated the performance 

time of PNB or perineural catheter placement 

14,35,19,16,38,39,40,31,32,18,41,37,42,43,30,33,34 demonstrated a significant decrease 

in block performance time with US guidance.  Six of the 17 RCTs with 

significant findings 35,16,38,41,37,43, considered only the time from needle 

insertion to the end of LA injection, whereas the other 11 trials with 

positive findings included time for US pre-scanning or landmark 

palpation.  In four trials 44,27,28,29 UGPNB required significantly more 

time to perform than the alternative technique.  However, the trial by 

Gurkan et al.44 compared block placement with NS alone to block 

placement with US localization followed by NS verification, therefore 

these results do not apply to the use of US alone for block placement.  
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The other three studies27,28,29 to demonstrate increased block 

performance time with US guidance used landmark based techniques 

that did not require paresthesia endpoints as comparators.  The 5 

studies conducted by Mariano et al.30,31,32,33,34 demonstrated a 

significant decrease in the performance time of perineural catheter 

placement but compared nonequivalent techniques; US and non-

stimulating catheter versus NS with stimulating catheter.  Different 

types of catheters were used because of technical considerations and 

evidence of increased clinical efficacy with respective techniques45,46, 

therefore the results of these RCTs are included in this analysis.    

Block Onset:  

A number of RCTs evaluated the onset time of PNB with US 

versus alternative techniques by comparing either the time until onset 

of complete or partial block, or by evaluating the quality of blockade at 

predetermined time intervals.  This analysis, unlike the recent review 

by Liu et al.47 only considered studies that recorded the former 

outcome, onset time, because the latter characteristic is considered 

elsewhere in the analysis of block quality.  Fourteen RCTs met 

inclusion criteria, of which 8 studies14,36,15,17,42,48,49,50 (57%) 

demonstrated a significant decrease in block onset time with UGPNB.  
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In one RCT by Macaire et al,40 evaluating US guidance versus NS for 

PNB of the Median and Ulnar nerve for endoscopic carpal tunnel 

release there was a significant increase in time before block onset with 

ultrasound.   

Block Duration:  

 Eleven RCTs investigated block duration; quantified by either 

the time until block resolution or until the first request for 

postoperative analgesia.  Of these studies, 4 RCTs17,29,50,51 (36.4%) 

demonstrated significant increases in block duration with UGPNB.  

Other studies52,37,25 support the general trend of prolonged duration 

using US guidance without achieving significance and in no study was 

the duration of PNB with UGPNB significantly decreased relative to 

an alternative technique.   

Local Anesthetic Reduction:   

Nine RCTs investigated the need for reduced local anesthetic 

with US guidance.  Eight of these studies35,53,54,55,56,21,51,23 demonstrated 

that reduction of LA is possible with US guidance, however the 

experimental designs differed in each study.  Four RCTs used a Dixon 

up/down sequential dosing method to determine the MAEV55,56,53,54 for  



16 
 

both NS and US alone.  Two pediatric studies51,23 compared the 

amount of local felt to be sufficient by the clinician administering the 

US guided block versus a clinical standard of 0.3ml/kg levobupivacaine 

with NS alone.  Two adult studies35,21 allowed  provider discretion in 

LA quantity for UGPNB up to 40ml.  The remaining study by 

Marhoffer et al.49 compared the rates of complete block produced with 

smaller quantities of LA using US guidance versus the same and 

greater quantities of LA with NS.  Although this RCT does not allow 

determination of significance, it supports the trend of using less LA 

with UGPNB.      
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Figure 5: UGPNB Effect on Block Safety 
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Neurologic Complications:  

Twenty-four RCTs totaling over 2000 peripheral blocks 

compared post-operative neurologic symptoms associated with UGPNB 

(either US alone or in combination with NS) versus an alternative 

technique of nerve localization.  Four large case series 57,58,59,60 reported 

the incidence of postoperative neurologic symptoms from a combined 

total of 15,145 peripheral nerve blocks.  Symptoms included transient 

neuropraxias (<7days) and/or post-operative nerve injury (24hrs to 2 

months).   

Of the 24 RCTs, 2 studies 14,52 (8%) demonstrated a significant 

decrease in transient neuropraxia with UGPNB versus NS at the 

infraclavicular site 14 and versus a landmark based approach at the 

interscalene/axillary site52 respectively.  One RCT by Sauter et al61 

demonstrated a significant increase in paresthesia during block 

placement at the lateral sagittal infraclavicular site with US guidance 

versus NS.  The remaining studies were divided equally; 7 studies 

favored a reduction in neurologic complications with UGPNB and 6 

studies favored an increase, without either subset achieving 

significance.  Only two case series 57,60 directly compared rates of 

neurologic injury with UGPNB versus an alternative technique and 
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neither showed a significant reduction in neurologic complication rate 

with UGPNB.  However, the case series by Barrington et al.60 does 

support less nerve injury with UGPNB; late neurologic injury rate of 

0.2/1000 versus 0.8/1000 with NS alone. 

Vascular Puncture:   

Twenty-three RCTs evaluated vascular puncture as an 

experimental outcome.  Two studies 18,21 recorded intravascular 

injection, one study by Soeding et al52 reported “no seizure” as a 

surrogate marker of vascular puncture and subsequent intravascular 

injection, and one study by Redborg et al27 recorded the hematoma 

formation at block site. The remaining 19 studies reported vascular 

punctures as either “none” or provided actual incidence figures with or 

without statistical analysis.   Three case series 57,58,60 reported the 

frequency of vascular puncture and/or local anesthetic systemic toxicity 

(LAST) in 14,135 peripheral nerve blocks.  Four RCTs 30,31,34,61 (17%) 

and the case series by Barrington et al60 demonstrated a significant 

reduction in rates of vascular puncture with UGPNB and an additional 

12 studies 35,14,42,44,39,32,18,48,49,33,27,21 support a trend of decreased 

puncture rates with UGPNB.   



19 
 

Upper-Extremity Specific Complications:   

The effect of US guidance on the frequency of hemi-

diaphragmatic paresis (HDP) was investigated in 3 RCTs totaling 170 

blocks 62,63,37.  Both studies by Renes et al.62,63  revealed a significant 

reduction in rates of HDP during interscalene (US-13% versus NS-

93%) and supraclavicular blocks (US-0% versus NS-53%).  In these 

same 2 RCTs62,63 Horner’s syndrome was also found to occur less 

frequently, but the results lack statistical significance.  The absence of 

pneumothorax, irrespective of nerve localization technique was 

mentioned in 4 RCTs 62,63,61,37 totaling 250 peripheral nerve blocks and 

1 case series57 of 510 supraclavicular blocks. 
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Needle Manipulation:   

Ten RCTs assessed needle movement; either needle redirections 

or needle passes during peripheral blocks as a marker of patient 

comfort.  Seven RCTs36,64,53,61,42,25,21 (70%) revealed a significant 

reduction in needle movement with UGPNB.  In one study by Redborg 

et al28 that evaluated Tibial ankle block, performed with US guidance 

versus a landmark technique that never requires redirection, US 

guidance resulted in significantly more needle redirections.  Three 

studies recorded number of skin punctures55,42,20 but none achieved 

significance or demonstrated a trend of reduced puncture with 

UGPNB.   

Patient Satisfaction:   

Eight RCTs assessed patient satisfaction with block technique 

through a questionnaire or visual analog score (VAS).  Three 

studies35,27,28 (38%) demonstrated a significant increase in patient 

satisfaction with US guidance for PNB.  The 5 other studies are 

inconsistent with three studies36,52,42 favoring and two studies64,20 

opposing greater patient satisfaction with UGPNB.   Another endpoint 

considered in evaluating patient satisfaction with UGPNB is procedure 
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related pain, quantified by a numerical pain rating score (NPRS) or 

VAS during either the block procedure or needle insertion.  Nineteen 

RCTs assessed procedure related pain; 8 studies35,15,38,42,43,30,33,50 (42%) 

revealed a significant reduction with UGPNB and 10 of the remaining 

11 RCTs support either a reduction in pain36,31,32,25,34,21 or demonstrate 

equivalence of UGPNB to alternative techniques40,62,63,61. 

Discussion 

The evidence base for US guidance as a superior technique for 

nerve localization during PNB is expanding rapidly.  However, the 

RCTs that compare US guidance to alternative techniques are 

generally small and heterogeneous in regards to type of block, choice of 

anesthetic and comparative techniques.  The majority of trials compare 

US guidance to NS guidance, yet a confounding variable is differences 

in the number of injections or types of motor responses elicited in the 

control group.  Previous studies with NS guided blocks have 

demonstrated increased efficacy with either multiple injections or 

specific multi-nerve motor responses65, so forgoing these endpoints 

may artificially reduce the efficacy of the control technique.  

Additionally, the majority of RCTs have been performed at a small 

number of institutions with high PNB volume, by either clinicians 
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highly skilled with US guidance or residents in training supervised by 

skilled clinicians.  Results of a number of experimental outcomes may 

differ when PNB are performed by less experienced practitioners and 

at different institutions.   

Various sources of bias are also inherent to the RCTs included in 

this analysis.  One limitation is that many of the outcomes may be 

selectively reported in a subset of studies.  However, the consistency in 

the direction of the differences makes reporting bias less of a concern7.  

There may also be some 

degree of publication and 

author bias, given the recent 

enthusiasm for US guidance 

and because studies are 

conducted by experts in 

UGPNB.  All studies were 

prospectively randomized and 

had results recorded by 

blinded observers, however it 

is impossible to blind the practitioner to the type of block being 

administered.  Only a small number of adult studies14,19,53,26,61 

Figure 7: Table of Evidence 
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attempted to blind patients to nerve localization technique using a 

sham ultrasound, but pediatric blocks are placed under GA or 

sedation.  

Despite these limitations, a number of general conclusions can 

be made about the utility of UGPNB.  Under the conditions of this 

analysis, there is Level 1b Grade A evidence that US guidance 

modestly improves rates of block success and complete blockade in 

both UE and LE blocks.  The evidence is greater for improved block 

quality in the LE than UE.  It may be that lower-extremity nerves are 

more difficult to anesthetize because of typically larger size and thus 

the ability of US to allow closer targeting of nerves provides a more 

obvious advantage in lower-extremity blocks47.   This review presents 

stronger evidence for improved quality of neural blockade with US 

guidance than other recent reviews by Liu et al13 and Neal et al66 due 

to stringent definitions of complete block and block success:  placement 

by RCT protocol, no conversion to GA/SA, no supplemental blocks, and 

no excessive opioid or propofol supplementation.  In general, complete 

block is also beyond the requirements for effective PNB in clinical 

practice, as motor block is not a requirement for surgical anesthesia.  

Inclusion of failed block placement in this analysis evaluates block 
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success on intent to treat basis and seems appropriate when one of the 

greatest hindrances to regional anesthesia are the time delays 

associated with difficult block placement.  Of note, in the 2009 review 

by Liu et al13 all included RCTs reported success rates (defined as no 

need for GA) of UE blocks of 95%-100% with US guidance that were 

similar to success rates with NS guided UE blocks (95%-100%) and 

consistent with large prospective case series67,68.  This demonstrates 

that practitioners highly skilled in US are also well versed in the 

comparator technique and therefore inability to place blocks per RCT 

protocol is less likely to be due to operator error than limitations of the 

technique.     

There is Level 1b Grade A evidence that US guided blocks can 

be performed more quickly than NS guided blocks in the hands of 

experienced clinicians (mean savings of approximately 3 minutes).  

Decreases in performance time were observed whether RCTs 

considered the time for US pre-scanning and landmark 

palpation14,19,42, time from US probe or NS application39,40,30,31,32,33,34,21, 

time from completion of sterile prep18, or only needle time under the 

skin35,16,38,43,41.  However, these results do not take into account the set 
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up time and availability of US and NS, which are institution specific 

and could be greater considerations in various clinical environments.   

More important than the average time savings per block might 

be the avoidance of blocks that take an excessively long time to place.  

In a survey of orthopedic surgeons46 the greatest hesitation for using 

PNB is concern about case delays.  In the RCT by Dufour et al20 

patients were excluded if the block took longer than 7 min to perform 

and more were excluded in the NS group (US: 3 patients, NS: 5 

patients).  In the majority of RCTs that demonstrated a significant 

average decreased performance time, the range and standard 

deviations were greater with NS than with US guidance.  Also, in 

three studies by Mariano et al.30,31,32 that evaluated perineural 

catheter placement, multiple catheters could not be placed by NS 

within the 30 minutes allotted and were recorded as placement 

failures.   

There Level 1b Grade A evidence that US guidance can increase 

the rate of block onset versus alternative nerve localization techniques.  

In those trials with significant positive findings the average onset 

reduction was approximately 8 minutes.  The results of this analysis 

are consistent with the 2009 review by Liu et al13 but less robust due to 
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the exclusion of RCTs that evaluated onset time by degree of blockade 

at pre-determined time intervals.  Ultrasound may produce a faster 

onset of block because of closer needle approximation and better local 

anesthetic distribution to target nerves.  In the study, by Macaire et 

al40, which demonstrated increased onset time of block at the Median 

and Ulnar nerve with US guidance, the authors hypothesized that 

their use of low stimulating current (0.2-0.3mA) in the NS group and 

the prevention of needle to nerve contact in the US group may have 

allowed local anesthetic injection under the epineurium in the NS 

group thus decreasing onset time.  Anatomically, the ratio of 

connective to neural tissue increases distally in nerves (progresses 

from 1:1 to 2:1)5, thus a sub-epineurium injection without entering the 

perineurium would be more likely in a distal block, such as the Median 

and Ulnar nerve blocks performed at the wrist.  Any expectations for 

realized clinical benefits of faster block onset with US guidance should 

also consider the time required for patient transport, positioning and 

surgical preparation.   

There is Level 1b Grade A evidence that UGPNB can both 

increase block duration and decrease the required dose of local 

anesthetic.  A growing number of studies have addressed these 
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outcomes (11 RCTs and 9 RCTs respectively).  Unfortunately, none of 

the studies evaluating LA requirements has been a thorough rigorous 

dose response comparison which would be ideal for interpretation.  A 

reduction in LA may be a safety advantage for reduced risk of LAST42, 

but this may only be a theoretical advantage as a recent large scale 

prospective surveillance study of 158,000 regional anesthetics reported 

no cardiac arrest and 7 seizures (0.004% incidence) due to LAST10.  

Importantly, a study by Weintraub et al22 demonstrated faster 

absorption and higher maximum plasma concentration of LA (US: 

1.75ug/ml vs. LM: 1.23ug/ml) in pediatric patients receiving fascia 

iliaca blocks, which suggests that lowering LA volumes with UGPNB is 

not only possible, but perhaps well considered13.      

Needle or catheter induced disruption of a peripheral nerve’s 

structural integrity, particularly the fascicles and their protective 

perineurium, is thought to contribute to peripheral nerve injury65.  

Intraneuronal injection of LA in porcine models has also been shown to 

cause histologic evidence of nerve injury, although no functional 

human correlation was reported with axillary block despite clearly 

observed nerve expansion after injection of 2 to 3ml of LA during 

UGRA69.  Ultrasound visualization has confirmed previous research 
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that demonstrates the low sensitivity of NS and paresthesia-seeking 

techniques for accurately identifying needle-to-nerve contact, 75% and 

38% respectively in human axillary block70.  Therefore the ability of 

ultrasound to visualize needle-to-nerve contact may be able to help 

prevent these potential sources of nerve injury.   

Despite this theoretical advantage, just 2 of 24 RCTs that 

investigated nerve injury demonstrated a significant reduction (both 

showed a decrease in transient paresthesia) with UGPNB versus 

alternative methods of nerve localization.  Several large case series 

confirm that serious nerve injury is rare and in the largest of these, 

Barrington et al60 reported that the overall rates of unintended 

paresthesia during block placement (16.8/1000) and block related late 

neurologic deficit (0.4/1000) did not significantly differ between 

UGPNB and NS techniques.  However, it is important to recognize the 

relationship between nerve localization techniques and peripheral 

nerve injury is unlikely to ever reach statistical resolution in a RCT71.  

Given a moderate incidence of early non-permanent injury (3%) a 

study would require 3,000 patients to have 80% power to prove a 50% 

reduction, whereas an analysis of permanent nerve injury (0.4%) would 

require exponentially more patients72.  Because no RCTs were 



29 
 

adequately powered to assess nerve injury, the best evidence for 

decreased nerve injury comes from the Barrington et al60 case series 

that suggests an improvement with UGPNB and represents Level III 

Grade B evidence.    

Stronger evidence Level 1b Grade A exists for a reduction in 

rates of vascular puncture with UGPNB.  The primary clinical 

importance of vascular puncture is the risk of local anesthetic systemic 

toxicity (LAST) due to intravascular injection.   Ultrasound guidance 

has the potential to limit LAST, whose symptoms range from 

subjective to seizure and cardiac arrest, by identifying: vascular 

anomalies, the absence of injectate spread around the target nerve, 

and visualizing intravascular turbulence71.  Despite these theoretical 

advantages, it remains to be determined whether a reduction of 

intravascular injection results in a reduction of subsequent LAST66.  

To date, one large case series by Orebaugh et al58 has demonstrated a 

significant reduction in LAST with US guidance (0/2146 blocks vs. 

4/3290 block with NS alone), but case reports also have documented 

the occurrence of seizure despite US guidance73,74.  As noted earlier, 

US guidance also facilitates a reduction in LA for many blocks and can 

result in faster systemic absorption22, therefore the possibility exists 
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that the risk of LAST may be increased with UGPNB, despite the 

advantages of real time block visualization. 

Three other complications are unique to UE peripheral blocks: 

hemi-diaphragmatic paresis (HDP), Horner syndrome and 

pneumothorax.  Hemi-diaphragmatic paresis is a universal occurrence 

with landmark and NS based interscalene blocks, becoming 

progressively less frequent as blocks are placed below the clavicle and 

more distally along the brachial plexus62,63.  Hemi-diaphragmatic 

paresis is likely due to either ventral spread of LA to the phrenic nerve 

or rostral spread to the C3,C4, and C5 nerve roots62.  There is Level 1b 

Grade A evidence that US guidance can significantly decrease the 

incidence of HDP for interscalene62 and supraclavicular blocks63 

presumably due to the visualization of LA spread and a different 

needle path.  In addition, a study by Riazi et al75 has demonstrated a 

decrease in the incidence of HDP with US guided interscalene block 

with LA dose reduction from 20ml 0.5% ropivacaine (90% incidence) to 

5ml (33% incidence) without compromising analgesia.  However, HDP 

may still occur unpredictably with UGPNB62,75 therefore PNB is still 

relatively contraindicated in patients unable to withstand a 25% 

decrease in pulmonary function65. 
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Ultrasound enables the anesthesiologist to directly visualize 

lung pleura, which intuitively lowers the risk of pneumothorax.  

Although pneumothorax has been reported with UGRA, in the 3 

RCTs63,61,37 and one case series57 that investigated this outcome, no 

pneumothoraces occurred in a total of 610 patients receiving US 

guided supraclavicular or lateral sagital infraclavicular block.  Similar 

to the analysis of permanent nerve injury with UGPNB, the incidence 

of pneumothorax is quite small and statistical proof for a meaningful 

reduction with US guidance is likely unattainable.   

Patient comfort is an important issue and should become a more 

relevant concern as the options for administering effective PNB 

continue to expand.  Unfortunately some peripheral block techniques 

are painful to perform because of large needle size, blunt needle tips, 

or identification of nerves with electrical stimulation6.  There is Level 

Ib Grade A evidence that UGPNB can produce less block procedure 

related pain, requires less needle manipulation and yields greater 

patient satisfaction.  It is difficult to assess to what extent patient 

satisfaction is a product of procedure related discomfort versus block 

effectiveness, however in the studies35,36,42 that investigated outcomes 

of both discomfort and satisfaction, there was an inverse correlation 
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between pain and satisfaction.  It also remains to be determined, to 

what extent needle manipulation and vascular puncture contribute to 

patient discomfort/satisfaction, but correlations appear to exist.  All 

studies that measured both vascular puncture and block placement 

pain30,31,32,33,34,61,21 show greater levels of discomfort with increasing 

rates of puncture.  Likewise, in all 6 RCTs36,42,25,64,61,21  that recorded 

significant reductions in needle movements and investigated procedure 

pain/patient satisfaction, less needle manipulation correlated with 

improved patient comfort outcomes.       

Unique considerations make US guidance a potentially better 

method of nerve localization in pediatric patients.  Children are often 

anesthetized prior to block placement and are therefore unable to 

provide feedback related to needle-to-nerve contact or symptoms of 

LAST.  Pediatric patients have a lower plasma concentration of 

binding protein alpha-1 acid glycoprotein and as a result have a higher 

free plasma concentration of LA making them more susceptible to 

LAST than adult patients51.  In addition, Ilioinguinal/iliohypogastric 

blocks, which are frequently performed in children for inguinal 

surgery, have the risk of intraperitoneal injection or small bowel 

puncture23.  Wilschke et al23 revealed the close proximity of these 
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nerves to the peritoneum (average distance 3.3mm but smallest 

distance only 1mm).  This emphasizes the risk of undetected peritoneal 

puncture when using the fascial click method, which may contribute to 

failed blocks and is a strong argument for the use of US guidance in 

young children23. 

Future Directions 

Ultrasound guidance enables visualization of a peripheral nerve 

at any point along its course; therefore as the clinical science of 

UGPNB has advanced, new techniques of PNB have been developed.  

Only the practical implementation of these new techniques and large 

multi-center studies will be capable of proving the safety and efficacy 

of individual approaches.  In addition, these new approaches must be 

perfected through years of trial and error before the best practice of the 

technology is determined.  Rapid improvement of the techniques 

makes comparison using old literature difficult, thus additional well 

designed RCTs or meta-analysis will be important in the future.   

 There is also reason to consider that poorly performed 

ultrasound guidance, such as failure to image the needle, 

misinterpretation of artifacts or novice behavior might actually 

increase the risk of injury with PNB.  Since the majority of evidence for 
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UGPNB has been produced by clinicians highly skilled with US 

techniques, a more thorough understanding of clinical risks and 

benefits may evolve over time as increasing numbers of 

anesthesiologists elect to use US guidance in their daily practice.  The 

greater adoption of UGPNB and the use of electronic medical records 

should also facilitate more robust data collection.   Similarly, 

improvements in the teaching of US guided techniques will be 

beneficial to the field.   

  Growing evidence suggests intraneuronal injection occurs 

more frequently than once believed71 without producing nerve injury69.  

This may be a product of subepineural injection into the connective 

tissue surrounding the fascicular perineurium.  In the future, as the 

resolution of US technology continues to advance and clinicians become 

more adept at interpreting imaging, it may become possible to target 

certain blocks for this supepineural area instead of the perineural 

connective sheath.     

Conclusion 

The body of evidence demonstrating the benefits of US guidance 

for peripheral nerve blocks in regional anesthesia has increased 

dramatically during the past decade.   
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1. Level Ib Grade A evidence exists for significant improvements 

in experimental outcomes of block quality, block performance 

time, block onset, block duration, as well as decreases in local 

anesthetic requirements for PNB performed with US guidance.  

2. Level Ib Grade A evidence exists for less needle manipulation, 

less vascular puncture, decreased block related pain, and 

greater patient satisfaction with UGPNB. 

3. Level III Grade B evidence exists for decreased incidence of 

neurologic injury with UGPNB.  This is likely due to the low 

complication rate associated with PNB and the large number of 

patients necessary to resolve significant improvement.   

There is no published data to show conclusive superiority of NS 

in terms of block success or safety, yet this has been the common 

standard of peripheral nerve blockade since its introduction in the 

1970s13.  The same analogy may extend to ultrasound.  Regardless of 

whether a clinical benefit can be demonstrated, popular preference and 

its obvious theoretical benefits will likely launch US as the new “gold 

standard” of peripheral nerve blockade.   
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Appendix 1: Randomized Controlled Trials and Case Series

ID Author & Year Block Type Summary of Study Design
Alphabetical Order

35 Bloc 2010 Axillary 120 Pts. Upper limb surgery
no more than 40ml 1.5% mepivacaine
1) 40 US out of plane approach
2) 40 US in plane approach
3) 40 NS

14 Brull 2009 Infraclavicular 103 pts. Hand surgery 
15ml 2%lidocaine and 15ml 0.5% bupivacaine with epi
1) 52 US 9 o'clock and 6 o'clock injections (30ml total)
2) 51 NS dual moter endpoint stimulation

36 Casati 2007 Axillary 59 pts.  Multi-injection technique
20ml 0.75% ropivacaine
1) 30 US alone
2) 29 NS

55 Casati 2007 Femoral 60 pts.  Dosing study with  0.5% ropivacaine
1) 30 US alone
2) 30 NS

19 Chan 2007 Axillary 188 pts. Radial, ulnar & median nerves
42 ml 2%lidocaine and 0.5% bupivacaine with epi
1) 64 US alone, multi-injection
2) 62 US with NS, multi-injection
3) 62 NS alone, multi-injection

42 Danelli 2009 Popliteal-Sciatic 44 pts. 
20ml 0.7%% ropivacaine
1) 22 US alone
2) 22 NS, multi-injection

56 Danelli 2009 Subgluteal 
Sciatic

60 Pts. Knee arthroscopy, MAEV sup down dosing 
study
12ml 1.5% mepivacaine with 2ml dosing intervals
1) 30 US
2) 30 NS

15 Dhir 2008 Infraclavicular 64 pts. Continuous catheter placement
1) 23 US with NS verification of nerve
2) 22 NS, with catheter stimulation
2) 22 NS, without catheter stimulation
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Appendix 1: Randomized Controlled Trials and Case Series

ID Author & Year Block Type Summary of Study Design
Alphabetical Order

16 Dingemans 2007 Infraclavicular 72 pts. Hand or forearm surgery
0.5ml/kg lidocaine, 0.125% bupivacaine, epi 1:200,000
1) 36 US with as many injections as necessary
2) 36 NS after US direction

24 Dolan 2008 Fascia Iliaca 80 pts. US versus loss of resistance (LOR)
1) 40 US local anesthetic spread observed
2) 40 LOR, two pops felt

25 Domingo-Triado 
2007

Midfemoral-
Sciatic

61 pts. Foot and ankle surgery
35ml 0.5% ropivacaine
1) 30 US with NS, single injection
2) 31 NS, single injection

20 Dufour 2008 Popliteal-Sciatic 51 pts. US with NS versus NS alone
20ml 0.5% levobupicaine
1) 26 US with NS, needle never repositioned
2) 25 NS

38 Fredrickson 2009 Interscalene 81 pts. Catheter for post shoulder surgery analgesia
2ml/h with 5ml boluses prn of 0.2% ropivacaine
1) 41 US catheter placement adjacent to interscalene
2) 40 NS catheter placement; motor response <0.5mA

43 Fredrickson 2009 Femoral 45 pts. Catheter for post knee surgery analgesia
2ml/h with 5ml boluses prn of 0.2% ropivacaine
1) 21 US
2) 24 NS

44 Gurkan 2008 Lateral saggital 
infraclavicular

80 pts. Hand, wrist and forearm surgery
20ml 0.5% levobupivacaine, 20ml 0.2% lidocaine +epi
1) 40 US with NS verification
2) 40 NS alone
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Appendix 1: Randomized Controlled Trials and Case Series

ID Author & Year Block Type Summary of Study Design
Alphabetical Order

17 Kapral 2008 Interscalene 160 pts. US alone versus NS alone
20ml 0.75% ropivacaine
1) 80 US (repositioning by local spread 47/80)
2) 80 NS (single injection)

39 Liu 2005 Axillary 90 pts. Double injection with lidocaine 1.5% 
(0.5ml/kg) with epi
1) 30 US 
2) 30 NS 

64 Liu 2009 Interscalene 219 pts. Shoulder arthroscopy
<50kg 45-55ml, >50kg 55-65ml  1.5% mepivacaine 
with epi
1) 111 US
2) 108 NS

40 Macaire 2008 Median, Ulnar 60 pts. Endoscopic carpal tunnel release
4ml 1.5% mepivacaine
1) 30 US 
2) 29 NS 

48 Marhofer 1997 3-in-1 Lumbar 40 pts. Awaiting surgery for fractured hips
20ml 0.5% bupivacaine
1) 20 US
2) 20 NS

49 Marhofer 1998 3-in-I Lumbar 60 pts. Awaiting surgery for fractured hips
1) 20 US 20ml 0.5% bupivacaine
2) 20 NS 20ml 0.5% bupivacaine
3) 20 NS 30ml 0.5% bupivacaine

30 Mariano 2009 Femoral 40 pts. Femoral catheter for post op analgesia
8ml/h 0.2% ropivacaine with 4ml boluses prn
1) 20 US and nonstimulating catheter
2) 20 NS and stimulating catheter

31 Mariano 2009 Infraclavicular 40 pts. Infraclavicular perineural catheter 
8ml/h 0.2% ropivacaine with 4ml boluses prn
1) 20 US and nonstimulating catheter
2) 20 NS and stimulating catheter
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Appendix 1: Randomized Controlled Trials and Case Series

ID Author & Year Block Type Summary of Study Design
Alphabetical Order

32 Mariano 2010 Interscalene 40 pts. Interscalene perineural catheter placement 
(time)
8ml/hr 0.2% ropivacaine with 4ml bolus prn 30min
1) 20 US with nonstimulating catheter
2) 20 NS with stimulating catheter

33 Mariano 2009

verify anesthetic

Popliteal-Sciatic 40 pts. Pernineural catheter for post op analgesia
40ml 1.5% mepivacaine for surgery, 8ml/hr basal 0.2% 
ropivacaine
1) 20 US with non-stimulating catheter
2) 20 NS with stimulating catheter

34 Mariano 2010 Popliteal Sciatic 80 Pts. Foot or ankle surgery, cather for post op 
analgesia
40ml 1.5% mepivacaine for surgery, 8ml/hr basal 0.2% 
ropivacaine
1) 40 US with nonstimulating catheter
2) 40 NS with stimulating catheter

53 McNaught 2010 Interscalene 40 pts. Shoulder surgery, Up down sequential 
MAEV50 determination
1ml intervals of 0.5% ropivacaine, started at 10ml
1) 20 US
2) 20 NS

26 Perlas 2008 Popliteal-Sciatic 70 pts.  Foot and ankle surgery
15ml 2% lidocaine + 0.05%epi; 15ml 0.5% bupivacaine
1) 37 US 30ml local anesthetic
2) 33 NS 30ml local anesthetic

54 Ponrouch 2010 Median, Ulnar 42 pts. Sensory blockade for carpal tunnel release
1.5% mepivicaine
1) 21 US
2) 21 NS
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Appendix 1: Randomized Controlled Trials and Case Series

ID Author & Year Block Type Summary of Study Design
Alphabetical Order

27 Redborg  2009 Sural 18 volunteers, US or landmark based sensory nerve 
block
5ml of 3% chloroprocaine 
1) 18 US perivascular block (both ankles received alt. 
blocks)
2) 18 traditional landmark based block

28 Redborg 2009 Tibial 18 volunteers US or landmark based sensory/motor  
block
5ml 3% chloroprocaine
1) 18 ankles US
2) 18 ankles LM

62 Renes 2009 Interscalene 30 pts. Interscalene PNB and GA for elective shoulder 
surgery
10ml 0.75% ropivacaine
1) 15 US
2) 15 NS

63 Renes 2009 Supraclavicular 60 pts. Elective distal upper extremity surgery
20ml 0.75% ropivacaine
1) 30 US
2) 30 NS

61 Sauter 2008 Lateral saggital 
infraclavicular

80 pts. Forearm and hand surgery
0.6ml/kg mepivacaine with epinephrine 2.5ug/ml
1) 40 US multiple injections by local spread
2) 40 NS single injection

35 Sites 2006 Axillary 56 pts. Hand surgery
30ml 1.5% lidocaine with 5ug/ml epi
1) 28 US 
2) 28 Transarterial

52 Soeding 2005 Interscalene or 
Axillary

40 pts. Interscalene for shoulder surgery and axillary 
for hand surgery 
3mg/kg ropivacaine
1) 20 US multi-injection (13 interscalene, 7 axillary)
2) 20 LM (11 interscalene, 9 axillary)

41 Taboada 2009 Coracoid 
Infraclavicular

70 pts. Hand and foream surgery
40ml 1.5% mepivacaine
1) 35 US 
2) 35 NS

50



Appendix 1: Randomized Controlled Trials and Case Series

ID Author & Year Block Type Summary of Study Design
Alphabetical Order

37 Williams 2003 Supraclavicular 80 pts. Distal arm, forearm or hand surgery
0.5ml/kg of 0.5% bupivacaine/2% lidocaine with epi 
(40ml max)
1) 40 US  with NS
2) 40 NS

21 Van Geffen 2009 Popliteal-Sciatic 40 pts. Foot or ankle surgery
Provider discretion amount of 1.5% lidocaine with epi 
(up to 40ml)
1) 20 US 
2) 20 NS

Pediatric Studies
29 Faraoni 2010 Dorsal Penile 40 Pts.  Boys age 1-14 years old. circumcision

0.75mg/kg per side and 0.05mg/kg at penis base 0.5% 
ropivacaine
1) 20 US
2) 20 Landmark based

50 Marhofer 2004 Infraclavicular 40 children 1-10yo. Arm and forearm surgery
0.5ml/kg 0.5% ropivacaine
1) 20 US
2) 20 NS

51 Oberdorfer 2007 Sciatic & 
Femoral

46 Pts. Lower extremity surgery, age 8 and below
0.3ml/kg levobupivacaine
1) 23 US
2) 23 NS

22 Weintraub 2009 Ilioinguinal - 
Iliohypogastric

66 pts. 8-84mo. Inguinal hernia repair
0.25ml/kg 0.5% ropivacaine
1) 35 US single injection
2) 31 landmark based single injection technique

23 Wilschke 2005 Ilioinguinal - 
Iliohypogastric

100 pts. 1mo-8yo. Inguinal surgery
0.25% levobupivacaine
1) 50 US until both nerves surrounded by local 
anesthetic
2) 50 "fascial click" 0.3ml/kg 0.25% levobupivacaine
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Appendix 1: Randomized Controlled Trials and Case Series

ID Author & Year Block Type Summary of Study Design
Alphabetical Order

Case Series
57 Perlas 2009 Supraclavicular 510 consecutive pts. Upper extremity surgery

94% of patients: 50:50 mix of 2% lidocaine/0.5% 
bupivicaine with epi
1) all received US supraclavicular block

58 Orebaugh 2009 N/A 5436 blocks. Retropspective quality-assurance 
database
1) 2146 (39%) US with NS
2) 3290 (61%) NS alone

59 Fredrickson 2009 N/A 1010  single and continuous blocks, upper and lower 
extremity US +/- NS

60 Barrington 2009 N/A 8189 Peripheral blocks for early complication anaysis, 
7156 blocks available for late complication analysis
1) 5141 US alone or with NS
2) 2507 NS alone
*541 Other techniques
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Appendix 1: Randomized Controlled Trials and Case Series


ID Author & Year Block Type Summary of Study Design
Alphabetical Order


35 Bloc 2010 Axillary 120 Pts. Upper limb surgery
no more than 40ml 1.5% mepivacaine
1) 40 US out of plane approach
2) 40 US in plane approach
3) 40 NS


14 Brull 2009 Infraclavicular 103 pts. Hand surgery 
15ml 2%lidocaine and 15ml 0.5% bupivacaine with epi
1) 52 US 9 o'clock and 6 o'clock injections (30ml total)
2) 51 NS dual moter endpoint stimulation


36 Casati 2007 Axillary 59 pts.  Multi-injection technique
20ml 0.75% ropivacaine
1) 30 US alone
2) 29 NS


55 Casati 2007 Femoral 60 pts.  Dosing study with  0.5% ropivacaine
1) 30 US alone
2) 30 NS


19 Chan 2007 Axillary 188 pts. Radial, ulnar & median nerves
42 ml 2%lidocaine and 0.5% bupivacaine with epi
1) 64 US alone, multi-injection
2) 62 US with NS, multi-injection
3) 62 NS alone, multi-injection


42 Danelli 2009 Popliteal-Sciatic 44 pts. 
20ml 0.7%% ropivacaine
1) 22 US alone
2) 22 NS, multi-injection


56 Danelli 2009 Subgluteal 
Sciatic


60 Pts. Knee arthroscopy, MAEV sup down dosing 
study
12ml 1.5% mepivacaine with 2ml dosing intervals
1) 30 US
2) 30 NS


15 Dhir 2008 Infraclavicular 64 pts. Continuous catheter placement
1) 23 US with NS verification of nerve
2) 22 NS, with catheter stimulation
2) 22 NS, without catheter stimulation







Appendix 1: Randomized Controlled Trials and Case Series


ID Author & Year Block Type Summary of Study Design
Alphabetical Order


16 Dingemans 2007 Infraclavicular 72 pts. Hand or forearm surgery
0.5ml/kg lidocaine, 0.125% bupivacaine, epi 1:200,000
1) 36 US with as many injections as necessary
2) 36 NS after US direction


24 Dolan 2008 Fascia Iliaca 80 pts. US versus loss of resistance (LOR)
1) 40 US local anesthetic spread observed
2) 40 LOR, two pops felt


25 Domingo-Triado 
2007


Midfemoral-
Sciatic


61 pts. Foot and ankle surgery
35ml 0.5% ropivacaine
1) 30 US with NS, single injection
2) 31 NS, single injection


20 Dufour 2008 Popliteal-Sciatic 51 pts. US with NS versus NS alone
20ml 0.5% levobupicaine
1) 26 US with NS, needle never repositioned
2) 25 NS


38 Fredrickson 2009 Interscalene 81 pts. Catheter for post shoulder surgery analgesia
2ml/h with 5ml boluses prn of 0.2% ropivacaine
1) 41 US catheter placement adjacent to interscalene
2) 40 NS catheter placement; motor response <0.5mA


43 Fredrickson 2009 Femoral 45 pts. Catheter for post knee surgery analgesia
2ml/h with 5ml boluses prn of 0.2% ropivacaine
1) 21 US
2) 24 NS


44 Gurkan 2008 Lateral saggital 
infraclavicular


80 pts. Hand, wrist and forearm surgery
20ml 0.5% levobupivacaine, 20ml 0.2% lidocaine +epi
1) 40 US with NS verification
2) 40 NS alone
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ID Author & Year Block Type Summary of Study Design
Alphabetical Order


17 Kapral 2008 Interscalene 160 pts. US alone versus NS alone
20ml 0.75% ropivacaine
1) 80 US (repositioning by local spread 47/80)
2) 80 NS (single injection)


39 Liu 2005 Axillary 90 pts. Double injection with lidocaine 1.5% 
(0.5ml/kg) with epi
1) 30 US 
2) 30 NS 


64 Liu 2009 Interscalene 219 pts. Shoulder arthroscopy
<50kg 45-55ml, >50kg 55-65ml  1.5% mepivacaine 
with epi
1) 111 US
2) 108 NS


40 Macaire 2008 Median, Ulnar 60 pts. Endoscopic carpal tunnel release
4ml 1.5% mepivacaine
1) 30 US 
2) 29 NS 


48 Marhofer 1997 3-in-1 Lumbar 40 pts. Awaiting surgery for fractured hips
20ml 0.5% bupivacaine
1) 20 US
2) 20 NS


49 Marhofer 1998 3-in-I Lumbar 60 pts. Awaiting surgery for fractured hips
1) 20 US 20ml 0.5% bupivacaine
2) 20 NS 20ml 0.5% bupivacaine
3) 20 NS 30ml 0.5% bupivacaine


30 Mariano 2009 Femoral 40 pts. Femoral catheter for post op analgesia
8ml/h 0.2% ropivacaine with 4ml boluses prn
1) 20 US and nonstimulating catheter
2) 20 NS and stimulating catheter


31 Mariano 2009 Infraclavicular 40 pts. Infraclavicular perineural catheter 
8ml/h 0.2% ropivacaine with 4ml boluses prn
1) 20 US and nonstimulating catheter
2) 20 NS and stimulating catheter
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ID Author & Year Block Type Summary of Study Design
Alphabetical Order


32 Mariano 2010 Interscalene 40 pts. Interscalene perineural catheter placement 
(time)
8ml/hr 0.2% ropivacaine with 4ml bolus prn 30min
1) 20 US with nonstimulating catheter
2) 20 NS with stimulating catheter


33 Mariano 2009


verify anesthetic


Popliteal-Sciatic 40 pts. Pernineural catheter for post op analgesia
40ml 1.5% mepivacaine for surgery, 8ml/hr basal 0.2% 
ropivacaine
1) 20 US with non-stimulating catheter
2) 20 NS with stimulating catheter


34 Mariano 2010 Popliteal Sciatic 80 Pts. Foot or ankle surgery, cather for post op 
analgesia
40ml 1.5% mepivacaine for surgery, 8ml/hr basal 0.2% 
ropivacaine
1) 40 US with nonstimulating catheter
2) 40 NS with stimulating catheter


53 McNaught 2010 Interscalene 40 pts. Shoulder surgery, Up down sequential 
MAEV50 determination
1ml intervals of 0.5% ropivacaine, started at 10ml
1) 20 US
2) 20 NS


26 Perlas 2008 Popliteal-Sciatic 70 pts.  Foot and ankle surgery
15ml 2% lidocaine + 0.05%epi; 15ml 0.5% bupivacaine
1) 37 US 30ml local anesthetic
2) 33 NS 30ml local anesthetic


54 Ponrouch 2010 Median, Ulnar 42 pts. Sensory blockade for carpal tunnel release
1.5% mepivicaine
1) 21 US
2) 21 NS
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ID Author & Year Block Type Summary of Study Design
Alphabetical Order


27 Redborg  2009 Sural 18 volunteers, US or landmark based sensory nerve 
block
5ml of 3% chloroprocaine 
1) 18 US perivascular block (both ankles received alt. 
blocks)
2) 18 traditional landmark based block


28 Redborg 2009 Tibial 18 volunteers US or landmark based sensory/motor  
block
5ml 3% chloroprocaine
1) 18 ankles US
2) 18 ankles LM


62 Renes 2009 Interscalene 30 pts. Interscalene PNB and GA for elective shoulder 
surgery
10ml 0.75% ropivacaine
1) 15 US
2) 15 NS


63 Renes 2009 Supraclavicular 60 pts. Elective distal upper extremity surgery
20ml 0.75% ropivacaine
1) 30 US
2) 30 NS


61 Sauter 2008 Lateral saggital 
infraclavicular


80 pts. Forearm and hand surgery
0.6ml/kg mepivacaine with epinephrine 2.5ug/ml
1) 40 US multiple injections by local spread
2) 40 NS single injection


35 Sites 2006 Axillary 56 pts. Hand surgery
30ml 1.5% lidocaine with 5ug/ml epi
1) 28 US 
2) 28 Transarterial


52 Soeding 2005 Interscalene or 
Axillary


40 pts. Interscalene for shoulder surgery and axillary 
for hand surgery 
3mg/kg ropivacaine
1) 20 US multi-injection (13 interscalene, 7 axillary)
2) 20 LM (11 interscalene, 9 axillary)


41 Taboada 2009 Coracoid 
Infraclavicular


70 pts. Hand and foream surgery
40ml 1.5% mepivacaine
1) 35 US 
2) 35 NS
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ID Author & Year Block Type Summary of Study Design
Alphabetical Order


37 Williams 2003 Supraclavicular 80 pts. Distal arm, forearm or hand surgery
0.5ml/kg of 0.5% bupivacaine/2% lidocaine with epi 
(40ml max)
1) 40 US  with NS
2) 40 NS


21 Van Geffen 2009 Popliteal-Sciatic 40 pts. Foot or ankle surgery
Provider discretion amount of 1.5% lidocaine with epi 
(up to 40ml)
1) 20 US 
2) 20 NS


Pediatric Studies
29 Faraoni 2010 Dorsal Penile 40 Pts.  Boys age 1-14 years old. circumcision


0.75mg/kg per side and 0.05mg/kg at penis base 0.5% 
ropivacaine
1) 20 US
2) 20 Landmark based


50 Marhofer 2004 Infraclavicular 40 children 1-10yo. Arm and forearm surgery
0.5ml/kg 0.5% ropivacaine
1) 20 US
2) 20 NS


51 Oberdorfer 2007 Sciatic & 
Femoral


46 Pts. Lower extremity surgery, age 8 and below
0.3ml/kg levobupivacaine
1) 23 US
2) 23 NS


22 Weintraub 2009 Ilioinguinal - 
Iliohypogastric


66 pts. 8-84mo. Inguinal hernia repair
0.25ml/kg 0.5% ropivacaine
1) 35 US single injection
2) 31 landmark based single injection technique


23 Wilschke 2005 Ilioinguinal - 
Iliohypogastric


100 pts. 1mo-8yo. Inguinal surgery
0.25% levobupivacaine
1) 50 US until both nerves surrounded by local 
anesthetic
2) 50 "fascial click" 0.3ml/kg 0.25% levobupivacaine







Appendix 1: Randomized Controlled Trials and Case Series


ID Author & Year Block Type Summary of Study Design
Alphabetical Order


Case Series
57 Perlas 2009 Supraclavicular 510 consecutive pts. Upper extremity surgery


94% of patients: 50:50 mix of 2% lidocaine/0.5% 
bupivicaine with epi
1) all received US supraclavicular block


58 Orebaugh 2009 N/A 5436 blocks. Retropspective quality-assurance 
database
1) 2146 (39%) US with NS
2) 3290 (61%) NS alone


59 Fredrickson 2009 N/A 1010  single and continuous blocks, upper and lower 
extremity US +/- NS


60 Barrington 2009 N/A 8189 Peripheral blocks for early complication anaysis, 
7156 blocks available for late complication analysis
1) 5141 US alone or with NS
2) 2507 NS alone
*541 Other techniques
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Appendix 2: Efficacy


ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


Upper Ext
35 Bloc 


2010
Axillary


100% in each group Median (range), p<0.05
US OOP) 240 (140-420s)
US IP) 300 (180-600s)
NS) 360 (240-900s)
*needle time under skin


Median (range), 
p<0.05
US OOP) 27 (23-31ml)
US IP) 32 (28-38ml)
NS) 40 (preset value)
*US volume by LA 
spread visualization


14 Brull 
2009
Infraclavicular


Readiness at 20min 
p=0.04
US) 85%
NS) 65%


Partial analgesia in 
each nerve 
distribution
p=0.18
US) 92%
NS) 80%


Median time (IQR)
p<0.001
US) 5 (5) min
NS) 10.5 (6.8) min
*probe placement or LM 
palpation to needle 
removal


US Lost sensation to 
pinprick faster than NS 
patients, p=0.02


36 Casati 
2007
Axillary


No 
GA/supplementatio
n
p=0.61
US) 97%
NS) 94%


Sensory block onset
Mean ± SD, p=0.01
US) 14±6min 
NS) 18±6min


19 Chan 
2007
Axillary


No 
GA/supplementatio
n
US) 95%, p=0.07 vs 
NS
USNS) 92%, p=0.26 
vs NS
NS) 85.5%


Complete sensory 
block at 30min
US) 82.8%, p=0.01
USNS) 80.7%, p=0.03
NS) 62.9%


Mean time ± SD
US) 9.3 ±4 min,  p<0.01 
vs NS
USNS) 12.4 ± 4.8 min
NS) 11.2 ± 4.2 min
*artery palpation or US 
application to end of LA 
injection
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


15 Dhir 
2008
Infraclavicular


No 
GA/supplementatio
n
USNS) 96%, p=0.005
NS; stim cath) 58%
NS; non stim cath) 
59%


Complete Block
USNS) 87%, 
p=0.0006
NS with stim cath) 
68%
NS non stim cath) 
27%


Onset to complete 
block
Mean (min) ± SD
USNS) 21.1 ± 7.8, 
p=0.026
NS; stim cath) 23.9 ± 
8.7
NS; non stim cath) 28.1 
±8.8


16 Dingemans 
2007
Infraclavicular


No 
GA/supplemenation
p=0.049
US) 92%
NS) 72%


Complete block in all 
nerve distributions 
at 30 min, p=0.007
US) 86%
NS) 57%


Mean time  ± SD
p=0.006
US) 3.1 ± 1.6min
NS) 5.2 ± 4.7min
*needle time under the 
skin


Time until 1st 
post op analgesia,
Mean ± SD,  
p=0.17
US) 7 ± 3 hrs
NS) 8 ± 5 hrs


38 Fredrickson 
2009
Interscalene


Median time (IQR)
p<0.0001
US) 78 (65-101) s
NS) 108 (94-129) s
*needle time under the 
skin


44 Gurkan 
2008
Lateral saggital 
infraclavicular


No 
GA/supplementatio
n
not significant
USNS) 95%
NS) 92.5%


Complete block at 30 
min, not significant
US) 95%
NS) 92.5%


Mean time ± SD, p<0.05
US) 7.2min ±1
NS) 6.4min ±1
*included prescanning 
time  before needle 
insertion


No significant 
difference in onset time 
for US vs NS.  


*Successful Catheter Placement
USNS) 87%, p<0.0001 vs NS
NS; stim cath) 83%
NS; non stim cath) 14%
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


17 Kapral 
2008
Interscalene


No 
GA/supplementatio
n
p<0.01
US) 98.8%
NS) 91.3%


Median(range), p<0.05
US) 10min (6-13)
NS) 22min (11-28)


Median (range) 
min, p<0.05
US) 899  (611-
1020)
NS) 679 (417-968)


39 Liu 
2005
Axillary


No 
GA/supplementatio
n
not significant
US) 87%
NS) 90%


Complete block at 
40min, not 
significant
US) 70%
NS) 70%


Mean
p<0.005
US) 7min
NS) 8min
*needle puncture or US 
application to end of LA 
injection


64 Liu 
2009
Interscalene


No general 
anesthesia
not significant
US) 100%
NS) 100%


Mean time ± SD
not significant
US) 5 ± 3 min
NS) 5 ± 3 min
*no description of 
endpoints


40 Macaire 
2008
Median, Ulnar


Complete block
not significant
US) 93%
NS) 93%


Median (IQR)
Median nerve, p=0.002
US) 55s (48-60)
NS) 100s (65-150)
Ulnar Nerve, p=0.02
US)57s (50-70)
NS) 80s (60-105)
*beginning of procedure 
to end of injection


Median (IQR) 
Median sensory block 
onset p=0.02
US) 371s (252-465)
NS) 254s (210-300)
Ulnar sensory block 
onset, p=0.01
US) 368s (246-430)
NS) 241s (210-310)
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


31 Mariano 
2009
Infraclavicular


***Successful 
catheter placement, 
p<0.01
US; stim cath) 100% 
NS; non stim cath) 
70% 


Median time (10-90%)
p<0.01
US; stim cath) 9 (6.0-
13.2)
NS; nonstim cath) 15 (4.9-
30.0) 
*probe or NS first 
touched patient to 
needle removal


32 Mariano 
2010
Interscalene


***Successful 
catheter placement, 
p=0.231
US; stim cath) 100% 
NS; nonstim cath) 
85% 


Median time (10-90%) 
min
p=0.022
US; stim cath) 8 (5-15.5)
NS; nonstim cath) 14.0 (5-
30)
*probe or NS first 
touched patient to 
needle removal


53 McNaught 
2010
Interscalene


MAEV (95% CI)
p=0.034
US) 0.9 ml (0.3-2.8)
NS) 5.4 ml (3.4-8.6)


54 Ponrouch 
2010
Median, Ulnar


MEAV50 ± SD
Median Nerve,
p=0.017
US) 2 ± 0.1ml
NS) 4 ± 3.8ml
Ulnar Nerve
US) 2 ± 0.1ml
NS) 2.4 ± 0.6ml
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


61 Sauter 
2008
Lateral saggital 
infraclavicular


No 
GA/supplementatio
n,
not significant
US) 95%
NS) 85%


Mean time ± SD,
not significant
US) 4.1 ± 1.3 min
NS) 4.3 ± 1.3 min
*needle isertion to 
withdrawal, US included 
prescanning time


Onset sensory block,
Mean  ± SD, p=0.99
US) 13.9 ± 5.8min
NS) 13.7 ± 6.6min


18 Sites 
2006
Axillary


No GA/failed 
placement
p<0.04
US) 82%
TA) 54%


Mean ± SD, p<0.05
US) 7.9 ±3.9min
TA) 11.1 ±5.7min
*time from completion of 
sterile prep to needle 
withdrawal


52 Soeding 
2005 
Interscalene or 
Axillary


No 
GA/supplementatio
n
not significant
US) 95%
LM) 90%


Mean ± SD, 
p=0.271
US) 11.2± 0.59hr
LM) 10.3± 0.62hr


41 Taboada 
2009
Coracoid 
Infraclavicular


No 
GA/supplementatio
n
not significant
US) 94%
NS) 91%


Complete blockade 
at 30min, p=0.881
US) 89%
NS) 91%


Mean ± SD, p<0.0001
US) 3 ± 1min
NS) 6.2 ± 2.4min
*interval between needle 
insertion and removal


Onset of complete 
block, Mean ± SD, 
p=0.321
US) 17 ± 8min
NS) 19 ± 9min


Motor resolution
Mean ± SD, 
p=0.418 
US) 237 ± 45min
NS) 247 ± 57min







Appendix 2: Efficacy


ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


37 Williams 
2003
Supraclavicular


No 
GA/supplementatio
n
p=0.28
USNS) 85%
NS) 78%


Complete blockade 
at 30min, p=0.25
USNS) 55%
NS) 65%


Mean ± SD, p=0.0001
USNS) 5.0 ± 2.4min
NS) 9.8 ± 7.5min
*needle time under the 
skin


Mean ± SD, 
not significant 
USNS) 846 ± 531 
min
NS) 652 ± 473 min
*time to first 
postop analgesic


Lower Ext
55 Casati 


2007
Femoral


Mean LA ±  SD, 
p=0.002 
US) 15 ± 4ml
NS) 26 ± 4ml
*42% reduction


42 Danelli 
2009
Popliteal-
Sciatic


No 
GA/suplementation 
p=0.116
US) 100%
NS) 82%


Complete motor & 
sensory block, 
p=0.070
US) 68%
NS) 36%


Median (range), p=0.002
US) 2 (2-8) min
NS) 5 (2-15) min
*first US scan or LM 
palpation to needle 
withdrawal


Onset peroneal motor 
block, Mean ± SD, 
p=0.028
US) 12.2 ± 4.8min
NS) 17.9 ± 8.5min


56 Danelli 
2009
Sublgluteal 
Sciatic


Median (range)
not significant
US) 3min (1-20)
NS) 4min (1-20)


MAEV50 ± SD
p<0.01
US) 12 ± 1ml
NS) 19 ± 2ml


24 Dolan
2008
Fascia Iliaca


Complete block in all 
nerve distributions, 
p=0.001
US) 82%
LOR) 47%
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


25 Domingo-
Triado 2007 
Midfemoral-
Sciatic


No spinal 
anesthesia,
not significant
USNS) 97%
NS) 93%


Complete sensory 
block, p=0.01
USNS) 96.7
NS) 71%


Median (range), 
not significant
USNS) 5 (5-15) min
NS) 5 (5-15) min
*time from NS needle 
insertion or beginning of 
US to nerve localization


No significant 
difference in onset time 
between US and NS


Median (range),
Sensory: not sig. 
USNS) 17.5 (9-25) 
hrs
NS) 17 (6-24) hrs
Motor: not sig.
USNS) 20 (7-24) 
hrs
NS) 17 (11-24) hrs


20 Dufour 
2008
Popliteal-
Sciatic


No propofol 
sedation
p<0.001
USNS) 65%
NS) 16%


At 30 min: Complete 
sensory block, 
p<0.0002
USNS) 85%     NS) 
32%
Complete motor, 
p<0.0001
USNS) 65%     
NS)16%


Mean ± SD,
not significant
USNS) 304 ± 94 s
NS) 261 ± 75 s
*needle time under skin


Mean ± SD,
not significant
USNS) 16.6 ± 2.9 
hrs
NS) 17.1 ± 3.7 hrs
*time before first 
analgesic demand 


43 Fredrickson 
2009
Femoral


Median (IQR), p<0.001
US) 58 (51-76) s
NS) 120 (95-178) s
* needle time under skin


48 Marhofer 
1997
3-in-1 Lumbar


Complete 3-1 block 
with sensation <30% 
baseline,
not significant
US) 95%
NS) 85%


Onset sensory block
Mean ± SD, p<0.05
1) 16 ±14min
2) 27 ±16min
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


49 Marhofer 
1998
3-in-1 Lumbar


Complete 3-1 block 
with sensation <30% 
baseline, not 
significant
US 20ml) 95%
NS 20ml) 80%
NS 30ml) 80%


Onset sensory block,
Mean ± SD, p<0.01
US 20ml) 13 ± 6min
NS 20ml) 27 ± 13min
NS 30ml) 26 ± 13min


Supports use of less 
local with US, no p 
value given
US 20ml) 95% 
complete
NS 20ml) 80& 
complete 
NS 30ml) 80% 
complete


30 Mariano 
2009
Femoral


***Successful 
catheter placement, 
p=0.086
US; stim cath) 100% 
NS; nonstim cath) 
85% 


Median time (10-90%) 
min
p=0.012
US; stim cath) 5.0 (3.9-
10.0)
NS; nonstim cath) 8.5 
(4.8-30.0)
*probe or NS first 
touched to needle 
removal


33 Mariano 
2009
Popliteal Sciatic


***Successful 
catheter placement, 
not sig
US; stim cath) 100% 
NS; nonstim cath) 
80% 


Median time (10-90%) 
min
p=0.034 
US; sim cath) 5.0 (3.9-
11.1)
NS; nonstim cath) 10 (2.0-
15.0)
*probe or NS first 
touched to needle 
removal
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


34 Mariano 
2010
Popliteal-
Sciatic


***Successful 
cather placement, 
p=0.014
US; stim cath) 
97.5% 
NS; nonstim cath) 
77.5% 


Mean time (95% CI), 
p<0.001
US; stim cath) 7min (4.0-
14.1)
NS; nonstim cath) 11.0 
(5.0-30.0)
*transducer or needle 
first touched pt. to 
needle withdrawal


26 Perlas 
2008
Popliteal-
Sciatic


No general 
anesthesia
p=0.06
US) 92%
NS)75.8% 


Complete sensory 
block  at 30min, 
p=0.005
1) 89.2%
2) 60.6%


Mean ±  SD, p=0.11
US) 8.1 ± 3.3min
NS) 8.3 ± 5.6min


27 Redborg  
2009
Sural


Complete sensory 
block to ice at 10 
min, p<0.01
US) 78%      
LM) 28%


Mean, p<0.001
US) 172 s
LM) 70 s
*US: tranducer on skin to 
needle withdrawal, LM: 
needle insertion to 
withdrawa


28 Redborg 
2009
Tibial


Complete sensory 
block at 30min to 
both ice/pinprick
p<0.01
US) 72%
LM) 22% 


Mean, p<0.001
1) 158s
2) 79s
*US: tranducer on skin to 
needle withdrawal, LM: 
needle insertion to 
withdrawal
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


39 Van Geffen 
2009
Popliteal-
Sciatic


No 
GA/supplementatio
n, p=0.017
US) 100%
NS) 75%


Mean ± SD, p =0.08
US) 6 ± 1.9min
NS) 7.6 ± 3.7min
*probe application (US) 
or needle insertion (NS) 
until needle withdrawal


Onset of sensory block,
 Median (IQR), p=0.44
US) 10 min (11)
NS) 12.5 min (10)
Onset of motor block, 
Median (IQR), p=0.40
US) 10 min (9)
NS) 15 min (19) 


Sensory block, 
median (IQR), 
p=0.43
US) 240 min (113)
NS) 240 min (105)
Motor block, 
median (IQR), 
p=0.21
US) 210 min (90)
NS) 210 min (165)


Median (IQR), 
p<0.001, 
US) 17ml (5)
NS) 37ml (5)
*Anesthesiologist 
injected smallest 
amount judged 
sufficient (between 
25 and 40ml)


29 Faraoni 
2010
Dorsal Penile


No intraoperative 
block failure, p=0.5
US) 100%
LM) 90%


Pain score on arrival 
to PACU (IQR), 
p<0.005
US) 0 (0-1)
LM) 3 (0-6)


Medain (range), 
p=0.0001
US) 41.2min (35-50)
LM) 31.8min (26-39)
*anesthesia induction to 
end of surgery


Median (range), 
p<0.0001
US) 570min (360-
860)
LM) 60min (30-
300)
*time until first 
postop analgesic


50 Marhofer 
2004
Infraclavicular


All blocks successful Onset sensory block
Median (range), 
p<0.001
US) 9 (5-15)
NS) 15 (5-25)


Sensory block
Median (range), 
p<0.001
US) 384 (280-480)
NS) 310 (210-420)


51 Oberdorfer 
2007
Sciatic & 
Femoral


Not significant
US) 100% 
NS) 91% 
*HR increase 15% 
above baseline 
defined failure


Mean ± SD, 
p<0.05
US) 508 ±178min
NS) 335 ± 169min


Versus NS standard of 
0.3ml/kg, mean  ± SD
S-US: 0.2 ± 0.6, 
p<0.001 
F-US: 0.15  ± 0.04, 
p<0.001


Pediatric Studies
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ID Study/Block Block Success Complete Block Performance Time Block Onset Duration Local Anesthetic


22 Weintraub 
2009
Ilioinguinal-
iliohypogastric


No analgesic 
supplement
P<0.05
US) 94%
LM) 74%


***Tmax (min),
Mean (range), 
p<0.05
US) 20.4 (5-30)
LM) 25.3 (5-30)


***Absortion Rate (Ka)
Mean (range), p<0.05
1) 14.4 (6.3-24.0)
2) 11.7 (6.3-24.0)


***Speed of rise  
ug/ml/min), 
Mean (range), p<0.01
1) 0.26 (0.06-0.46)
2) 0.15 (0.02-0.36)


***Conc. Max 
(ug/ml)
Mean (range), 
p<0.01
1) 1.78 (0.56-
2.97)


  23 Wilschke 
2005
Ilioinguinal-
iliohypogastric


No analgesic 
supplement
p=0.004
US) 96%
Fascial click) 74%


No post-op 
analgesia
p<0.0001
US) 94%
FC) 60%


Mean ± SD, p<0.0001
US) 0.19ml/kg ± 0.05
FC) 0.3ml/kg
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Appendix 3: Safety


ID Study Transient Neuropraxias Nerve Injury Vascular Puncture


Upper Extremity
35 Bloc 


2010
Axillary


Transient paresthesia, not significant
US out of plane) 1
US in plane) 1
NS) 0


not significant
US out of plane) 0
US in plane) 0
NS) 2


14 Brull 
2009


Paresthesia during block, p<0.001
US) 3 (6%)


  


p= 0.11
US) 0 (0%)


  36 Casati 
2007
Axillary


No pareasthesia reported at 24hr


19 Chan 
2007
Axillary


Paresthesia at <5days, not significant
US) 13 (20%)
USNS) 9 (15%)
NS) 13 (21%)


none reported


42 Danelli
2009
Popliteal-Sciatic


Transient neuralpraxias, not significant
US) 0 (0%)
NS) 5 (22%)


not significant
US) 0 (0%)
NS) 5 (22%)


15 Dhir 
2008


Paresthesia at day 4-10, not significant
USNS) 0  


   )  16 Dingemans 
2007
Infraclavicular


Neuralpraxis at <7days, not significant
US) 1 (3%) (paresthesia)
NS after US) 1 (3%) (shoulder pain)


not significant
US) 2 (6%)
NS after US) 1 (3%)


38 Fredrickson 
2009
Interscalene


*resolved by 8 weeks, not 
significant
US) 3 (7%)
NS) 6 (15%)
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ID Study Transient Neuropraxias Nerve Injury Vascular Puncture


15 Gurkan
2008
Lateral saggital 
infraclavicular


no p value given
USNS) 0
NS) 3 (8%)


17 Kapral 
2008
Interscalene


none reported none reported none reported


39 Liu
2005
Axillary


Transient neuralpraxias, no p value given
US) 0 (0%)
NS) 3 (10%)


no p value given
US) 0 (0%)
NS) 3 (10%)


64 Liu 
2009
Interscalene


Transient neuralpraxis at 1 week, not 
significant
US) 9 (8%)
NS) 12 (11%)


At 4-6 weeks, not significant
US) 7 (6%)
NS) 8 (7%)


40 Macaire 
2008
Median & Ulnar


none reported none reported  none reported


31 Mariano  
2009
Infraclavicular


p<0.01
US with non stim cath) 0
NS with stim cath) 6 (30%)


32 Mariano 
2010
I l


p=0.182
US with non stim cath) 1
NS i h i  h) 5 (25%)62 Renes 


2009
Interscalene


Horners syndrome, p=0.25
US) 3     NS) 7
HD paresis, p<0.0001
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ID Study Transient Neuropraxias Nerve Injury Vascular Puncture


63 Renes 
2009
Supraclavicular


Horners syndrome, p=1.00
US) 7     NS) 8
HD Paresis, p<0.0001
US) 0     NS) 15 (53%) 


61 Sauter 
2008
Lateral saggital 
infraclavicular


Paresthesia during block, p=-0.029
US) 8 (20%)
NS) 1 (2.5%)


p=0.001
US) 2 (5%)
NS) 13 (33%)


18 Sites 
2006
Axillary


none at 1-2 weeks *Intra-vascular injection, not 
significant
US) 0
TA) 1


36 Soeding 
2005
Interscalene or Axillary 


Transient neuralpraxis, p=0.012
US) 1 (5%)
LM) 5 (25%)


none reported *No seizure activity


37 Taboada 
2009
Coracoid infraclavicular


none reported not significant
US) 1 (3%)
LM) 1 (3%)


37 Williams 
2003
Supraclavicular


HD paresis, not significant
USNS) 1 (3%) 
NS) 1 (3%)


 At <14 days
no p value given
USNS) 2 (5%)
NS) 1 (3%)


Lower Extremity
55 Casati 


2007
Femoral


No paresthesia reported at 24hr 
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ID Study Transient Neuropraxias Nerve Injury Vascular Puncture


56 Danelli 
2009
Subgluteal-Sciatic


p=0.305
US) 0
NS) 0


25 Domingo-Triado 
2007
Midfemoral-Sciatic


Neuralpraxis at <10d, not significant
USNS) 0
NS) 1 (5%)   


20 Dufour 
2008
Popliteal-Sciatic


none reported


48 Marhofer 
1997
3-in-1 Lumbar


no p value given
US) 0 (0%)
NS) 3 (15%)


49 Marhofer 
1998
3-in-1 Lumbar


no p value given
US 20ml) 0 (0%)
NS 20ml) 2 (5%)
NS 30ml) 2 (5%)


30 Mariano 
2009
Femoral


p=0.039
US with non stim cath) 0
NS wth stim cath) 4 (20%)


33 Mariano 
2009
Popliteal-Sciatic


p =0.487
US with non stim cath) 0
NS with stim cath) 2 (10%)


34 Mariano 
2010
Popliteal-Sciatic


p=0.021
US with non stim cath) 0
NS with stim cath) 5
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ID Study Transient Neuropraxias Nerve Injury Vascular Puncture


26 Perlas 
2008
Popliteal-Sciatic


Transient numbness <24 hours, no p 
values given
US) 8
NS) 4
Transient weakness <24 hours, no p 
values given
US) 10
NS) 2 


27 Redborg 
2009
Sural


Transient dysthesia, not significant
US) 1
LM) 0


*Hematoma formation, not 
significant
US ) 0
LM) 1
*Pain  at site > 24hr, not significant
US) 1
LM) 3


28 Redborg 
2009
Tibial


Paresthesia during block, p=0.77
US) 7 (38.9%)
LM) 9 (50.0%)


Dysthesia at 2mo, not significant
US) 1 (6%)
LM) 0 (0%)


21 Van Geffen 
2009
Popliteal-Sciatic


*Intra-vscular injection, not 
significant
US) 0
NS) 1 (5%)


Pediatric Studies
50 Marhofer 


2004
Infraclavicular


none reported none reported
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ID Study Transient Neuropraxias Nerve Injury Vascular Puncture


23 Wilschke 
2005
Ilioinguinal - 
Ili h i


none reported none reported


Case Series
57 Perlas 


2009
Supraclavicular


US) 2 (0.4%) transient numbness for 
several weeks, Horners 1%, HD paresis 1%


US) 2 (0.4%)


*no pneumo


58 Orebaugh 
2009


US alone or with NS) 0
NS) 3
all documented with EMG and 
NCS; 2 of 3 improving


*LAST, p=0.044
US alone or with NS) 0
NS) 4 


59 Fredrickson 
2009


New all cause neuro symptoms: 
Day 1 - 8.2%
1 mo - 3.7%


   60 Barrington 
2009


n/1000 (95%CI), not significant
US alone or with NS) 0.2 (0.005-1.1)
NS) 0.8 (0.1- 2.9)
not significant


Vascular Puncture: n/1000 (95%CI), 
p=0.001
US alone or with NS) 5.1 (3.0-8.1)
NS) 13.9 (8.2-21.9)
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Appendix 4: Patient Comfort


ID Study Needle Passes / Redirections Skin Puncture Patient Satisfaction Procedure Pain
Upper Extremity


35 Bloc 
2010
Axillary


Rated "very comfortable/
comfortable"
US out of plane) 75%, 
p<0.01
US in plane) 52%
NS) 33%


VAS (0-100)
Median (range),  p<0.05
US out of plane) 20 (10-40)
US in plane) 25 (10-80)
NS) 35 (10-80)


36 Casati 
2007
Axillary


Needle passes 
Median (range), p=0.002
US) 4 (3-8)
NS) 8 (5-13)


Median (range)
p=0.94
US) 2 (1-2)
NS) 2 (2-3)


Pt. future acceptance of 
technique, 
not significant
US) 100%


VAS (0-10)
Median (range), p=0.11
US) 1 (0-8)
NS) 3 (0-8)


15 Dhir 
2008
Infraclavicular


VAS (10-0) on POD 7 
Mean ± SD
USNS) 9.6 ± 0.6, p=0.001
NS with stim cath) 9.1 ± 1.6
NS without stim cath) 7.4 ± 
3.3


38 Fredrickson 
2009
Interscalene


Insertion pain on NPRS (0-
10)
Median (IQR), p<0.048
US) 2 (0-4)
NS) 3 (1-5)
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ID Study Needle Passes / Redirections Skin Puncture Patient Satisfaction Procedure Pain
64 Liu 


2009
Interscalene


Needle passes 
Median (mode)
p<0.05
US) 1 (1)
NS) 3 (1)


Pt. satified with technique, 
not significant
US) 92%
NS) 96%


40 Macaire
2008
Median & Ulnar


Pain during block VAS (0-
100)
Median (IQR), p=0.72
US) 40 (20-52)
NS) 40 (30-44)


31 Mariano 
2009
Infraclavicular


Insertion NPRS (0-10)
Median (10-90th), p=0.34
US & non stim cath) 1.5 (0-
4.0)
NS with stim cath) 2.0 (0-
5.1)


32 Mariano 
2010
Interscalene


Insertion NPRS (0-10)
Median (10-90th), p=0.303
US & non stim cath) 2.0 (0-
6.0)
NS with stim cath) 4.0 (0-
5.2)
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ID Study Needle Passes / Redirections Skin Puncture Patient Satisfaction Procedure Pain
53 McNaught


2010
Interscalene


Needle passes
Median (range), p<0.0001
US) 1 (1)
NS) 3 (1-10)


62 Renes 
2009
Interscalene


NPRS (0-10) at 30 min post 
op
Median, p=0.52
US) 2
NS)2


63 Renes 
2009
Supraclavicular


NPRS (0-10) at 30 min
Median, p=1.00
US) 0
NS) 0


61 Sauter 
2008
Lateral saggital 
infraclaviclar


Needle redirections
Median (range)
p<0.001
US) 1 (1-3)
NS) 3 (2-10)


Procedure NPRS (0-10)
Median (range), p=0.92
US) 1 (0-5)
NS) 1 (0-9)


52 Soeding 
2005
Interscalene or 
Axillary 


Pt.satisfaction on POD7 
NRS (1-10) not significant
US) 9.2
LM) 8.9


Lower Extremity







Appendix 4: Patient Comfort


ID Study Needle Passes / Redirections Skin Puncture Patient Satisfaction Procedure Pain
42 Danelli 


2009
Popliteal-Sciatic


Needle redirections 
Median(range), p<0.001
US) 4 (1-7)
NS) 6 (1-20)


Median (range)
p=0.003
US) 2 (1-4) 
NS) 2) 2-4)


Pt. satisfied with 
technique,
not significant
US) 72%
NS) 68%


NPRS (0-10)
Median (range)
p=0.002
US) 2 (0-6)
NS) 4 (0-10)


56 Danelli 
2009
Subgluteal-Sciatic


Needle redirections
Median (range), p=0.851
US) 3 (0-9)
NS) 3 (0-15)


Procedure NPRS (0-10)
Median (range), p=0.133
US) 5 (0-9)
NS) 3 (0.8)


25 Domingo-Triado 
2007
Midfemoral-
Sciatic


Needle passes
Median (range), p=0.001
USNS) 1 (1-2)
NS) 2 (1-4)


Discomfort during block, 
VAS <4
not significant
USNS) 23 (76.7%)
NS) 27 (87.7%)


20 Dufour 
2008
Popliteal-Sciatic


Needle passes
Median (range), not significant
USNS) 1 (1-2)
NS) 2 (1-6)


Mean ± SD
not significant
USNS) 1 ± 0.2
NS) 1 ± 0


Pt . sastisfaction on VAS (0-
10) 
Mean ± SD, not significant
USNS) 9.0 ± 1.4
NS) 9.1 ± 1.0


43 Fredrickson 
2009
Femoral


Insertion NPRS (0-10)
Median (IQR), p=0.014
US) 2 (2-2)
NS) 4 (2-6)
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ID Study Needle Passes / Redirections Skin Puncture Patient Satisfaction Procedure Pain
30 Mariano 


2009
Femoral


Insertion NPRS (0-10)
Median (10-90th), p=0.015
US & non stim cath) 0.5 (0-
3)
NS with stim cath) 2.5 (0-8)


33 Mariano 
2009
Popliteal-Sciatic


Insertion NPRS (0-10)
Median (10-90th), p=0.005
US & non stim cath) 0.0 (0.0-
2.1)
NS with stim cath) 2.0 (0.0-
5.0)


34 Mariano 
2010
Popliteal-Sciatic


Insertion NPRS (0-10)
Median (10-90th), p=0.083
US & non stim cath) 1.0 (0.0-
4.1)
NS with stim cath) 2.0 (0.0-
5.4)


27 Redborg
2009
Sural


US block felt "denser" to 
patient than landmark 
based technique in 88% 
p=0.001
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ID Study Needle Passes / Redirections Skin Puncture Patient Satisfaction Procedure Pain
28 Redborg 


2009
Tibial


3 or more  redirections
p<0.001
US) 8 (44%)
LM) 0 (0%)


Pt. rated block" good/ 
outstanding", p=0.065
US) 14 (77%)
LM) 7 (39%)


21 Van Geffen 
2009
Popliteal-Sciatic


3 or more attempts
p=0.029
US) 1
NS) 7


VAS (0-5) during block
Median (IQR), p=0.1 
US) 2.5 (2)
NS) 4 (4)
*analgesic supplement at 
VAS 3


Pediatric
50 Marhofer 


2004
Infraclavicular


VAS (0-5) during block
Median (range), p=0.03
US) 3.00 (1-4)
NS) 3.75 (3-5)
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Appendix 5: Summary of Results


RCTs 
Addressing 
Outcome


 Significant 
Improvement 
with UGPNB


% of RCTs 
Signficantly
Better with 


UGPNB


RCTs where UGPNB 
is better without 


significance


% of RCTs 
where UGPNB


is superior 
regardless of 
significance


RCTS where 
UGPNB was 
significantly 


worse


Measures of Block Efficacy
Block Quality


*Upper Extremity Block Success 15 5 33.3 7 80.0 0
*Upper Extremity Complete Block 10 3 30.0 2 50.0 0
*Lower Extremity Block Success 9 4 44.4 3 77.8 0
*Lower Extremity Complete Block 10 7 70.0 3 100.0 0


Successful Catheter Placement 6 3 50.0 3 100.0 0
Block Performance Time 28 17 60.7 3 71.4 4
Block Onset Time 14 8 57.1 2 71.4 1
Block Duration 11 4 36.4 3 63.6 0
Local Anesthetic 9 8 88.9 1 100.0 0


Measures of Block Safety
All Neurologic Changes 24 2 8.3 9 45.8 1
   *Transient Neuropraxias 12 2 16.7 7 75.0 1
   *Nerve Injury 12 0 0.0 2 16.7 0
Vascular Puncture 23 4 17.4 12 69.6 0
Hemidiapraghmatic Paresis 3 2 66.7 0 66.7 0
Horner Syndrome 2 0 0.0 2 100.0 0







Appendix 5: Summary of Results


RCTs 
Addressing 
Outcome


 Significant 
Improvement 
with UGPNB


% of RCTs 
Signficantly
Better with 


UGPNB


RCTs where UGPNB 
is better without 


significance


% of RCTs 
where UGPNB


is superior 
regardless of 
significance


RCTS where 
UGPNB was 
significantly 


worse


Measures of Patient Concerns
Needle Passes/Redirections 10 7 70.0 1 80.0 1
Skin Puncture 3 0 0.0 0 0.0 0
Block Related Pain 19 8 42.1 6 73.7 0
Patient Satisfaction 8 3 37.5 3 75.0 0
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Abstract 


The clinical application of regional anesthesia has grown 
dramatically in recent years in part due to the increasing adoption of 
ultrasound imaging for peripheral block placement.  Ultrasound 
technology enables real-time visualization of nerves, surrounding 
structures and local anesthetic spread and therefore offers theoretical 
advantages over existing methods of nerve localization.  This 
systematic analysis was conducted to assess the current state of 
evidence for improved block efficacy, safety and other patient related 
outcomes with ultrasound guided peripheral nerve blockade (UGPNB).  
A search of the PubMed database was conducted for all randomized 
controlled trials comparing UGPNB to peripheral blocks performed at 
the same anatomic site by an alternative method of nerve localization.  
Forty-four studies, 39 adult and 5 pediatric, were identified for 
analysis and the results presented in Appendix 1,2,3,4,5.  There is 
increasing Level Ib Grade A evidence that UGPNB, when applied by 
clinicians with the appropriate skill set, can be performed faster than 
alternative techniques yielding blocks that are more effective, with 
quicker onset and longer duration, requiring less local anesthetic, and 
causing less vascular puncture and greater patient comfort.  Improved 
safety with UGPNB remains largely theoretical due to the low 
complication rate of all techniques of peripheral nerve block, but there 
is Level III Grade B evidence to suggest a decrease in neurologic 
sequelae. 


Background 


Regional anesthesia (RA) is a method of blocking neural 


transmission in a limited area of the body and consists of both central 


and peripheral techniques.  Central techniques, also known as 


neuraxial blocks, include epidural and spinal anesthesia, whereas 


peripheral nerve blockade (PNB) targets single nerves or an entire 
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nerve plexus and will be the focus of this analysis.  Successful PNB 


relies on three simple principles: identifying the correct nerve/plexus, 


placing the needle as close as possible to the target without direct 


contact and surrounding the nerve/plexus with local anesthetic (LA)1.   


With appropriate patient selection, PNB used alone or in 


combination with general anesthesia (GA) can offer several benefits: 


decreased patient morbidity and mortality, superior postoperative 


analgesia, improved cost-effectiveness, decreased postoperative 


complications, and an improved postoperative course (decreased use of 


anti-emetics, faster recovery and discharge, and increased patient 


satisfaction)2.  Contraindications to PNB include patient refusal, 


severe coagulopathy, bacteremia, and infections overlying the injection 


site.  Relative contraindications include mild coagulopathy or pre-


existing neuropathy3.  The primary complications of PNB are rare and 


include permanent direct peripheral nerve injury, adjacent tissue and 


organ injury, local anesthetic systemic toxicity (LAST), and in the 


upper extremity blocks:  pneumothorax and hemi-diaphragmatic 


paresis (HDP)3.  Transient neuropraxias are more common and usually 


self-limited. 
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The first use of local anesthetic for neural blockade was 


performed by Karl Koller, a Viennese ophthalmologist, who in 


September 1884 applied cocaine directly to the cornea for superficial 


eye surgery4.  Later, in December 1884, two New York City surgeons, 


William Halsted and John Hall, were the first to inject cocaine directly 


into nerve trunks and concluded that nerve transmission was blocked 


because anesthesia was only produced distal to the point of injection 


and along the nerve distribution5.  However, the term “regional 


anesthesia” was actually coined by Harvey Cushing in 1902 to describe 


his method of blocking a nerve plexus under direct vision5.   


From the early twentieth century until the 1970s the main 


developments in PNB were the introduction of new local anesthetics, 


and new approaches using anatomical methods of nerve localization6.  


During this period anatomic landmark based approaches were assisted 


via specialized techniques using transarterial localization, fascial 


“pops”, and paresthesia, which is a subjective sensation of “pins and 


needles” elicited in the nerve distribution from direct nerve contact1.  


Techniques were innovated in the 1970s with the introduction of 


electrical nerve stimulators.  These stimulators use an insulated 


needle and electric current to elicit a motor response in the targeted 
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nerve5 distribution and have been the “gold standard” for the past 20-


30 years7.  Empirically, motor response to stimulation with current 


below 0.5mA with pulse duration of 0.1ms signifies that the needle’s 


tip is sufficiently close to a nerve to yield a high block success rate5.  


Advances in needle delivery devices, safer local anesthetics and the 


development of indwelling catheters have also helped expand the scope 


of PNB from intraoperative anesthesia to postoperative analgesia3. 


 Ultrasound (US) imaging was first applied to the clinical 


practice of PNB in 1978 to detect blood flow and help facilitate 


supraclavicular brachial plexus block8.  However, the technology 


remained unsuitable for the visualization of neural structures or direct 


use in peripheral block placement until 19946.  Since that time, US 


imaging has advanced considerably and high-resolution machines 


designed specifically for RA are becoming both affordable and 


portable1,6.  


Ultrasound waves are inaudible 


high frequency sound waves (>20kHz) 


that are attenuated, reflected or 


scattered as they move through tissues 


Figure 1: Peripheral Nerve Cross Section 
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of different acoustic impedances.  As a result, the position of objects 


can be inferred from the flight time of their acoustic echoes and 


anatomic structures take on different degrees of echogenicity.  


Structures that cause little reflection, such as fluid, appear hypoechoic 


(black or dark) whereas structures that cause strong reflection, such as 


bones and tendons, appear hyperechoic (bright).  Because attenuation 


of sound waves is frequency dependent, penetration of high frequency 


waves in deep tissue is limited and scanning of deeper nerves requires 


a lower frequency probe (4-7MHz).  More superficial structures, like 


the brachial plexus, can be visualized with high-frequency probes (10-


15MHz) providing greater resolution5.  


A peripheral nerve is a complex structure consisting of fascicles 


held together by an enveloping external connective sheath called the 


epineurium.  A fascicle is a group of nerve fibers and capillary blood 


vessels embedded in loose connective tissue, called the endoneurium, 


and surrounded by a multilayered epithelial sheath, called the 


perineurium5.  On short axis (SAX) cross sectional US images, 


peripheral nerves have a fascicular echotexture that produces a 


“honey-comb” appearance5.  Short axis views of target nerves have 


dominated PNB because they remain stable throughout the length of 
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the nerve (in the absence of branching) and provide assessment of the 


circumferential distribution of injected local anesthetic, which 


produces a “donut sign”5.  With current high-resolution US, 


monofascicular nerves as small as 1mm in diameter can be visualized 


and the block needle tip can be visualized as it is advanced under real 


time image guidance5.  


Significance 


Despite its many clinical benefits, PNB has traditionally been a 


less popular anesthetic option than GA.  The natural variability of  


 


human anatomy and neural responses to stimulation has assured that 


there is an inherent failure rate to PNB even when performed with NS 


by experienced clinicians2.  For instance, a study by Beach et al.9 


showed that muscle stimulation and paresthesia may not occur when 


Figure 3: Donut Sign Figure 2: Honey Comb texture 
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US confirms correct needle position10, and even an intraneural NS 


needle can fail to provoke muscle contraction11.  Beyond issues of block 


success, anesthesiologists are also generally less familiar with regional 


techniques, which require additional skill sets12. 


However, in the past decade there has been a dramatic increase 


in the clinical application of PNB, in part due to the rapidly expanding 


role of US imaging1.  Growing numbers of clinicians are electing to use 


US in their daily practice and a large number of different techniques 


utilizing US guidance have been described for blocks and perineural 


catheter placement6.  Increased popularity of US may be due to 


multiple reasons such as dissatisfaction with success rates of 


traditional block techniques, preference for a visual endpoint, 


increased clinician familiarity with US, and a belief in increased safety 


with US guidance13.  While many believe that US guidance will become 


the new “gold standard” it is important to scientifically assess the 


utility of this new technology.  This systematic review attempts to 


evaluate and summarize the existing evidence for improved clinical 


outcomes of safety, effectiveness and patient satisfaction with US 


guided peripheral nerve block (UGPNB) versus alternative techniques 


of nerve localization.      
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Research Materials and Methods 


 
 The National Library of Medicine’s PubMed and the 


Cochrane Database for Systematic Reviews were searched for 


randomized controlled trials (RCTs) that compared UGPNB to 


alternative methods of nerve localization.  Only studies that compared 


peripheral blocks at the same location and had exclusion criteria 


consistent with other RCTs were included.  Search terms included: 


“ultrasound guided regional anesthesia”, “ultrasound regional 


anesthesia”, “ultrasound-guided peripheral nerve blockade” and 


ultrasound guided block.  In addition, large case series (>500 patients) 


were included to provide information regarding the frequency of 


complications related to UGPNB. 


Results 


 A total of 44 RCTs that compared UGPNB to an 


alternative technique were identified for analysis; 24 RCTs for upper-


extremity (UE) blocks in adults, 15 RCTs for lower-extremity (LE) 


blocks in adults, and 5 RCTs for pediatric blocks.  The primary and 


secondary outcomes of each study were included in this analysis as 


well as documented complications regardless of statistical significance.  
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Upper and LE block quality outcomes have been considered separately 


whereas other all other experimental outcomes have been considered 


as a whole.  No differentiation has been made between pediatric and 


adult data.  See Appendices 1,2,3,4,5 for individual RCT, case series, 


and analysis results.  


Figure 4: UGPNB Effect on Block Efficacy 


 
Block Quality:   


Two endpoints were considered in this assessment of block 


quality:  block success and complete block.  To be considered 


successful, a block must have been placed per study protocol and have 


not required: conversion to general or spinal anesthesia, the 


administration of a rescue block, or excessive analgesic 


0
10
20
30
40
50
60
70
80
90


100


% of RCTs demonstrating 
signficant improvement 
with UGPNB


% of RCTs where UGPNB
is superior regardless of 
significance







12 
 


supplementation as defined by the individual study parameters.  


Complete block is the total loss of sensation or motor control in the 


appropriate nerve territory, normally recorded at a predetermined 


time interval.   A number of RCTs also assessed the successful 


placement of perineural catheter by their ability to provide extended 


analgesia.      


Fifteen RCTs investigated UE block success, of which 5 studies 


14,15,16,17,18 (33%) showed a significant improvement with US guidance.  


Ten RCTs investigated complete block of the UE, of which 3 


studies19,15,16 (33%) demonstrated a significant increase in the rate of 


complete block with US guidance.  Nine RCTs evaluated LE block 


success, of which 4 studies 20,21,22,23 (44%) revealed a significant 


increase with US-guidance.  Ten RCTs investigated complete block of 


the LE, of which 7 studies 24,25,26,27,28,29 (70%) demonstrated a 


significant improvement with US guidance.  Six RCTs 15,30,31,32,33,34 


evaluated perineural catheter placement, of which 3 15,31,34 (50%) 


demonstrated a significant improvement in rates of successful 


placement with US-guidance.  In no study was UGPNB a statistically 


inferior nerve localization technique in regards to block quality and in 


all but 3 trials 35,36,37 UGPNB was as effective as or better than 
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alternative techniques at delivering reliable surgical block or more 


complete anesthesia.   


Performance Time:   


Block performance time was evaluated in twenty-eight RCTs.  


Definitions of performance time varied; some included the time spent 


pre-scanning to achieve adequate imaging of neurovascular structures 


and/or palpation of landmarks, whereas others considered only the 


time from needle insertion to the end of local anesthetic injection. 


Seventeen of 28 RCTs (61%) that evaluated the performance 


time of PNB or perineural catheter placement 


14,35,19,16,38,39,40,31,32,18,41,37,42,43,30,33,34 demonstrated a significant decrease 


in block performance time with US guidance.  Six of the 17 RCTs with 


significant findings 35,16,38,41,37,43, considered only the time from needle 


insertion to the end of LA injection, whereas the other 11 trials with 


positive findings included time for US pre-scanning or landmark 


palpation.  In four trials 44,27,28,29 UGPNB required significantly more 


time to perform than the alternative technique.  However, the trial by 


Gurkan et al.44 compared block placement with NS alone to block 


placement with US localization followed by NS verification, therefore 


these results do not apply to the use of US alone for block placement.  
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The other three studies27,28,29 to demonstrate increased block 


performance time with US guidance used landmark based techniques 


that did not require paresthesia endpoints as comparators.  The 5 


studies conducted by Mariano et al.30,31,32,33,34 demonstrated a 


significant decrease in the performance time of perineural catheter 


placement but compared nonequivalent techniques; US and non-


stimulating catheter versus NS with stimulating catheter.  Different 


types of catheters were used because of technical considerations and 


evidence of increased clinical efficacy with respective techniques45,46, 


therefore the results of these RCTs are included in this analysis.    


Block Onset:  


A number of RCTs evaluated the onset time of PNB with US 


versus alternative techniques by comparing either the time until onset 


of complete or partial block, or by evaluating the quality of blockade at 


predetermined time intervals.  This analysis, unlike the recent review 


by Liu et al.47 only considered studies that recorded the former 


outcome, onset time, because the latter characteristic is considered 


elsewhere in the analysis of block quality.  Fourteen RCTs met 


inclusion criteria, of which 8 studies14,36,15,17,42,48,49,50 (57%) 


demonstrated a significant decrease in block onset time with UGPNB.  
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In one RCT by Macaire et al,40 evaluating US guidance versus NS for 


PNB of the Median and Ulnar nerve for endoscopic carpal tunnel 


release there was a significant increase in time before block onset with 


ultrasound.   


Block Duration:  


 Eleven RCTs investigated block duration; quantified by either 


the time until block resolution or until the first request for 


postoperative analgesia.  Of these studies, 4 RCTs17,29,50,51 (36.4%) 


demonstrated significant increases in block duration with UGPNB.  


Other studies52,37,25 support the general trend of prolonged duration 


using US guidance without achieving significance and in no study was 


the duration of PNB with UGPNB significantly decreased relative to 


an alternative technique.   


Local Anesthetic Reduction:   


Nine RCTs investigated the need for reduced local anesthetic 


with US guidance.  Eight of these studies35,53,54,55,56,21,51,23 demonstrated 


that reduction of LA is possible with US guidance, however the 


experimental designs differed in each study.  Four RCTs used a Dixon 


up/down sequential dosing method to determine the MAEV55,56,53,54 for  
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both NS and US alone.  Two pediatric studies51,23 compared the 


amount of local felt to be sufficient by the clinician administering the 


US guided block versus a clinical standard of 0.3ml/kg levobupivacaine 


with NS alone.  Two adult studies35,21 allowed  provider discretion in 


LA quantity for UGPNB up to 40ml.  The remaining study by 


Marhoffer et al.49 compared the rates of complete block produced with 


smaller quantities of LA using US guidance versus the same and 


greater quantities of LA with NS.  Although this RCT does not allow 


determination of significance, it supports the trend of using less LA 


with UGPNB.      
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Figure 5: UGPNB Effect on Block Safety 
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Neurologic Complications:  


Twenty-four RCTs totaling over 2000 peripheral blocks 


compared post-operative neurologic symptoms associated with UGPNB 


(either US alone or in combination with NS) versus an alternative 


technique of nerve localization.  Four large case series 57,58,59,60 reported 


the incidence of postoperative neurologic symptoms from a combined 


total of 15,145 peripheral nerve blocks.  Symptoms included transient 


neuropraxias (<7days) and/or post-operative nerve injury (24hrs to 2 


months).   


Of the 24 RCTs, 2 studies 14,52 (8%) demonstrated a significant 


decrease in transient neuropraxia with UGPNB versus NS at the 


infraclavicular site 14 and versus a landmark based approach at the 


interscalene/axillary site52 respectively.  One RCT by Sauter et al61 


demonstrated a significant increase in paresthesia during block 


placement at the lateral sagittal infraclavicular site with US guidance 


versus NS.  The remaining studies were divided equally; 7 studies 


favored a reduction in neurologic complications with UGPNB and 6 


studies favored an increase, without either subset achieving 


significance.  Only two case series 57,60 directly compared rates of 


neurologic injury with UGPNB versus an alternative technique and 
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neither showed a significant reduction in neurologic complication rate 


with UGPNB.  However, the case series by Barrington et al.60 does 


support less nerve injury with UGPNB; late neurologic injury rate of 


0.2/1000 versus 0.8/1000 with NS alone. 


Vascular Puncture:   


Twenty-three RCTs evaluated vascular puncture as an 


experimental outcome.  Two studies 18,21 recorded intravascular 


injection, one study by Soeding et al52 reported “no seizure” as a 


surrogate marker of vascular puncture and subsequent intravascular 


injection, and one study by Redborg et al27 recorded the hematoma 


formation at block site. The remaining 19 studies reported vascular 


punctures as either “none” or provided actual incidence figures with or 


without statistical analysis.   Three case series 57,58,60 reported the 


frequency of vascular puncture and/or local anesthetic systemic toxicity 


(LAST) in 14,135 peripheral nerve blocks.  Four RCTs 30,31,34,61 (17%) 


and the case series by Barrington et al60 demonstrated a significant 


reduction in rates of vascular puncture with UGPNB and an additional 


12 studies 35,14,42,44,39,32,18,48,49,33,27,21 support a trend of decreased 


puncture rates with UGPNB.   
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Upper-Extremity Specific Complications:   


The effect of US guidance on the frequency of hemi-


diaphragmatic paresis (HDP) was investigated in 3 RCTs totaling 170 


blocks 62,63,37.  Both studies by Renes et al.62,63  revealed a significant 


reduction in rates of HDP during interscalene (US-13% versus NS-


93%) and supraclavicular blocks (US-0% versus NS-53%).  In these 


same 2 RCTs62,63 Horner’s syndrome was also found to occur less 


frequently, but the results lack statistical significance.  The absence of 


pneumothorax, irrespective of nerve localization technique was 


mentioned in 4 RCTs 62,63,61,37 totaling 250 peripheral nerve blocks and 


1 case series57 of 510 supraclavicular blocks. 
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Figure 6: UGPNB Effect on Patient Comfort 
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Needle Manipulation:   


Ten RCTs assessed needle movement; either needle redirections 


or needle passes during peripheral blocks as a marker of patient 


comfort.  Seven RCTs36,64,53,61,42,25,21 (70%) revealed a significant 


reduction in needle movement with UGPNB.  In one study by Redborg 


et al28 that evaluated Tibial ankle block, performed with US guidance 


versus a landmark technique that never requires redirection, US 


guidance resulted in significantly more needle redirections.  Three 


studies recorded number of skin punctures55,42,20 but none achieved 


significance or demonstrated a trend of reduced puncture with 


UGPNB.   


Patient Satisfaction:   


Eight RCTs assessed patient satisfaction with block technique 


through a questionnaire or visual analog score (VAS).  Three 


studies35,27,28 (38%) demonstrated a significant increase in patient 


satisfaction with US guidance for PNB.  The 5 other studies are 


inconsistent with three studies36,52,42 favoring and two studies64,20 


opposing greater patient satisfaction with UGPNB.   Another endpoint 


considered in evaluating patient satisfaction with UGPNB is procedure 
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related pain, quantified by a numerical pain rating score (NPRS) or 


VAS during either the block procedure or needle insertion.  Nineteen 


RCTs assessed procedure related pain; 8 studies35,15,38,42,43,30,33,50 (42%) 


revealed a significant reduction with UGPNB and 10 of the remaining 


11 RCTs support either a reduction in pain36,31,32,25,34,21 or demonstrate 


equivalence of UGPNB to alternative techniques40,62,63,61. 


Discussion 


The evidence base for US guidance as a superior technique for 


nerve localization during PNB is expanding rapidly.  However, the 


RCTs that compare US guidance to alternative techniques are 


generally small and heterogeneous in regards to type of block, choice of 


anesthetic and comparative techniques.  The majority of trials compare 


US guidance to NS guidance, yet a confounding variable is differences 


in the number of injections or types of motor responses elicited in the 


control group.  Previous studies with NS guided blocks have 


demonstrated increased efficacy with either multiple injections or 


specific multi-nerve motor responses65, so forgoing these endpoints 


may artificially reduce the efficacy of the control technique.  


Additionally, the majority of RCTs have been performed at a small 


number of institutions with high PNB volume, by either clinicians 
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highly skilled with US guidance or residents in training supervised by 


skilled clinicians.  Results of a number of experimental outcomes may 


differ when PNB are performed by less experienced practitioners and 


at different institutions.   


Various sources of bias are also inherent to the RCTs included in 


this analysis.  One limitation is that many of the outcomes may be 


selectively reported in a subset of studies.  However, the consistency in 


the direction of the differences makes reporting bias less of a concern7.  


There may also be some 


degree of publication and 


author bias, given the recent 


enthusiasm for US guidance 


and because studies are 


conducted by experts in 


UGPNB.  All studies were 


prospectively randomized and 


had results recorded by 


blinded observers, however it 


is impossible to blind the practitioner to the type of block being 


administered.  Only a small number of adult studies14,19,53,26,61 


Figure 7: Table of Evidence 
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attempted to blind patients to nerve localization technique using a 


sham ultrasound, but pediatric blocks are placed under GA or 


sedation.  


Despite these limitations, a number of general conclusions can 


be made about the utility of UGPNB.  Under the conditions of this 


analysis, there is Level 1b Grade A evidence that US guidance 


modestly improves rates of block success and complete blockade in 


both UE and LE blocks.  The evidence is greater for improved block 


quality in the LE than UE.  It may be that lower-extremity nerves are 


more difficult to anesthetize because of typically larger size and thus 


the ability of US to allow closer targeting of nerves provides a more 


obvious advantage in lower-extremity blocks47.   This review presents 


stronger evidence for improved quality of neural blockade with US 


guidance than other recent reviews by Liu et al13 and Neal et al66 due 


to stringent definitions of complete block and block success:  placement 


by RCT protocol, no conversion to GA/SA, no supplemental blocks, and 


no excessive opioid or propofol supplementation.  In general, complete 


block is also beyond the requirements for effective PNB in clinical 


practice, as motor block is not a requirement for surgical anesthesia.  


Inclusion of failed block placement in this analysis evaluates block 
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success on intent to treat basis and seems appropriate when one of the 


greatest hindrances to regional anesthesia are the time delays 


associated with difficult block placement.  Of note, in the 2009 review 


by Liu et al13 all included RCTs reported success rates (defined as no 


need for GA) of UE blocks of 95%-100% with US guidance that were 


similar to success rates with NS guided UE blocks (95%-100%) and 


consistent with large prospective case series67,68.  This demonstrates 


that practitioners highly skilled in US are also well versed in the 


comparator technique and therefore inability to place blocks per RCT 


protocol is less likely to be due to operator error than limitations of the 


technique.     


There is Level 1b Grade A evidence that US guided blocks can 


be performed more quickly than NS guided blocks in the hands of 


experienced clinicians (mean savings of approximately 3 minutes).  


Decreases in performance time were observed whether RCTs 


considered the time for US pre-scanning and landmark 


palpation14,19,42, time from US probe or NS application39,40,30,31,32,33,34,21, 


time from completion of sterile prep18, or only needle time under the 


skin35,16,38,43,41.  However, these results do not take into account the set 
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up time and availability of US and NS, which are institution specific 


and could be greater considerations in various clinical environments.   


More important than the average time savings per block might 


be the avoidance of blocks that take an excessively long time to place.  


In a survey of orthopedic surgeons46 the greatest hesitation for using 


PNB is concern about case delays.  In the RCT by Dufour et al20 


patients were excluded if the block took longer than 7 min to perform 


and more were excluded in the NS group (US: 3 patients, NS: 5 


patients).  In the majority of RCTs that demonstrated a significant 


average decreased performance time, the range and standard 


deviations were greater with NS than with US guidance.  Also, in 


three studies by Mariano et al.30,31,32 that evaluated perineural 


catheter placement, multiple catheters could not be placed by NS 


within the 30 minutes allotted and were recorded as placement 


failures.   


There Level 1b Grade A evidence that US guidance can increase 


the rate of block onset versus alternative nerve localization techniques.  


In those trials with significant positive findings the average onset 


reduction was approximately 8 minutes.  The results of this analysis 


are consistent with the 2009 review by Liu et al13 but less robust due to 
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the exclusion of RCTs that evaluated onset time by degree of blockade 


at pre-determined time intervals.  Ultrasound may produce a faster 


onset of block because of closer needle approximation and better local 


anesthetic distribution to target nerves.  In the study, by Macaire et 


al40, which demonstrated increased onset time of block at the Median 


and Ulnar nerve with US guidance, the authors hypothesized that 


their use of low stimulating current (0.2-0.3mA) in the NS group and 


the prevention of needle to nerve contact in the US group may have 


allowed local anesthetic injection under the epineurium in the NS 


group thus decreasing onset time.  Anatomically, the ratio of 


connective to neural tissue increases distally in nerves (progresses 


from 1:1 to 2:1)5, thus a sub-epineurium injection without entering the 


perineurium would be more likely in a distal block, such as the Median 


and Ulnar nerve blocks performed at the wrist.  Any expectations for 


realized clinical benefits of faster block onset with US guidance should 


also consider the time required for patient transport, positioning and 


surgical preparation.   


There is Level 1b Grade A evidence that UGPNB can both 


increase block duration and decrease the required dose of local 


anesthetic.  A growing number of studies have addressed these 
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outcomes (11 RCTs and 9 RCTs respectively).  Unfortunately, none of 


the studies evaluating LA requirements has been a thorough rigorous 


dose response comparison which would be ideal for interpretation.  A 


reduction in LA may be a safety advantage for reduced risk of LAST42, 


but this may only be a theoretical advantage as a recent large scale 


prospective surveillance study of 158,000 regional anesthetics reported 


no cardiac arrest and 7 seizures (0.004% incidence) due to LAST10.  


Importantly, a study by Weintraub et al22 demonstrated faster 


absorption and higher maximum plasma concentration of LA (US: 


1.75ug/ml vs. LM: 1.23ug/ml) in pediatric patients receiving fascia 


iliaca blocks, which suggests that lowering LA volumes with UGPNB is 


not only possible, but perhaps well considered13.      


Needle or catheter induced disruption of a peripheral nerve’s 


structural integrity, particularly the fascicles and their protective 


perineurium, is thought to contribute to peripheral nerve injury65.  


Intraneuronal injection of LA in porcine models has also been shown to 


cause histologic evidence of nerve injury, although no functional 


human correlation was reported with axillary block despite clearly 


observed nerve expansion after injection of 2 to 3ml of LA during 


UGRA69.  Ultrasound visualization has confirmed previous research 
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that demonstrates the low sensitivity of NS and paresthesia-seeking 


techniques for accurately identifying needle-to-nerve contact, 75% and 


38% respectively in human axillary block70.  Therefore the ability of 


ultrasound to visualize needle-to-nerve contact may be able to help 


prevent these potential sources of nerve injury.   


Despite this theoretical advantage, just 2 of 24 RCTs that 


investigated nerve injury demonstrated a significant reduction (both 


showed a decrease in transient paresthesia) with UGPNB versus 


alternative methods of nerve localization.  Several large case series 


confirm that serious nerve injury is rare and in the largest of these, 


Barrington et al60 reported that the overall rates of unintended 


paresthesia during block placement (16.8/1000) and block related late 


neurologic deficit (0.4/1000) did not significantly differ between 


UGPNB and NS techniques.  However, it is important to recognize the 


relationship between nerve localization techniques and peripheral 


nerve injury is unlikely to ever reach statistical resolution in a RCT71.  


Given a moderate incidence of early non-permanent injury (3%) a 


study would require 3,000 patients to have 80% power to prove a 50% 


reduction, whereas an analysis of permanent nerve injury (0.4%) would 


require exponentially more patients72.  Because no RCTs were 
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adequately powered to assess nerve injury, the best evidence for 


decreased nerve injury comes from the Barrington et al60 case series 


that suggests an improvement with UGPNB and represents Level III 


Grade B evidence.    


Stronger evidence Level 1b Grade A exists for a reduction in 


rates of vascular puncture with UGPNB.  The primary clinical 


importance of vascular puncture is the risk of local anesthetic systemic 


toxicity (LAST) due to intravascular injection.   Ultrasound guidance 


has the potential to limit LAST, whose symptoms range from 


subjective to seizure and cardiac arrest, by identifying: vascular 


anomalies, the absence of injectate spread around the target nerve, 


and visualizing intravascular turbulence71.  Despite these theoretical 


advantages, it remains to be determined whether a reduction of 


intravascular injection results in a reduction of subsequent LAST66.  


To date, one large case series by Orebaugh et al58 has demonstrated a 


significant reduction in LAST with US guidance (0/2146 blocks vs. 


4/3290 block with NS alone), but case reports also have documented 


the occurrence of seizure despite US guidance73,74.  As noted earlier, 


US guidance also facilitates a reduction in LA for many blocks and can 


result in faster systemic absorption22, therefore the possibility exists 
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that the risk of LAST may be increased with UGPNB, despite the 


advantages of real time block visualization. 


Three other complications are unique to UE peripheral blocks: 


hemi-diaphragmatic paresis (HDP), Horner syndrome and 


pneumothorax.  Hemi-diaphragmatic paresis is a universal occurrence 


with landmark and NS based interscalene blocks, becoming 


progressively less frequent as blocks are placed below the clavicle and 


more distally along the brachial plexus62,63.  Hemi-diaphragmatic 


paresis is likely due to either ventral spread of LA to the phrenic nerve 


or rostral spread to the C3,C4, and C5 nerve roots62.  There is Level 1b 


Grade A evidence that US guidance can significantly decrease the 


incidence of HDP for interscalene62 and supraclavicular blocks63 


presumably due to the visualization of LA spread and a different 


needle path.  In addition, a study by Riazi et al75 has demonstrated a 


decrease in the incidence of HDP with US guided interscalene block 


with LA dose reduction from 20ml 0.5% ropivacaine (90% incidence) to 


5ml (33% incidence) without compromising analgesia.  However, HDP 


may still occur unpredictably with UGPNB62,75 therefore PNB is still 


relatively contraindicated in patients unable to withstand a 25% 


decrease in pulmonary function65. 
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Ultrasound enables the anesthesiologist to directly visualize 


lung pleura, which intuitively lowers the risk of pneumothorax.  


Although pneumothorax has been reported with UGRA, in the 3 


RCTs63,61,37 and one case series57 that investigated this outcome, no 


pneumothoraces occurred in a total of 610 patients receiving US 


guided supraclavicular or lateral sagital infraclavicular block.  Similar 


to the analysis of permanent nerve injury with UGPNB, the incidence 


of pneumothorax is quite small and statistical proof for a meaningful 


reduction with US guidance is likely unattainable.   


Patient comfort is an important issue and should become a more 


relevant concern as the options for administering effective PNB 


continue to expand.  Unfortunately some peripheral block techniques 


are painful to perform because of large needle size, blunt needle tips, 


or identification of nerves with electrical stimulation6.  There is Level 


Ib Grade A evidence that UGPNB can produce less block procedure 


related pain, requires less needle manipulation and yields greater 


patient satisfaction.  It is difficult to assess to what extent patient 


satisfaction is a product of procedure related discomfort versus block 


effectiveness, however in the studies35,36,42 that investigated outcomes 


of both discomfort and satisfaction, there was an inverse correlation 
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between pain and satisfaction.  It also remains to be determined, to 


what extent needle manipulation and vascular puncture contribute to 


patient discomfort/satisfaction, but correlations appear to exist.  All 


studies that measured both vascular puncture and block placement 


pain30,31,32,33,34,61,21 show greater levels of discomfort with increasing 


rates of puncture.  Likewise, in all 6 RCTs36,42,25,64,61,21  that recorded 


significant reductions in needle movements and investigated procedure 


pain/patient satisfaction, less needle manipulation correlated with 


improved patient comfort outcomes.       


Unique considerations make US guidance a potentially better 


method of nerve localization in pediatric patients.  Children are often 


anesthetized prior to block placement and are therefore unable to 


provide feedback related to needle-to-nerve contact or symptoms of 


LAST.  Pediatric patients have a lower plasma concentration of 


binding protein alpha-1 acid glycoprotein and as a result have a higher 


free plasma concentration of LA making them more susceptible to 


LAST than adult patients51.  In addition, Ilioinguinal/iliohypogastric 


blocks, which are frequently performed in children for inguinal 


surgery, have the risk of intraperitoneal injection or small bowel 


puncture23.  Wilschke et al23 revealed the close proximity of these 
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nerves to the peritoneum (average distance 3.3mm but smallest 


distance only 1mm).  This emphasizes the risk of undetected peritoneal 


puncture when using the fascial click method, which may contribute to 


failed blocks and is a strong argument for the use of US guidance in 


young children23. 


Future Directions 


Ultrasound guidance enables visualization of a peripheral nerve 


at any point along its course; therefore as the clinical science of 


UGPNB has advanced, new techniques of PNB have been developed.  


Only the practical implementation of these new techniques and large 


multi-center studies will be capable of proving the safety and efficacy 


of individual approaches.  In addition, these new approaches must be 


perfected through years of trial and error before the best practice of the 


technology is determined.  Rapid improvement of the techniques 


makes comparison using old literature difficult, thus additional well 


designed RCTs or meta-analysis will be important in the future.   


 There is also reason to consider that poorly performed 


ultrasound guidance, such as failure to image the needle, 


misinterpretation of artifacts or novice behavior might actually 


increase the risk of injury with PNB.  Since the majority of evidence for 







34 
 


UGPNB has been produced by clinicians highly skilled with US 


techniques, a more thorough understanding of clinical risks and 


benefits may evolve over time as increasing numbers of 


anesthesiologists elect to use US guidance in their daily practice.  The 


greater adoption of UGPNB and the use of electronic medical records 


should also facilitate more robust data collection.   Similarly, 


improvements in the teaching of US guided techniques will be 


beneficial to the field.   


  Growing evidence suggests intraneuronal injection occurs 


more frequently than once believed71 without producing nerve injury69.  


This may be a product of subepineural injection into the connective 


tissue surrounding the fascicular perineurium.  In the future, as the 


resolution of US technology continues to advance and clinicians become 


more adept at interpreting imaging, it may become possible to target 


certain blocks for this supepineural area instead of the perineural 


connective sheath.     


Conclusion 


The body of evidence demonstrating the benefits of US guidance 


for peripheral nerve blocks in regional anesthesia has increased 


dramatically during the past decade.   
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1. Level Ib Grade A evidence exists for significant improvements 


in experimental outcomes of block quality, block performance 


time, block onset, block duration, as well as decreases in local 


anesthetic requirements for PNB performed with US guidance.  


2. Level Ib Grade A evidence exists for less needle manipulation, 


less vascular puncture, decreased block related pain, and 


greater patient satisfaction with UGPNB. 


3. Level III Grade B evidence exists for decreased incidence of 


neurologic injury with UGPNB.  This is likely due to the low 


complication rate associated with PNB and the large number of 


patients necessary to resolve significant improvement.   


There is no published data to show conclusive superiority of NS 


in terms of block success or safety, yet this has been the common 


standard of peripheral nerve blockade since its introduction in the 


1970s13.  The same analogy may extend to ultrasound.  Regardless of 


whether a clinical benefit can be demonstrated, popular preference and 


its obvious theoretical benefits will likely launch US as the new “gold 


standard” of peripheral nerve blockade.   
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