Anaesthesia 2021, 76 (Suppl. 1), 65–73

doi:10.1111/anae.15257

Review Article

The role of peripheral nerve stimulation in the era of
ultrasound-guided regional anaesthesia
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Summary
With the widespread use of ultrasound for localising nerves during peripheral nerve blockade, the value of
electrical nerve stimulation of evoked motor responses has been questioned. Studies continue to show that,
compared with nerve stimulation, ultrasound guidance alone leads to: signiﬁcantly improved block success;
decreased need for rescue analgesia; decreased procedural pain; and lower rates of vascular puncture. Nerve
stimulation combined with ultrasound does also not appear to improve block success rates, apart from those
blocks where the nerves are challenging to view, such as the obturator nerve. The role of nerve stimulation has
changed in the last 15 years from a technique to locate nerves to that of an adjunct to ultrasound. Nerve
stimulation can serve as a monitor against needle-nerve contact and may be useful in avoiding nerves that are in
the needle trajectory during speciﬁc ultrasound guided techniques. Nerve stimulation is also a useful adjunct in
teaching novices ultrasound-guided regional anaesthesia, especially when the position and or appearance of
nerves may be variable. In this review, the changing role of nerve stimulation in contemporary regional
anaesthetic practice is presented and discussed.
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Introduction

resistance) and/or patient-reported paraesthesia to infer

Safe and successful nerve blockade is predicated on

needle position relative to the target nerve. By evoking

placing local anaesthetic close enough to the nerve or

a motor response of the muscle(s) associated with that

plexus that it can reach the nerve ﬁbres, but not so close as

nerve (or trunk, division, cord, etc.), clinicians could now

to cause mechanical injury from needle-nerve contact. The

make a more quantitative inference of the needle/nerve

fact that peripheral nerve blockade success rates have never

relationship by advancing the needle until the response

been perfect suggests that, to a degree, ﬁnding the ‘sweet

was present below a certain threshold current intensity

spot’ can be elusive, and that we can be imprecise in our

(e.g. 0.5 mA). This innovation helped to reduce block

efforts at nerve localisation.

failure

rates

compared

with

landmark/paraesthesia

Electrical stimulation of peripheral nerves during

techniques and made regional anaesthesia less of an

nerve blockade became commonplace in the 1970s as

‘art’ by ushering in an era of peripheral nerve blockade

a means to locate peripheral nerves and plexi with

that was both more objective and scientiﬁc [3, 4]. The

greater precision [1, 2]. Before the introduction of nerve

nerve stimulation era lasted for several decades while

stimulation,

the technology became the basis of modern regional

clinicians

made

use

of

anatomical

landmarks, haptic feedback (pops, clicks and loss of

© 2021 Association of Anaesthetists

anaesthetic practice.

65

Anaesthesia 2021, 76 (Suppl. 1), 65–73

Gadsden | Nerve stimulation in the era of ultrasound guidance

With the widespread adoption of ultrasound guidance

repeated until a sustained motor response is obtained at an

in the 21st century, the needle could now be observed

acceptable threshold current intensity, usually between 0.2

approaching the target in real time. Studies comparing

and 0.5 mA. This threshold current has traditionally been

ultrasound with non-ultrasound block techniques have

thought to be associated with a sufﬁciently small distance

since demonstrated overall improved block safety and

from the nerve so that injected local anaesthetic would

effectiveness with ultrasound [5–7], as well as mediocre

result in an effective block [11].

sensitivity of stimulation for nerve localisation [8, 9]. Not

While attractive as a model, there are several limitations

surprisingly, some have questioned whether continuing to

to this simpliﬁed description of evoked motor stimulation.

seek an evoked motor response of the nerve still holds value

First, the current always follows the path of least electrical

when all the information needed is right before our eyes.

resistance, and may be channelled asymmetrically in a way

This may be especially relevant as ultrasound technology

that interferes with the interpretation of the motor response

becomes

to

[12]. For example, various tissue elements (fascia, water, fat,

anaesthetists around the globe. The purpose of this

etc.) surrounding the needle tip may direct current away

narrative review is to provide an overview of the advantages

from the nerve before returning to the skin anode. This may

and drawbacks of electrical nerve stimulation, and deﬁne

result in a false negative result, where no motor response is

the role of nerve stimulation in contemporary regional

obtained despite the needle being quite close or even, as

cheaper

and

more

widely

available

conﬁrmed by provoking paraesthesia, contacting the nerve

anaesthetic practice.

[9, 13]. Similarly, Perlas et al. demonstrated that, with a

Evoked motor response to electrical
stimulation: theory and challenges

current intensity of 0.5 mA or less, needles contacting

The idea of stimulating a nerve with a small electrical current

ultrasound) failed to produce a motor response in 25% of

to provoke a speciﬁc motor response is a simple and

cases [8]. Moreover, animal models have shown that, even

attractive one. Compound nerves contain motor ﬁbres that

with current intensities greater than 1.0 mA, a needle tip can

can be directly depolarised using electrical current applied

be inserted within the nerve and fail to produce a motor

to the nerve, resulting in contraction of the corresponding

response [14, 15]. The explanation for this surprising ﬁnding

muscles. In regional anaesthetic practice, this is typically

is multifactorial, and likely relates to the spatial composition

branches of the axillary brachial plexus (as conﬁrmed with

done using an insulated needle in order to concentrate the

of sensory and motor ﬁbres within the nerve, the relative

current density at the tip of the needle. The higher the

electrical conductance and resistance of the neural

current intensity (mA), the larger the ‘sphere’ of high-density

connective

current present at the needle tip, and the greater the

hyperpolarisation and conduction block can occur with high

likelihood of depolarisation of an adjacent nerve [10]. The

current intensity [16].

current intensity required to elicit a motor response from a
nerve,

according

to

Coulomb’s

Law,

is

tissue,

and

evidence

that

nerve

Second, false positives can occur. Despite an

inversely

acceptable evoked motor response, the needle tip (and

proportional to the square of the distance to the nerve.

subsequently, the deposited local anaesthetic) may be

Theoretically, as the operator advances the stimulating

located within an adjacent muscle or one or more fascial

needle towards the nerve, the current intensity needed to

planes away from the neural target, resulting in a failed

yield a motor response diminishes exponentially. In a

block [17]. It appears that some connective tissue layers may

practical sense, clinicians make assumptions about the

permit electrical current to travel through, while preventing

distance from the needle tip to the nerve based on the

the local anaesthetic solution from reaching the nerves [18].

intensity of the motor response, as well as other haptic and
visual feedback.

Third, local anaesthetic solutions conduct electrical
currents with ease. Once the administration of local

Traditional teaching was that to locate a nerve

anaesthetic has commenced, the evoked motor response

efﬁciently and precisely, a clinician should start with a high

ceases due to conductance of the current to locations other

current intensity (e.g. > 1.0 mA) and advance in the likely

than the nerve [10]. This limits the role of nerve stimulation

direction of the nerve based on anatomical landmarks.

to the initial part of the block procedure, before the injection

When a motor response is obtained, the current intensity is

of local anaesthetic. Any subsequent need for stimulation (in

gradually reduced until the motor response diminishes or

the same area) is difﬁcult or impossible after local

disappears. The needle is then advanced until the motor

anaesthetic is administered. The injection of dextrose 5% or

response returns or is ampliﬁed. The current intensity is

sterile water permits the continued stimulation of an evoked

reduced again, the needle advanced and this procedure is

motor response, as these solutions are non-conductive [10].
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Nerve stimulation vs. ultrasound for
nerve localisation

may beneﬁt from the concomitant use of nerve stimulation

Once ultrasound guidance became popular in the regional

as a conﬁrmation of needle tip placement. Two studies

anaesthetic community, comparative studies against nerve

compared obturator nerve blocks performed using

stimulation naturally followed. A 2009 meta-analysis by

ultrasound alone with ultrasound and nerve stimulation

Abrahams et al. comprising 13 studies comparing

[30, 31]. Both found higher success rates when a motor

ultrasound alone vs. nerve stimulation alone demonstrated:

response was sought using stimulation. This ﬁnding is not

increased block success rate; decreased block procedure

surprising, given that viewing the anterior and posterior

time; faster block onset; and longer block duration [19].

branches of the obturator nerves in the adductor muscle

Ultrasound also conferred an 84% relative risk reduction for

planes is frequently challenging. Similarly, parasacral

vascular puncture compared with nerve stimulation. More

sciatic, subgluteal sciatic and posterior lumbar plexus

recently, a similar meta-analysis of 23 trials (2125

blockade may beneﬁt from the use of nerve stimulation [32],

participants) showed that nerve localisation with ultrasound

as the ultrasound image of the nerve(s) in both examples

(as compared with electrical stimulation) signiﬁcantly

may not be ideal, especially in obese patients. Our

increased block success rate (91.8% vs. 82.8%, respectively)

institutional experience is to routinely use combined

and decreased pain during the procedure as well as the

ultrasound and nerve stimulation for both block techniques,

need for rescue analgesia or anaesthesia [20]. Vascular

for the additional conﬁrmatory data.

However, deep nerves or those that are difﬁcult to view

puncture rates were signiﬁcantly reduced with the use of

Ultrasonography to locate nerves during block

ultrasound in this analysis. A third meta-analysis of

procedures is superior to nerve stimulation alone, and has

continuous perineural catheter techniques using ultrasound

become the de facto standard in many places for that task.

vs. nerve stimulation found similar results, with ultrasound

Moreover, using nerve stimulation as a supplement to

improving overall block success and reducing vascular

ultrasound-guided techniques does not appear to add

puncture rates [21]. These three analyses highlight the

value to success rates, outside of obturator nerve block.

invaluable role of ultrasound in identifying the target nerve

However, this does not necessarily mean that nerve

structures as well as avoiding accidental injury to

stimulators are now obsolete.

neighbouring blood vessels. Guiding a needle precisely
(proven insensitive) method that relies on surface landmarks

Nerve stimulation as a monitor for
nerve block safety

and knowledge of underlying anatomy.

Nerve injury following regional anaesthesia continues to

using visual feedback holds several advantages over a

Nonetheless, critics of some of these individual

occur despite technological advances, and nearly 50 years

comparative studies have pointed out that block success

of research on this topic can be distilled into four points.

rates for the nerve stimulation groups seem inordinately low

First, needle entry into the nerve fascicle is likely to cause

(60–75%) compared with what might be expected from

direct or indirect injury to axons and other vulnerable

experienced anaesthetists [22–24]. The reasons for this are

structures. Second, it is difﬁcult to avoid every fascicle if a

unclear, but may relate to the choice of motor response

needle is placed inside a nerve. Third, inﬂammation occurs

and/or the accepted minimum threshold current used

because

studies [24].

penetration. Fourth, nerve blockade is safe and effective

The studies in these analyses all posed a comparative
question: whether ultrasound or nerve stimulation is better

of

needle-nerve

contact,

let

alone

nerve

when local anaesthetic is placed outside the nerve and
needle-nerve contact does not occur [33–36].

than the other. A different question is whether the addition

Ultrasound is invaluable, but like many other tools, is

of nerve stimulation to ultrasound guidance offers any

highly user-dependent. Its effective and safe use requires

advantage for nerve block procedures. Results appear to be

extensive knowledge of anatomy and sonoanatomy, as well

consistent across femoral nerve block [25, 26], interscalene

as good technical skills. Even in skilled hands, the needle tip

brachial plexus block [27], infraclavicular brachial plexus

may not always be visible all the time. Moreover, the success

block [28], and popliteal sciatic nerve block [29] techniques,

rate of expert anaesthetists to correctly interpret intra- vs.

as data show no difference in block success and/or pain

extra-neural needle positions using ultrasound during

scores. This suggests that for nerve targets that are relatively

sciatic nerve blockade is less than 80% [37]. Ultrasound is

easy to view, nerve stimulation may not confer an additional

good in human hands, but is undoubtedly not without its

advantage when used with ultrasound guidance.

own problems.

© 2021 Association of Anaesthetists
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While electrical stimulation has been shown to be

motor response is elicited, the current is turned down to

insensitive for nerve localisation [8, 9], it may be useful as a

approximately 0.5 mA. If a response is still present at 0.5 mA,

second layer of protection when used in conjunction with

the needle position on the screen is veriﬁed and/or

ultrasound. Animal and human data suggest that if a motor

withdrawn, and the process repeated. The use of both

response is obtained at or below a threshold of 0.2 mA, the

monitors in this way has been termed ‘dual guidance’ or

needle tip is highly likely to be contacting the nerve or is, in

‘protective nerve stimulation’ [41].

fact, intra-neural [11, 14, 38, 39]. Put another way, it is unlikely

There are few data on outcomes when using dual

to elicit a motor response at that current intensity when the

guidance compared with ultrasound or nerve stimulation

needle is safely outside the nerve. As such, nerve stimulation

alone, which is not surprising given the overall low

is a highly speciﬁc monitor for needle-nerve contact. This

incidence of block-related neural injury. Even our best data

provides the rationale for the concomitant use of nerve

comparing ultrasound alone to nerve stimulation fails to

stimulation alongside ultrasound in contemporary practice:

detect a difference [20]. Despite this, over 45% of surveyed

rather than use it to ﬁnd nerves, it may best be used to warn of

Swiss regional anaesthetists and 25% of surveyed French

accidental needle-nerve contact that may not be recognised

regional anaesthetists report using dual guidance as their

by ultrasound. While < 0.2 mA is the threshold that seems to

preferred approach [42, 43].

most accurately discriminate needle-nerve contact vs. extra-

There may be speciﬁc cases where dual guidance offers

neural needle position, many anaesthetists feel more

advantages. For example, adductor canal block at the mid-

comfortable setting the current intensity higher (e.g. 0.5 mA

thigh level involves placing local anaesthetic around both

or greater) with the intention of allowing even earlier warning

the saphenous nerve and the nerve to vastus medialis. The

of impending needle-nerve contact [11, 40]. Our practice is

nerve to vastus medialis lies lateral to the saphenous nerve,

to set the nerve stimulator at a starting current intensity of

and is separated from the saphenous nerve by the vasto-

0.5-1.0 mA, with a pulse width of 0.1 msec, and advance the

adductor membrane. This nerve can be challenging to

needle under ultrasound guidance towards the target

identify on ultrasound, resulting in it going unblocked or

(Fig. 1). If the needle can be placed adjacent to the nerve

injured during needle advancement towards the femoral

while avoiding contact, and a motor response is not present,

artery. Dual guidance in this instance has been shown to

the stimulator is turned off, and injectate deposited. If a

reliably identify the nerve to vastus medialis, even when not

Figure 1 Typical peripheral nerve stimulation using a ﬁxed current output of 0.50 mA while an adductor canal block is
performed in a child.
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viewed on ultrasound, resulting in a block that is both

commonly mistaken for the radial nerve (Fig. 2). Teaching

effective (local anaesthetic is deliberately administered at

trainees to seek out each individual nerve during this block

this location) and safe (avoidance of needle-nerve contact)

and correlate images with each evoked motor response of

[44]. Similarly, there has been concern raised over the

the upper extremity helps to improve their understanding of

potential for accidental injury to the suprascapular nerve

these anatomical arrangements. In addition, observing the

during the retroclavicular block, as the acoustic shadow of

sudden appearance of a motor response as a needle ‘pops’

the clavicle hides that portion of the needle trajectory and

through a fascial plane provides valuable information about

the nerve is not visible [45]. A logical solution is to stimulate

needle/fascial interplay and strengthens understanding of

during needle advancement to warn of potential needle-

relationships between nerve, fascia and muscle. Since the

nerve contact by watching for a supraspinatus or

most common novice error is advancing the needle without

infraspinatus motor response [46].

viewing it [48], nerve stimulation may provide a ‘safety net’
for the teacher. An unexpected motor response, especially

The role of nerve stimulation in
education

when the current intensity is set to a high level, can warn of

Another complimentary role of nerve stimulation in the era

evaluation of perceived needle tip position.

impending needle-nerve proximity and encourage re-

of ultrasound guidance is the ability to provide learners with

There are few studies addressing how swiftly block

a ‘functional conﬁrmation of the anatomical image’. While

procedures can be learned with ultrasound vs. nerve

skill in learning ultrasound guided procedures can be

stimulation. Luyet et al. compared learning curves of

acquired steadily and quickly with experience, the

trainees performing axillary brachial plexus block before the

concomitant use of nerve stimulation may shorten time to

introduction of ultrasound (i.e. with a four-nerve multi-

proﬁciency for some block procedures. Axillary brachial

stimulation technique alone) to those trainee curves after

plexus blockade provides a good example, as the

ultrasound had been established in their centre [49]. The

anatomical arrangement of the four branches of the plexus

ultrasound group also used nerve stimulation with a ﬁxed

is

post-cystic

output as protective stimulation but did not require a motor

enhancement artefact deep to the axillary artery is

response. The ultrasound group achieved a 90% success

notoriously

variable

[47],

and

the

Figure 2 Ultrasound image of axillary brachial plexus anatomy, showing questionable sonographic landmarks for several of the
target structures. The ulnar and musculocutaneous nerves (unlabelled) are not apparent. The radial nerve is not welldemarcated, and could easily be confused with post-cystic enhancement (arrow) present deep to the axillary artery. AA, axillary
artery; LD, latissimus dorsi; Mn, median nerve; TM teres major.
© 2021 Association of Anaesthetists
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Table 1 Advantages and disadvantages of nerve stimulation for localising nerves in the setting of ultrasound guided regional
anaesthesia.
Advantage

Disadvantage

May be helpful in the setting of deep and/or difﬁcult
blocks where ultrasound view is challenging (e.g.
parasacral, subgluteal sciatic or obturator nerve)

May be false negative motor responses due to
channelling of current away from target nerve

Can differentiate hyperechoic artefact from nerve tissue
(e.g. post-cystic enhancement deep to axillary artery
versus radial nerve)

May be false positive motor responses due to electrical
stimulation of nerves through fascial barriers that
subsequently prevent effective spread of local
anaesthetic

May enhance understanding of peripheral nerve
anatomy by providing a functional conﬁrmation of the
anatomical image (e.g. obtaining an evoked motor
response of each of the nerves in the axilla to
demonstrate anatomical arrangement)

Once a conductive solution is injected (e.g. saline or
local anaesthetic), electrical current is channelled along
the path of least resistance away from nerve, increasing
the current threshold for obtaining an evoked response
May prolong block performance time, especially if an
evoked response is sought for every nerve

Table 2 Advantages and disadvantages of nerve stimulation with respect to block safety in the setting of ultrasound guided
regional anaesthesia.
Advantage

Disadvantage

High speciﬁcity for intra-neural needle tip placement if
evoked motor response < 0.2 mA

False negatives may still occur (needle can be contacting nerve
and fail to evoke a motor response)

May serve as ‘safety net’ for novices and trainees when
needle view is not ideal by warning of imminent needlenerve contact
May help identify and avoid nerves in the needle path
that cannot be viewed due to acoustic shadows (e.g.
suprascapular nerve during the retroclavicular block)
Inexpensive and little training required

rate within 15 block attempts, while the nerve stimulation

nerve blocks from a German database revealed that the

group took approximately 30 attempts to achieve 80%

combined technique was associated with increased odds of

success, where it levelled off. These results are not

multiple skin punctures compared with ultrasound alone,

surprising, given the complexity of the multi-stimulation

whereas ultrasound alone was associated with an increased

technique.

risk of paraesthesia [51]. In general, there appears to be no
substantial or serious disadvantage to employing nerve

Disadvantages of nerve stimulation as
an adjunct

stimulation as an adjunct to ultrasound guidance during
nerve blockade.

Given that electrical nerve stimulation can clarify difﬁcult
ultrasound interpretation and possibly aid in the prevention

Future research directions

of needle-nerve contact, while its use is not universal, we

Many

must consider if there is a downside (Tables 1 and 2).

bioimpedance, the resistance of tissues to electrical current

Several studies have demonstrated prolonged block

ﬂow. There is some evidence that an intraneural needle tip

procedure times when ultrasound was combined with nerve

position is associated with an increase in impedance,

stimulation compared with ultrasound alone [25, 26, 50]. It is

compared with an extra-neural needle tip position [52, 53].

possible this is more clinically relevant when each nerve is

This relationship may aid in increasing the sensitivity of

being sought and stimulated purposefully, rather than the

nerve stimulation in detecting dangerous needle-nerve

stimulation being used at a ﬁxed current output to prevent

contact, but requires further validation in the clinical setting,

nerve contact. One retrospective analysis of over 26,000

as well as research into improving the way such information
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is presented to the clinician so that any such change is easily

would be useful to conduct more survey studies of

detected and actionable.

contemporary nerve block practice around the globe.

Fascial plane blocks have traditionally been performed
without nerve stimulation guidance, as the nerves that lie in
intermuscular fascial planes are frequently small and
difﬁcult to view on ultrasound. In addition, it is likely that any

Acknowledgements
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evoked motor or sensory response would be subtle and
challenging to interpret, especially in an anaesthetised
patient. Nevertheless, dual guidance (i.e. ultrasound and
nerve stimulation) has been used to reﬁne stimulating
catheter position in cervical erector spinae plane blocks
[54], as well as to reduce local anaesthetic volume during
pectoral nerve type-1 (PECS 1) block, [55] although the
overall value in these instances remains unclear. Further
research into the additive role of nerve stimulation in fascial
plane blocks seems warranted, especially for those that are
associated with more challenging sonography (e.g.
transmuscular quadratus lumborum).

Conclusion
For a few brief years after ultrasound guidance became
widespread, there existed two camps: the early ultrasound
adopters vs. the traditionalist stimulators, both ﬁercely
defending their chosen method of localising nerves in
editorials, anaesthetic departments and at conference procon sessions. The implied message was that one of these
technologies would emerge victorious after it was proven
superior by data. This, of course, was a false premise,
because many of us were (and perhaps still are) looking
through the wrong lens. Ultrasound was always here to stay
the minute it showed the ﬁrst nerve on the screen. The ability
to watch needle and target and bring them together in real
time is invaluable. Nerve stimulation is not perfect at ﬁnding
nerves, but it does add value as a safety monitor and a
means to hedge your bets when the image is less than ideal.
In the context of safety, asking whether we should use
ultrasound or nerve stimulation is akin to asking whether
you would prefer seatbelts or airbags in your car. Why
would we not choose both, given the additional data they
provide and the lack of risk? Nerve stimulation is a
technology that, like the best technologies, has pivoted to
meet the changing needs of the times. Once a means to ﬁnd
nerves, now it has an adjunctive role in staying away from
nerves, along with ﬁnding the inconspicuous nerves. There
also appears to be a role, although less clear, in helping
novices understand the relationship between the ultrasound
screen and functional anatomy at the needle tip. As is evident
from some recent survey studies, nerve stimulation is still
used routinely by many as a component of ‘dual guidance’.
These data come from one part of Western Europe, and it
© 2021 Association of Anaesthetists

References
1. Smith BL. Efﬁcacy of a nerve stimulator in regional analgesia;
experience in a resident training programme. Anaesthesia
1976; 31: 778–82.
2. Chapman GM. Regional nerve block with the aid of a nerve
stimulator. Anaesthesia 1972; 27: 185–93.
3. Sia S, Bartoli M, Lepri A, et al. Multiple-injection axillary brachial
plexus block: a comparison of two methods of nerve
localization–nerve stimulation versus paresthesia. Anesthesia
and Analgesia 2000; 91: 647–51.
4. Davies MJ, McGlade DP. One hundred sciatic nerve blocks: a
comparison of localisation techniques. Anaesthesia and
Intensive Care 1993; 21: 76–8.
5. Choi S, McCartney CJL. Evidence base for the use of ultrasound
for upper extremity blocks. Regional Anesthesia and Pain
Medicine 2016; 41: 242–50.
6. Salinas FV. Evidence basis for ultrasound guidance for lowerextremity peripheral nerve block: update 2016. Regional
Anesthesia and Pain Medicine 2016; 41: 261–74.
7. Barrington MJ, Kluger R. Ultrasound guidance reduces the risk
of local anesthetic systemic toxicity following peripheral nerve
blockade. Regional Anesthesia and Pain Medicine 2013; 38:
289–99.
8. Perlas A, Niazi A, McCartney C, et al. The sensitivity of motor
response to nerve stimulation and paresthesia for nerve
localization as evaluated by ultrasound. Regional Anesthesia
and Pain Medicine 2006; 31: 445–50.
9. Urmey WF, Stanton J. Inability to consistently elicit a motor
response following sensory paresthesia during interscalene
block administration. Anesthesiology 2002; 96: 552–4.
10. Tsui BCH, Wagner A, Finucane B. Electrophysiologic effect of
injectates on peripheral nerve stimulation. Regional Anesthesia
and Pain Medicine 2004; 29: 189–93.
11. Vassiliou T, M€
uller H-H, Limberg S, et al. Risk evaluation for
needle-nerve contact related to electrical nerve stimulation in a
porcine model. Acta Anaesthesiologica Scandinavica 2015; 60:
400–6.
12. Ben-David B, Chelly JE. Current channelling: a theory of nerve
stimulator failure. Anesthesia and Analgesia 2003; 96: 1531–2.
13. Choyce A, Chan VWS, Middleton WJ, et al. What is the
relationship between paresthesia and nerve stimulation for
axillary brachial plexus block? Regional Anesthesia and Pain
Medicine 2001; 26: 100–4.
14. Tsai TP, Vuckovic I, Dilberovic F, et al. Intensity of the stimulating
current may not be a reliable indicator of intraneural needle
placement. Regional Anesthesia and Pain Medicine 2008; 33:
207.
15. Rigaud M, Filip P, Lirk P, et al. Guidance of block needle
insertion by electrical nerve stimulation. Anesthesiology 2008;
109: 473–8.
16. Byrne K, Tsui BCH. Practical concepts in nerve stimulation.
International Anesthesiology Clinics 2011; 49: 81–90.
17. Fielmuth S, Szalata M, Sievert H, et al. Electric nerve stimulation
does not correctly predict needle-nerve distance and potential
local anesthetic spread for interscalene brachial plexus
blockade. Anesthesia and Analgesia 2017; 125: 632–4.
18. Sauter AR, Dodgson MS, Kalvøy H, et al. Current threshold for
nerve stimulation depends on electrical impedance of the

71

Anaesthesia 2021, 76 (Suppl. 1), 65–73

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

72

tissue; a study of ultrasound-guided electrical nerve stimulation
of the median nerve. Anesthesia and Analgesia 2009; 108:
1338–43.
Abrahams MS, Aziz MF, Fu RF, Horn J-L. Ultrasound guidance
compared with electrical neurostimulation for peripheral nerve
block: a systematic review and meta-analysis of randomized
controlled trials. British Journal of Anaesthesia 2009; 102: 408–
17.
Munirama S, McLeod G. A systematic review and metaanalysis of ultrasound versus electrical stimulation for
peripheral nerve location and blockade. Anaesthesia 2015;
70: 1084–91.
Schnabel A, Meyer-Frießem CH, Zahn PK, et al. Ultrasound
compared with nerve stimulation guidance for peripheral nerve
catheter placement: a meta-analysis of randomized controlled
trials. British Journal of Anaesthesia 2013; 111: 564–72.
Perlas A, Brull R, Chan VWS, et al. Ultrasound guidance
improves the success of sciatic nerve block at the popliteal
fossa. Regional Anesthesia and Pain Medicine 2008; 33: 259–
65.
van Geffen GJ, van den Broek E, Braak GJJ, et al. A prospective
randomised controlled trial of ultrasound guided versus nerve
stimulation guided distal sciatic nerve block at the popliteal
fossa. Anaesthesia and Intensive Care 2009; 37: 32–7.
Aguirre J, Neud€
orfer CV, Ekatodramis G, Borgeat A. Ultrasound
guidance for sciatic nerve block at the popliteal fossa should be
compared with the best motor response and the lowest current
clinically used in neurostimulation technique. Regional
Anesthesia and Pain Medicine 2009; 34: 182–3.
Sites BD, Beach ML, Chinn CD, et al. A comparison of sensory
and motor loss after a femoral nerve block conducted with
ultrasound versus ultrasound and nerve stimulation. Regional
Anesthesia and Pain Medicine 2009; 34: 508–13.
Kim H-Y, Byeon G-J, Cho H-J, et al. A comparison of ultrasound
alone vs ultrasound with nerve stimulation guidance for
continuous femoral nerve block in patients undergoing total
knee arthroplasty. Journal of Clinical Anesthesia 2015; 32: 274–
80.
Stasiowski MJ, Kolny M, Zuber M, et al. Randomised controlled
trial of analgesic effectiveness of three different techniques of
single-shot interscalene brachial plexus block using 20 mL of
0.5% ropivacaine for shoulder arthroscopy. Anaesthesiology
Intensive Therapy 2017; 49: 215–21.
u
€ r T, et al. The use of neurostimulation with
Bayar _I, Demir C, S€
ug
ultrasound guided brachial plexus block: does increasing
success? Journal of The Turkish Society of Algology 2018; 31:
79–85.
Robards CB, Porter SB, Logvinov I, Clendenen SR. Success of
ultrasound guided popliteal sciatic nerve catheters is not
inﬂuenced by nerve stimulation. Middle East Journal of
Anaesthesiology 2013; 22: 179–83.
Shah NF, Soﬁ KP, Nengroo SH. Obturator nerve block in
transurethral resection of bladder tumor: a comparison of
ultrasound-guided technique versus ultrasound with nerve
stimulation technique. Anesthesia Essays and Researches 2017;
11: 411–5.
Kim YB, Park HY, Kim KM, et al. The effect of interfascial
injection on obturator nerve block compared with nerve
stimulating approach by ultrasound-guide: a randomized
clinical trial. Urology Journal 2019; 16: 407–11.
Wadhwa A, Kandadai SK, Tongpresert S, et al. Ultrasound
guidance for deep peripheral nerve blocks: a brief review.
Anesthesiology Research and Practice 2011; 262070.
Selander D, Brattsand R, Lundborg G, et al. Local anesthetics:
importance of mode of application, concentration and
adrenaline for the appearance of nerve lesions: an
experimental study of axonal degeneration and barrier
damage after intrafascicular injection or topical application of

Gadsden | Nerve stimulation in the era of ultrasound guidance

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

bupivacaine (Marcain). Acta Anaesthesiologica Scandinavica
1979; 23: 127–36.
Sala-Blanch X, Ribalta T, Rivas E, et al. Structural injury to the
human sciatic nerve after intraneural needle insertion. Regional
Anesthesia and Pain Medicine 2009; 34: 201–5.
Steinfeldt T, Graf J, Schneider J, et al. Histological
consequences of needle-nerve contact following nerve
stimulation in a pig model. Anesthesiology Research and
Practice 2011; 591851.
Farber SJ, Saheb-Al-Zamani M, Zieske L, et al. Peripheral nerve
injury after local anesthetic injection. Anesthesia and Analgesia
2013; 117: 731–9.
Krediet AC, Moayeri N, Bleys RLAW, Groen GJ. Intraneural or
extraneural: diagnostic accuracy of ultrasound assessment for
localizing low-volume injection. Regional Anesthesia and Pain
Medicine 2014; 39: 409–13.
Voelckel WG, Klima G, Krismer AC, et al. Signs of inﬂammation
after sciatic nerve block in pigs. Anesthesia and Analgesia
2005; 101: 1844–6.
Bigeleisen PE, Moayeri N, Groen GJ. Extraneural versus
intraneural stimulation thresholds during ultrasound-guided
supraclavicular block. Anesthesiology 2009; 110: 1235–43.
Gadsden JC, Choi JJ, Lin E, Robinson A. Opening injection
pressure consistently detects needle–nerve contact during
ultrasound-guided interscalene brachial plexus block.
Anesthesiology 2014; 120: 1246–53.
Ertmer M, Klotz E, Birnbaum J. The concept of protective nerve
stimulation for ultrasound guided nerve blocks. Medical
Hypotheses 2017; 107: 72–3.
Luedi MM, Upadek V, Vogt AP, et al. A Swiss nationwide survey
shows that dual guidance is the preferred approach for
peripheral nerve blocks. Scientiﬁc Reports 2019; 9: 9178.
Fuzier R, Lammens S, Becuwe L, et al. The use of ultrasound in
France: a point of view from experienced regional
anesthesiologists. Acta Anaesthesiologica Belgica 2016; 67:
9–15.
Dooley J, Bullock WM, Kumar AH, et al. Systematic sonographic
and evoked motor identiﬁcation of the nerve to vastus medialis
during adductor canal block. Regional Anesthesia and Pain
Medicine 2020; 45: 937–8.
Sancheti SF, Uppal V, Sandeski R, et al. A cadaver study
investigating structures encountered by the needle during a
retroclavicular approach to infraclavicular brachial plexus block.
Regional Anesthesia and Pain Medicine 2018; 43: 752–5.
Leurcharusmee P, Layera S, Finlayson RJ, Tran DQ.
Retroclavicular approach to infraclavicular brachial plexus
block: a logical conundrum. Regional Anesthesia and Pain
Medicine 2019; 44: 273.1–273.
Gili S, Abreo A, G
oMez-Fern
andez M, et al. Patterns of
distribution of the nerves around the axillary artery evaluated
by ultrasound and assessed by nerve stimulation during axillary
block. Clinical Anatomy 2018; 32: 2–8.
Sites B, Spence B, Gallagher J, et al. Characterizing novice
behavior associated with learning ultrasound-guided
peripheral regional anesthesia. Regional Anesthesia and Pain
Medicine 2007; 32: 107–15.
Luyet C, Sch€
upfer G, Wipﬂi M, et al. Different learning curves for
axillary brachial plexus block: ultrasound guidance versus
nerve stimulation. Anesthesiology Research and Practice 2010;
309462.
Montgomery SH, Shamji CM, Yi GS, et al. Effect of nerve
stimulation use on the success rate of ultrasound-guided
subsartorial saphenous nerve block: a randomized controlled
trial. Regional Anesthesia and Pain Medicine 2017; 42: 25–31.
Bomberg H, Wetjen L, Wagenpfeil S, et al. Risks and beneﬁts of
ultrasound, nerve stimulation, and their combination for
guiding peripheral nerve blocks: a retrospective registry
analysis. Anesthesia and Analgesia 2018; 127: 1035–43.

© 2021 Association of Anaesthetists

Gadsden | Nerve stimulation in the era of ultrasound guidance
52. Tsui BCH, Pillay JJ, Chu KT, Dillane D. Electrical impedence to
distinguish intraneural from extraneural needle placement in
porcine nerves during direct exposure and ultrasound
guidance. Anesthesiology 2008; 109: 479–83.
53. Kalvøy H, Sauter AR. Detection of intraneural needle-placement
with multiple frequency bioimpedance monitoring: a novel
method. Journal of Clinical Monitoring and Computing 2016;
30: 185–92.

© 2021 Association of Anaesthetists

Anaesthesia 2021, 76 (Suppl. 1), 65–73
54. Tsui BCH, Ip VHY. Can electrical nerve stimulation guidance
assist in cervical erector spinae plane block catheter placement
for total shoulder arthroplasty? Canadian Journal of Anesthesia
2019; 66: 1417–8.
55. Ueshima H, Hiroshi O. Ultrasound and nerve stimulator
guidance decreases the use of local anesthetic for 1st injection
in pectoral nerve blocks. Journal of Clinical Anesthesia 2018;
48: 21.

73

