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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 anesthetic—related 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 UGRA with 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: S59-S67)

Itrasound-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
spread—advantages not present with any other method of nerve
localization—it 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 anesthesia—related 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-
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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 complications—peripheral 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 UGRA with 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 (>500 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 (0—5 points).! Strength of
evidence (Table 3) was based on a recognized grading schema
from the US Agency for Health Care Policy and Research.”

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, “ultrasound + nerve
injury,” “ultrasound + local anesthetic toxicity,” “ultrasound +
diaphragmatic paresis,” “ultrasound + pneumothorax,” and
“ultrasound + 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.

2 .

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 localization—PNS (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,
2-5). These RCTs reported the incidence of immediate or
transient paresthesia (<7 days) and/or the incidence of postop-
erative nerve injury (24 hrs to 2 months). Seven RCTs simply
reported “none” 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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TABLE 3. Strength of Evidence—Effect 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 (la).
» The weight of conflicting evidence is that UGRA does not affect the incidence of local anesthetic—induced seizures (I1I).

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.

Seventeen RCTs totaling 1279 subjects recorded vascular
puncture. Six of these studies simply reported vascular punc-
tures as “none,” whereas 11 provided actual incidence figures,
with or without statistical significance. One study (40 patients)
reported “no seizure.” The median Jadad score of these studies
was 3 (range, 1-5; 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.>* Jadad scores for these 3 studies were 2, 3,
and 5. The absence of pneumothorax was mentioned in 3 RCTs
totaling 110 UGRA patients® and 1 case series of 510 supra-
clavicular blocks.®

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.” 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.'® 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.!’ 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

© 2010 American Society of Regional Anesthesia and Pain Medicine

completely sensitive nor predictive of injury.'*'* 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."*™'> However,
although nerve expansion was correlated with histologic in-
jury, concomitant functional injury was not observed.'> 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.'® 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.'” Moreover, as one proceeds
proximal to distal, the amount of nonneural connective tissues
present within the cross-sectional area of the brachial plexus
increases,'® 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 groups—26% in a US-
infraclavicular group versus 40% in a transarterial axillary group
(P = 0.035, 220 patients)'® and 25% using landmarks versus
5% using UGRA in interscalene and axillary blocks (P =0.012,
40 total patients).>® 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-analysis®>' and a qualitative systematic review.>

Several large case series (Table 2) confirm that serious
nerve injury is rare. In the largest of these, Barrington et al*®
report a prospective audit of more than 7000 peripheral nerve
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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], 0.08-1.1 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 al** (0.02%) and for
continuous catheter blocks by Capdevila et al*> (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.?® In a ret-
rospective quality assurance review of 5436 peripheral nerve
blocks performed with PNS or US with PNS, Orebaugh et al*’
noted 3 neurophysiologic study—documented nerve injuries, all
in the PNS group (not statistically significant). Fredrickson and
Kilfoyle?® 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 al*® using PNS localization. The 0% to
0.1% (95% CI, 0%—-0.56%) incidence of prolonged (>6 months)
nerve injuries judged to be block related in the Fredrickson and
Kilfoyle?® study compared favorably with other reports of injury
in continuous catheter patients.”® Perlas et al® noted transient
numbness (several weeks) after 510 UGRA supraclavicular
blocks (0.4%; 95% CI, 0.1%—1.4%). To date, there are 2 re-
ported cases of prolonged nerve injury associated with UGRA—
a permanent brachial plexopathy in a patient with underlying
multiple sclerosis and potential surgical causes of injury,*® 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).*! 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%),%? a study would require 3000 patients per group
to have 80% power (B) 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 (6—12 months), which is
estimated to occur in only 0 to 4 per 10,000 blocks.?3-2426
Furthermore, recent analysis of block-related permanent nerve
injury (>12 months) noted only one such injury reported in
65,092 blocks®? (upper limit 95% CI, ~0.5/10,000).

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
mechanisms—identifying the absence of injectate spread around
the target, visualizing turbulence or other intravascular anomaly
during local anesthetic injection,** and facilitating reduced vol-
ume of injected local anesthetic. The 17 RCTs reviewed herein

S64

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% ClI,
0.05-0.47).2' 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. 37
Barrington et al?>> 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,
0.42—1.9 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 al** using PNS. Conversely,
Orebaugh et al*’ 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,>®
several others have shown that UGRA reduces minimum effec-
tive local anesthetic volume (MEV) as compared with PNS. For
instance, Casati et al*” 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, 7-23 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,*’
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.’ 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 study* performed interscalene UGRA with 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 group® 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 group®
then compared US- to PNS-guided supraclavicular block using
20 mL ropivacaine 0.75%. The incidence of HDP was 0%
(95% CI, 0.00-0.14) versus 53% (P < 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 study® 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%-2.3%) using 33 = 8 mL local
anesthetic.®

Pneumothorax

Ultrasonography enables the anesthesiologist to directly
visualize the pleura and lung, which intuitively lessens the risk
of pneumothorax. Three RCTs>” and 1 case series® 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 block*' and an
interscalene continuous catheter block,*” plus an unreported
pneumothorax complicated an attempted UGRA supraclavicu-
lar/infraclavicular approach at the author’s institution (level 111
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 Winnie® 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.>
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,’ including the ability to
substantially reduce median effective volumes by using stimu-
lating perineural catheters.** 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,*® neurofibromatosis, or ventriculoperitoneal
shunts.*® 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.>**
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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.*®*’ Fewer nee-
dle passes and vascular punctures may also limit hematoma
formation in anticoagulated patients, in whom deeper peripheral
nerve blocks are relatively contraindicated.>® 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,5 ! 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.’® 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,™"* 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.>>=7 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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