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Abstract: Ultrasound guidance has become popular for performance
of regional anesthesia and analgesia. This systematic review summarizes
existing evidence for superior risk to benefit profiles for ultrasound
versus other techniques. Medline was systematically searched for
randomized controlled trials (RCTs) comparing ultrasound to another
technique, and for large (n 9 100) prospective case series describing
experience with ultrasound-guided blocks. Fourteen RCTs and 2 case
series were identified for peripheral nerve blocks. No RCTs or case series
were identified for perineural catheters. Six RCTs and 1 case series were
identified for epidural anesthesia. Overall, the RCTs and case series
reported that use of ultrasound significantly reduced time or number of
attempts to perform blocks and in some cases significantly improved the
quality of sensory block. The included studies reported high incidence of
efficacy of blocks with ultrasound (95%Y100%) that was not signifi-
cantly different than most other techniques. No serious complications
were reported in included studies. Current evidence does not suggest that
use of ultrasound improves success of regional anesthesia versus most
other techniques. However, ultrasound was not inferior for efficacy, did
not increase risk, and offers other potential patient-oriented benefits. All
RCTs are rather small, thus completion of large RCTs and case series are
encouraged to confirm findings.
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(Reg Anesth Pain Med 2009;34: 47Y59)

U se of ultrasound to guide placement of needles and cathe-
ters for regional anesthesia and analgesia has become in-

creasingly popular. Recent review articles on this topic have
been published in major anesthesia journals,1Y5 and many anes-
thesiology meetings offer lectures and workshops on the use
of ultrasound including the 2008 annual meetings of the Ame-
rican Society of Regional Anesthesia and Pain Medicine (http://
www.asra.com/education/ASRA-brochure-2008.pdf) and the
International Anesthesia Research Society (http://www.iars.
org/documents/2008%20Program.pdf). Increased popularity of
ultrasound may be due to multiple reasons such as dissatisfac-
tion with success rates of traditional block techniques,6 prefer-
ence for a visual endpoint, increased familiarity with ultrasound,
overall increased exposure to regional anesthesia,7 or a belief in
increased safety with use of ultrasound guidance. As with any
new technology, it becomes critical during evolution of use to
provide evidence for superior risk/benefit profiles over existing
methods to justify evidence-based adoption of a new techno-

logy. This systematic review will summarize existing evidence
and suggest future directions.

METHODS
The National Library of Medicine_s Medline database was

searched for the time period 1966 to November 2007. Two
authors (S.S.L. and J.T.Y.) performed independent searches.
Search strategies included the terms Bultrasound,[ Bnerve
block,[ continuous,[ Bepidural anesthesia,[ Bepidural anal-
gesia,[ and Bspinal anesthesia.[ This initial search identified
430 potential articles for systematic review. All of the above
abstracts were reviewed for potential inclusion in the system-
atic review. Only the following types of articles were included:
randomized controlled trials (RCTs) comparing ultrasound
guidance to an alternative technique, and large prospective
case series that could provide estimates of efficacy and safety as
defined for the described ultrasound guidance technique. We
defined a Blarge[ case series as 9100 patients. Assuming an
approximately 90% efficacy rate, then this sample size allows a
95% confidence interval of T5% of true incidence. For the
purpose of this review, we defined efficacy or success as not
requiring conversion to an alternative anesthetic technique (e.g.,
general anesthesia). After selecting the initial articles, the ref-
erence list of each of the analyzed articles was checked for any
additional studies, as were the authors_ personal files for ad-
ditional references that met all inclusion criteria.

RESULTS

Peripheral Nerve Blocks
Randomized controlled trials for ultrasound-guided

upper extremity anesthesia. Seven RCTs for adults that
compared ultrasound guidance to an alternative technique
were identified (Table 1).8Y14 All RCTs reported some clinical
benefit with ultrasound guidance; however, none reported a
statistically significant difference in block efficacy in terms of
failed block requiring general anesthesia. Six of 7 RCTs
reported no significant differences between techniques in
requiring supplemental analgesia.8,9,11Y14 No persistent compli-
cations were observed in any RCT. Two RCTs measured patient
satisfaction without noting any differences in techniques.8,12

Five studies examined axillary block for upper extremity
procedures.8Y12 Four of 5 RCTs measured block performance
and all reported either fewer needle passes or faster time for
block performance (G5 minutes difference).8Y11 Four of 5 RCTs
reported faster or more complete early onset of sensory or motor
block, however, no RCTs reported a significant difference in
onset of surgical anesthesia.8Y10,12 Soeding et al. examined
interscalene block for shoulder surgery and also reported more
complete early sensory and motor block without any difference
in anesthetic success or duration of analgesia.12 Williams et al.
examined supraclavicular block with either ultrasound alone or
ultrasound with nerve stimulator, and noted faster block
performance time (5 minutes difference) without a difference
in onset or success of sensory and motor block.13 No differences
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were noted for surgical efficacy. Dingemans et al. examined
infraclavicular block with either ultrasound alone, or ultrasound
with nerve stimulator-guided single injection.14 They noted
faster block performance (3 minutes difference), more complete
early block, and significantly less need for analgesic supple-
mentation with ultrasound alone.

One RCT was identified for pediatric patients undergoing
infraclavicular block for arm and forearm surgery15 (Table 2).
Use of ultrasound guidance reduced discomfort during block
placement and hastened onset of sensory and motor block. There
were no differences in discomfort during surgery, although
sensory block duration was greater with ultrasound guidance.

No RCTs were identified for perineural catheters.
Randomized controlled trials for ultrasound-guided

lower extremity and lower body anesthesia. Four RCTs in
adults that compared ultrasound guidance to an alternative
technique were identified (Table 3).18Y21 No RCTs observed a
difference between techniques in failed blocks. No RCTs
observed any persistent complications. Three RCTs examined
femoral nerve blocks.18,20,21 Casati et al. examined ultrasound
versus nerve stimulator-guided femoral nerve blocks in patients
undergoing knee arthroscopy with a preexisting sciatic nerve
block.18 The RCT was designed to determine the minimum ef-
fective anesthetic volume (MEAV) for the femoral nerve block;
as such it was designed to directly measure a 50% effective dose
with a planned 50% failure rate in both groups. MEAV was
significantly less in the ultrasound group. Marhofer et al.
performed 2 RCTs examining femoral nerve block in hip trauma
patients.20,21 Both RCTs observed faster and more complete
early onset of sensory block with ultrasound. Both RCTs ob-
served no differences in failed blocks. One RCTexamined ultra-
sound plus nerve stimulator versus nerve stimulator alone for
lateral sciatic block for foot and ankle surgery.19 Addition of
ultrasound decreased number of needle passes but did not shorten
block performance time. Addition of ultrasound improved toler-
ance to ankle tourniquet, and increased the number of patients
not needing any analgesics. However, incidence of block failure
requiring spinal anesthesia was not different between groups.

Two RCTswere identified in pediatric patients (Table 2).16,17

One study examined ilioinguinal/iliohypogastric nerve block
combined with a fixed concentration of sevoflurane for inguinal
hernia and urologic surgery.16 Patients randomized to ultrasound
guidance required less local anesthetic for the block, less fen-
tanyl with incision, and less postoperative analgesics. One RCT
examined sciatic and femoral blocks for lower extremity sur-
gery.17 Less local anesthetic was required for the block with
ultrasound and a longer duration of postoperative analgesia
(È3 hours greater) was reported.

No RCTs were identified for perineural catheters.
Large case series for peripheral nerve blocks. Two

prospective case series were identified for infraclavicular22 and
for supraclavicular blocks (Table 4).23 All case series reported
998% success rate as defined by not needing conversion to
general anesthesia and none reported any persistent complica-
tions, although no patients were followed up for greater than
24 hours. No large prospective case series was identified for
ultrasound-guided lower extremity or lower body blocks. No
large prospective case series was identified for ultrasound-
guided perineural catheters.

Central Neuraxial Blocks
Randomized controlled trials for ultrasound-guided

central neuraxial blockade. Six RCTs24Y29 were identified
that compared ultrasound guidance to an alternative technique
(Table 5). Five RCTs were from the same authors, had similar

study design, and were performed for placement of obstetrical
epidurals.24Y28 Of these 5, all but 1 employed prepuncture
ultrasound scanning to identify the puncture site, the depth of
the epidural space, and the angle for needle passage. In 4 RCTs,
all epidurals were placed by the same author with inherent
limitations on applicability to other clinicians.24,26Y28 In the
initial RCT,27 preparation time was the same with or without
ultrasound prescanning, and prescanning reduced puncture at-
tempts needed for successful combined spinal epidural. The
second RCT26 randomized parturients with presumed difficult
epidural puncture to prescanning and similarly found reduced
puncture attempts. Additionally, this study found that ultrasound
prescanning for epidurals improved parturient satisfaction and
reduced visual analog scale pain scores during labor. The next
RCT24 was of larger scale, and found that the scan added
75 seconds to the preparation time. Patients in the ultrasound
group needed fewer puncture attempts, fewer intervertebral
spaces were punctured, and fewer catheter advancement
attempts were made. Patients in the ultrasound group reported
lower pain scores during labor or surgery, and had fewer
headaches and backaches. The failure rate was the same in
both groups. The most recent study from this group28

randomized 10 parturients per group to combined spinal epi-
dural performed either without ultrasound, with an ultrasound
prescan, or with online ultrasound imaging during perfor-
mance of the block. In both ultrasound groups, fewer puncture
attempts were needed compared with control. Patient satisfac-
tion was the same in all groups. No major differences
in epidural block were found between prescanning and real
time ultrasound use in this study, but a power analysis was not
presented.

A final RCT from the same group examined the effect of
prepuncture ultrasound scanning on resident performance for
epidural placement for obstetrics.25 In the control group,
residents had an initial success rate of 60%, which increased
over time to 84%. Success rates for the ultrasound group
increased from 86% to 94%. No persistent complications were
observed in any RCT from these authors.

One RCT for pediatric patients undergoing epidural
catheter placement in addition to general anesthesia for major
surgery was identified (Table 5),29 which compared real time
ultrasound-guided epidural placement to a standard loss of
resistance technique. No primary outcome was specified. Use of
ultrasound guidance reduced the rate of needle to bone contacts
(17% vs. 71%), and increased the speed of catheter placement
(3 vs. 4 minutes). All epidurals were placed successfully, no
major complications occurred in either group, and postoperative
analgesia was similar in both groups.

Large case series for ultrasound-guided central neurax-
ial blockade. One large prospective case series was identified
for central neuraxial blockade.30 Prepuncture ultrasound scan-
ning was performed to identify the distance from the skin to the
epidural space for 180 pediatric patients. In 179 patients, the
epidural space was located with the first puncture attempt. No
postoperative complications were noted.

DISCUSSION

Does Ultrasound Guidance Improve
Block Efficacy?

Current evidence suggests that efficacy for ultrasound-
guided regional anesthesia and analgesia as defined by failed
blocks is similar to most other techniques such as neurostimula-
tion. Importantly, ultrasound guidance was not reported to be
inferior in any RCT. In general, RCTs are small and quite diverse
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in terms of type of block, anesthetic and analgesic agents, and
comparative control techniques. Most RCTs compared ultra-
sound with nerve stimulator but other techniques included
fascial pops, transarterial, surface landmarks, and ultrasound
combined with nerve stimulator. The use of the combined
technique may be especially difficult to evaluate, as it may be
confusing which endpoint (visual vs. stimulating current thresh-
old) to accept if there is discrepancy.31 A further confounding
factor for review was diversity in number of injections used for
both ultrasound and control techniques. Previous studies with
nerve stimulator-guided peripheral nerve blocks have demon-
strated increased efficacy with either multiple injections32,33 or
specific multinerve motor responses,34 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.13,14,19 Finally, many RCTs were performed
in a limited number of institutions with access to and expertise
with ultrasound guidance, thus generalization of results to other
environments may be limited.

All included RCTs and the 3 included prospective case
series reported success rates for upper extremity peripheral
nerve blocks of 95% to 100% for ultrasound guidance. These
success rates were similar (95%Y100%) to use of nerve
stimulator-guided upper extremity blocks in the included
RCTs for review, and from previously published much larger
prospective case series (300Y700 patients) using nerve stimu-
lator for upper extremity peripheral nerve blocks.35,36 Other
techniques, such as transarterial and surface landmarks, were not
consistently compared in more than 1 RCT. Only 1 RCT was
performed in pediatric patients with similar lack of difference
in anesthetic efficacy but with a prolonged duration of post-
operative analgesia (È70 extra minutes).15 As mentioned, only
2 small (e200 patients) prospective case series were identified
for ultrasound-guided supra-clavicular and infraclavicular
blocks. No RCTs or large, prospective case series were identified
for ultrasound-guided perineural catheters.

There were even fewer data for lower extremity peripheral
nerve blocks. Only 3 RCTs and 1 MEAV study in adults were
identified. Success rates were 90% to 97% with use of ultra-
sound or nerve stimulator. This is consistent with a previous
large prospective case series for nerve stimulator-guided sciatic
blocks that reported 97% success rate in 500 patients.37 Two
RCTs with pediatric patients were identified; they reported
improved postoperative analgesia with use of ultrasound for
lower extremity and inguinal hernia and urologic surgery. No
large prospective case series was identified for ultrasound-
guided lower extremity peripheral nerve blocks. No RCTs or
large prospective case series were identified for ultrasound-
guided perineural catheters.

None of the epidural RCTs showed reduced failure rates
from addition of ultrasound guidance. Use of ultrasound
prescanning in parturients consistently reduced the number of
punctures, and number of vertebral interspaces attempted. How-
ever, almost all of these RCTs were performed entirely by a
single operator and may have limited applicability to other
clinicians. The largest (150/group) of these RCTs did report a
probably clinically insignificant reduction in pain scores (0.8 vs.
1.3) during labor or Cesarean delivery (both were analyzed
together) with ultrasound prescanning.24 One small RCT with
10 subjects per group did not report an advantage for real time
scanning versus prescanning with ultrasound for obstetrical
combined spinal epidural analgesia.28 Another RCT reported
faster learning curves for residents with prepuncture ultra-
sound scanning, but the control learning curve lagged behind
previously reported learning curves for residents learningM
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traditional loss of resistance epidural placement.38 The pediatric
epidural study also reported no differences in failed blocks.29 No
large prospective case series was identified for adults. One case
series was identified for pediatrics. Prepuncture scanning re-
sulted in a 99% success rate of locating the epidural space with
first puncture attempt. This success rate is better than a 91%
success rate reported for epidural localization with a 17-gauge
needle loss of resistance technique (number of attempts not
specified)39 and a 94.3% first attempt success rate observed with
staff anesthesiologists locating the epidural space with the Bdrip
and tube method.[40

Does Ultrasound Guidance Offer Other
Potential Benefits?

Faster block performance or fewer needle passes.
Consistently, RCTs for ultrasound-guided peripheral nerve
blocks report that blocks can be performed more quickly than
with nerve stimulator (approximately 3 minutes),9Y11,13,14 with
fewer needle passes,8,19 and less discomfort.14,15 All RCTs for
epidural blocks also reported fewer attempts, fewer needle
passes, or faster performance with prepuncture scanning or real
time scanning and analysis (Table 5). Although these findings
would seem inherently advantageous, only 2 of the 5 RCTs that
measured satisfaction noted a statistically significant difference
between groups.8,12,24,26,28 We note that none of these studies
considered satisfaction to be a primary outcome, and were not
powered to determine a difference in this outcome.

Faster initial onset of block. Overall, ultrasound resulted
in faster onset of block and more complete block during early
measurement periods (e30 minutes) after upper and lower
extremity peripheral nerve blocks.8Y10,12,14,15,19Y21 This finding
may be explained by closer approximation of the needle and
local anesthetic solution to the nerves with use of ultrasound. As
noted above, this enhanced onset of block with ultrasound did
not ultimately reduce incidence of failed blocks requiring con-
version to general anesthesia. This apparent discrepancy may be
due to the additional onset time allowed to all block techniques
with patient transport, positioning, and surgical preparation.

Reduced dose of local anesthetic. Four included RCTs
reported reduced need for dose of local anesthetic.16Y18,20 None
of the studies was a rigorous dose response comparison so
interpretation is difficult. It is tempting to speculate that ability
of ultrasound to closely approximate the needle to the target
nerve would allow a reduction in dose of required local anes-
thetic. If proven, this may be a safety advantage for reduced risk
of toxic systemic reactions to local anesthetics. However, this
may be a theoretical advantage as a recent large scale prospec-
tive surveillance study of 158,000 regional anesthetics reported
no cardiac arrest and 7 seizures (0.004% incidence) due to local
anesthetic toxicity.41

Does Ultrasound Guidance Reduce Risk of Nerve
Injury From Regional Anesthesia and Analgesia?

A potential advantage is that direct visualization of a needle
with ultrasound should help prevent intraneural puncture and
injection of local anesthetic with resultant reduction in risk of
neural injury. This may be especially relevant for peripheral
nerve blocks, as recent studies suggest that intraneural injections
may frequently occur with a fascial pop technique,42 and that
reliance on a minimum stimulating current of 0.3 mA to 0.5 mA
with a nerve stimulator may not identify intraneural or very close
perineural needle placement.31,41,43,44 However, current evi-
dence is insufficient to answer this question. Virtually no RCTs
or prospective case series observed any persistent complications,
but the subject numbers for each study are too small for mean-
ingful extrapolation to various block locations. Similarly, in the
epidural studies, permanent injury was not identified in any
patients, with or without ultrasound. However, only 1 small epi-
dural study used real time scanning to identify position of the
needle during block performance. Current estimates of perma-
nent nerve injury after peripheral nerve blocks range from
0.03%41 to 3%45 depending on location of block, and would
require 3,068 patients in a randomized trial to determine a 50%
reduction from 3% to 1.5%, and 91,200 patients in a case se-
ries to determine a 95% confidence interval of 1% for the
true incidence of a studies technique. Estimates for permanent

TABLE 4. Large (n 9 100) Case Series of Ultrasound-Guided Peripheral Nerve Block

Study
Type of Block and

Specifics Block Performance

Efficacy (Not
Requiring
General

Anesthesia)

Efficacy (Not
Requiring

Supplemental
Analgesics) Complications

Sainz Lopez
200623

n = 200 (all by author) Not applicable 98% (95% CI
of
96Y99%)

97% (95% CI
of
95Y99%)

No persistent complications
but unspecified
observation period

Supraclavicular block 3
injection

Hand and elbow
surgery

10 mL 2% mepivacaine
Sandhu
200222

n = 126 10 T 4.4 minutes (time
from imaging to end of
injection)

98% (95% CI
of 95Y99%)

93% (95% CI
of
88Y97%)

No complications within
24 hoursInfraclavicular block 3

injection
Complete sensory and
motor block 6.7 T 3.2
minutes

Hand, forearm, and AV
fistula surgery

33 mL 2% lidocaine
with epinephrine
1: 200,000 and
NaHCO3 (0.9 mEq/
10 mL)

Abbreviation: CI, confidence interval; AV, arterio-venous.
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neurologic injury after central neuraxial block range from 0.02%
to 0.0009%45 and would require even more subjects for a
definitive RCT or case series.

CONCLUSIONS AND FUTURE DIRECTIONS
Current evidence is sparse and suggests that use of

ultrasound for peripheral nerve blocks hastens block perfor-
mance and onset of block, however onset of surgical anesthesia,
and need for conversion to general anesthesia is not significantly
affected. There are several limitations inherent to this systematic
qualitative review. New technologies, such as ultrasound, must
be mastered through practice and shared experience. Adoption
therefore often precedes the best evidence of benefit, as many
years of trial (and sometimes error) are required before Bbest[
use of a technology is determined. Rapid improvement of the
techniques using the new technology over time makes compar-
isons using older literature difficult. Also, practitioner experi-
ence with the new technology will initially be less than with
established ones, further confounding many attempts at com-
parison. Thus, additional well designed RCTs or appropriately
performed meta-analyses would be welcome to confirm our
impressions.

As block or epidural success rates are high (990%) with
conventional techniques, future RCTs would need to be appro-
priately large and sufficiently powered in order to examine a
potential difference in efficacy as a primary outcome. RCTs for
perineural catheters are completely lacking and should be
performed with primary outcomes of time required to place the
catheter, and success of catheter in terms of need to convert to
alternative analgesic technique. Central neuraxial RCTs outside
of the obstetric or pediatric population are entirely lacking.
Additional epidural studies are needed in all patient populations
with meaningful primary outcomes, such as improved analgesia,
or fewer failures. Ideally, future epidural studies would blind the
subjects and the data collector to group assignment. Large
(hundreds to thousands of patients) prospective case series are
lacking and would be useful for all techniques to define popula-
tion rates of efficacy, and complications from use of ultrasound.
Generation of such evidence is an ambitious task and may or
may not ultimately affect acceptance and popularity of ultra-
sound. We note that there are no previously published data to
show conclusive superiority of neurostimulation in terms of
block success or safety, yet this has become a common standard
of regional anesthesia practice today. The same analogy may
extend to ultrasound. It is conceivable that a difference in block
outcome cannot be demonstrated for ultrasound in the hands of
the regional anesthesia experts, yet popular preference may
ultimately launch ultrasound as the preferred technique.

Finally, several potential patient-oriented benefits may be
associated with ultrasound, such as faster block performance,
fewer needle passes, and less discomfort and minor side effects
from block performance. Additional potential yet poorly defined
benefits from ultrasound guidance may include: (1) an increase
in the practice of peripheral nerve blocks, even in the hands of
the trainees and occasional regional anesthesia practitioners; (2)
understanding of why blocks fail as judged by local anesthetic
spread; (3) avoidance of an unintentional intravascular injection;
(4) avoidance of an unintentional pleural and vascular puncture;
(5) early detection of an early intraneural injection; (6) recogni-
tion or avoidance of an unintentional intramuscular and intra-
peritoneal injection; and (7) an understanding of inconsistent
motor response associated with electrical stimulation. We en-
courage future studies which examine and quantify these impor-
tant patient-oriented and more qualitative outcomes. AlthoughW
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potentially fruitful, it is important to note that validated
instruments to measure patient-oriented outcomes are lacking,
and should also be developed in concert.46
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