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The ASRA Evidence-Based Medicine Assessment of
Ultrasound-Guided Regional Anesthesia and Pain Medicine

Executive Summary

Joseph M. Neal, MD,* Richard Brull, MD,Þ Vincent W. S. Chan, MD,Þ Stuart A. Grant, MBChB,þ
Jean-Louis Horn, MD,§ Spencer S. Liu, MD,|| Colin J.L. McCartney, MBChB,¶
Samer N. Narouze, MD, MSc,L Anahi Perlas, MD,Þ Francis V. Salinas, MD,*

Brian D. Sites, MD,** and Ban Chi-ho Tsui, MDÞÞ

Objectives: The American Society of Regional Anesthesia and Pain
Medicine charged an expert panel to examine the evidence basis for
ultrasound guidance as a nerve localization tool in the clinical practices
of regional anesthesia and interventional pain medicine.
Methods: The panel searched, examined, and assessed the literature
of ultrasound-guided regional anesthesia (UGRA) from the past
20 years. The qualities of studies were graded using the Jadad score.
Strength of evidence and recommendations were graded using an ac-
cepted rating tool.
Results: The panel made specific literature-based assessments con-
cerning the relative advantages and limitations of UGRA relative to
traditional nerve localization methods as they pertained to block char-
acteristics and complications. Assessments and recommendations were
made for upper and lower extremity, neuraxial, and truncal blocks and
include pediatrics and interventional pain medicine.
Conclusions: Ultrasound guidance improves block characteristics
(particularly performance time and surrogate measures of success) that
are often block specific and that may impart an efficiency advantage

depending on individual practitioner circumstances. Evidence for UGRA
impacting patient safety is currently limited to the demonstration of im-
provements in the frequency of surrogate events for serious complications.

(Reg Anesth Pain Med 2010;35: S1YS9)

We are approaching 2 decades since the first descriptions of
using ultrasound as a tool for nerve localization, which

were first published in this1,2 and other journals.3,4 The first de-
cade of ultrasound-guided regional anesthesia (UGRA) largely
established its feasibility and described approaches to common
peripheral nerve blocks (PNBs). As ultrasound technology im-
proved, investigators began to experiment with deeper blocks and
perineural catheter placement, and anesthesiologists started to
appreciate the advantages and limitations of this new localiza-
tion tool. Perhaps most important in this evolution is the begin-
ning of efforts to critically compare UGRA to other forms of
nerve localizationVthe building of an evidence base for po-
tentially improving effectiveness and enhancing patient safety.
From these foundations comes a body of literature that enables
practitioners to assess the role for UGRA in their practice. Al-
though the rapidity of these formative stages is encouraging,
the effort to scientifically assess what is arguably one of the
most exciting periods in the history of regional anesthesia is in
its adolescence.

This executive summary represents an overview of the as-
sessments and recommendations that are detailed and defended
within the individual supporting articles contained within this
supplement. Clinicians are encouraged to read these supporting
articles for a more robust understanding of the evidence base
for UGRA.

METHODS
In April 2008, the Board of Directors of the American

Society of Regional Anesthesia and Pain Medicine (ASRA)
commissioned a group of UGRA experts to review, critically
assess, and present in evidence-based medicine (EBM) format
the scientific underpinnings of ultrasound guidance as a tool for
nerve localization. Of interest to the panel was published evi-
dence that related to 3 general areas pertinent to UGRA: (1)
block-related outcomes such as improvements in onset, duration,
or patient satisfaction; (2) process-related outcomes such as
reduction in block performance time; and (3) safety-related out-
comes. The board_s charge was issued in concert with its part-
nering with the European Society of Regional Anaesthesia and
Pain Therapy to develop a suggested learning curriculum for
UGRA.5 Panelists were chosen based on demonstrated exper-
tise in UGRA research, clinical care, and/or education. Primary
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participants in the evidence-based medicine program are listed
as authors of this article. Panelists were charged with evaluating
the evidence for their assigned topic and presenting it on May 2,
2009 at the ASRA spring meeting in Phoenix, Ariz, then cre-
ating manuscripts that were internally peer reviewed by fellow
panelists before undergoing external peer review in accordance
with the standards of this journal.

This project was designed to accomplish several goals. First
was to directly compare UGRA to other nerve localization tools
with regard to block- and performance-related outcomes (block
performance time, onset, success, and duration) and patient
safety issues (2 global issues: postoperative neurologic symp-
toms (PONSs) and local anesthetic systemic toxicity (LAST);
and 2 block-specific issues: hemidiaphragmatic paresis [HDP]

and pneumothorax). These parameters were evaluated separately
for upper and lower extremity, truncal, and neuraxial blocks.
Second, the project assessed the role of ultrasound guidance in
special patient populations, notably pediatrics and interventional
pain medicine. Third, related topics such as education, scope of
practice, ultrasound physics, ultrasound machine function, and
billing were presented at the symposium, some of which are
presented in this supplement or related articles.5Y8

Specific methodologies for the various components of this
project are detailed in the accompanying individual articles.9Y16

In brief, putative evidence was gathered using a variety of
standard electronic search engines to identify relevant literature
from the early 1990s through fall 2009. Specific search engines
used, language limitations, and MeSH (medical subject head-
ings) are described in the individual articles. Central to our
collective search criteria was the inclusion of only randomized
controlled trials (RCTs), systematic reviews, meta-analyses,
comparative studies, or case series of at least 10 subjects. Case
reports and letters-to-the-editor were used only to document rare
complications. Cadaver or imaging studies, or case series of less
than 10 subjects, were used to demonstrate feasibility, but not to
determine comparative attributes of UGRA.

Evidence-based statements are constructed from a common
schema developed by the US Department of Health and Human
Services Agency for Health Care Policy and Research17 for
evaluating strength of evidence and grades of recommendation
(Table 1). To further evaluate the quality of studies from which
these assessments were made, we graded scientific quality using
the Jadad score18 (Table 2). This numerical score (from 0 =
weakest to 5 = strongest) is a validated measure of study design
and quality of reporting.

RESULTS
As detailed within the supporting articles, our literature

search terms identified up to 211 articles. After exclusion of
those articles that did not fit inclusion criteria or were related
to ultrasound uses other than regional anesthesia, most indi-
vidual topic assessments were based on less than 25 applicable
studies. In this executive summary article, pertinent results are
summarized as a prelude to individual subtopics within the
discussion.

Because study design and definitions of block character-
istics vary widely among studies, we made no attempt to pool
results for further statistical analysis. Useful information can be
gleaned from case series and studies that compare various block
approaches that use ultrasound guidance. However, the most

TABLE 1. Key to Evidence Statements and Grades
of Recommendations

Statements of evidence
Ia Evidence obtained from meta-analysis of RCTs
Ib Evidence obtained from at least 1 RCT
IIa Evidence obtained from at least 1 well-designed controlled

study without randomization
IIb Evidence obtained from at least 1 other type of

well-designed quasi-experimental study
III Evidence obtained from well-designed nonexperimental

descriptive studies, such as comparative studies,
correlation studies, and case reports

IV Evidence obtained from expert committee reports or
opinions and/or clinical experiences of respected
authorities

Grades of recommendations
A Requires at least 1 prospective, randomized controlled

trial as part of a body of literature of overall good quality
and consistency addressing the specific recommendation
(evidence levels Ia and Ib)

B Requires the availability of well-conducted clinical studies,
but no prospective, randomized clinical trials on the topic
of recommendation (evidence levels IIa, IIb, III)

C Requires evidence obtained from expert committee reports
or opinions and/or clinical experiences of respected
authorities; indicates an absence of directly applicable
clinical studies of good quality (evidence level IV)

Source: US Department of Health and Human Services Agency for
Health Care Policy and Research.17

TABLE 2. Jadad Score

Study Characteristic Score

Was the study described as randomized (this includes words such as randomly, random, and randomization)? 0/1
Was the method used to generate the sequence of randomization described and appropriate (table of random numbers,
computer generated, etc)?

0/1

Was the study described as double blind? 0/1
Was the method of double blinding described and appropriate (identical placebo, active placebo, dummy, etc)? 0/1
Was there a description of withdrawals and dropouts? 0/1
Deduct 1 point if the method used to generate the sequence of randomization was described and it was inappropriate
(patients were allocated alternately, or according to date of birth, hospital number, etc).

0/j1

Deduct 1 point if the study was described as double-blind but the method of blinding was inappropriate (eg, comparison
of tablet vs injection with no double dummy).

0/j1

The first 5 items are indications of good study quality; a point is added for each criteria met. The last 2 items indicate poor study quality; a point
is subtracted for each criteria met. The Jadad score therefore ranges from 0 to 5.18
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valuable information for this project came from studies that
compared specific block characteristics or complications as a
function of UGRA versus another form of nerve localization.
Studies that satisfied those criteria and their Jadad scores are
listed in Table 3.

DISCUSSION
The literature of UGRA is a heterogeneous mix of generally

small studies that compare ultrasound guidance with another
form of nerve localization, usually peripheral nerve stimulation
(PNS). Direct comparison of outcomes between studies is im-
possible because of variability in their chosen definitions for
outcomes such as block performance time or success. Some
studies compared the relative attributes of 2 or more approaches
to a nerve or plexus block, all performed under ultrasound guid-
ance. Other studies examined the ability to achieve neural block-
ade using differing volumes of local anesthetics. Although the
latter 2 study methodologies contributed to our analysis, they
were not used to infer any advantage or limitation of UGRA
versus another form of nerve localization. What follows is a
block-specific summary of results, discussion, and listing of re-
commendations when appropriate.

Upper-Extremity Blocks
Nineteen studies met inclusion criteria for comparing

UGRA to other methods of nerve localization for upper-
extremity block; most of these comparisons were made with
PNS. Although these studies represent level Ib evidence, their
quality varied widely (Jadad score, 1Y5; median, 3). We qual-
itatively defined a study as Bpositive[ if any measure of UGRA
block characteristic was statistically superior to the compared
technique, Bnegative[ if the compared technique was statisti-
cally superior to ultrasound, or Bno net difference[ if the tech-
niques were statistically indistinguishable or split between
comparison groups. This distinction is important in that we
did not quantify the magnitude of time difference for a specific
block characteristic. Thus, the clinician is left to decide, for
example, whether a 4- to 12-min faster onset time is relevant to
their practice, particularly if equipment setup time was not
included or if overall block success was not different between
techniques.19,20 Of the 19 studies, 15 were positive for ultra-
sound, 3 showed no net difference,21 and 1 demonstrated faster
block performance time in the PNS group.22 Tables within the
supporting articles detail the myriad comparisons that were
made by individual studies, thereby giving readers a sense of
the actual time advantage within the context of other measures
of success. In addition to time-related block characteristics,
3 studies19,23,24 reported a reduced number of needle passes in
the ultrasound group, yet this potential advantage did not con-
sistently translate to improved patient satisfaction or block-
related complication rates. Six upper-extremity UGRA studies
compared 2 or more ultrasound-guided approaches. The results
of these studies were mixed, with most but not all reporting
higher success rates and lower complication rates (Horner syn-
drome and HDP) with infraclavicular or axillary block versus
supraclavicular block. Lower success rates with the supraclavi-
cular approach were consistently related to failure to anesthetize
the lower trunk.11

Under the conditions of our analysis, there is level Ib, grade
A evidence that ultrasound guidance results in faster sensory
block onset and higher surrogate rates of block success, based
on 6 of 7 conclusive studies for onset and 8 of 8 conclusive
studies for success. Successful block, variously defined as sen-
sory or motor anesthesia of 1 or more nerves, was reported pos-
itive for ultrasound as compared with the control technique: 75%TA
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to 86% versus 47% to 63%, respectively.10 Although higher suc-
cess rates were shown for block onset and success when defined
by nerves anesthetized, there was less distinction between groups
when block success was defined by perhaps more clinically rel-
evant measures such as readiness for surgery or the ability to
complete surgery without block supplementation or provision of
general anesthesia. When analyzed by these Bblock quality[ indi-
cators, about 20% of RCTs reported less need for rescue
block, and È10% found less need for supplemental analgesia in
the ultrasound study groups.10 Specific recommendations cannot
be made for other block characteristics such as performance time
or durationVmost studies represent Ib evidence, but are either
conflicting in their results or too few in numbers to justify de-
finitive recommendations. Block performance time is noteworthy
in that earlier studies often failed to include time for prescanning
or equipment setup. However, 2 recent high-quality (Jadad score,
5) studies20,25 have shown shorter block performance times that
include ultrasound prescanning and setup as compared with PNS.

Lower-Extremity Blocks
The effect of ultrasound guidance on lower-extremity block

characteristics has been evaluated in fewer studies as compared
with the upper extremity; these studies support slightly more
patients benefiting from the use of ultrasound guidance in terms
of block success. Inclusion criteria were met by 4 RCTs (240
patients) that evaluated 3-in-1, femoral, and fascia iliaca blocks;
5 RCTs examined popliteal sciatic nerve block (214 patients);
and 2 RCTs assessed combined ultrasound and PNS. Median
Jadad score was 3 (range, 1Y4). Perhaps reflecting the primarily
analgesic use of these blocks in clinical practice, success of sur-
gical anesthesia was rarely measured.15

The same criteria as described for upper-extremity block
were used to judge lower-extremity UGRA as being positive,
negative, or no difference compared with other localization
techniques. Using these qualitative criteria to describe the supe-
riority of ultrasound guidance to traditional techniques, 5 of
7 studies supported faster block onset, whereas 1 of 7 reported
slower onset using ultrasound. Regarding block quality, there
was no difference in the need for rescue anesthesia or sup-
plemental analgesia, but 5 of 8 studies documented more com-
plete block of all studied nerves in the ultrasound groups
(97%Y100% with ultrasound vs 71%Y75% with other tech-
niques). Three of 3 studies reported no difference in lower-
extremity block duration.10 Two studies demonstrated the ability
of UGRA to reduce the amount of local anesthetic necessary
to achieve adequate block as compared with PNS guidance
(absolute mean reductions of 9 mL for femoral block26 and
20 mL for sciatic block27). These data support level Ib, grade A
recommendations in favor of ultrasound for increasing sensory
block success and allowing a reduced volume of local anes-
thetic to achieve adequate block. Similar evidence (Ib, A) sup-
ports the use of ultrasound to decrease sensory block onset time
by an average of 11 to 14 mins. Catheter placement block per-
formance times were faster in the ultrasound groups for popliteal
sciatic nerve block. Investigations of lower-extremity blocks
lacked sufficient power to allow definitive recommendations
regarding quality of sensory block, number of needle punctures
and redirections, patient discomfort during the block, or block
duration.15

Truncal Blocks
Truncal blocks include paravertebral, intercostal, trans-

versus abdominis plane (TAP), rectus sheath, and ilioinguinal/
iliohypogastric (II/IH) blocks. The literature of ultrasonically
guided truncal blocks largely consists of case series, audits,

or anatomic studies that establish feasibility. Three RCTs
compare rectus sheath28 or II/IH blocks29,30 to landmark-based
techniques.

There currently are insufficient data to address the use-
fulness of ultrasound guidance for intercostal nerve block.
Several case series and an anatomic study establish the fea-
sibility of using ultrasound for paravertebral blocks (IIb, B),
but there are no data available from which to compare the
success or safety of paravertebral blocks using ultrasound versus
traditional techniques (IV).9 Ultrasound guidance might be
expected to reduce the incidence of visceral organ injuries and
intraperitoneal needle placements linked to TAP blocks. How-
ever, the evidence for ultrasound-guided TAP blocks is limited
to cadaver studies, retrospective audits, and noncomparative
opioid-sparing studies. Although these studies establish feasi-
bility and high success rates, there are no level I or II data that
address the relative benefit of ultrasound-guided TAP to tra-
ditional approaches.9

Two small case series of pediatric patients established
feasibility of ultrasound-guided rectus sheath block. A recent
RCT compared the performance of trainees using ultrasound
versus loss-of-resistance (LOR) technique. Given the inexperi-
ence of trainees with both approaches, it is notable that the
needle was placed in the correct tissue plane twice as often using
ultrasound. Intraperitoneal needle placement occurred in 21% of
the LOR subjects28 (Ib, A). An RCT that compared ultrasound-
guided to landmark-based II/IH block reported higher success
for anesthesia and analgesia in those children randomized to
ultrasound.30 Although there is insufficient evidence to demon-
strate increased safety with ultrasound, this study establishes
a limited (Ib, A) recommendation for ultrasound-guided II/IH
block in children.

In summary for truncal blocks, limited RCT evidence sup-
ports the recommendation for ultrasound as the preferred lo-
calization technique for rectus sheath and II/IH blocks (Ib, A).
There is insufficient evidence from which to judge the relative
contributions of ultrasound to TAP, intercostal, and paravertebral
blocks.9

Neuraxial Blocks
The body of literature examining the role of ultrasound in

neuraxial anesthetic techniques is smaller than that for PNBs.
Seventeen studies met inclusion criteria and can be generally
categorized as addressing (1) ultrasound-assisted techniques or
(2) real-time ultrasound-guided techniques.

Ultrasound-assisted neuraxial techniques involve prepro-
cedural scanning to determine midline, targeted interspace, or
depth from skin to the epidural or subarachnoid spaces before
performing the procedure using traditional methods. In adults,
these basic measurements are often difficult to obtain because of
intervening soft tissues or acoustic shadowing from bone and/or
calcification. Nevertheless, ultrasound is superior to physical
examination, but inferior to radiologic imaging, for correctly
identifying spinal interspace levels (IIa). Ultrasound is highly
accurate for predicting skin-to-epidural space depth in the
cervical spine (adults) and the lumbar spine (adults and children)
(Ib). The clinical relevance of these findings is uncertain. For
instance, when ultrasound was compared with landmark-based
examination before placement of labor epidurals, the anesthe-
siologist using ultrasound was able to complete epidural place-
ment using fewer attempts at fewer interspaces, yet the success
rate for labor analgesia was no different. Higher success was
achieved if the operator was a trainee14 (Ib).

A single real-time ultrasound-guided neuraxial study of
combined spinal epidural anesthesia in obstetric patients noted
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fewer attempts to successfully place the needle in the ultrasound
group, but equal block success (Ib). There are no safety studies
of ultrasound-facilitated versus traditional neuraxial techniques.
Unfortunately, ultrasound guidance is likely to be most useful in
patients who present challenging neuraxial anatomy secondary
to obesity, spinal deformity, or previous spine surgery. However,
there is often more difficulty obtaining images on these groups
of patients, and data are still lacking at this early stage.14

Pediatrics
The use of UGRA in pediatrics is of particular interest

because children are often anesthetized before block placement
and therefore unable to provide feedback related to needle-to-
nerve contact or symptoms of local anesthetic intravascular
injection. Existing studies are too small to address these patient
safety issues. Twelve studies (6 RCTs and 6 case series) have
assessed pediatric ultrasound-guided PNB, and 12 others (1 RCT,
1 comparative study, and 10 case series) have evaluated pediatric
neuraxial block. The median Jadad score for these studies was
3 (range, 2Y5).16

For PNB, a single study of infraclavicular block showed
that the onset of sensory block was, on average, 6 mins faster
with UGRA versus PNS,31 but the success of surgical anesthe-
sia was not different (Ib, B). Conversely, ultrasound improved
block success for pediatric anterior truncal blocks, which are typ-
ically performed using tactile or landmark-based techniques29,30

(Ib, A). Ultrasound guidance modestly prolonged neural block-
ade, as measured by duration time or decreased pain scores, in
infraclavicular, sciatic, and/or femoral block models31,32 (Ib, A).
Three studies demonstrated that ultrasound reduced the volume
of local anesthetic required for various pediatric blocks, but lim-
ited duration of follow-up (4 hrs) and instances of early pre-
sentation of pain confound interpretation of these results with
regard towhether reduced volumes can maintain or improve block
quality and duration33Y35 (Ib, A).

Real-time ultrasound-guided neuraxial blocks have proven
valuable in pediatric patients whose smaller body mass allows
the use of high-resolution linear transducers to image neuraxial
structures. Feasibility studies demonstrate real-time observation
of injectate spread through epidural needles, epidural catheter
insertion, and final catheter position (III).14 Several investigations
confirm the usefulness of UGRA for visualizing the ligamentum
flavum and particularly the dura mater in neonates, infants, and
children up to 12 years of age (Ib, A). Preprocedural scanning
offers a moderate prediction of depth from skin to expected
LOR.16 A comparison of ultrasound guidance to LOR for epidural
placement found that ultrasound reduced the number of bone
contacts and facilitated faster placement of the catheter, but did
not affect analgesia or complications36 (Ib, B).

In summary, a modest body of literature addresses UGRA
in the pediatric population. Similar to adults, studies show that
sensory block onset is often faster, but ultrasound equipment
setup time is typically not reported. Feasibility studies demon-
strate the ability of ultrasound to identify dura mater and
ligamentum flavum, particularly in neonates and young children,
but to date there are little data linking this to actual clinical
advantage in terms of improved block success or safety. The
ability to use smaller volumes of local anesthetic is particularly
appealing in children because of their small-sizeYrelated sus-
ceptibility to local anesthetic toxicity. Although smaller local
anesthetic volumes are indeed possible in these patients, there
is limited evidence regarding how this might affect block qual-
ity and no evidence regarding serious complications such as
seizure. The common practice of placing blocks in anesthetized
or heavily sedated children37,38 is another instance where neural

visualization presents a theoretical advantage of ultrasound
guidance, but nerve injury has not been studied in this group.

Chronic Pain Medicine: Interventional
Procedures

Ultrasound guidance might offer similar benefits to pain
physicians as it does for surgical and acute pain medicine
practice,39 but acoustic shadowing and obesity make neuraxial
imaging particularly difficult in adults. Compared with fluoros-
copy or other radiographic imaging techniques, ultrasonogra-
phy reduces radiation exposure to the patient and operator. The
evidence base for interventional pain medicine is quite limited,
with most reports classified as feasibility studies; that is, ca-
davers and/or noncomparative patient models are used to ex-
plore the potential for ultrasound guidance to facilitate block
procedures. Preliminary feasibility studies support the use of
ultrasound guidance for cervical selective nerve root block40

and stellate ganglion block.41 No data exist to compare the ef-
ficacy of ultrasound to fluoroscopic guidance for lumbar facet
injection, lumbar nerve root injection, or cervical selective nerve
root injection.

The single RCTwithin this topic area compared ultrasound
with computed tomography guidance for lumbar facet joint
intra-articular injection. Ultrasound was superior to computed
tomography with regard to time for block placement and less
radiation exposure, but there was no difference in pain relief
between groups42 (Ib). A nonrandomized crossover trial of
lumbar facet medial branch blocks noted that ultrasound-guided
blocks (administered 1 month after a fluoroscopically guided
block) were 95% successful for establishing proper needle
placement. This study may not be applicable to Western pop-
ulations because of the small physical stature (mean, 51 kg)
of its subjects.43

Patient Safety
As compared with other nerve localization methods,

UGRA has the advantage of directly visualizing the target
nerve, surrounding tissues, and injectate spread. It is reasonable
to speculate that these advantages might reduce complications
such as nerve injury, LAST, pneumothorax, or HDP. Unfortu-
nately, the most serious of these complications (permanent nerve
injury and severe LAST) are so rare as to defy statistical proof
that ultrasound might affect their occurrence.13

Twenty-two RCTs and 4 large case series that together
encompass È17,000 patients showed no difference in the fre-
quency of PONSs as a function of localization technique. This
finding is supported by a recent meta-analysis and systematic
review.44,45 Two large audits found no statistical difference in
the incidence of PONSs regardless of nerve localization by
ultrasound or PNS.46,47 Importantly, the frequency of PONSs
after UGRA (0.4/1000; 95% confidence interval [CI], 0.08Y
1.1/1000)46does not appear to be significantly different from
historical frequencies reported using PNS techniques. How-
ever, cases of peripheral nerve injury have been reported after
ultrasound-guided PNB.13,48

Seventeen RCTs and 2 large case series (È15,000 patients)
showed a reduction in the incidence of vascular puncture when
ultrasound guidance was used. However, data are conflicting with
regard to subsequent reduction in the occurrence of LASTV
one audit showed no reduction as a function of localization
technique,46 whereas another audit47 noted fewer seizures in the
ultrasound group. Case reports49,50 describe seizures despite the
use of ultrasound. The overall frequency of LAST after UGRA
(95% CI, 0.42Y1.9/1,000) is remarkably similar to that previously
reported using PNS guidance.13,51
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Three RCTs52Y54 evaluated the potential for UGRA to
reduce the incidence of HDP after above-the-clavicle block.
Ultrasound-facilitated local anesthetic volume reduction caused
less frequent and intense HDP, but HDP still occurred un-
predictably (95% CI, 0.00%Y0.14% for supraclavicular
block53), which likely limits absolute reliance on small-volume,
ultrasound-guided blocks in those patients for whom a potential
30% reduction in pulmonary function would be relatively con-
traindicated. Three RCTs24,53,55 and a case series56 report no
pneumothoraces associated with UGRA (upper limit 95% CI,
0.5%), although pneumothorax associated with UGRA has been
reported after single-injection and continuous techniques.57,58

In summary, there is no evidence that UGRA results in less
frequent peripheral nerve injury than that historically reported
using PNS guidance. Because of the extreme rarity of this
complication, a statistically significant difference between nerve
localization techniques, if indeed any difference exists, will
likely never be realized (III). Ultrasound reduces the frequency
of vascular puncture (Ia), but there is conflicting evidence
whether this results in true reduction of LAST (III). Although
the use of ultrasound and low local anesthetic volume reduces
the frequency and intensity of HDP (Ia), it does so unpredictably,
which may limit the usefulness of this technique in those patients
most likely to benefit from it (IV). Finally, pneumothorax has
been reported despite the use of ultrasound guidance (III).

Concluding Comments
The evidence base for UGRA as a nerve localization tool

is expanding rapidly. Although existing studies are hampered
by small numbers of subjects and varying definitions of block
characteristics and success, their quality has improved substan-
tially over the past 5 years. Current assessments of the advan-
tages and limitations of ultrasound are hampered by (often
unavoidable) methodological limitations. For instance, most
studies were performed by ultrasound experts, which may limit
the ability to generalize results to less experienced practitioners.
Conversely, these same investigators are often highly skilled in
the comparator technique, which should promote fairer com-
parison. More problematic are those studies that compare ultra-
sound to a less-than-ideal version of the comparator, such as not
using the optimal number of PNS-guided injections or motor
responses.59

Despite the literature_s limitations, several general conclu-
sions can be made. First, most studies found UGRA to be su-
perior or equal to the comparator technique, and none showed
that ultrasound guidance was clearly inferior or dangerous.
Second, ultrasound offers statistically, but perhaps not clinically,
proven advantages in block characteristics, particularly reduced
onset time and improved intermediate measures of success.
These advantages need to be qualified in that they are often
block specific, and surrogate measures of block success are
more likely to favor ultrasound guidance than do those measures
that rely on supplement-free surgical anesthesia. Third, there is
no evidence that ultrasound eliminates complications; indeed,
the limited existing data suggest that complication rates are
similar to historical norms reported using traditional nerve lo-
calization tools. There is reason to at least consider that poorly
performed ultrasound guidance, such as failure to image the
needle, misinterpretation of artifacts,7,8 or novice behavior,60,61

might actually increase the risk of injury. Furthermore, ultra-
sound is but another form of nerve localization, all having a
potential role in the multifactorial process of nerve injury,
which is also affected by local anesthetic neurotoxicity, un-
derlying patient conditions, and surgical-related insults. The
literature is silent with regard to patient- or situation-specific

safety outcomes where ultrasound may prove to be particularly
useful. For example, there is reason to suspect that UGRA may
reduce the frequency of LAST more in children than in adults, or
that preventing nerve injury may be more relevant in patients at
increased risk for nerve injury (diabetes, chemotherapy-induced
neuropathy, etc) as compared with the overall population.

In closing, the panel wishes to emphasize its belief that
ultrasound guidance is a significant advance in the practice of
regional anesthesia and pain medicine. At this early stage, the
volume of evidence-based UGRA literature has already matched
or arguably exceeded that for transesophageal echocardiography.
Future studies will most certainly improve our understanding of
its strengths and weaknesses. However, the use of ultrasound is
but a single component of the practice of regional anesthesia.
Ultrasound guidance does not remove traditional requirements
for physician judgment, training, anatomic knowledge, and
experience. Most importantly, ultrasound does not lessen the
practitioner_s responsibility for using time-proven strategies to
improve block quality and patient safetyVincluding proper
anesthetic selection and dosing, aspiration for blood, appropriate
test dosing, patient- and procedure-appropriate sedation, and
vigilant intrablock and postblock monitoring.
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Ultrasound-Guided Regional Anesthesia and Patient Safety
An Evidence-Based Analysis

Joseph M. Neal, MD

Abstract: The role of ultrasound-guided regional anesthesia (UGRA)
in reducing the frequency of regional anestheticYrelated complications
is difficult to ascertain from analyzing the limited literature on the topic.
This evidence-based review critically evaluates the contributions of
UGRA to improved patient safety, particularly as compared with stan-
dard nerve localization tools. Randomized controlled trials that com-
pared UGRAwith another form of neural localization and case series of
more than 500 patients were used to compare safety parameters. The
quality of studies and strength of evidence were graded. Of those
randomized controlled trials identified by our search techniques, 22
compared the incidence of postoperative nerve symptoms, 17 assessed
local anesthetic systemic toxicity parameters, and 3 studied hemidia-
phragmatic paresis. Statistical proof for meaningful reduction in the
frequency of extremely rare complications, such as permanent periph-
eral nerve injury, is likely unattainable. Although there is evidence for
UGRA reducing the occurrence of vascular puncture and the frequency
of hemidiaphragmatic paresis, as yet there is at best inconclusive scien-
tific proof that these surrogate outcomes are linked to actual reduction
of their associated complications, such as local anesthetic systemic
toxicity or predictable diaphragmatic impairment in at-risk individuals.
This evidence-based review thus strives to summarize both the power
and the limitations of UGRA as a tool for improving patient safety.

(Reg Anesth Pain Med 2010;35: S59YS67)

U ltrasound-guided regional anesthesia (UGRA) is the latest
in a series of tools designed to optimize localization of ne-

ural targets before the deposition of local anesthetic or other
drugs. Because ultrasonography (US) can provide direct visual-
ization of the target nerve, surrounding tissues, and injectate
spreadVadvantages not present with any other method of nerve
localizationVit is logical to assume that these traits may lead to
improvements in patient safety in the form of decreased nerve
injury, local anesthetic systemic toxicity (LAST), or other com-
plications. Because serious regional anesthesiaYrelated compli-
cations are infrequent, proving that UGRA is truly safer than
peripheral nerve stimulation (PNS), paresthesia-seeking, fluo-
roscopy, or other localization methods is difficult. Furthermore,
it can be challenging to determine precisely when US is directly
responsible for safety improvements, that is, consequent to the
visualization of target structures, versus indirectly beneficial,
that is, by facilitating an altered needle approach that is inher-

ently safer than a traditional approach, but not unique to UGRA.
What follows is an analysis of the limited evidence for the role
of UGRA in enhanced patient safety. The analysis focuses on
4 major complicationsVperipheral nerve injury, LAST, hemi-
diaphragmatic paresis (HDP), and pneumothorax. Also consid-
ered are potential mechanisms by which US might indirectly
reduce the frequency of certain complications inherent to re-
gional anesthetic practice.

METHODS
Randomized controlled trials (RCTs) were sought that

compared UGRAwith another form of neural localization, such
as PNS or transarterial techniques (Table 1); subsequent com-
parative analysis of UGRA safety was based only on these
RCTs. Case series (9500 patients) were used to provide sup-
plemental information regarding the frequency of complica-
tions (Table 2). Some complications are so rare as to have been
described only in case reports or correspondence. This form
of reporting was used to document the existence of complica-
tions, but was not used to compare UGRA with other neural
localization techniques. The relative quality of individual RCTs
was graded using the Jadad score (0Y5 points).1 Strength of
evidence (Table 3) was based on a recognized grading schema
from the US Agency for Health Care Policy and Research.2

The literature search for this analysis was conducted for the
20-year period 1990 through September 2009 using standard
search engines, including the National Library of Medicine’s
PubMed, the Cochrane Database for Systematic Reviews, Ovid,
ScienceDirect, and Google Search. Search terms included
ultrasound-guided regional anesthesia, Bultrasound + nerve
injury,[ Bultrasound + local anesthetic toxicity,[ Bultrasound +
diaphragmatic paresis,[ Bultrasound + pneumothorax,[ and
Bultrasound + complications.[ English-language articles and
articles with abstracts translated into English were identified.
The bibliographies of identified articles were perused for sources
not procured through the search engines.

RESULTS
Twenty-two RCTs totaling 1863 subjects compared post-

operative neurologic symptoms associated with UGRA (either
UGRA alone or in combination with PNS) versus other tech-
niques for nerve localizationVPNS (18 studies), transarterial
(2 studies), surface landmark (1 study), or fascial click (1 study).
The median quality (Jadad score) of these studies was 3 (range,
2Y5). These RCTs reported the incidence of immediate or
transient paresthesia (G7 days) and/or the incidence of postop-
erative nerve injury (24 hrs to 2 months). Seven RCTs simply
reported Bnone[ for neurologic complications, whereas 15 RCTs
reported actual incidence with or without statistical signifi-
cance (Table 1). Four large case series reported incidences of
postoperative neurologic symptoms from a combined total of
15,145 peripheral nerve blocks (Table 2).
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Seventeen RCTs totaling 1279 subjects recorded vascular
puncture. Six of these studies simply reported vascular punc-
tures as Bnone,[ whereas 11 provided actual incidence figures,
with or without statistical significance. One study (40 patients)
reported Bno seizure.[ The median Jadad score of these studies
was 3 (range, 1Y5; Table 1). Two case series reported the fre-
quency of vascular puncture and/or LAST in 13,625 peripheral
nerve blocks (Table 2).

The effect of ultrasound guidance on the frequency and
severity of HDP has been reported in 3 RCTs totaling 65
UGRA patients.3Y5 Jadad scores for these 3 studies were 2, 3,
and 5. The absence of pneumothorax was mentioned in 3 RCTs
totaling 110 UGRA patients5Y7 and 1 case series of 510 supra-
clavicular blocks.8

No RCTs were identified that directly addressed issues of
patient safety using ultrasound-guided neuraxial techniques.

DISCUSSION

Peripheral Nerve Injury
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 injury.9 Ultrasonography may impact this potential injury
mechanism by facilitating direct visualization of needle-to-nerve
proximity. Ironically, UGRA research has furthered our under-
standing of more traditional forms of nerve localization such as
PNS and paresthesia-seeking techniques and has confirmed
previous research that demonstrates their low sensitivity for
accurately identifying needle-to-nerve contact. Indeed in human
axillary nerve block, US visualization demonstrates that pares-
thesia is only 38% sensitive and motor response only 75% sen-
sitive in confirming needle-to-nerve contact.10 This relatively
low sensitivity of PNS has been confirmed in another study
of human supraclavicular block, wherein a motor response at
0.2 mA or less was indicative of intraneural needle placement
as confirmed by US, but a motor response of greater than 0.2
to 0.5 mA or less could not rule out intraneural needle place-
ment.11 Monitoring injection pressures may also aid in pre-
venting intrafascicular injection, but this modality has been
studied only in animals and, like other tools, is neither

completely sensitive nor predictive of injury.12,13 Conversely,
ultrasound is a sensitive tool for demonstrating intraneural in-
jection in porcine models, as manifested by consistent nerve
expansion observed with 1-mL injectate or less.13Y15 However,
although nerve expansion was correlated with histologic in-
jury, concomitant functional injury was not observed.15 Human
correlation has been reported with axillary block, wherein no
patient had a nerve injury despite clearly observed nerve ex-
pansion after the injection of 2 to 3 mL local anesthetic dur-
ing UGRA.16 Although these results suggest that PNS- or
paresthesia-guided needles are likely placed within nerves much
more frequently than previously realized, and that the usual
absence of injury is likely explainable by the relative ease of
placing needles into connective tissue rather than into a fascicle,
in vitro studies of human sciatic nerve nevertheless demonstrate
that sharp needles, in fact, enter fascicles 3.2% of the time,
thereby potentially causing injury.17 Moreover, as one proceeds
proximal to distal, the amount of nonneural connective tissues
present within the cross-sectional area of the brachial plexus
increases,18 suggesting that the interscalene area may be less
forgiving of subepineurium needle placement compared with
the axillary or supraclavicular areas. Thus, US is a more sensi-
tive indicator of needle-to-nerve contact than either paresthesia
or PNS, but it is unknown if this advantage translates to actual
reduction of nerve injury. Adding balance to this observation
is that current acoustic resolution limits our ability to consis-
tently discern nerve microanatomy and that there are differ-
ences in technical skills between operators.

Of the 22 RCTs (Table 1) that compared UGRA, alone or in
combination with PNS, with other forms of nerve localization,
two found a statistically different incidence of paresthesia during
block placement in dissimilar patient groupsV26% in a US-
infraclavicular group versus 40% in a transarterial axillary group
(P = 0.035, 220 patients)19 and 25% using landmarks versus
5% using UGRA in interscalene and axillary blocks (P = 0.012,
40 total patients).20 The remaining 20 RCTs reported no dif-
ference in terms of transient paresthesia or short-lived post-
operative neurologic symptoms, which is in agreement with a
meta-analysis21 and a qualitative systematic review.22

Several large case series (Table 2) confirm that serious
nerve injury is rare. In the largest of these, Barrington et al23

report a prospective audit of more than 7000 peripheral nerve

TABLE 3. Strength of EvidenceVEffect of Ultrasound Guidance on Patient Safety

Peripheral nerve injury (III)
& Proving statistical differences in nerve injury as a function of nerve localization technique is likely futile.
& Underpowered results from RCTs and large case series find no difference in surrogate markers of nerve injury, such as paresthesia during
or immediately after block placement, or temporary postoperative neurologic symptoms.

& UGRA seems to be associated with perioperative nerve injury at an incidence similar to historical reports of nerve injury after PNS.
Local anesthetic systemic toxicity (Ia and III)
& Compared with PNS, UGRA lowers the risk of unintended vascular puncture, a surrogate outcome for LAST (Ia).
& The weight of conflicting evidence is that UGRA does not affect the incidence of local anestheticYinduced seizures (III).

HDP (Ia and IV)
& RCTs confirm the ability of low-volume UGRA to reduce (but not eliminate) the incidence and severity of HDP using the interscalene
approach. The incidence of HDP is nearly 0% using the supraclavicular approach with ultrasound guidance (Ia).

& No RCTs or case reports address whether patients at risk for pulmonary compromise can undergo above-the-clavicle regional anesthetic
block. Because HDP can still occur unpredictably, caution remains warranted in any patient unable to withstand a 30% diminution of
pulmonary function (IV).

Pneumothorax (III)
& No adequately powered studies directly address the risk of pneumothorax with UGRA.
& Pneumothorax has occurred despite the use of UGRA (III).

HDP indicates hemidiaphagmatic paresis; LAST, local anesthetic systemic toxicity.
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blocks from the Australasian Regional Anaesthesia Colla-
boration. Unintended paresthesia during block placement
(16.8/1000) and block-related late neurologic deficit (0.4/1000;
95% confidence interval [CI], 0.08Y1.1 per 1000) did not differ
between UGRA and PNS techniques. The incidence of late
neurologic deficit (0.04%) was similar to that reported for PNS-
guided peripheral nerve blocks by Auroy et al24 (0.02%) and for
continuous catheter blocks by Capdevila et al25 (0.21%, all
deficits resolved by 10 weeks). These comparisons suggest, but
do not prove, that the incidence of late postoperative neurologic
symptoms, that is, those lasting weeks to months after the block,
has not been altered by the introduction of UGRA.26 In a ret-
rospective quality assurance review of 5436 peripheral nerve
blocks performed with PNS or US with PNS, Orebaugh et al27

noted 3 neurophysiologic studyYdocumented nerve injuries, all
in the PNS group (not statistically significant). Fredrickson and
Kilfoyle28 reported new neurologic symptoms (from any cause)
in a cohort of 1010 patients undergoing single or continuous
peripheral nerve blocks under UGRA with or without con-
firmatory PNS. The incidences of neurologic symptoms were
8.2% at 10 days and 3.7% at 1 month, which are similar to those
reported by Borgeat et al29 using PNS localization. The 0% to
0.1% (95% CI, 0%Y0.56%) incidence of prolonged (96 months)
nerve injuries judged to be block related in the Fredrickson and
Kilfoyle28 study compared favorably with other reports of injury
in continuous catheter patients.28 Perlas et al8 noted transient
numbness (several weeks) after 510 UGRA supraclavicular
blocks (0.4%; 95% CI, 0.1%Y1.4%). To date, there are 2 re-
ported cases of prolonged nerve injury associated with UGRAV
a permanent brachial plexopathy in a patient with underlying
multiple sclerosis and potential surgical causes of injury,30 and a
volunteer who had a dysesthesia of the tibial nerve, which was
present but improving after 2 months (this subject is included in
the RCTs).31 In summary, limited literature and small patient
numbers suggest 3 findings concerning peripheral nerve injury
and UGRA: (1) block-related paresthesia, a surrogate outcome
at best, was not reduced when similar block groups were
compared; (2) RCTs and large case studies report no permanent
neurologic injuries, nevertheless; and (3) peripheral nerve injury
associated with, but arguably unrelated to, UGRA has been
reported. Because the examined RCTs were not powered to
assess nerve injury, the best data on this topic come from the
large case series, thereby providing level III strength of evidence
(Table 3).

It is important to understand that the relationship of nerve
localization technique and peripheral nerve injury is unlikely to
ever reach statistical resolution. For example, if one assumes a
moderate incidence of early, nonpermanent peripheral nerve
injury (3%),32 a study would require 3000 patients per group
to have 80% power (A) to prove a 50% reduction to 1.5%.33

However, the number of subjects would expand exponentially if
one intends to analyze long-term injury (6Y12 months), which is
estimated to occur in only 0 to 4 per 10,000 blocks.23,24,26

Furthermore, recent analysis of block-related permanent nerve
injury (912 months) noted only one such injury reported in
65,092 blocks32 (upper limit 95% CI, È0.5/10,000).

Local Anesthetic Systemic Toxicity
Local anesthetic systemic toxicity (LAST) ranges from

mild subjective symptoms to seizure and cardiac arrest. Ultra-
sound guidance has the potential to limit LAST by at least 3
mechanismsVidentifying the absence of injectate spread around
the target, visualizing turbulence or other intravascular anomaly
during local anesthetic injection,34 and facilitating reduced vol-
ume of injected local anesthetic. The 17 RCTs reviewed herein

add credence to a meta-analysis that showed US can reduce
the risk of aspiration-proven vascular puncture compared with
other localization techniques (pooled risk ratio, 0.16; 95% CI,
0.05Y0.47).21 Although recognition of unintended vascular
puncture is a necessary step toward eliminating LAST, it is
only a surrogate outcome for seizure or cardiac arrest. Indeed,
various case reports and correspondence document loss of
consciousness, agitation, and cardiac arrest despite UGRA.35Y37

Barrington et al23 found that although US significantly lowered
the incidence of unintended vascular puncture as compared
with PNS, the incidence of actual LAST (0.98/1000; 95% CI,
0.42Y1.9 per 1000) did not differ as a function of localiza-
tion technique. This incidence is very similar to the 0.8-per-
1000 figure reported by Auroy et al24 using PNS. Conversely,
Orebaugh et al27 reported more seizures (P = 0.044) in their
upper-extremity blocks that involved PNS rather than UGRA.
Thus, UGRA consistently reduces the likelihood of unintended
vascular puncture, but case reports and most case series fail to
link this advantage to an actual reduction in LAST. The strength
of evidence for UGRA reducing the rate of vascular puncture as
compared with PNS is level Ia, but only level III for its effect on
the incidence of seizure.

The literature does not answer whether using less local
anesthetic volume will reduce the frequency of LAST. Although
1 study showed no significant reduction in the volume of local
anesthetic used for ultrasound-guided supraclavicular block,38

several others have shown that UGRA reduces minimum effec-
tive local anesthetic volume (MEV) as compared with PNS. For
instance, Casati et al39 were able to lower the MEV using PNS-
guided femoral nerve block from 26 to 15 mL using UGRA.
However, the US MEV (15 mL; 95% CI, 7Y23 mL) remains
capable of causing LAST, particularly if injected intravascularly.
Importantly, UGRA has been linked to faster absorption and
higher maximum plasma concentrations of local anesthetic,40

which suggests that lowering the local anesthetic volumes used
during UGRA is not just possible, but perhaps well considered.

Hemidiaphragmatic Paresis
Hemidiaphragmatic paresis is a universal occurrence with

landmark- and nerve stimulator-based interscalene blocks, be-
coming progressively less frequent as blocks are placed below
the clavicle and farther distal along the brachial plexus. Par-
ticularly with the more proximal approaches, some patients may
experience reduced spirometric measures of pulmonary func-
tion, and even fewer may suffer respiratory compromise. For
these reasons, above the clavicle blocks are relatively contra-
indicated in patients unable to withstand a 25% decrease in
pulmonary function.9 Reducing the volume of injected local
anesthetic to 20 mL does not limit the occurrence of HDP using
traditional approaches, but because UGRA facilitates the use of
even smaller local anesthetic volumes, 2 investigatory teams
have examined whether this attribute could lower the incidence
and severity of HDP without compromising anesthetic quality.
One study4 performed interscalene UGRAwith 20 versus 5 mL
ropivacaine 0.5% and lowered the incidence of HDP 1 hour after
surgery to 90% and 33%, respectively, without compromising
sleep or analgesia over the first 24 hrs. Another group3 compared
UGRA with PNS-guided interscalene block with 10 mL
ropivacaine 0.75%, similarly lowering the incidence of complete
or partial HDP to 13% and 93%, respectively, without affecting
block success or early morphine requirements. The same group5

then compared US- to PNS-guided supraclavicular block using
20 mL ropivacaine 0.75%. The incidence of HDP was 0%
(95% CI, 0.00Y0.14) versus 53% (P G 0.0001), respectively.
Spirometric measures of pulmonary function were reduced 20%
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or greater in the PNS patients with complete HDP (level Ia
strength of evidence; Table 3). Despite the relative success of
these UGRA/low-dose local anesthetic techniques, HDP con-
tinued to occur unpredictably in both interscalene studies, sug-
gesting that this approach remains relatively contraindicated in
those patients most at risk for pulmonary compromise (level IV
strength of evidence). Although the supraclavicular study5 sug-
gests that the risk of HDP is very low using ultrasound guidance
and 20 mL ropivacaine, the study was too small to detect a true
incidence of HDP using this approach. A large series of UGRA
supraclavicular blocks (n = 510) noted symptomatic HDP in
1% of patients (95% CI, 0.4%Y2.3%) using 33 T 8 mL local
anesthetic.8

Pneumothorax
Ultrasonography enables the anesthesiologist to directly

visualize the pleura and lung, which intuitively lessens the risk
of pneumothorax. Three RCTs5Y7 and 1 case series8 of patients
undergoing the supraclavicular or lateral sagittal infraclavicular
approaches report no pneumothorax in 575 patients (upper limit
95% CI, 0.5%). Nevertheless, a pneumothorax has been reported
after UGRA lateral sagittal infraclavicular block41 and an
interscalene continuous catheter block,42 plus an unreported
pneumothorax complicated an attempted UGRA supraclavicu-
lar/infraclavicular approach at the author’s institution (level III
strength of evidence; Table 3).

Indirect Effects of UGRA on Patient Safety
If the incidence of a major complication can be reduced, the

direct versus indirect association with UGRA might be seen as
immaterial semantics. Yet, a critical review should attempt to
differentiate between improved outcomes directly attributable to
a unique trait of UGRA versus an indirect benefit that results
from a change in technique facilitated by, but not unique to,
UGRA. For instance, UGRA interscalene block changes the
traditional needle-toward-midline technique of Winnie43 to a
more shallow posterior/lateral-to-anterior/medial needle trajec-
tory that is superficial to the deep borders of the scalene muscles
and that theoretically lessens the potential for unintended
neuraxis contact. This approach, which should reduce the risk
of direct neuraxial spread of local anesthetic and/or needle injury
to the spinal cord, is not unique to UGRA; a modified lateral
PNS-based approach has been described also by Borgeat et al.29

Another example pertains to UGRA-facilitated reduction in
local anesthetic volume, which may lessen the incidence of
LAST. Whereas UGRA may instill the confidence to use smaller
volumes of local anesthetic, the tendency for practitioners to use
excessive local anesthetic doses for peripheral nerve blocks has
been demonstrated by multiple studies,9 including the ability to
substantially reduce median effective volumes by using stimu-
lating perineural catheters.44 Another indirect (and unique)
benefit of UGRA is preprocedural scan of the target area, which
may reveal and thus avoid unanticipated findings such as
vascular anomalies,45 neurofibromatosis, or ventriculoperitoneal
shunts.46 Therefore, without diminishing the importance of
improving patient safety by whatever tactic, future studies and
critical assessments of UGRA should acknowledge both its
direct and indirect benefits.

Limitations and Future Directions
Just as it may be important to differentiate direct from

indirect benefits of UGRA, in the future it may be possible to
link UGRA to patient safety issues that are not obvious from
current data. For instance, several RCTs demonstrate fewer
needle passes with UGRA versus PNS-guided techniques.33,47

Although perhaps intuitive to link reduced needle passes to less
nerve injury and vascular puncture, current data obtained from
normal subjects cannot support this linkage. However, US
may particularly improve nerve localization and perhaps reduce
nerve injury in patients with diabetes mellitus, in whom PNS- or
paresthesia-guided localization is insensitive, and whose nerves
have an altered response to local anesthetics.48,49 Fewer nee-
dle passes and vascular punctures may also limit hematoma
formation in anticoagulated patients, in whom deeper peripheral
nerve blocks are relatively contraindicated.50 Finally, UGRA-
facilitated reduction in local anesthetic volume may have a much
greater benefit for the pediatric patient than the adult patient.
Thus, future UGRA studies, if performed in patients at risk for
specific complications, might reveal benefits not currently ap-
parent in normal patients.

Just as the literature offers no proof that UGRA success-
fully improves patient safety with regard to rare devastating
injuries, there is also no proof that UGRA indeed does not
increase the likelihood of injury. Balancing the positive effects
of UGRA is the recognition that characteristics of ultrasound
machines vary,51 acoustic resolution is limited, and that operator
skill, training, and experience are an unquantifiable component
of patient safety. Key to ultrasound safety is keeping the needle
tip in view during advancement and injection, yet needle vi-
sualization can be challenging.52 Furthermore, the most com-
mon mistakes made by novices include failure to identify the
needle tip before injection and failure to recognize maldistribu-
tion of injected local anesthetic,53,54 both of which negate the
advantages of UGRA and conceivably lead to injury. Although
difficult to quantify, it is likely that even the best ultrasound
technology cannot improve safety without properly trained and
skilled operators.55Y57 As investigators and everyday operators
become well trained in UGRA, data regarding the impact of
UGRA on patient safety should become more plentiful and
reliable.

CONCLUSION
After a decade of critical appraisal, the science of UGRA

remains in its infancy, particularly with regard to how it impacts
patient safety. There are no RCT data that unequivocally support
superior safety outcomes consequent to the use of UGRA.
Statistical proof of improved outcomes for extremely rare events
such as peripheral nerve injury is likely unattainable. Data from
inadequately powered comparative studies show no differences
in surrogate outcomes such as paresthesia during block placement
or temporary neurologic symptoms. Improved surrogate safety
outcomes such as vascular puncture or less frequent HDP are
apparent with the use of UGRA, but there are no definitive data
that confirm an actual reduction in true outcomes such as LAST
or predictable elimination of HDP in normal patients. Case
reports emphasize that absolute elimination of these serious
complications has not occurred. Further research is necessary,
particularly in those patients at increased risk for specific com-
plications and for whom UGRA may be more likely linked to
improved safety profiles.
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Evidence Basis for Ultrasound-Guided Block Characteristics
Onset, Quality, and Duration

Spencer S. Liu, MD, Justin Ngeow, BA, and Raymond S. John, BA

Background and Objectives: This systematic review summarizes
existing evidence for superior onset, quality, and duration of block for
ultrasound (US) guidance versus other techniques for nerve localization.
Methods: MEDLINE was systematically searched from 1966 to Sep-
tember 2009 for randomized controlled trials (RCTs) comparing US
guidance to another technique for peripheral nerve blocks.
Results: Sixteen RCTs were identified for upper-extremity peripheral
nerve blocks and 8 for lower extremity. Jadad scores for quality of RCT
ranged from 1 to 5, with a median of 2. For upper-extremity blocks,
9 (60%) of 15 RCTs reported faster onset of block, 4 (25%) of 16 re-
ported better quality of block, and 1 (17%) of 6 reported longer duration
of block with US. Only 1 RCT reported that US was inferior in any
outcome. For lower-extremity blocks, 5 (71%) of 7 RCTs reported faster
onset, 5 (63%) of 8 reported better quality, and none of 3 RCTs reported
longer duration of blocks. No RCTs reported that US was inferior in any
outcome.
Conclusions: There is level 1b evidence to make a grade A recom-
mendation that US guidance provides a modest improvement in block
onset and quality of peripheral nerve blocks. Ultrasound is rarely inferior
to other techniques.

(Reg Anesth Pain Med 2010;35: S26YS35)

T his systematic review summarizes existing evidence for po-
tential benefits of ultrasound (US)Yguided peripheral nerve

blocks such as increased speed of onset of block, improved
quality of surgical block, and prolonged duration of block.

METHODS
The National Library of Medicine’s MEDLINE database

was searched for the period 1966 to September 2009. Search
strategies included the terms Bultrasound[ and Bnerve block,[
limited by the terms English, human, and randomized controlled
trial (RCTs). This initial search identified 72 potential articles
for systematic review. All of the abstracts searched were re-
viewed for potential inclusion in the systematic review, but only
RCTs comparing US guidance to an alternative technique for
nerve localization during peripheral nerve blocks were included.
Information from individual RCTs on study characteristics and
results regarding block onset, quality of nerve block, and dura-

tion were abstracted. Definitions for these outcomes were per the
original RCTs and were often quite different between RCTs. For
the purposes of this review, onset was defined as either time
until onset of sensory block or percentage of success rate of
block at preset time measurement periods, depending on indi-
vidual RCT. Quality was defined as avoidance of rescue anes-
thesia, additional analgesic supplement, or complete block of
all studied nerves, depending on individual RCT. Duration was
defined as either time until first request for analgesic or time
until resolution of block, depending on individual RCT. A Jadad
score was used to grade each RCT for study quality. The Jadad
scale is a 3-point score commonly used to rate quality of a
clinical trial. Two additional points may be added or deducted
to the score; thus, a maximal score is 5.

RESULTS
Sixteen RCTs for upper-extremity blocks (Table 1)1Y16 and

8 RCTs for lower-extremity blocks (Table 2)17Y24 were identified
that compared US guidance with an alternative technique. One
additional RCT was identified that compared US with nerve
stimulator for femoral nerve block.25 However, this study’s pri-
mary end point was to determine the minimal effective volume
for nerve block with a planned failure rate of 50% in each group
(ED50). We excluded this study because of lack of clinical rele-
vance. Jadad scores ranged from 1 to 5, with a median of 2.
Multiple outcomes were often measured in the same RCT for
onset, quality, or duration of block. Thus, an individual RCTwas
considered positive for US guidance onset, quality, or duration
of block if any one sub-outcome was statistically improved. Not
all RCTs measured onset, quality, and duration of blocks; thus,
denominators do not always equal 16 for upper-extremity RCTs
and 8 for lower-extremity RCTs.

Onset of Block
For the upper-extremity RCTs, there was good evidence for

hastened onset of block with US, as 9 of 15 RCTs reported a
positive finding, 5 of 15 found no difference, and only 1 RCT
reported slower onset with US.
& Time until onset of block: 6 of 16 RCTs reported this
outcome: 2 of 6 reported faster onset by 4 to 12 mins, 3 of
6 reported no difference, and 1 of 6 reported slower onset
by 2 mins.

& Percentage of successful block at preset time points: 13 of 16
RCTs reported this outcome: 8 of 13 reported greater success
rates of 75% to 86% with US versus 47% to 63% with con-
trol technique, and 5 of 13 reported no difference.

For the lower-extremity RCTs, there was again good
evidence for hastened onset of block with US, as 5 of 7 RCTs
reported a positive finding, 2 of 7 found no difference, and no
RCT reported slower onset with US.
& Time until onset of block: 5 of 8 RCTs reported this outcome:
3 of 5 reported faster onset by 11 to 14 mins, and 2 of
5 reported no difference.
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& Percentage of successful block at preset time points: 5 of
8 RCTs reported this outcome. All 5 RCTs reported greater
success rates of 17% to 89% with US versus 0% to 61% with
control technique.

Quality of Block
For the upper-extremity RCTs, there was little evidence for

improved quality of block with US, as 4 of 16 RCTs reported a
positive finding and 12 of 16 found no difference with US. The
4 RCTs that reported better quality with US compared this
technique with nerve stimulator and transarterial injection.
& Need for rescue anesthetic: 14 of 16 RCTs reported this
outcome: 3 of 14 RCTs reported greater success rates of 96%
to 100% with US versus 58% to 91% with control technique.

& Need for supplemental analgesia: 11 of 16 RCTs reported this
outcome: 1 of 11 reported greater success rates of 92% with
US versus 74% with control technique, and 10 of 11 reported
no difference.

& Complete block of all studied nerves: 7 of 16 RCTs reported
this outcome: 1 of 7 reported greater success rates of 87%
with US versus 27% to 68% with control technique.

For the lower-extremity RCTs, there was some evidence for
improved quality of block with US, as 5 of 8 RCTs reported a
positive finding and 3 of 8 found no difference.
& Need for rescue anesthetic: 3 of 8 RCTs reported this out-
come. All reported no difference.

& Need for supplemental analgesia: 2 of 8 RCTs reported this
outcome. All reported no difference.

& Complete block of all studied nerves: 6 of 8 RCTs reported
this outcome: 5 of 6 reported greater success rates of 97%
to100% with US versus 71% to 75% with control technique.

Duration of Block
Few RCTs evaluated duration of block. For the upper-

extremity RCTs, there was minimal evidence for prolonged
duration of block with US, as 1 of 6 RCTs reported a positive
finding, whereas 5 of 6 found no difference with US.
& Time until first request for analgesia: 2 RCTs reported this
outcome and reported no difference.

& Time until resolution of block: 4 RCTs reported this outcome:
1 reported 220-min greater duration with US, whereas the
other RCT reported no difference.

For the lower-extremity RCTs, there was no evidence for
prolonged duration of block with US, as 3 of 3 RCTs found no
difference.

Table 3 summarizes the tally of RCTs that reported supe-
riority, equivalence, and inferiority for onset, quality, and dura-
tions of block with US.

DISCUSSION
Overall, RCTs comparing US guidance to another tech-

nique are small and diverse in terms of type of block, anesthetic

TABLE 3. Summary of Advantages of US Guidance for Onset, Quality, and Duration of Blocks

End
Point RCT Group US Better Than NS US Same as NS

US Worse
Than NS

Onset Upper-extremity RCTs 9 5 1
Soeding et al3 (2005), Sites et al4

(2006), Casasti 2007, Chan et al6

(2007), Dingemans et al7 (2007),
Kapral et al11 (2008), Dhir and
Ganapathy12 (2008), Liu et al14

(2009), Tedore et al16 (2009)

Williams et al1 (2003), Liu et al2 (2005),
Sauter et al8 (2008), Gürkan et al9 (2008),
Taboada et al15 (2009)

Macaire et al10

(2008)

Lower-extremity RCTs 5 2 0
Marhoffer 1997, Marhoffer 1998,
Perlas et al20 (2008), Dufour et al21

(2008), Redborg et al24 (2009)

Domingo-Triado et al19 (2007),
van Geffen et al22 (2009)

Quality Upper-extremity RCTs 4 12 0
Sites et al4 (2006), Dingemans et al7

(2007), Dhir and Ganapathy12

(2008), Kapral et al11 (2008)

Williams et al1 (2003), Liu et al2 (2005),
Soeding et al3 (2005), Casati et al5 (2007),
Chan et al6 (2007), Sauter et al8 (2008),
Gürkan 2008, Macaire et al10 (2008),
Fredrickson et al13 (2009), Liu et al14
(2009), Taboada et al15 (2009),
Tedore et al16 (2009)

Lower-extremity RCTs 5 3 0
Marhoffer 1997, Marhoffer 1998,
Domingo-Triado et al19 (2007),
van Geffen et al22 (2009),
Redborg et al24 (2009)

Perlas et al20 (2008), Dufour et al21 (2008),
Mariano et al23 (2009)

Duration Upper-extremity RCTs 1 5 0
Kapral et al11 (2008) Williams et al1 (2003), Soeding et al3 (2005)

Dingemans et al7 (2007), Dhir and
Ganapathy12 (2008), Taboada et al15 (2009)

Lower-extremity RCTs 0 3 0
Domingo-Triado et al19 (2007), Dufour et al21

(2008), van Geffen et al22 (2009)
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agents, and comparative control techniques. Most RCTs com-
pared US with nerve stimulator, but other techniques included
fascial pops, transarterial, surface landmarks, and US combined
with nerve stimulator. A further confounding factor for review
was diversity in number of injections used for both US and
control techniques. Previous studies with nerve stimulatorY
guided peripheral nerve blocks have demonstrated increased
efficacy with either multiple injections or specific multinerve
motor responses,26 yet not all RCTs used multiple injections or
multinerve stimulation for the control groups and may have thus
artificially reduced the efficacy of the control technique.1,7,19

Finally, most RCTs were performed at institutions with high
proficiency with US, and results may differ with less-expert
practitioners. Table 4 summarizes recommendations, levels of
evidence, and grade of recommendation.

Does US Guidance Improve Onset of Block?
For the upper and lower extremities, use of US resulted in

faster initial onset of block. Ultrasound may have produced
faster onset of block because of closer needle approximation and
local anesthetic distribution to the target nerves. Time savings
from faster onset of block are difficult to categorize, as RCTs
used varied outcome measures. In addition, only 2 RCTs spe-
cifically mentioned including time needed for US setup time
before scanning.
& There is level 1b evidence for a grade A recommendation that
US increases onset of block.

Does Ultrasound Improve Quality of Block?
Randomized controlled trials on upper-extremity blocks

offer modest evidence for superior quality of block, as only 4
of 16 upper-extremity RCTs reported superiority in at least 1
measure of block quality. Evidence for improved quality was
stronger for lower-extremity RCTs, as 5 of 8 RCTs reported
better quality of some measure. Again, US was never inferior to
control groups for either upper- or lower-extremity RCTs. It may
be that lower-extremity nerves are more difficult to anesthetize
because of typically larger size (eg, sciatic nerve), and thus,
ability of US to allow closer targeting of nerves provided more
obvious advantage than upper-extremity RCTs.
& There is level 1b of evidence for a grade A recommendation
that US may modestly improve quality of block, especially for
lower extremities.

Does Ultrasound Prolong Duration of Block?
Duration was infrequently measured, and only 1 of 8 RCTs

noted prolonged duration for US. Again, US was never inferior
to control groups for either upper- or lower-extremity RCTs.
& There is level 1b evidence for a grade A recommendation
that US does not increase duration of block, although RCTs
are few.

CONCLUSION
Based on a systematic review of RCTs, there is level 1b

evidence to make a grade A recommendation that US guidance
provides a modest improvement in block onset and quality. The
variety of study techniques makes meta-analysis difficult. Impor-
tantly, US is rarely inferior to control techniques. Reasons for the
modest separation between US and control techniques may be
the currently high published success rates with nerve stimulator
in expert hands (90%Y99%),26 the continuing evolution and
learning curve for US,27 and small sample sizes of current RCTs.
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Evidence Basis for the Use of Ultrasound
for Upper-Extremity Blocks

Colin J.L. McCartney, MBChB, Lisa Lin, MBBS, and Uma Shastri, MD

Abstract: This article qualitatively assesses and summarizes random-
ized, controlled studies regarding benefits of ultrasound (US) for brachial
plexus block and also examines those studies that have compared differ-
ent brachial plexus block techniques using US.

Studies were identified by a search of PUBMED and EMBASE da-
tabases using the MeSH terms anesthetic techniques, brachial plexus,
and ultrasound. Included studies were limited to randomized trials that
compared a US technique with another accepted method of performing
brachial plexus block or those studies that compared 2 different US-
guided techniques. Studies were further classified according to method-
ological quality using accepted methods. Quality scores were compared
using Mann-Whitney U test, and significance assumed at P G 0.05.

Twenty-five studies met inclusion criteria, with 19 studies comparing
US techniques with other nerve location methods and 6 studies com-
paring different US techniques. Of the former, there was convincing
evidence to support the use of US, with 15 of 19 studies demonstrating
improved outcomes compared with existing techniques.

Ultrasound provides significant advantages when performing bra-
chial plexus block including faster sensory block onset and greater block
success.

(Reg Anesth Pain Med 2010;35: S10YS15)

The ability to accurately localize a nerve or plexus and suc-
cessfully place local anesthetic around that structure is both

an art and science. Existing techniques for brachial plexus blocks
such as landmark techniques, paresthesia, and nerve stimulation
have success rates varying from 60% to 95%, depending on site
and practitioner expertise. However, upper-limb blocks can fail
even when performed by experienced practitioners.

The use of ultrasound (US) for brachial plexus block has
generated excitement because, for the first time, the practitioner
can visualize anatomy, needle placement, and local anesthetic
spread. The use of traditional techniques for upper-limb anes-
thesia has often been restricted to the expert or enthusiast, but
the use of US has attracted many nonregional anesthesiologists
to once again learn these very beneficial techniques for their
patients. Since 1994, and particularly over the last 5 years, there
have been an increasing number of high-quality randomized
studies that have examined whether US actually does provide
any advantage when performing brachial plexus block. This ar-
ticle will qualitatively assess and summarize randomized, con-
trolled studies in the literature regarding benefits of US for

brachial plexus block and also examine those studies that have
compared different brachial plexus block techniques, both using
US guidance.

METHODS

Search Strategy
Studies were identified in a search of PUBMED and

EMBASE (between July 1991 and August 2009) by using the
MeSH terms anesthetic techniques, brachial plexus, and ultra-
sound. The reference section of eligible articles was then exam-
ined for relevant publications. Relevant studies that examined
the use of US for upper-extremity blocks were reviewed. Inclu-
sion criteria included any randomized trial that had compared the
use of US with any preexisting technique for upper-extremity
block or any randomized trial that had compared 2 different tech-
niques of US-guided brachial plexus block. Randomized studies
where different local anesthetic volumes were assessed or differ-
ent blocks using different nerve location methods for each block
were not included. Letters to the editor, abstracts, nonYpeer-
reviewed studies, case reports, and case series where no compari-
son was made were not included.

Three reviewers independently performed the literature
searches and assessed all identified full articles for inclusion.
These criteria included independently assessing each article
with regard to type of randomization, blinding, brachial plexus
block technique, volume, type and concentration of local anes-
thetic, type of surgery, performance time or number of needle
passes, block onset, block success (requirement for supplemen-
tal local or general anesthesia), and procedure-related pain and
other adverse effects. Studies were classified supportive of the
US technique if any of the above measured end points demon-
strated a significant difference between groups favoring that
group and negative if no difference between groups was ob-
served or if the study favored the alternative (non-US) tech-
nique. The criteria for assessing quality of reports as described
by Jadad et al1 were used; however, the minimum criterion for
inclusion in the review was a randomized study. The minimum
and maximum scores were therefore 1 and 5, respectively. For
studies that compared US against existing methods of nerve
location, the quality scores between supportive and negative
studies were examined using the Mann-Whitney U test and
reported as median (range). Significance was assumed at P G
0.05. In addition, a grade of recommendation was assigned
based on the number of studies supporting individual out-
comes according to the US Agency for Health Care Policy and
Research.

RESULTS
A total of 25 randomized studies met the inclusion criteria

and are detailed in Tables 1 and 2. Nineteen studies compared
US against another nerve location method,2Y20 and 6 studies21Y26

compared 2 (or more) different US-guided approaches. All studies
were randomized studies representing level 1b evidence but varied
in study quality (median, 3; range, 1Y5).
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Studies Comparing US Against Another Nerve
Location Technique

Overall, these studies (Table 1) are strongly supportive of
the use of US, with 15 studies demonstrating beneficial out-
comes including faster block performance, faster block onset,
and greater block success. Three studies showed no clear differ-
ence, and only 1 study was supportive of the use of periph-
eral nerve stimulation (PNS) with a faster block performance
time in the PNS group. The quality score of positive studies was
not different from negative studies (positive: median, 3 [range,
1Y5]; negative: median, 2 [range, 1Y3]). Eight studies examined
infraclavicular block (ICB), 7 studies examined axillary block
(AXB), 3 studies examined interscalene block (ISB), 1 study
examined supraclavicular block (SCB), and 1 study examined
wrist block.

The 3 studies demonstrating no difference included 1 study
examining AXB,3 one examining ICB,7 and another examining
wrist block.10 The study that favored PNS involved ICB.11

Studies Comparing Between Different US-Guided
Brachial Plexus Blocks

Six studies compared US-guided brachial plexus techniques
(Table 2). Four studies compared SCB with ICB block21,23Y25;
1 study compared SCB, ICB, and AXB22; and 1 study compared
SCB with AXB.26 Two of the studies comparing ICB with SCB
found that sparing of the inferior trunk with the SCB led to a
higher incidence of block failure in those groups.21,23 Two stud-
ies also found a significantly greater incidence of complica-
tions21,22 with SCB when compared with both ICB and AXB.
One study26 found that the SCB produced better block quality
when compared with AXB, although a more recent study found
no difference between SCB, ICB, and AXB.22

DISCUSSION
The results of this review suggest that use of US for

brachial plexus block provides significant benefits for patients
including faster brachial plexus block onset and greater block
success. Of the 19 studies comparing US against other nerve
location methods, 15 demonstrated significant benefit with US,
whereas only 1 study favored PNS (Table 1). Commonly iden-
tified benefits of US included surrogates of block performance
such as faster block performance time4,6,8,10,13,14,16,18,20 and
reduced number of needle passes2,7,15 and surrogates of better
quality block including faster sensory onset time3,4,8,9,12Y14,16,20

and greater block success.5,8,9,12Y14,16,20 It should be noted,
however, that of the 8 studies that found faster block per-
formance with US, 4 studies6,13,16,20 did not include the US scan
time required before needle insertion. A fair comparison of
block performance time was therefore deemed not to have been
made for these studies, and they have been classified as incon-
clusive (Table 3). However, the highest-quality studies4,14 have
demonstrated a clinically and statistically significant reduction
in performance time even when scan time was included.

Overall, there were 4 negative studies (3 found no dif-
ference,3,7,10 1 favored PNS11), and a number of factors may
explain these findings. Early pioneers of US-guided peripheral
nerve block techniques hypothesized that the combination of
US and PNS would speed block performance time. However,
in this review, a number of studies demonstrated that the com-
bination group (US + PNS) had the slowest performance time.
Two studies compared a group using PNS with another group
using both US and PNS3,11 and found slower performance time
in the US/PNS group. In the study by Chan et al,14 where US
was compared against both PNS and combined US/PNS forTA
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AXB, the combination group had a slower time to perform the
block than either the US or PNS group. The reason may be that
using both methods for nerve localization may cause operator
distraction and prolong performance time. In addition, false-
negative responses frequently occur with nerve stimulation
where no motor twitch occurs despite apparent proximity of the
needle tip to the nerve.27,28 This may be a cause of increased
block performance time as the anesthesiologist tries to seek both
US and nerve stimulation end points.

Macaire et al10 compared US against PNS for wrist block
and found faster block performance time in the US group, but
faster block onset time was seen in the PNS group. The authors
subsequently demonstrated in several patients that intraneural
injection may have been responsible for the faster block onset in
the PNS group.

Of the 6 studies that compared US-guided brachial plexus
block techniques, 4 compared ICB with SCB.21,23Y25 Two of
these studies21,23 demonstrated the block success is greater
with ICB compared with SCB, and this is mainly related to the
increased failure to anesthetize the inferior trunk in the SCB
group. In addition, 2 of the 4 studies21,22 found greater block-
related complications in the SCB group including Horner syn-
drome and phrenic block. These results are somewhat surprising
given the recent upsurge in the popularity of the US-guided SCB
technique related to the purported high block success with a
single injection of local anesthetic. However, the position of the
inferior trunk immediately above the pleura may explain the
difficulty in achieving adequate local anesthetic spread to this
area. Further studies and case series are required before defini-
tive conclusions can be drawn regarding the efficacy and adverse
effects of the US-guided SCB technique.

Several limitations of this review need to be acknowledged.
First, although several of the included studies were performed by
experts, in many studies the level of expertise is hard to define.
This is especially so for those studies where blocks were per-
formed by both residents and consultant staff. At present, no
high-quality randomized studies exist that examine the learn-
ing of US by novices alone, and this area needs further inves-
tigation. Data regarding complications with US are sparse and
significantly limit any conclusions that can be drawn. Adverse
outcomes need to be examined by good-quality studies across

many more patients than have currently been examined in the
relatively small randomized studies discussed here.

Finally, it should be noted that a higher-than-normal num-
ber of inconclusive recommendations have been made because
we assessed only randomized studies as a minimum require-
ment for inclusion in this review, and several studies of lower
methodological quality do exist but were not included. Had we
included these studies, further recommendations may have been
possible.

It should be emphasized that US is only one component of
the successful and safely performed brachial plexus block and
that preexisting basic rules of safe regional anesthesia practice
remain very important. These include good training, knowledge
of anatomy, and careful technique including slow injection of
local anesthetic with regular syringe aspiration and maintenance
of verbal contact with the patient.29

In conclusion, this review demonstrates that US-guided
brachial plexus block techniques demonstrate several advan-
tages (Table 3) when compared with preexisting nerve location
methods including faster onset and greater block success. Future
studies should examine use of US in the hands of novices and
whether US has any effect on the incidence of serious com-
plications of brachial plexus block.
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Ultrasound and Review of Evidence for Lower Extremity
Peripheral Nerve Blocks

Francis V. Salinas, MD

Abstract: This qualitative systematic review summarizes existing
evidence from randomized controlled trials (RCTs) comparing ultra-
sound (US) to alternative techniques for lower extremity peripheral nerve
block. There were 11 RCTs of sufficient quality for inclusion. Jadad
scores ranged from 1 to 4 with a median of 3. For femoral nerve blocks,
US provided shorter onset and improved quality of sensory and motor
block, as well as a decrease in local anesthetic requirements. For sciatic
nerve blocks, US resulted in a higher percentage of patients with
complete sensory and motor block, as well as decreased local anesthetic
requirements. In 2 of the studies for sciatic nerve block, US resulted in a
shorter time to successfully complete the procedure. No study was
powered to detect a difference in surgical block success. Overall, there
was significant heterogeneity in the definitions of successful sensory and
motor block. In 2 studies, the optimal peripheral nerve stimulation
technique may have not been used, resulting in a potential bias. No RCT
reported US as inferior to alternative techniques in any outcome. There is
level Ib evidence to make a grade A recommendation that US guidance
provides improvements in onset and success of sensory block, a decrease
in local anesthetic requirements, and decreased time to perform lower
extremity peripheral nerve blocks.

(Reg Anesth Pain Med 2010;35: S16YS25)

This qualitative systematic review will summarize the exist-
ing evidence for the potential benefits of ultrasound (US)

guidance compared with an alternative form of peripheral nerve
localization for lower extremity peripheral nerve block. The al-
ternative forms of peripheral nerve localization include periph-
eral nerve stimulation (PNS) or fascial plane localization using
a double loss of resistance (LOR) for fascia iliaca compartment
block. In addition, the evidence for the potential benefits of
combined US guidance with PNS compared with PNS alone for
lower extremity peripheral nerve block will be reviewed.

METHODS
The National Library of Medicine’s MEDLINE database

was searched for the period of January 1990 to November 2009.
Search strategies included the terms Bultrasound[ and Bperiph-
eral nerve block.[ A 2-stage search was performed using ad-
ditional keywords to capture studies not initially identified and
included the terms Bultrasound[with Blumbar plexus,[ B3-in-1,[
Bfascia iliaca,[ Bfemoral nerve,[ Blateral femoral cutaneous
nerve,[ Bobturator nerve,[ Bsacral plexus,[ Bsciatic nerve,[ and

Bpopliteal.[ The author assessed whether articles met the
following predefined inclusion criteria: prospective data collec-
tion, randomization, and direct comparison of US with either
PNS or LOR techniques for lower extremity peripheral nerve
block in human adults. Studies comparing combined US guid-
ance with PNS techniques to PNS techniques alone were also
included to define the potential advantages and disadvantages
of each technique. Studies on evidence for US guidance for
pediatric regional anesthesia are addressed in a separate sys-
tematic review. For the purposes of this review, the primary
outcomes of interest included block onset, block success, local
anesthetic requirements, and block procedure time. There were
no studies that defined Bblock success[ as the ability to provide
surgical anesthesia as the primary outcome. Secondary out-
comes of interest included block failures (defined as the inabil-
ity to localize the target nerve within a prespecified duration of
time, requiring crossover to the alternative technique), number
of needle redirections or needle passes, and patient’s comfort
during the block procedure. A Jadad score was used to grade
each randomized controlled trial (RCT) for study quality.

RESULTS

3-in-1, Femoral Nerve, and Fascia Iliaca Blocks
There were 2 randomized controlled studies directly

comparing US to PNS for the 3-in-1 block,1,2 1 study comparing
US with PNS for femoral nerve block,3 and 1 study directly
comparing US to LOR for the fascia iliaca block,4 for a total of
240 patients (Table 1). None of these studies directly compared
US with PNS using the presence of a surgical block as the
primary outcome. In the first study, Marhofer et al1 compared
US guidance with PNS after injection of 20 mL of bupivacaine
0.5% in both groups, and the primary outcome was onset of
sensory block (defined as a subjective reduction in pinprick sen-
sation in the sensory distribution of the femoral, lateral femoral
cutaneous, and obturator nerve to 30% of baseline sensation,
compared with the contralateral leg). There was no description of
the end point for the PNS group in terms of an evoked motor
response (EMR) or minimal current threshold. The block onset
time was decreased by 11 mins in the US group (16 versus
27 mins) and had an improved quality of complete sensory block
compared with PNS. In the second study by Marhofer et al,2 the
same methodology was used to perform the blocks and assess
the block characteristics. In this study, an additional PNS group
was added, characterized by an increase in the local anesthetic
dose (from 20 to 30 mL of bupivacaine 0.5%). The primary
hypothesis was that US could provide equivalent block onset
and quality using a reduction in local anesthetic dose. In this
study, the US group (20 mL of bupivacaine 0.5%) provided 13
to 14 mins of reduction in block onset compared with either
PNS group (20 and 30 mL of bupivacaine 0.5%). The Jadad
scores were low (1 and 2, respectively) for both of these studies
and neither performed a power analysis.

Casati et al conducted a well-designed RCT comparing the
efficacy of US guidance to potentially decrease the minimum
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effective anesthesia volume in 50% of patients (MEAV50) for
femoral nerve block compared with PNS in patients under-
going knee arthroscopy with a preexisting subgluteal sciatic
nerve block. Using 12 mL as the starting volume for a femoral
nerve block and the up-and-down methodology,4 it was dem-
onstrated that US resulted in a 42% reduction in the MEAV50
of ropivacaine 0.5% (15 T 4 versus 26 T 4 mL) compared with
PNS. In this study, the PNS technique end point was a single
EMR of quadriceps contraction at an accepted current thresh-
old less than 0.4 mA, followed by injection of the entire volume
of local anesthetic. In contrast, US guidance was described as a
Bmoving needle technique,[ where the needle tip position was
adjusted in real time to obtain circumferential spread of the
designated local anesthetic volume around the femoral nerve. In
an earlier RCT using the same up-and-down study design,5 this
same group was able to demonstrate a significant reduction in
the MEAV50 for a femoral nerve block with ropivacaine 0.5%
using a multiple-injection (14 mL, 95% confidence interval [CI],
12Y16 mL) versus a single-injection (23 mL; 95% CI, 20Y26
mL) PNS technique.

Dolan et al6 compared US guidance with double LOR for
fascia iliaca block intended for postoperative analgesia in
patients undergoing hip or knee arthroplasty in which both
groups received 30-mL equal volumes of bupivacaine 0.5% +
lidocaine 2%. The power analysis was based on the primary
hypothesis that US would increase the success of sensory block
in the medial thigh from 40% to 70%, 30 mins after comple-
tion of local anesthetic injection. Block success was defined
as decreased or complete loss of sensation to cold (ice) in the
respective sensory distributions. In addition, motor block as
a secondary outcome was defined as the inability to extend
the blocked leg at the knee with the hip passively flexed.
Ultrasound-guided fascia iliaca block resulted in a significant
increase in block success at the medial thigh (95% versus 60%)
compared with LOR. Ultrasound also improved secondary
outcomes of increased percentage of patients with a Bcomplete
3-in-1 block[ (82% versus 47%) and femoral nerve motor block
(90% versus 63%) compared with LOR. No studies reported any
long-term complications of peripheral nerve injury, infections,
or systemic toxicity.

Sciatic Nerve Block
There were 3 studies7Y9 directly comparing US to PNS for

popliteal sciatic nerve block, 1 study directly comparing US to
PNS for subgluteal sciatic nerve block,10 and 1 study12 directly
comparing US with PNS (with a stimulating catheter technique)
for popliteal sciatic perineural catheter placement for a total of
214 patients (Table 2). None of these studies directly compared
US with PNS using surgical block as the primary outcome. All
5 studies were of good quality with Jadad scores of either 3 or
4 and appropriate power analyses.

The primary outcome in the study by Perlas et al7 was
powered to detect an increase in sensory block success from
70% to 95% with the use of US compared with PNS, beginning
30 mins after completion of local anesthetic injection. Sensory
block success was rigorously defined as complete loss of pin-
prick sensation in both the tibial nerve (TN) and common pero-
neal nerve (CPN) sensory distributions of the sciatic nerve.
Ultrasound resulted in significantly higher block success (89.2%
versus 60.6%) compared with PNS. Secondary outcome im-
provements with US included a more rapid onset of complete
sensory and motor block of the TN and CPN during a 60-min
data collection period but no difference in the surgical block
success (92% for US versus 75% for PNS) or time to complete
the block procedure (8.1 versus 8.3 mins). A criticism of this

study was the potential for bias against the PNS technique.
Ultrasound guidance was again described as a Bmoving needle
technique[ in contrast to PNS with a fixed needle position af-
ter obtaining a minimum current threshold of 0.5 mA or less,
with a potential bias against PNS of accepting any 1 of 4 EMR
(dorsiflexion or eversion indicating CPN stimulation, plantar
flexion indicating TN stimulation, and inversion indicating si-
multaneous stimulation of both branches). It has been dem-
onstrated that inversion may be the optimal single EMR to
maximize the onset and success of sciatic nerve block.15,16

The study by van Geffen et al8 was powered to detect a
minimum 10-mL reduction in the volume of lidocaine 1.5%
with epinephrine 5 Kg/mL to block the sciatic nerve. In contrast
to the more rigorous up-and-down study design, the US group
was designed to administer the minimum local anesthetic vol-
ume to obtain a circumferential spread around the sciatic nerve.
Conversely, the PNS group was allowed to administer a Bmin-
imum of 25 mL and a maximum of 40 mL[ after obtaining the
appropriate EMR based on Bclinical experience needed to obtain
a successful PNS-guided sciatic nerve block,[ potentially bias-
ing against this technique. Ultrasound guidance resulted in a
significantly lower local anesthetic volume (17 T 5 versus 37 T
5 mL) compared with PNS, with no difference in the percent-
age of patients with successful surgical block, time to perform
the block, onset, or duration of sensorimotor block. Of note,
2 patients in the PNS group were excluded from analysis ow-
ing to the failure to elicit an appropriate EMR within 15 mins.

The study by Danelli et al9 attempted to minimize the po-
tential bias against single-injection sciatic nerve block PNS tech-
nique by comparing US guidance (with 20 mL of ropivacaine
0.75%) to a double-injection (with 10 mL each at the TN and
CPN) PNS technique for popliteal sciatic nerve block. The study
was powered to detect a minimum 5-min difference in the onset
of sensory and motor block in both sciatic nerve branches. Block
success was defined as complete loss of sensation to pinprick and
complete absence of movement in both the TN and CPN dis-
tributions. Although there was a significantly faster onset of sen-
sory block in the CPN with US compared with PNS (12.2 T 4.8
versus 17.9 T 8.5 min), onset of sensory block in the TN and
onset of motor block in both branches was not significantly
different between techniques. There was no significant difference
in the percentage of complete sensory or motor blocks or surgical
block success. Ultrasound guidance did result in decreased block
procedure time (2 versus 5 mins), fewer skin punctures and needle
redirections, and less subjective discomfort during the block
compared with PNS.

Danelli et al10 conducted a well-designed RCT comparing
the efficacy of US guidance to potentially decrease the minimum
effective anesthesia volume in 50% of patients (MEAV50) for
subgluteal sciatic nerve block compared with PNS in patients
undergoing knee arthroscopy with a preexisting US-guided
femoral nerve block. Effective sciatic nerve block was defined
as a complete loss of sharp sensation using pinprick testing in
both the TN and CPN distributions and the complete inability
to move the foot. Using 12 mL as the starting volume for sub-
gluteal sciatic nerve block11 and the up-and-down methodolo-
gy,4 it was demonstrated that US (12 mL; 95% CI, 10Y13 mL)
resulted in a 37% reduction in the MEAV50 of mepivacaine 1.5%
compared with PNS (19 mL; 95% CI, 15Y23 mL). In this study,
the PNS technique end point was a single TN-mediated EMR
(plantar flexion of the foot or toes or inversion of the foot) at a
current threshold higher than 0.2 mA but less than 0.4 mA
followed by injection of the entire volume of local anesthetic.
In contrast, US guidance was described as a Bmoving needle
technique,[ where the needle tip positioned was adjusted in real
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time to obtain circumferential spread of the designated local
anesthetic volume around the sciatic nerve.

In the only investigation directly comparing US with PNS
for continuous perineural catheter placement, Mariano et al12

powered their study to detect a 5-min difference in successful
popliteal sciatic catheter placement (allowing a maximum of
30 mins before crossing over to the other technique). Time for
catheter placement began when the US probe (US group) or
catheter placement stimulating needle (PNS group) first touched
the patient and ended when the catheter placement needles
were removed after catheter placement. Ultrasound resulted in
significantly less time to successfully place the sciatic catheter
(median, 5 versus 10 min) compared with PNS with a stimulat-
ing catheter technique. All 20 catheters were successfully placed
with US guidance. In contrast, 4 of 20 catheters could not be
placed with PNS (3 owing to the inability to obtain an appro-
priate EMR via the stimulating needle [within 15 mins] and 1 via
the stimulating catheter [within 30 mins]). These patients sub-
sequently underwent successful catheter placement with US guid-
ance. There was less subjective pain associated with US-guided
catheter placement. There was no difference in the quality of
postoperative analgesia in all patients with successful catheter
placement, regardless of technique. No studies reported any long-
term complications of peripheral nerve injury, infections, or sys-
temic toxicity.

Combined US Guidance and PNS
Combined US guidance and PNS stimulation techniques

may provide the theoretical advantage of providing both ana-
tomic and neurophysiologic end points. There have been 2
studies designed to evaluate the potential advantage US guid-
ance in combination with PNS to localize the sciatic nerve via
a lateral midfemoral approach13 and posterior popliteal ap-
proach14 for a total of 112 patients. Neither of these 2 studies
evaluated surgical block success as the primary outcome. Both
studies were of good quality with Jadad scores of 3 and ap-
propriate power analyses.

The primary outcome in the study by Domingo-Triado
et al13 was powered to detect a 25% difference in the number
of attempts (defined as the number of needle passes before suc-
cessfully evoking an adequate EMR at 0.5 mA) to perform
the technique between the combined US-PNS group and the
PNS-alone group. In the combined US-PNS technique, the
needle was advanced until it was within 1 to 2 mm of the sci-
atic nerve and then the PNS was turned on. Once an adequate
sciatic nerve EMR at 0.5 mA was obtained, the needle tip was
not adjusted and the entire local anesthetic volume (35 mL of
ropivacaine 0.5%) was injected on one side of the sciatic nerve
with US visualization to assess its perineural distribution. The
PNS-alone technique was similar except for lack of US guidance
and lack of assessment of local anesthetic distribution.

Combined US-PNS (1; range, 1Y2) resulted in significantly
fewer median numbers of needle attempts compared with PNS
alone (2; range, 1Y4), although there was no significant differ-
ence in the median time from initial needle insertion to suc-
cessful sciatic nerve localization or reported patient discomfort
during the block. The frequency of patients with complete sci-
atic nerve sensory block to pinprick (96.7% versus 71%) and
tolerance to a pneumatic tourniquet above the ankle (93.3%
versus 48.4%) was significantly higher with combined US-PNS
compared with PNS alone. There was no difference in the onset
of sensorimotor block or duration of postoperative analgesia
between the 2 techniques.

The primary outcome in the study by Dufour et al14 was
powered to detect a 25% reduction in the time to complete a
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posterior popliteal sciatic nerve block with double injection (of
both the TN and CPN) between combined US-PNS compared
with PNS alone. Block time was defined as the interval between
initial needle insertion and its removal at the end of local an-
esthetic injection. In the PNS-alone group, the needle tip was
adjusted until either a TN or CPN EMR was obtained at minimal
current threshold of 0.5 mA or less followed by injection of 10mL
of levobupivacaine 0.5%. The needle tip was then repositioned
to obtain the appropriate second EMR at a current threshold of
0.5 mA followed by injection of 10 mL of levobupivacaine 0.5%.
In the combined US-PNS group, the needle tip was advanced out-
of-plane toward both the TN and CPN, with subsequent
adjustment of the current output from the PNS down to 0.5 mA
or less. If the needle tip appeared to be in contact with either the
TN or the CPN and current out was more than 0.5 mA, the needle
was not further repositioned. For each 10-mL injection of
levobupivacaine 0.5%, the spread of local anesthetic was simply
observed, but the needle tip was not repositioned in an attempt to
improve distribution around the nerve. A maximum of 420 secs
was allowed to locate both components of the sciatic nerve and
perform the 2 injections in both groups. Block success was
defined as the complete loss of cold sensation to ice in both the
TN and CPN distributions and total immobility of the foot
30 mins after completion of the block.

There was no difference in the time to complete the block
procedure between combined US-PNS (304 T 94 secs) and the
PNS-alone (261 T 75 secs) groups. Of 30 patients in the PNS-
alone group, 5 were excluded because the procedure time ex-
ceeded 420 secs. Of 30 patients in the combined US-PNS group,
3 were excluded because the CPN could not be visualized within
420 secs. Thus, the final sample size fell short of the a priori
power analysis, raising the possibility of a type 2 error for the
primary outcome of interest. At 30 mins, the percentage of
patients with a successful block was significantly higher in the
combined US-PNS group (65% versus 16%) compared with
the PNS-alone group. There was no difference in the duration

of postoperative analgesia or the patient satisfaction with the
block technique.

DISCUSSION
Overall, the available data from RCTs comparing US

guidance to PNS are limited with significant heterogeneity in the
methodology (local anesthetic, comparative techniques to US,
and definition of block success) and primary study outcomes. In
contrast to brachial plexus blockade where a single injection (or
least a single anatomic location) can effectively produce surgical
anesthesia, blocks of the lumbar plexus (the femoral nerve in
particular) or sacral plexus (sciatic nerve) rarely have the ability
to provide surgical anesthesia without blockade of the other
nerve. Thus, surgical anesthesia as a primary outcome is difficult
to study when comparing US to PNS, especially with the sim-
plicity and efficacy of neuraxial techniques for major lower
extremity surgical procedures. This is reflected in the heteroge-
neity of the definitions of block success, block onset, and sub-
sequent choice of primary outcomes for lower extremity RCTs.

Another conflicting factor is the inherent difference in the
basic technique of US compared with PNS (or even LOR).
By definition, US provides the inherent advantage of real-time
assessment of nerves, perineural structures, the advancing nee-
dle, and, most importantly, the relationship of local anesthetic
spread around the target neural structures. It is possible with US
guidance to Bmove the needle tip[ in real time to obtain cir-
cumferential distribution around the target nerves, which may
explain the observed advantages in block onset, block quality,
reduction in local anesthetic requirements, and block procedure
time. In contrast, the majority of PNS techniques rely on elic-
iting a specific EMR at a defined minimum current threshold
as a surrogate of needle tip to nerve proximity. This premise
has several inherent limitations: First, although RCTs5,17 have
demonstrated that eliciting multiple EMRs decreases block
onset and increases block quality and block success, they are

TABLE 3. Summary of Evidence of US Guidance Versus PNS for Lower Extremity Peripheral Nerve Block

Primary Outcomes: Advantages
of US Compared With PNS

Secondary Outcomes: Advantages of US
Compared With PNS

Type of Nerve Block Recommendation and Level of Evidence Insufficient Power to Provide Recommendations.

Femoral, fascia Iliaca,
B3-in-1[ blocks

1. Decreased time for onset of complete sensory block
of femoral, obturator, and lateral femoral
cutaneous nerves. Grade A recommendation
based on Level 1b evidence.

1. Improved quality of complete sensory blocks.

2. Reduction in local anesthetic volume. Grade A
recommendation based on Level 1b evidence.

2. Increased percentage of complete sensory blocks.

3. Increased in success of sensory block. Grade A
recommendation based on Level 1b evidence.

3. Increased percentage of successful femoral nerve
motor block.

Popliteal sciatic
nerve block

1. Increase in sensory block success. Grade A
recommendation based on Level 1b evidence.

1. Faster onset of sensory and motor block.

2. Reduction in local anesthetic volume. Grade A
recommendation based on Level 1b evidence.

2. Fewer skin punctures and needle redirections.

3. Decreased time to perform block (single injection
and placement of sciatic perineural catheter).
Grade A recommendation based on Level 1b
evidence.

3. Less patient discomfort.

4. Higher block failure (inability to obtain adequate
EMR) with PNS.

5. No difference in duration of sensory block
(single injection) or quality of postoperative
analgesia (continuous perineural sciatic catheter).
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not used as frequently as single EMR (injection) techniques,
perhaps because of perceptions of increased complexity, time to
complete the procedure, and relative lack of expertise in multiple
stimulation techniques. Thus, the consistent lack of use of
multiple stimulations/injections for the PNS groups may have
potentially decreased the efficacy these techniques compared
with US. Second, there is growing evidence of the lack of cor-
relation with the current threshold and needle-tip to-nerve dis-
tance, even to the point of lack of sensitivity of detecting needle
tip-to-nerve contact7 or intraneural needle location.18 Thus, the
lack of sensitivity of PNS may lead to unnecessary attempts at
needle redirection potentially leading not only to increased block
performance time but also to the potential for increased patient
discomfort, nerve injury, and vascular trauma.

In addition, the RCTs are often performed in academic
medical centers with substantial expertise in both PNS and US.
Thus, with the high success rate inherent with PNS, it may be
difficult to demonstrate significant improvements with a new
technology, especially in the developmental and evolving stages
of US guidance for peripheral nerve blocks. Conversely, the high
success rates with US reported in these clinical trials might not
be generalizable to daily clinical practices that lack experience
or expertise. However, US may potentially benefit the daily
clinical practice where success with PNS techniques may be
lower than what is demonstrated in these RCTs. Another po-
tential benefit of US is to increase our awareness and hopefully
understanding of the inconsistency of the EMR and current
threshold associated by performing combined US-PNSYguided
techniques.

Although the technique of combined US-PNS resulted in
fewer needle passes compared with PNS alone in 1 study,13 there
was no difference in the time to complete the block or patient
perception of block discomfort between groups in either
study.13,14 The combined use of US-PNS may allow for more
efficient needle tip-to-nerve placement compared with the con-
ventional techniques of surface anatomic landmarks with PNS
alone. The use of PNS to confirm the identity of a target nerve (or
a specific part of a nerve bundle or plexus) in question when using
USmay provide potential advantages. However, the combined use
PNS-US may only add to the complexity of peripheral nerve
blocks, especially when the target nerve structures are clearly
visualized. In addition, the growing evidence of the lack of cor-
relation between needle tip-to-nerve proximity and current output
to obtain an EMR with PNS brings into question the practice
of attempting to obtain a Bminimum current threshold[ with a
combined US-PNS technique.18 In contrast, the ability to elicit a
familiar EMR may provide reassurance to the novice user of US
or may confirm the location of target nerves in question when the
appearance of the US anatomy may be difficult owing to the lack
of acoustic impedance mismatch or acoustic attenuation with
deeper structures. Thus, a more useful application may be to use
PNS as a qualitative tool (Byes or no[) at higher current outputs in
conjunction with US.

There is clearly a need to better define what the most im-
portant primary outcomes should be in future RCTs to increase
the homogeneity of future systematic reviews and meta-analysis.
There is currently lack of evidence to demonstrate that US guid-
ance increases block success, specifically defined as the ability to
provide surgical depth of anesthesia. Furthermore, there needs to
be increased standardization in the design of future RCTs regard-
ing the clinically relevant definitions of block success, especially
when a surgical anesthetic is not the primary outcome. Future
comparative studies should also identify and directly compare
Boptimal techniques[ for US (moving needle technique with
circumferential distribution) and PNS (single versus multiple

EMR and optimal EMR) to provide a more objective basis for
advantages and disadvantages of the 2 techniques. Future RCTs
should also include the potential benefits of US guidance for
lower extremity peripheral nerve block at other anatomic locations
such as the lateral femoral cutaneous nerve, obturator nerve,
saphenous nerve, and especially at more proximal (and potentially
deeper) locations of the lumbar plexus (psoas compartment) and
sciatic nerve (gluteal levels) where the increased tissue depth may
not consistently provide adequate images of target nerves. Lastly,
there is a need to further investigate the potential advantages
of US guidance in placement of continuous lower extremity
peripheral nerve catheters.

In conclusion, there is level Ib evidence to make a grade A
recommendation that US guidance provides improvements in
the onset and success of sensory block, a decrease in local an-
esthetic requirements, and decreased time to perform the lower
extremity peripheral nerve blocks (Table 3). The increased qual-
ity of sensory block may not be clinically relevant unless it
results in an increased percentage of patients with a block of
sufficient depth to provide surgical anesthesia or improved and/
or prolonged duration of postoperative analgesia. Future studies
investigating the possible advantages of faster onset of sensory
and motor block or decreased performance time with US guid-
ance must also define Btotal anesthesia time[ (such as turning on
and positioning the US machine and sterile preparation of the
US transducer probe versus palpation and marking of external
anatomic landmarks with PNS before needle placement). Al-
though several of the studies demonstrated a significant decrease
in local anesthetic requirements with US compared with
PNS,2,5,8,10 it will require significantly larger studies to
demonstrate if this will result in clinically relevant reductions
in the incidence of systemic local anesthetic toxicity.
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Evidence-Based Medicine
Ultrasound Guidance for Truncal Blocks

Matthew S. Abrahams, MD, Jean-Louis Horn, MD, L. Michele Noles, MD, and Michael F. Aziz, MD

Abstract: We performed a systematic search of the medical literature
and reviewed the evidence examining success rates and incidence of
complications of ultrasound (US) guidance relative to traditional tech-
niques for the following blocks: paravertebral, intercostal, transversus
abdominis plane, rectus sheath, and ilioinguinal/iliohypogastric. We in-
cluded studies of sufficient methodologic quality for review and ex-
cluded poor-quality studies. We then rated the strength of evidence for
US guidance for each block using a system developed by the United
States Agency for Health Care Policy and Research. Although relatively
few studies have compared US guidance with established techniques, the
available evidence suggests that the use of US guidance is a safe and
effective means to facilitate correct needle placement and adequate
spread of local anesthetic for truncal blocks. Further studies are needed
to directly compare US guidance to traditional techniques and to clarify
potential benefits and limitations of US guidance for truncal blocks.

(Reg Anesth Pain Med 2010;35: S36YS42)

A nesthesia and/or analgesia of the trunk can be achieved with
perineural injections, which have several advantages com-

pared with neuraxial blockade. These include reduced sympa-
thectomy,1 less severe consequences of infection or bleeding
at the injection site,2Y4 minimal interference with bladder and
bowel function,1,5 and decreased incidence of lower extrem-
ity motor weakness,6Y8 allowing early ambulation and home
discharge.

Thoracic paravertebral or intercostal nerve blocks (ICNBs)
of T1 to T6 can provide anesthesia and/or analgesia of the chest
wall. Thoracic paravertebral blocks from T6 to L1, transversus
abdominis plane (TAP) blocks, rectus sheath blocks, or ilioin-
guinal (II)/iliohypogastric (IH) nerve blocks can provide anesthe-
sia and/or analgesia of the abdominal wall.

Recent developments including refinements in continuous
catheter techniques and use of ultrasound (US) guidance have
increased the clinical applications for truncal blocks. We sought
to review the evidence for US guidance for truncal blocks and
make recommendations for use of US based on the strength of
available data.

METHODS
We systematically searched MEDLINE, the Cochrane

Central Register of Controlled Trials, Ovid, and Google Scholar
databases for articles published between January 1, 1990, and
August 1, 2009, using the following keywords: ultrasound with
paravertebral, intercostal, transversus abdominis plane, TAP,
rectus sheath, ilioinguinal, and iliohypogastric. We then searched
the references of eligible articles for additional studies. Ran-
domized controlled trials, nonrandomized experimental studies,
and large case series were included for review. Case reports, small
case series (G10 patients), and letters to the editor were excluded.
Because of the limited amount of published data, cadaver ana-
tomic studies and letters reporting significant findings were in-
cluded for discussion. However, these were not used for making
evidence-based recommendations. Methodologic quality of the
studies included was rated using a validated scoring system de-
scribed by Jadad et al.9 For all of the blocks we evaluated, the
evidence examining use of US guidance was rated using an
evidence-based system developed by the United States Agency
for Health Care Policy and Research. A summary of studies
pertaining to US guidance for these truncal blocks is shown below
in Table 1.

DISCUSSION

Thoracic Paravertebral Blocks
Background

Thoracic paravertebral blocks have been used to provide sur-
gical anesthesia for many types of surgical procedures involving
the chest and/or abdomen,10Y18 as well as to provide analgesia
for painful conditions such as rib fractures.19Y22 In addition,
paravertebral blocks may be associated with a decreased rate of
recurrence after surgical excision of malignant breast lesions.23

Specific risks of paravertebral blocks include epidural24 or intra-
thecal25 spread of anesthetic, systemic local anesthetic toxicity,26

and hemo/pneumothorax.27Y29 Standard techniques use surface
landmarks and can be combined with either nerve stimulation or
loss-of-resistance (LOR).30Y32 Although US visualization of the
paravertebral space may be challenging owing to the overlying
bony structure such as the ribs and transverse processes, use of
US to measure the distance from skin to the transverse processes
or for real-time image guidance during needle placement could
potentially decrease the risk of puncturing the pleura with the
needle during block placement.

Ultrasound Data
There is a paucity of data on US guidance for the thoracic

paravertebral block. Recently, Pusch et al33 demonstrated that
the depth of the transverse process and the pleura could be
reliably measured at T4 before block placement in a series of
22 patients. More recently, Hara et al34 reported a cohort study of
25 patients who underwent an US-guided paravertebral injec-
tion at T4 and T1 with 25 of 25 and 22 of 25 successful blocks,
respectively. However, they only imaged the needle until the
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transverse process was contacted, then continued needle ad-
vancement using an LOR technique. Luyet et al35 studied the
placement of catheters in the paravertebral space of cadavers.
Twenty catheters were placed in 10 cadavers, and placement
was confirmed by evaluating the spread of contrast dye using
computed tomography. Although the paravertebral space was
easy to visualize and placement of the needle tip within this
space was accomplished easily, contrast injected through the
catheters was frequently (9/20 catheters) visualized in the pleu-
ral, epidural, or prevertebral spaces. The catheters used in this
study were styleted and advanced 5 cm past the needle tip. To
date, no randomized controlled trial (RCT) has compared US
guidance to conventional techniques such as anatomic land-
marks, LOR, or nerve stimulation for placement of either single-
shot or continuous paravertebral blocks.

Recommendations
We give a Grade B recommendation for the use of US to

place paravertebral blocks, based on Level IIb (2 small case series)
evidence. The available literature suggests that thoracic para-
vertebral blocks may be performed with a high probability of
block success using US guidance as an adjunct to traditional
techniques. The use of styleted catheters or blind advancement
of the catheter more than 2 cm past the needle tip may contribute
to catheter misplacement during US-guided placement of tho-
racic paravertebral catheters (based on results of 1 cadaver ana-
tomic study). At this time, there is insufficient evidence to show
that US guidance improves block success rates or reduces the
risk of complications compared with traditional techniques for
performing single-shot or continuous paravertebral blocks.

Intercostal Nerve Blocks
Background

Intercostal nerve blocks are most commonly used as an al-
ternative to epidural or paravertebral block to provide analgesia
for painful conditions of the chest wall or after thoracic or upper
abdominal surgery.36Y39 Risks of ICNBs are similar to those for
thoracic paravertebral blocks.40Y48 Traditional techniques for
performing ICNBs generally involve use of surface anatomic
landmarks to guide needle placement.49 Although the intercostal
neurovascular bundle may not be visualized with US owing to
acoustic shadowing from the overlying rib, use of US guidance
could be useful for performing ICNBs because imaging the pleura
and needle tip in real-time potentially could reduce the risk of
puncturing the pleura during block placement.

Ultrasound Data
There are minimal data available for US-guided ICNBs. One

small descriptive case series (4 patients)50 has reported success-
ful use of US-guided cryoablation of intercostal nerves to treat
chronic postthoracotomy pain. To date, no RCTs or large case
series have been published to report success rates or the rate of
complications for US-guided ICNBs or to compare US guidance
with traditional techniques.

Recommendations
On the basis of the minimal available Level III (1 very small

case series) evidence, we give US guidance for ICNB a Grade C
recommendation. At this time, there is insufficient evidence to
comment on the rates of block success or complications for
US-guided ICNBs relative to those performed using traditional
techniques. Thus far, the literature only establishes proof of the
concept that US guidance can be used to perform ICNBs.

Transversus Abdominis Plane Blocks
Background

The ventral rami of spinal nerve roots T6-L1 course through
the lateral abdominal wall within a potential space defined
superiorly by the costal margin, inferiorly by the iliac crest,
medially by the lateral border of the rectus abdominis muscle,
superficially by the internal oblique muscle, and deep by the
transversus abdominis muscle. Rafi51 first described in 2001 a
landmark-based technique of accessing this TAP percutaneously
via the lumbar triangle of Petit to deposit local anesthetic solution
and produce analgesia of the anterolateral abdominal wall. The
landmark-based technique relies on a B2-pop[ end point to
determine correct positioning of the needle tip beneath the fascia
overlying the transversus abdominis muscle.52 The primary
indication for the TAP block is to provide analgesia after major
surgical procedures of the anterolateral abdominal wall.53Y56 To
date, use of the TAP block for surgical anesthesia has not been
reported.

Intraperitoneal catheter placement without both visceral
organ injury57 and liver injury from the block needle58 has been
reported for TAP blocks performed using traditional techniques.
Because US-guided techniques allow real-time visualization of
the needle and the spread of local anesthetic, the use of US
may decrease the risk of complications for the TAP block. In
addition, an in-plane US-guided approach may confirm addi-
tional safety because it involves an oblique needle trajectory,
possibly decreasing the risk of advancing the needle into the
peritoneal cavity.

Ultrasound Data
In a cadaver study, Tran et al59 demonstrated that the spread

of injectate was limited to the T9-L1 nerve roots for US-guided
TAP blocks performed at a level similar to that for traditional
techniques. Shibata et al60 and Hebbard61 performed separate
retrospective audits of patients with US-guided TAP blocks and
suggested that traditional TAP blocks may not reliably provide
analgesia for procedures above the level of the umbilicus.
However, traditional techniques may eventually result in blocks
extending as high as the T7 dermatomal level owing to
Bextensive communication between adjacent segmental thora-
columbar nerves.[62 Hebbard61 described a modified subcostal
US-guided approach and reported a mean block height of 85%
the distance from the symphysis pubis to the xiphoid process in a
series of 26 patients.

El-Dawlatly et al56 recently described a technique for US-
guided TAP block that is essentially identical to those previously
reported.60,63,64 In addition, they performed an RCT comparing
intraoperative narcotic requirements and postoperative analgesia
in patients undergoing laparoscopic cholecysectomy with and
without bilateral TAP blocks. They found that patients with TAP
blocks had substantially lower perioperative opioid consump-
tion than patients in the control group. However, this study did
not include any patients with TAP blocks performed using
traditional techniques for comparison. To date, no study has
directly compared landmark-based approaches with US-guided
techniques. At this time, no complications have been reported
for US-guided TAP blocks.

Recommendations
We give US guidance for TAP blocks a Grade B recom-

mendation based on available Level IIb (1 RCT, no traditional
technique TAP block group included for comparison) evidence.
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At this time, no definitive statements can be made with regard
to the rate of block failure or complications from US-guided
TAP blocks relative to those performed using traditional tech-
niques. However, the existing case series do indicate high success
rates for TAP blocks performed with US guidance. Although no
prospective clinical studies have directly compared traditional
(landmark-based or US-guided) to subcostal approaches to the
TAP, case series (2 small series), and anatomic studies (1 cadaver
study) suggest differences in the distribution of sensory blockade
for the various approaches.

Rectus Sheath Blocks
Background

The central portion of the anterior abdominal wall is inner-
vated by the ventral branches of spinal nerve roots T6-L1, which
lie between the belly of the rectus abdominis muscle and the
posterior rectus sheath and enter the rectus muscle near the
midline. The superior and inferior epigastric vessels run longi-
tudinally through the medial portion of the muscle. The tendi-
nous intersections of the rectus muscle are not fused to the
posterior rectus sheath, which allows local anesthetic to spread
cephalocaudad within the ipsilateral compartment from a single
injection site.

The rectus sheath block has been used to provide surgical
anesthesia as well as postoperative analgesia for surgical pro-
cedures involving a vertical midline laparotomy incision as well
as for laparoscopic procedures.65Y67 Traditionally, this block is
performed using Bpops[ or Bscratching sensations[ to determine
proper positioning of the needle’s tip. Potential advantages of
US guidance for rectus sheath blocks are similar to those for
TAP blocks.

Ultrasound Data
Few data exist regarding the use of US guidance for rectus

sheath blocks. Willschke et al68 and de Jose Maria et al69 reported
case series of 20 and 10 pediatric patients, respectively. Patients
in both series had rectus sheath blocks placed for postoperative
analgesia after abdominal surgery performed under general an-
esthesia. Both groups reported 100% success in the ability to
visualize the spread of anesthetic between the belly of the rectus
abdominis muscle and the posterior rectus sheath. Although
neither study formally assessed the patients for motor or sensory
block, no patient in either series required additional analgesic
medication during surgery or before discharge home. No com-
plications were reported for either series.

Recently, Dolan et al70 performed an RCT comparing the
accuracy of local anesthetic deposition during rectus sheath
blocks performed by trainees using either LOR or US guidance.
They found that anesthetic was placed in the correct plane in only
45% of cases using LOR and in 89% of cases using US guid-
ance (P G 0.001). In addition, this difference between groups
became more pronounced as patient body mass index increased.
Of additional concern was their finding that 21% of blocks
performed using LOR had an initial anesthetic injection deep to
the rectus sheath (intraperitoneal). Although no complication re-
sulted, they stopped the trial after enrollment of 81 patients
because of their concern for potential intra-abdominal injury
with blocks performed using LOR. However, this frequency of
intraperitoneal injection may not be representative of that for
practitioners with extensive experience performing rectus sheath
blocks using traditional techniques as all blocks in this study
were performed by trainees with no previous experience per-
forming rectus sheath blocks using either US or LOR.
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Recommendations
We give use of US guidance for rectus sheath block a Grade

A recommendation based on available Levels Ib (1 RCT) and III
(2 small case series) evidence. The current evidence indicates that
US guidance is more likely than traditional techniques to produce
a successful block. Although the studies conducted to date lack
statistical power to demonstrate any safety advantage conferred
by use of US, the high rate of intraperitoneal injection observed
during blocks performed using traditional techniques is con-
cerning. More RCTs involving more patients will help to clarify
the potential benefits and limitations of US guidance for rectus
sheath blocks.

Ilioinguinal/Iliohypogastric Nerve Blocks
Background

The II nerve provides sensation to the upper medial part of
the thigh and the upper part of the genitalia. The IH nerve provides
sensation to the buttock and abdominal wall above the pubis.
Traditional landmark-based techniques vary but share a theme
of relying on facial Bclicks.[71 Traditional techniques may be
unreliable, however, because US imaging has demonstrated
infrequent placement of local anesthetic around the intended
muscle planes and nerves after landmark-based II/IH blocks in
children.72

Most II and IH blocks are placed for analgesia after ingui-
nal hernia repair, often in children. The II/IH blocks have also
been shown to provide similar analgesia to caudal blocks during
orchidopexy73,74 while eliminating adverse effects of motor
block and urinary retention. The II and IH blocks have been also
successfully used to provide surgical anesthesia for herniorrha-
phy and to improve analgesia following a variety of lower ab-
dominal procedures in adults.75Y79 Risks specific to the II/IH
block include bowel hematoma,80 bowel puncture,81,82 pelvic he-
matoma,83 femoral nerve block,84,85 and high serum local anes-
thetic concentration.86,87 Potential advantages of US guidance
for II/IH blocks are similar to those for rectus sheath and TAP
blocks.

Ultrasound Data
One RCT has been conducted comparing US guidance to a

landmark-based technique.88 One hundred children scheduled for
inguinal hernia, orchidopexy, or hydrocele repair under general
anesthesia were prospectively randomized to receive either US-
guided or landmark-based II/IH blocks for postoperative analge-
sia. Because formally assessing motor and sensory block can be
difficult in young children, the authors used validated, predefined,
objective parameters to guide administration of supplemental
analgesics during surgery (increase in heart rate or mean arterial
pressure 910%) and postoperatively (the objective pain scale, a
validated measure of objective behavioral variables). They
reported statistically significant differences in the number of
patients responding to surgical incision (6%US group versus 22%
fascial click group, P G 0.0001) and requiring supplemental
analgesic medication during recovery (6% US group versus 40%
fascial click group, P G 0.0001). Upon US scanning of patients
who had received blocks by the fascial click method, only 50% of
those patients demonstrated LA deposited around the II/IH nerves
compared with 100% in the US group. It is important to note that
for this study, the anesthesiologists were not blinded to patient
group allocation, creating a potentially significant source of
bias. The same group of investigators also conducted a dose-
comparison analysis using an up-and-down dosing method to
determine the amount of local anesthetic necessary to achieve

complete success in an interventional group.89 They demonstrated
an effective local anesthetic dose of 0.075 mL/kg for US-guided
blocks compared with standard doses of 0.3 to 0.5 mL/kg for
landmark-based II/IH blocks.

Although reduced amounts of local anesthetic may be
necessary to perform II/IH blocks, serum levels of local anes-
thetic may be higher for US-guided blocks. In a controlled study,
Weintraud et al90 describe higher serum ropivicaine levels in
US-guided patients receiving equal amounts of local anesthetic
to those receiving landmark-based blocks. Therefore, it is prob-
ably warranted to reduce the volume of local anesthetic when
performing US-guided II/IH blocks because less local anes-
thetic is necessary to achieve successful blocks, and there may
be a higher serum absorption of local anesthetic, possibly be-
cause local anesthetic is often deposited near a perforating
branch of the deep circumflex iliac artery using an US-guided
technique.

Recommendations
We give the use of US for II/IH blocks a Grade A rec-

ommendation based on available Levels Ib (2 RCTs) and IIb (1
dose-finding study) evidence. The available data indicate that
compared with traditional techniques, US-guided II/IH blocks
have a higher probability of block success and require a lower
volume of local anesthetic. However, there are currently not
enough data to demonstrate any safety advantage for US guidance
over traditional techniques. Ultrasound-guided II/IH blocks may
also result in higher plasma concentrations than those performed
with traditional techniques using similar volumes of local
anesthetic.

CONCLUSIONS
Relatively few large studies have been conducted to evaluate

the role of US guidance for truncal blocks. Only 2 prospective
RCTs have been performed to compare US guidance to standard
landmark-based approaches, so at this time, no definitive state-
ments can be made regarding improvements in success rates or
reductions in the frequency of complications. The strongest evi-
dence in favor of US guidance for truncal blocks is for II/IH
and rectus sheath blocks. There is sparse evidence in favor of
US guidance for TAP blocks and minimal evidence to support
US guidance for thoracic paravertebral and ICNBs. Further
studies are required to clarify the potential benefits of US guidance
for truncal blocks.
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Evidence for the Use of Ultrasound in Neuraxial Blocks
Anahi Perlas, MD, FRCPC

Goals: To summarize the existing evidence behind the role of ultra-
sonography in neuraxial anesthesia techniques.
Methods: A literature search of the MEDLINE, PubMed, ACP Journal
Club databases, and the Cochrane Database of Systematic Reviews was
performed using the term ultrasonography combined with each of the
following: spinal, intrathecal, epidural, and lumbar puncture. Only studies
related to regional anesthesia or acute pain practice were included. Case
reports and letters to the editor were excluded. Seventeen relevant studies
were identified and included in this review.
Results: Neuraxial ultrasonography is a recent development in regional
anesthesia practice. Most clinical studies to date come from a limited
number of centers and have been performed by very few and highly
experienced operators. The existing evidence may be classified in 2 main
content areas: (a) ultrasound-assisted neuraxial techniques and (b) real-
time ultrasound-guided neuraxial techniques.

(a) Ultrasound-assisted neuraxial techniques: Two scanning planes
have been identified to offer useful acoustic windows for the
assessment of spinal sonoanatomy providing complementary
information: A parasagittal scanning plane (paramedian, longi-
tudinal window) and an axial plane (transverse midline window).
A preprocedure ultrasound can more accurately determine the lo-
cation of a specific vertebral interspace than physical examination
alone. The epidural and intrathecal spaces may be identified by
ultrasonography, and the skin-to-epidural space or skin-to-
intrathecal space distances may be accurately predicted. The use
of a preprocedure ultrasound is associated with a lower number of
attempts and a lower number of interspaces attempted by expe-
rienced anesthesiologists inserting an epidural catheter for labor
analgesia. It may improve learning curves of junior trainees.

(b) Real-time ultrasound-guided neuraxial techniques: Fewer and
more recent studies report the use of this modality, mostly in the
pediatric population. When performed by experienced anesthe-
siologists on selected patients with otherwise normal anatomy,
the resulting efficacy is similar to that of standard techniques, but
it may result in a shorter procedure time and less instances of
Bbony contact.[ A paucity of data exists in the nonobstetric adult
population and on the impact of ultrasound use on safety profile.

Conclusions: Neuraxial ultrasonography has been recently introduced
to regional anesthesia practice. The limited data available to date suggest
that it is a useful adjunct to physical examination, allowing for a highly
precise identification of regional landmarks and a precise estimation
of epidural space depth, thus facilitating epidural catheter insertion.

Further research is needed to conclusively establish its impact on pro-
cedure success and safety profile, particularly in the adult nonobstetric
population.

(Reg Anesth Pain Med 2010;35: S43YS46)

In the last decade, there has been a growing interest in the use ofbedside 2-dimensional ultrasonography to assess neuraxial
anatomy and to aid in the performance of neuraxial interven-
tional procedures. This article reviews the existing evidence that
evaluates the role of ultrasonography in neuraxial regional an-
esthesia techniques. Themain question addressed in this review is
as follows: What is the evidence that ultrasound-assisted neur-
axial techniques are more effective than traditional landmark-
based techniques?

METHODS
A literature search was conducted of the following data-

bases: MEDLINE, PubMed, ACP Journal Club, and the
Cochrane Database of Systematic Reviews. Search terms in-
cluded ultrasonography and each of the following terms: spinal,
intrathecal, epidural, and lumbar puncture. Search was limited
to human studies but not to the English language. For the pur-
pose of this review, only studies relating to regional anesthesia
or acute pain practice have been included. Studies relating to
chronic pain interventional procedures of the spine were ex-
cluded because they are covered in a separate section. Letters
to the editor and case reports were also excluded. Only prospec-
tive, preferably comparative studies (where available) that com-
pare either ultrasonography with a landmark-based technique or
ultrasound-assisted versus ultrasound-guided techniques were
included in this review. Seventeen studies are included in the
review.

DISCUSSION
This is an area of recent development; the earliest pub-

lications are dated within the last 8 years. Most studies come
from a small number of centers and most procedures have been
performed by a small number of experienced anesthesiologists.
On the basis of these limited early data, it would be premature
to make recommendations for practice. Instead, the evidence
has been reviewed, summarized, and classified according to its
strength based on the US Agency for Health Care Policy and
Research scale for Evidence Statements. The existing evidence
may be classified in 2 main content areas: (a) ultrasound-assisted
neuraxial techniques and (b) real-time ultrasound-guided neur-
axial techniques.

(a) Ultrasound-assisted neuraxial techniques

Most clinical studies in adult patients to date report the use
of a preprocedure ultrasound examination to establish neuraxial
anatomy before inserting an epidural catheter. A preprocedure
ultrasound allows the anesthesiologist to accurately determine
the location of a target lumbar interspace and the midline and
to mark these on the skin, as well as to estimate the depth of the
epidural and intrathecal spaces before the procedure, which is
then carried out using a traditional loss-of-resistance technique.
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This is often called Bultrasound-assisted epidural anesthesia[ to
differentiate it from real-time ultrasound-guided insertion tech-
niques. Most published studies to date use this type of Bassisted[
technique rather than a real-time guided technique.

The epidural and intrathecal spaces are the main targets to
the clinical anesthesiologist. These spaces are deeply located
in the neuraxis and encased by a complex bony structure that
limits the access of ultrasound beams, particularly in the adult
patient, in which bones are fully calcified. Because of the depth
of location, low-frequency curved array probes (2-5 MHz) are
generally required to image the neuraxis in the adult patient.
Two scanning planes have been identified to offer useful acoustic
windows for the assessment of spinal sonoanatomy: a parasag-
ittal scanning plane (paramedian, longitudinal window; Fig. 1)1

and an axial plane (transverse midline window; Fig. 2).2 These 2
scanning planes offer complementary information. A prospective
study on 50 patients undergoing x-ray of the lumbar spine sug-
gests that spinal ultrasonography can assist anesthesiologists in
identifying the L2-3 to L4-5 interspaces with greater accuracy
than by palpation of surface landmarks alone.3 (IIa) Using a plain
lumbar radiograph as a criterion standard, fully trained anes-
thesiologists could determine the location of specific lumbar
interspaces accurately in only 30% of patients based on physical
examination alone versus 71% of patients when ultrasound ex-
amination was used. In a separate study on 17 patients, ultra-
sonographic location of the L3-4 interspace was correct in 76%
of cases when compared with a control magnetic resonance
imaging and off by 1 level in the remaining 24%.4 (IIb) Two
further studies show that sonography and physical examination
differ in the evaluation of lumbar interspaces in 32% to 63% of
cases, but they do not compare this technique to an existing cri-
terion standard.5,6 (III) The evidence consistently shows that
ultrasonography can identify the epidural space and accurately
predict skin-to-epidural space distance. This has been demon-
strated at the cervical and lumbar levels in adults2,7,8 and at the
lumbar level in children.9 (Ib) In a study of orthopedic patients
undergoing spinal anesthesia, ultrasound examination accurately
predicted the depth of the intrathecal space.10

Three unblinded randomized controlled trials (RCTs)
comprising a total of 452 obstetric patients compared a group
of patients undergoing preprocedure ultrasonography versus a
control group receiving a standard landmark-based technique.

All 3 studies originate in the same institution (University of
Heidelberg) and all procedures were performed by the same
experienced anesthesiologist.8,11,12 Of 3 studies, 1 included only
parturients either with a history of difficult epidural insertion
or with spinal abnormalities such as scoliosis or kyphosis. All
3 studies report equal overall efficacy (100% epidural success
rates in both groups) but a decrease in the number of attempts
and a decrease in the number of interspaces attempted before
reaching the epidural space. (Ib) In a separate study from the
same center, 10 junior anesthesiology residents were random-
ized into 2 groups (with and without preprocedure ultrasound)
and were evaluated as they each performed their first 60 obstetric
epidural anesthetics.13 Residents assigned to the ultrasound
group showed consistently higher success rates throughout the
study. (Ib) There is a paucity of data in the nonobstetric popu-
lation and patients undergoing spinal anesthesia.

(b) Real-time ultrasound-guided neuraxial techniques

Studies on real-time ultrasound-guided neuraxial anesthetic
techniques are fewer and more recent in nature. Most of these
studies were performed on pediatric patients. Owing to the small
body size, linear high-resolution probes can be used in children,
with high-resolution images of the neuraxial anatomy obtained
in neonates and young infants.14

Two prospective series on elective pediatric surgical patients
(23 and 35 patients, respectively) suggest that it is feasible to
insert an epidural catheter under real-time ultrasonographic guid-
ance from a paramedian scanning position.15,16 Both studies de-
scribe imaging the spread of either saline (loss-of-resistance to
saline technique) or local anesthetic as it is injected through an
epidural needle into the epidural space in real time, as well as the
advancement and final position of the epidural catheter in the
epidural space.15,16 (III)

One RCT on 64 pediatric patients compared a real-time
guided epidural catheter insertion versus a preprocedure ultra-
sound followed by a loss-of-resistance technique.17 Epidural
placement was successful in all children in both groups. Real-
time ultrasound guidance resulted in a shorter procedure time
and less instances of unintentional Bbony contact[ during the
procedure. (Ib)

One RCT on 30 obstetric patients assigned to 3 different
groups compared the efficacy of combined spinal epidural
analgesia with a standard loss-of-resistance technique versus a

FIGURE 1. Parasagittal scanning plane. L4 indicates lamina of
fourth lumbar vertebra; L5, lamina of fifth lumbar vertebra;
PLL/VB, posterior longitudinal ligament/vertebral body.

FIGURE 2. Axial scanning plane at the level of L3-4. FJ indicates
facet joint; IT, intrathecal space; TP, transverse process.
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preprocedure ultrasound versus a real-time guided technique.18

All combined spinal epidurals were successful with a lower
number of attempts in the 2 ultrasound groups. (Ib)

IN SUMMARY
Neuraxial ultrasonography is a recent development in

regional anesthesia practice. Most clinical studies to date come
from a limited number of centers and have been performed by
very few and highly experienced operators. A limited number of
RCTs have been published, all in the obstetric or pediatric
populations. The limited data available to date seem to suggest
the following (Table 1):
& Bedside ultrasonography is a useful adjunct to clinical exam-
ination of the lumbar spine before neuraxial anesthesia. It
can determine more accurately the location of lumbar inter-
spaces than palpation of surface landmarks alone (IIa). It can
predict the depth of the epidural space with a high degree of
accuracy. (Ib)

& Preprocedure neuraxial ultrasound can be used to guide ob-
stetric epidural anesthesia
) When performed by experienced anesthesiologists on se-
lected patients with otherwise normal anatomy, the re-
sulting efficacy is similar to that of standard techniques.
In these circumstances, ultrasound may result in a lower
number of attempts and a lower number of interspaces
attempted. (Ib)

)When performed by junior trainees, it may improve learning
curves and increase success rates. (Ib)

& Real-time ultrasound-guided epidural anesthesia is feasible in
neonates and young children. (III)
) When performed by experienced anesthesiologists on se-
lected patients with otherwise normal anatomy, the re-
sulting efficacy is similar to that of standard techniques.
(Ib) Ultrasound guidance may result in a shorter procedure
time and less instances of Bbony contact.[ (Ib)

& It is conceivable that obese patients or patients with abnormal
spinal anatomy or previous spinal surgery would benefit the
most from ultrasound imaging to assist or guide neuraxial
techniques. However, it is in these same groups of patients that
ultrasonography may be more challenging to perform and
evidence remains anecdotal.19 At the moment, there are no
large studies from which to draw insight into the potential
benefits and limitations of neuraxial ultrasonography on these
groups of patients.

& There are no studies comparing ultrasound-assisted or
ultrasound-guided neuraxial techniques with standard land-
mark-based techniques in terms of safety profile.
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Ultrasound-Guided Perineural
Catheter Insertion

Three Approaches but Few Illuminating Data

Brian M. Ilfeld, MD, MS,* Michael J. Fredrickson, MD,Þ
and Edward R. Mariano, MD, MAS*

A s ultrasound-guided regional anesthesia becomes more popular and practiced, a plethora of re-
search involving this relatively new modality is being publishedVto the degree that Regional

Anesthesia and Pain Medicine recently added an entire ultrasound-related section to every issue.1

However, most of these reports involve single-injection peripheral nerve blocks, to the exclusion of
perineural catheter insertion.2 Unfortunately, data from many of these publications cannot be au-
tomatically inferred to perineural catheter placement for multiple reasons. First, although the angle
between the long axis of the placement needle and nerve is relatively unimportant for single-injection
blocks, it is critical for perineural catheter insertion because catheters tend to exit the needle and tra-
verse past any nerve that is perpendicular to the needle itself.3 Second, a major advantage of ultra-
sound guidance for single-injection nerve blocks lies in the real-time repositioning of the needle tip
to maximize local anesthetic spread, whereas perineural catheter bolus and/or infusion is analogous to
a single-point injection.4 Third, unlike needles, flexible perineural catheters rarely remain within a
2-dimensional ultrasound view, making it difficult to observe catheter tip placement relative to the
target nerve.5 Although it is impossible to include all ultrasound-guided techniques and respective
equipment, the purpose of this editorial is to briefly review the major ultrasound-guided catheter
insertion approaches along with their relative potential strengths and weaknesses.

ULTRASOUND ORIENTATION
Before engaging in any discussion involving ultrasound, commonly accepted vocabulary must

be understood. A needle inserted with its length within a 2-dimensional ultrasound beam is described
as Bin plane,[ whereas a needle inserted across a 2-dimensional ultrasound beam is Bout of plane.[6

A nerve with its long axis within the ultrasound beam is viewed in Blong axis,[ compared with Bshort
axis[ when viewed in cross section.6

NEEDLE IN-PLANE, NERVE IN SHORT-AXIS APPROACH
For single-injection peripheral nerve blocks, most reports describe a short-axis view of the nerve

because this view allows for easier identification and differentiation from surrounding structures
(Fig. 1, left).6 When the long axis of the needle is inserted within the ultrasound plane, the needle tip
location can be more easily identified relative to the target nerve. If the initial local anesthetic bolus is
placed through the needle, the spread may be observed and adjustment of the needle tip can be made if
desired. Unfortunately, when the perineural catheter is inserted past the needle tip, it has the tendency
to bypass the nerve given the perpendicular orientation of the block needle and target nerve,3 although
there are certain anatomic locations that will often allow a catheter to be passed and remain peri-
neural.7,8 Some practitioners have advocated either passing the catheter a minimal distance past the
needle tip (although others have suggested this may result in a dislodged catheter tip as the needle is
withdrawn over the catheter, especially by trainees),9 or advancing the catheter further initially and
then, after needle removal, retracting the catheter such that its orifice(s) lie a minimal distance (G2 cm)
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past the original needle tip position. Some advocate using an
extremely flexible perineural catheter in an attempt to keep the
catheter tip near the target nerve if the catheter is inserted more
than a minimal distance.10Y12 Still others describe reorienting
the needle from an in-plane to a more parallel trajectory and
inserting a stimulating catheter to better monitor catheter tip
location.13

Proposed benefits include using the same basic technique
for both single-injection and perineural catheter placement, sim-
ply adding the insertion of a catheter via the placement needle/
angiocatheter, and its application in nearly all anatomic catheter
locations, even for deeper target nerves.12 If a 17- or 18-gauge
needle is used, the needle tip may be more easily identified and
remain within the ultrasound plane owing to its rigidity compared
with smaller gauge needles (Fig. 2).14 Although some have spec-
ulated that the use of a large needle is more painful, 7 prospective
studies reported a median catheter insertion pain score of 0 to 2
on a 0 to 10 numeric rating scale (10, most pain imaginable) when
the needle track was first anesthetized with lidocaine via a 25- to
27-gauge needle.9,11,12,15Y18 In addition, the potential benefits of
using a larger needle gauge (fewer needle passes given the relative
ease of keeping a rigid, larger-gauge needle in plane and less risk

of undesired tissue contact owing to misinterpretation of the
needle shaft for the needle tip) must be weighed against the po-
tential risks (increased patient discomfort, increased tissue trauma,
and increased injury if a vessel is punctured).

Disadvantages of this approach include the following: new
needle entry sites relative to the nerve compared with more tra-
ditional nerve stimulation modalities that typically use a parallel
needle-to-nerve insertion, challenges keeping the needle shaft
in-plane,19 difficult needle tip visualization for relatively deep
nerves,20,21 and, as noted above, the catheter tip may bypass the
target nerve given the perpendicular orientation of the needle
and nerve.3 If an extremely flexible catheter is used in an attempt
to minimize this issue, it is sometimes difficult to thread past the
tip of the placement needle.

NEEDLE OUT-OF-PLANE, NERVE IN
SHORT-AXIS APPROACH

One benefit of this approach is a generally familiar paral-
lel needle-to-nerve trajectory used with traditional nerve stim-
ulation techniques (and also vascular access; Fig. 1, middle). In
addition, because the needle is parallel to the target nerve, the

FIGURE 1. Various ultrasound-guided perineural catheter insertion approaches: needle within the ultrasound plane and target nerve
in cross section or short axis (left), needle out-of-plane and target nerve in short axis (middle), and both the needle and target
nerve within the ultrasound plane (right).

FIGURE 2. Placement needle visualization under ultrasound. A 17-gauge uninsulated Tuohy-type needle (left; FlexTip; Arrow International,
Reading, PA) and a 21-gauge insulated B-bevel needle (right; Stimuplex; B. Braun Medical, Bethlehem, PA).
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catheter theoretically may remain nearer the nerve, even when
threaded more than a centimeter past the needle tip.9,15 The main
disadvantage of this technique is the relative inability to visu-
alize the advancing needle tip,9,22 which, some speculate, in-
creases the likelihood of unwanted contact with nerves, vessels,
peritoneum, pleura, or even meninges23 (however, others have
suggested that the consequent orientation of needle more along
the long axis of the target nerveVas opposed to perpendicularV
makes nerve penetration very unlikely, especially with a 17- or
18-gauge Tuohy needle). Practitioners often use a combination
of tissue movement and hydrolocation in which fluid is in-
jected and the resulting expansion infers the needle tip loca-
tion (either with or without color Doppler flow).22,24 Some have
suggested that for superficial catheters (eg, interscalene and
femoral), the consequent longitudinal orientation of needle with
nerve makes precise visualization of needle tip less critical be-
cause the needle tip tends to remain relatively close to the nerve
if the needle tip is advanced beyond the ultrasound beam. How-
ever, for deeper nerves, this technique is not as straightforward
as guiding the needle tip to a target nerve as in the in-plane
technique described above and may be more difficult to master
(and, at times, nearly impossible).20,21

NEEDLE IN-PLANE AND NERVE IN
LONG-AXIS APPROACH

Theoretically, this technique takes the benefits of both pre-
viously described approaches and harbors few of the limitations
(Fig. 1, right). The nerve can be viewed along with the needle
shaft/tip, and the catheter can be monitored as it exits the needle
parallel to the target nerve. The problem is in the execution: keep-
ing 3 structuresVthe needle, nerve, and catheterVin the ultra-
sound plane is not only very difficult to learn but also difficult to
execute even after mastery.25 Until now, evidence of this tech-
nique’s difficulties could be found only indirectly in the scarcity of
published reports.25,26 However, in this issue ofRegional Anesthe-
sia and Pain Medicine, Wang et al27 provide data from a well-
designed randomized, observer-masked study demonstrating the
difficulties of this approach. Fifty patients had a femoral perineu-
ral catheter placed using ultrasound guidance with an in-plane
needle shaft. Half of the subjects had the nerve imaged in-plane
as well (long-axis view; Fig. 1, right), whereas the remainder had
the nerve imaged in cross section (short-axis view; Fig. 1, left).
For the long-axis view group, catheters were advanced approxi-
mately 7 cm along the femoral nerve; for the short-axis view
group, catheters were advanced 2 cm past the needle tip, but
then withdrawn 2 cm after needle removal, theoretically leaving
the catheter tip at the original needle tip perineural position.

For the long-axis treatment group, the investigators had
great difficulty in keeping the nerve, needle, and catheter all
within the ultrasound plane and Bcould not advance the catheters
with real-time ultrasonographic visualization in the majority of
the patients.[27 They Bhad to resort to some maneuvers includ-
ing changing the position and direction of the ultrasound probe,
tilting the probe, shaking and mild withdrawal of the catheter,
and injecting 2 to 5 mL saline to find the tip of the catheter.[27

Even with these maneuvers, 10% of catheters could not be placed
within 30 mins, and the mean (SD) time for all insertions was
21 (8) versus 12 (3) mins for the comparison group (P G 0.01).
A difference of 9 mins for placement was not only statistically
significant but also clinically significant in manyVif not mostV
anesthesiology practices and, combined with the increased var-
iability (SD of 8 versus 3 mins), would often prevent perineural
catheter insertion based simply on time constraints. There are
additional limitations of the long-axis approach that preclude its

use in multiple circumstances. To view the nerve in long axis, the
nerve itself must be relatively straight; and there can be only 1
target nerve as opposed to multiple branches as found within the
brachial plexus. All of these issues combine to make the needle
in-plane, nerve in long-axis technique the most challenging of
the 3 approaches discussed above. However, this balance may
change with advances in catheter and/or ultrasound technology in
the future.28

The limited length of an editorial precludes a discussion of
multiple additional ultrasound-related issues, such as trans-
ducer selection, the concomitant use of nerve stimulation (an im-
portant tool in a subset of patients),4 and various methods for
catheter tip localization.5 Although many proponents voice firm
opinions based on their personal experience, few clinical data
exist comparing aspects of any 1 placement technique with an-
other. This editorial may likely trigger a plethora of letters from
practitioners sharing their approaches and experiences, and we
believe that sharing of information can only benefit the evolution
of perineural catheter insertion techniques. However, only by pro-
spectively comparing various approaches will their relative bene-
fits and drawbacks be truly revealed and the science of perineural
infusion advanced. To this end, we applaud the recent publica-
tion by Wang et al27 and eagerly await the results of additional
well-designed, randomized, controlled clinical trials, allowing the
transition from an editorial highlighting a lack of answers, to
practice guidelines based on prospectively collected data.
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