Peripheral regional anesthesia has experi-
enced a huge increase in technical inno-
vation like only few other anesthesia tech-
niques in recent years. The introduction of
ultrasound visualization is considered the
driving force behind this development. The
visualization of nerve structures by ultra-
sound led to a paradigm change in daily
routine for anesthetists undergoing train-
ing as well as experienced practitioners
of regional anesthesia. Nerves and sensi-
tive structures are now more than a men-
tal projection, they are visible objects cor-
responding to anatomical knowledge. This
new technology has triggered curiosity and
motivation in beginners and experienced
practitioners alike to further optimize and
develop regional anesthesia. Blocks previ-
ously associated with an increased risk, e.g.
transversus abdominis plane (TAP) block
and supraclavicular blocks became pop-
ular, as vulnerable structures can now be
identified and avoided. In parallel, ultra-
sound can also be used in conjunction with
nerve stimulation. This hasled to anew un-
derstanding of the distance between needle
tip and nerve tissue when using electrical
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Nerve localization for peripheral
regional anesthesia

Recommendations of the German Society of
Anaesthesiology and Intensive Care Medicine

nerve stimulation [1, 2, 3, 4, 5]. Questions
arose as to the minimum required thresh-
old current for successful stimulation of
nerve tissue. How safe is nerve stimulation
really? Is it needed at all? Or should both
techniques be combined when identifying
nerve structures? Ultrasound also led to
new explorative approaches. Where should
local anesthetic agents be injected [6, 7], in-
traneurally or extraneurally? Does local an-
esthesia require the patient to be awake or
is it safe to perform a block with the pa-
tient under general anesthesia? Practitio-
ners try to find answers to these questions
in the daily routine. These topics have fu-
elled controversial debates. To date, there is
only little data and studies concerning the
mentioned topics on which to develop ev-
idence-based guidelines and here are not
even any recommendations reflecting the
mentioned questions available. Hence, it
was the aim of the German Society of An-
aesthesiology and Intensive Care Medicine
(DGAI) to convene an expert panel includ-
ing members of the scientific group for re-
gional anesthesia and obstetrics and the
scientific group for utrasound in anaes-

thesia, which are both parts of the DGAL
The constituted panel of 11 experts devel-
oped recommendations for nerve localiza-
tion in regional anesthesia based on expert
knowledge and scientific data. Recently, the
DGAI published the presented recommen-
dations in German [8]. Moreover, the rec-
ommendations are registered as scheduled
guidelines of the German Society of Medi-
cal Guidelines (AWMEF Reg. No. 001-026).

All authors are members of the German Soci-
ety of Anaesthesiology and Intensive Care Medi-
cine, Niirnberg, Germany.

Presentations The recommendations were pre-
sented at the Annual Regional Anaesthesia
Symposium of the German Society of Anaesthe-
siology and Intensive Care Medicine (DGAI) in
Hamburg, Germany (2 November 2013) and at
the Annual Congress of the German Society of
Anaesthesiology and Intensive Care Medicine in
Leipzig, Germany (8 May 2014).

Published in German Steinfeldt T, Schwemmer
U, VolkT et al (2013) Handlungsempfehlung -
Nervenlokalisation in der Regionalandsthesie.
Anaesth Intensivmed 54:1-1
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Recommendations

Nerve localization techniques

Localizing the nerve is an important pre-
requisite for successful regional anesthe-
sia and aids avoiding damage to nerves
and surrounding structures. Basically, the
anesthetist combines two techniques for
nerve localization. One technique locates
nerves indirectly by electrical nerve stimu-
lation due to the assessment of elicited mo-
tor responses. Its application is well estab-
lished and has been in use for decades [9].
The other technique, ultrasound, is capable
of visualizing nerve tissue structures direct-
ly. This technique has become established
in the daily routine over the last 15 years.

Ultrasound

The correct guidance of the cannula is as
important as the visualization of the tar-
get structure. Puncture complications can
be avoided with clear visualization of the
needle tip [10]. The most frequent mis-
take is uncontrolled transducer and nee-
dle movement that counteracts accurate
needle visualization and thus should be
avoided. Key features of the needle, which
influence visualization, are the surface,
the diameter and the shape of the nee-
dle tip. A larger diameter may mean im-
proved ultrasound visibility but because
of the greater tissue trauma the smallest
possible should be chosen [11, 12].

With regard to the transducer, i.e. ul-
trasound beam, the cannula may in prin-
ciple be inserted using two different tech-
niques: in-plane or out-of-plane. The
needle should be advanced only after the
position of the needle tip has been clear-
ly determined. This is achieved either
through direct visualization of the needle
tip or indirectly with the hydro-localiza-
tion technique.

Problems in visualizing the cannula
may arise in cases of [13, 14]:
== deep blocks 24 cm
== steep puncture angles (>40°)
== thin diameter of needles

Needles in which the shaft material has
been optimized for ultrasound-assisted
punctures using notches or particles re-
flect more sound waves to the transduc-

er and should facilitate improved visual-
ization [15, 16, 17]. However, there is no
evidence of their clinical benefit in re-
gional anesthesia. With conventional re-
gional anesthesia cannulas the needle tip
is usually easier to visualize compared to
the needle shaft due to its configuration.
The needle tip is particularly visible when
the needle opening faces upwards to the
transducer [13, 14].

In-plane technique

The in-plane technique describes the
guidance and therefore the sonograph-
ic visualization of the entire needle in the
imaging plane. In comparison to the “out
of plane” technique this method is more
likely to allow control of the entire nee-
dle and puncture path. Especially begin-
ners have difficulty in placing the cannula
within the ultrasound beam. Mechanical
needle guidance aids restrict freedom to
guide the needle and probes and to date
there is no evidence of their benefit in re-
gional anesthesia.

Out-of-plane technique

In the out-of-plane” technique the punc-
ture needle is led transversely to the scan-
ning plane and is therefore shown only in
cross-section [10]. The aim is to visual-
ize the needle tip in the image plane. The
out-of-plane technique offers short needle
paths and is particularly suitable for super-
ficial blockades. A problem with the out-of-
plane technique is that the cannula tip can
be confused with the shaft or its echo, re-
sulting in reduced control of the cannu-
la tip. The needle tip is particularly visible
when the needle opening faces upwards to
the transducer [13, 14].

Selection of the needle
guidance technique

The decision whether to use the in-
plane” or out-of-plane technique de-
pends on the puncture site and experi-
ence of the practitioner. Often the favor-
able approach is predetermined by the
anatomical circumstances. In the vicinity
of pleura and very deep nerve blockades
with surrounding structures at risk of be-
ing damaged, an in-plane guiding of the

needle appears to be safer if the needle
is visualized in its entirety in the image
plane. The in-plane technique is mainly
used for single shot blockades. There is
little scientific data that an in-plane ap-
proach may result in a lower incidence
of inadvertent needle-nerve contact [18].
Currently there is no scientific data on
the use of ultrasound during the place-
ment of catheters on which to base a rec-
ommendation for the out-of-plane or in-
plane technique.

Indirect techniques for
needle visualization

Indirect signs are used supportively in the
orientation and determination of the nee-
dle position. The introduction of the nee-
dle will produce a visible tissue displace-
ment in the B-mode scan as an indica-
tion of the cannula position before en-
tering the scanning plane. However, this
cannot be taken as a sure sign of the tip
as motion artefacts in the tissue may be
propagated and may also be generated by
the shaft. Localizing the needle tip can be
achieved by injecting small amounts of
liquid (hydro-localization, approximate-
ly 0.5 ml, [19]). This is especially useful
in the out-of-plane technique. Saline, glu-
cose 5% solution or a local anesthetic can
be used for hydro-localization. When
electrical nerve stimulation is used addi-
tionally, it should be kept in mind, how-
ever, that nerve responsiveness to electri-
cal stimulation might be adversely affect-
ed by local anesthetics and electrolyte so-
lutions. Therefore, the application of glu-
cose 5% solution is recommended in this
situation [20].

Injecting local anesthetics

When reaching the targeted structure, vi-
sualization of injected local anesthetic is
mainly used to determine if the injected
solution is spreading in the correct tis-
sue layer (interfascial space) or along the
nerve. Particularly in field or compart-
ment blocks (e.g. TAP, pectoralis and rec-
tus sheath blocks) ensuring the correct
distribution of the local anesthetic in the
corresponding interfascial space is im-
portant. On no account should an injec-
tion be continued if the spread of the lo-



cal anesthetic could not be visualized. In
this case, the needle tip can be in front,
or worse, behind the image plane or intra-
vascular. This requires correcting the nee-
dle position.

Intraneural injection

Regardless of which technique is used, in
ultrasound visualization it is important
to avoid intraneural punctures and injec-
tions. Intraneural injection should be sus-
pected if the radius of the nerve increas-
es and if injection requires a large amount
of pressure or causes pain [21]. Onset of
painful neurological symptoms as an indi-
cation of a needle-nerve contact should be
avoided and should result in a verification
of the needle position. Paresthesia should
be interpreted as a sign of the needle be-
ing very close to the nerve and should also
result in reappraisal of the needle location.

Electrical nerve stimulation

A threshold current below 0.5 mA
(0.1 ms) may frequently result in an intra-
neural needle placement in patients with
otherwise healthy nerve tissue [3, 4, 6].
Therefore, stimulation below 0.5 mA at
0.1 ms impulse duration should not be at-
tempted. This lower limit needs to be test-
ed, i.e. the current is reduced until the de-
sired reaction to the stimulus disappears.

Good block results can be achieved
using a current up to 1.0 mA/0.1 ms [22].
Damaged nerve tissue, as frequently en-
countered in patients with polyneuropa-
thy due to diabetes and/or renal insuffi-
ciency, can have an influence on nerve re-
sponse to electrical stimulation [23, 24]. If
areduced susceptibility to electrical stim-
ulation is expected, increased threshold
currents (0.5-1.5 mA) should be used. In-
creasing the impulse duration (0.3-1 ms)
to achieve the desired nerve proximity can
be used alternatively to an increased cur-
rent in patients with neuropathy.

An impulse duration of 0.1 ms dura-
tion can be considered the standard pa-
rameter for patients with healthy nerves.
If the target is a solely sensory nerve, a
longer impulse duration (0.3-1.0 ms) or
an increased current should be selected.
The practitioner should be aware of the
stimulator’s set pulse duration. The cur-
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Nerve localization for peripheral regional anesthesia.
Recommendations of the German Society of Anaesthesiology

and Intensive Care Medicine

Abstract
The German Society of Anaesthesiology and
Intensive Care Medicine (Deutsche Gesell-
schaft fiir Andsthesiologie und Intensivmed-
izin, DGAI) established an expert panel to de-
velop preliminary recommendations for nerve
localization in peripheral regional anesthesia.
Based on expert knowledge and the relatively
limited data, the recommendations state how
ultrasound and/or electrical nerve stimulation
should be used in daily practice, and where
and when local anesthetics should be inject-
ed. Moreover, it was defined under which con-
ditions a peripheral nerve block under general
anesthesia or deep sedation is applicable.
Regarding the use of ultrasound the ex-
pert opinion was that out-of-plane and in-
plane-techniques can be considered equal
with respect to patient safety. Nevertheless,
the direct or indirect visualization of the nee-
dle tip has to be assured. The injection of lo-

cal anesthetics has to be visualized. Injections
into nerves or those requiring an injection
pressure should be avoided. The sole use of
electrical nerve stimulation or ultrasound for
nerve localization is still a suitable option as
well as their combined use. To avoid acciden-
tal intraneural needle placement, an electri-
cal current threshold >0.5 mA should be used.
Moreover, it was stated that peripheral nerve
blocks or continuous nerve block techniques
under sedation or general anesthesia are ap-
plicable in adult patients who are unable

to tolerate the block being performed in an
awake state or have difficulty cooperating.

Article published in English
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Lokalisation peripherer Nerven fiir Regionalanasthesieverfahren.
Empfehlungen der Deutschen Gesellschaft fiir Andsthesiologie

und Intensivmedizin

Zusammenfassung

Die Deutsche Gesellschaft fiir Andsthesiolo-
gie und Intensivmedizin (DGAI) hat durch
eine Expertengruppe eine Handlungsemp-
fehlung zur Lokalisation peripherer Ner-

ven im Rahmen von Regionalandsthesiever-
fahren erstellen lassen. Aufgrund der beste-
henden Datenlage basiert die Empfehlung

in erster Linie auf ,Expertenmeinungen”. Ne-
ben Fragestellungen zur klinischen Anwen-
dung der Ultraschalltechnik werden Aspekte
der elektrischen Nervenstimulation erldutert.
Des Weiteren werden Fragen zur intra-/extra-
neuralen Lokalandsthetikainjektionen sowie
zur Durchfiihrung von Regionalanésthesie-
verfahren unter Sedierung oder in Vollnar-
kose beantwortet.

Die Expertengruppe erklart die,Out-of-
plane”- und, In-plane“-Technik als ebenbiirtig
im Hinblick auf die Patentensicherheit. Aller-
dings ist eine direkte oder indirekte Nadel-

rent should always be seen in context to
the pulse duration. With the position of
the needle unchanged, the electrical cur-
rent has to be tripled when using a short
pulse (0.1 ms) to elicit the same response

spitzenvisualisierung zu gewahrleisten. Die
Injektion von Lokalanasthetika ist zu visua-
lisieren. Intraneurale Punktionen oder intra-
neurale Injektionen gilt es sicher zu vermei-
den. Ultraschall und elektrische Nervenstimu-
lation kénnen allein oder in Kombination ver-
wendet werden. Bei Nutzung der elektrisch-
en Nervenstimulation ist eine Reizstrom-
schwelle von 0,5 mA nicht zu unterschrei-
ten. Bei Erwachsenen kdnnen periphere Ner-
venblockaden unter Sedierung oder Allge-
meinandsthesie durchgefiihrt werden, wenn
eine Toleranz oder Kooperationsfahigkeit im
Wachzustand nicht zu gewéhrleisten ist.

Schliisselworter

Uberblick - Elektrische Nervenstimulation -
Intraneurale Injektionen - Ultraschall -
Paraesthesie

compared to using a long pulse of 1.0 ms
[25].

The tissue resistance which modern
stimulators will display, can also be of
clinical use. Due to the high electrical re-
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sistance of the perineurium a sudden in-
crease in impedance could indicate an in-
traneural positioning of the cannula [26].
Likewise an absent increase in impedance
after injection of the glucose 5% solution,
due to its poor conduction, can indicate
an intravascular position [27, 28].

The needle should be slowly advanced
while applying the current with a high
frequency (2 Hz).

Triggering painful neurological symp-
toms is a risk factor for nerve damage
[29], the block or injection should there-
fore be aborted and the position correct-
ed, regardless of nerve stimulation status.
Paresthesia synchronous to impulse with-
out a muscle reaction in the target area
should be considered a positive response
to nerve stimulation [30, 31].

The location of the neutral electrode is
irrelevant but should not result in current
passing through sensitive material (e.g.
pacemaker or implantable cardioverter
defibrillator, [32]). Even though the prod-
uct notice may exclude nerve stimulation,
using the technique should be possible af-
ter careful risk-benefit consideration. The
current delivered by the stimulator may
not only be registered as a cardiac cur-
rent by the monitoring equipment but al-
so by a pacemaker and trigger an asysto-
le [33]. For this reason registration of the
peripheral pulse using a pulse oximeter
is reccommended. The current should be
delivered with a short impulse (<0.5 ms)
with as much distance to the pacemaker
as reasonable [34]. A defibrillator should
be deactivated with a magnet and the de-
vice functionality should be verified after
the procedure [33].

Stimulation of the nerve is not possible
after injection of conducting liquid [35].
Glucose 5% as a test dose allows for fur-
ther stimulation, although the interpreta-
tion of a stimulation response should be
critically evaluated [28]. Techniques re-
quiring multiple injections should be per-
formed using ultrasound. It should be
noted that localizing nerves using stimu-
lation without ultrasound is still perfect-
ly acceptable and within the guidelines of
good clinical practice.

Further issues of note:
== The actual current delivered should

be shown. The practitioner should

be aware of a discrepancy between

set and delivered current by setting
alarms accordingly.

== The initial current should be set sig-
nificantly higher than the target-
ed lower threshold current (e.g. be-
gin with 2.0 mA with an expected
threshold current of 0.5-1.0 mA with
a pulse duration of 0.1 ms in patients
with healthy nerves).

== The expected stimulus response must
be known.

== When the first muscle reaction oc-
curs, do not advance the needle any
further.

== Avoid changes to the current while
advancing the needle.

== A maximum test dose of 2.0 ml
should be injected after aspiration as
soon as the stimulus response disap-
pears after reaching the targeted cur-
rent.

== Observe for signs of intraneural in-
jection, i.e. pain radiating into the ex-
tremity, painful neurological symp-
toms and/or injection requiring large
amounts of pressure.

== If stimulus response persists, check
for intravascular positioning of the
cannula through aspiration and/or ul-
trasound.

Combining ultrasound and
electrical nerve stimulation

Combining both techniques is another
possibility to achieve a successful periph-
eral nerve block. Clinical investigations re-
vealed a frequent use of electrical stimula-
tion in addition to the use of ultrasound for
localizing the targeted nerve [36, 37]. Nerve
stimulation can especially be useful in situ-
ations where the nerve is not clearly iden-
tifiable using ultrasound. Clinical stud-
ies show no increased rate of success or a
reduction of intraneural punctures when
both techniques are combined [38, 39].
Electrical stimulation may be used for
optimal placement of the cannula or when
the target structure cannot be clearly vi-
sualized with ultrasound. In these cases a
lower initial current can be used compared
to cases where electrical stimulation is the
only technique used for identification of
the target structure. The nerve stimula-
tor is set to the required threshold current
(1 mA at 0.1 ms pulse duration), which

will trigger the appropriate response and
alert the user when in close proximity to
the nerve. The needle position should be
verified either by ultrasound or hydro-lo-
calization. The needle has to be retracted
if ultrasound shows the needle position to
be intraneural. If the injected liquid indi-
cates an adequate spread or the needle tip
position is optimal in ultrasound visual-
ization, the desired amount of local anes-
thetic can be injected. If the target struc-
ture or needle tip cannot be identified,
electrical nerve stimulation is required.
This may especially be the case when per-
forming a block on nerves situated deep in
the tissue, e.g. psoas compartment block
or anterior proximal sciatic nerve block.
In these situations ultrasound can aid in
the identification of structures associated
with the target nerve. These may be blood
vessels or structures in the thorax, abdo-
men or retroperitoneum.

Peripheral regional anesthesia in
sedated/anesthetized patients

Nerve damage or irritation after peripher-
al regional anesthesia is a rare and usual-
ly temporary occurrence [37, 40]. As case
reports frequently link paresthesia or pain
during the procedure with newly occur-
ring neurological deficits, performing the
block on an awake or lightly sedated pa-
tient is recommended [41, 42, 43, 44, 45].
Current published data are unable to con-
firm if an anesthetized or deeply sedat-
ed patient is at an increased risk of nerve
damage. When managed appropriately,
and with sufficient analgesia, patients in
an awake state will usually tolerate region-
al anesthesia well. Deep sedation or gen-
eral anesthesia for the block can be con-
sidered should the patient be unable to
tolerate the block under light sedation or
have difficulty cooperating. Performing
the block in deep sedation or general an-
esthesia is especially preferable when deal-
ing with uncooperative children [46].
Before a regional anesthesia technique
is carried out, patients must be compre-
hensively informed in writing about the
intervention and possible complications.
Empathic patient guidance and adaptive
analgesic sedation are as essential for suc-
cessful regional anesthesia as adequate
premedication and local anesthesia.
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