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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

Neal et al Regional Anesthesia and Pain Medicine & Volume 35, Number 2, Supplement 1, March-April 2010

S2 * 2010 American Society of Regional Anesthesia and Pain Medicine



2010Copyright @ American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited. 

TA
B
LE

3.
To

pi
cs

A
ss
es
se
d
by

St
ud

ie
s
C
om

pa
rin

g
U
G
RA

W
ith

A
no

th
er

N
er
ve

Lo
ca
liz
at
io
n
Te

ch
ni
qu

e

A
u
th
or
,
Y
ea
r

C
om

p
ar
at
iv
e
T
ec
h
n
iq
u
e

B
lo
ck

C
h
ar
ac
te
ri
st
ic
s

C
om

p
li
ca
ti
on

s

Ja
d
ad

S
co
re

P
er
ip
h
er
al

N
er
ve

S
im

u
la
ti
on

O
th
er

L
oc
al
iz
at
io
n

T
ec
h
n
iq
u
e

P
ed
ia
tr
ic

B
lo
ck

P
er
fo
rm

an
ce

T
im

e
B
lo
ck

O
n
se
t

B
lo
ck

S
u
cc
es
s

B
lo
ck

D
u
ra
ti
on

H
em

id
ia
p
h
ra
gm

at
ic

P
ar
es
is

L
oc
al

A
n
es
th
et
ic

T
ox
ic
it
y

N
eu
ro
lo
gi
c

S
ym

p
to
m
s

P
n
eu
m
ot
h
or
ax

V
as
cu
la
r

P
u
n
ct
u
re

A
nt
on

ak
ak
is
et

al
,6
2

in
pr
es
s

5
&

&
&

&

B
ar
ri
ng

to
n
et

al
,4
6
20

09
N
/A

&
&

&
&

B
ru
ll
et

al
,2
5
in

pr
es
s

5
&

&
&

C
as
at
i
et

al
,1
9
20

07
3

&
&

&
&

C
as
at
i
et

al
,2
6
20

07
4

&
&

&
C
ha
n
et

al
,2
0
20

07
5

&
&

&
&

&
D
an
el
li
et

al
,6
3
20

09
3

&
&

&
&

&
&

D
hi
r
an
d
G
an
ap
at
hy
,6
4

20
08

2
&

&
&

D
in
ge
m
an
s
et

al
,6
5
20

07
2

&
&

&
&

&
&

D
ol
an

et
al
,6
6
20

08
4

&
&

D
ol
an

et
al
,2
8
20

09
2

&
&

D
om

in
go

-T
ri
ad
o
et

al
,6
7

20
07

3
&

&
&

&
&

&

D
uf
ou

r
et

al
,6
8
20

08
4

&
&

&
&

&
Fr
ed
ri
ck
so
n
an
d

K
ilf
oy
le
,6
9
20

09
N
/A

&
&

Fr
ed
ri
ck
so
n
et
al
,7
0
20
09

3
&

&
&

&
G
ur
ka
n
et

al
,2
2
20

08
2

&
&

&
&

&
K
ap
ra
l
et

al
,7
1
20

08
2

&
&

&
&

&
&

L
iu

et
al
,7
2
20

05
2

&
&

&
&

&
&

L
iu

et
al
,2
3
20

09
3

&
&

&
&

M
ac
ai
re

et
al
,2
1
20

08
2

&
&

&
&

&
&

M
ar
ho

fe
r
et

al
,7
3
19

97
1

&
&

&
&

M
ar
ho

fe
r
et

al
,7
4
19

98
2

&
&

&
&

M
ar
ho

fe
r
et

al
,3
1
20

04
3

&
&

&
&

&
M
ar
ia
no

et
al
,7
5
20

09
3

&
&

&
&

M
or
ro
s
et

al
,7
6
20

09
1

&
&

&
&

&
O
be
rn
do
rf
er

et
al
,3
2
20
07

4
&

&
&

&
&

&
O
re
ba
ug

h
et

al
,4
7
20

09
N
/A

&
&

&
&

Pe
rl
as

et
al
,7
7
20

08
4

&
&

&
&

&
&

Po
nd

e
an
d
D
iw
an
,7
8

20
09

3
&

&
&

&

R
ed
bo

rg
et

al
,7
9
20

09
5

&
&

&
&

R
ed
bo

rg
et

al
,8
0
20

09
5

&
&

&
&

(C
on

tin
ue
d
on

ne
xt

pa
ge
)

Regional Anesthesia and Pain Medicine & Volume 35, Number 2, Supplement 1, March-April 2010 Evidence-Based Medicine and UGRA

* 2010 American Society of Regional Anesthesia and Pain Medicine S3



2010Copyright @ American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited. 

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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