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Peripheral nerve stimulator vs paresthesia

Anthony R. Brown, MB

“ no paresthesiae no anesthesia”
Moore, 1953

“ no paresthesiae no anesthesia”
Gentili and Wargnier, 1993

“ no paresthes ae no dysasthesiae, but of thefailed anesthesia?”
Moore, Mulroy, Thompson, 1994

The above dictums summarize the opposing views regard-
ing the risks and benefits of the paresthesia versus non-par-
esthesia techniques used to perform peripheral nerve block-
ade. Istherein fact any difference between the two techniques
with respect to success and/or complication rate? In particu-
lar, does the use of the paresthesia technique increase the
risk of nerve damage?

The relationship between peripheral nerve damage and
regional anesthesia is controversial. There are many possi-
ble causes of nerve damage during the perioperative period,
however, in many cases a definitive cause is impossible to
establish®3). In an ASA Closed-Claim Study, Kroll et al.
reported that nerve injury was responsible for 15% (227/
1,541) of the total number of claims. The majority of these
injuries, (61%) occurred under general anesthesia. The ul-
nar nerve (36%) was the commonest nerve involved, fol-
lowed by the brachial plexus (23%), lumbosacral nerveroots
(16%), and spinal cord (6%). The remaining group was cat-
egorized as “other/multiple” nerves (21%). A more recent
update, nerve injury accounted for 16% of all claims, with
three specific distributions (ulnanerve, brachial plexus, and
lumbosacral root) accounting for morethan half of all claims
for peripheral nerve damage. The author’s conclusion was
that most anesthetic-related nerve injuries seem to occur
without an identifiable mechanism(*3,

Theoverdl incidence of nerveinjury isintheregion of 0.1%
of all surgical procedures®®. Thompson and Liu reported a
0.11% (30/26,167) incidence of postoperative nerve damage.
Sixteen of these patients received regional anesthesia, and, af -
ter careful evaluation, only 3 cases were suspect regarding the

regional anesthetic. Since most resolve within days to weeks,
the problem tends to escape our attention. Although these inju-
riesarerarely related to the regional anesthetic, historically re-
gional anesthesia tends to be the scapegoat(®).

In amore recent study, Horlocker et al. reported that the
frequency of neurological complicationsin patients under-
going repeated axillary block is similar to that in patients
receiving asingleregional anesthetic technique. Block tech-
niques included paresthesia, nerve stimulator, transarteri-
al, and combinations of the three. A total of 1,614 blocks
were performed on 607 patients. The authors reported 62
neurological complications in 51 patients (i.e. an overall
frequency of 8.4% of patients). Only 7/62 (11.3%) of the
nerve injuries were related to the anesthetic technique; the
remainder (88.7%) were the result of the surgical proce-
dure. In 5/7 cases a paresthesia and/or combination tech-
nique was used (paresthesia was elicited in nearly 60% of
blocks in the study), in one case a nerve stimulator was
used, while in the remaining case the regional technique
was unknown(?).

The causes of nerve damage are legend in number and
include pre-existing (often undiagnosed) neurological pa
thology (e.g. diabetes, uremia, alcoholism, Guillain-Barre
syndrome), general anesthesia (mechanisms include direct
trauma, pressure, ischemia, plusthe potentiating role played
by muscle relaxants, hypotension and hypothermia), surgi-
cal (malpositioning, prolonged operating time, direct injury
to nerves or their blood supply, retractors, tourniquet inju-
ries), and postoperative causes (orthopedic splintsand casts,
anticoagul ation therapy). Regional anesthesia may be asso-
ciated with nerve damage through a variety of mechanisms.
These include excessively high concentrations of local an-
esthetics, pressure-related effects of high volume injections,
the inadvertent injection of a neurotoxic agent, addition of
vasoconstrictors to local anesthetics, and direct needle inju-
ry. In the latter case, nerve damage may result from direct
traumato the nerve and/or it’ s blood supply, hematomafor-
mation (resulting in nerve compression and/or ischemia),
direct intraneural injection, a combination of these factors,
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and finally, the use of a paresthesia technique has been im-
plicated.

Numerous authors have suggested that elicitation of par-
esthesia may result in nerve damage, and that the use of a
nerve stimulator and/or a short-bevel needle will reduce the
incidence of postblock neuropathies®13), The counter-argu-
ment states that there are no statistically significant clinical
datato support the suggestion that nerve damage resultsfrom
elicitation of paresthesia, and that evidence to support the
above arguments are based largely on extrapolation from
animal data.

Selander et al. drew attention to the role played by the de-
sign of the needletipin nerveinjury. They reported adecreased
frequency of fascicular nerve damage after needling isolated
rabbit sciatic nerve preparations with a45-degree (short-bev-
el) needle (8/15) compared with a 14-degree (i.e. regular A-
or long-bevel) needle (14/15). The authors concluded that the
short-bevel needle produces less injury and should therefore
be recommended. In addition, fascicular injury following an
intraneural injection occurred in 3/30 nerves with the short-
bevel needle compared with 14/30 when a 14-degree bevel
needle was used. The authors observed that nerve fascicles
have atendency to dlide away from an advancing needle point
and that a short-bevel needle significantly reduces the risk of
nerve injury when compared with along-bevel needle. They
concluded that paresthesiae should be elicited gently, and that
intraneural injections should be avoided®.

Rice and McMahon studied the effect of bevel design
upon the long-term pathology following intrafascicular.
Their findings appeared to contradict those reported by
Selander et al. regarding needle design. These authors
demonstrated that fine-bore needlesinserted into isolated
rat sciatic nerves were capable of producing significant
and protracted damage. In addition, more severe nerve
lesions followed the use of a 27-degree (i.e. short-bevel)
needle than a 12-degree (Iong-bevel) needle, It should
be pointed out that in Selander et al’ s study a multifascic-
ular nerve (as would be encountered in clinical practice)
was studied rather than a monofascicular nerve as was
used in the Rice and McMahon study. Nervefasciclestend
to slide or roll away from the needle point both in vivo
and in vitro especially when a 45-degree short-bevel nee-
dle is used as opposed to a long-bevel needle. When a
needle comesinto contact with anerve, paresthesiaiselic-
ited, and the (awake) patient normally reacts to this. The
onset of paresthesiainforms the anesthesiologist that the
needle is in close contact with the nerve and that, if ad-
vanced further, may injure the nerve. The use of a short-
bevel needle may press or push the nerve away, thereby
giving the anesthesiol ogist more time to react to a pares-
thesia before the needle penetrates and possibly injures
the nerve. In the Rice and McMahon study the nerve fas-
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cicles were deliberately injured with the test needles — a
situation unlikely to occur in clinical practice®®. This
argument isin fact supported by Rice and McMahon them-
selves who demonstrated that, during microneurography
in awake patients, when paresthesia was elicited, in only
aminority of caseswas the fascicleimpaled (asindicated
by neurographic recording)”. It would therefore appear
that the previously described findings of Rice and Mc-
Mahon would only hold true clinically in the case of in-
advertent penetration of a nerve fascicle.

Does the use of paresthesia in fact increase the risk of
post-anesthetic neurological sequelaein aclinical setting?
In aprospective study, Selander et al. divided patients un-
dergoing hand surgery into a paresthesia and a non-pares-
thesia (axillary artery pulsation of the needle) group. Me-
pivacaine 1% with/without epinephrine was the local
anesthetic used. Paresthesiawas unintentionally elicited in
40% of the non-paresthesia group. Postoperatively 18
(3.4%) of the patients had nerve lesions. In 8 (1.5%) cases
the cause was attributed to the effects of surgery, position,
or plaster. Postanesthetic nerve lesions occurred in 8/290
(2.8%) patients in the paresthesia group and 2/243 (0.8%)
in the non-paresthesia group. In both of the latter cases,
unintentional paresthesiaswere elicited during performance
of the block. All of these patientsreceived mepivacaine 1%
plus epinephrine. Three patients complained of increased
paresthesia on injection, while all complained of apainful
paresthesia. Postoperatively, their symptoms varied between
light paresthesia lasting a few weeks, to severe paresthe-
sias with aching and paresis lasting more than ayear. The
guestion that was rai sed was whether the needleitself, and/
or a direct intraneural injection were responsible for the
postoperative neuropathies. The authors concluded that,
whenever possible, nerve blocks should be performed with-
out searching for paresthesias, and that, if used, rough and
repeated probing for paresthesia, especially with a thick
sharp needle can cause nerve damage. They did add, how-
ever that “agentle touch with the needle is probably harm-
less to the normal nerve’ .

Theimportance of keeping an accurate anesthesiarecord
asan aid to diagnosing a postoperative neuropathy was em-
phasized®. The record should include the type of block,
local anesthetic used, it’'s concentration, whether epineph-
rine was added, the type of needle used, a description of
any paresthesiaelicited aswell as puncture of ablood ves-
sel and/or hematoma formation, tourniquet pressure and
time, supplementary blocks and drugs used by the anesthe-
siologist or the surgeon, and unexpected reactions during
the blocking procedure or during the course of the opera-
tion.

In an attempt to further define the factors involved in
nerve damage, Selander et al compared the effects of an
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intrafascicular injection with that of atopical application
of bupivacaine on arabbit sciatic nerve. Topical applica-
tion, in clinically recommended concentrations, caused no
detectable nerve injury, whereas intrafascicul ar injections
caused considerabl e axonal degeneration and damaged the
blood-nerve barrier. The same damage occurred following
the injection of physiologic saline solution suggesting that
injection trauma rather than injected solution was respon-
sible. Damage to the nerve, however, increased with in-
creasing concentrations of bupivacaine and especially with
the addition of epinephrine. Topical application of epineph-
rine did not cause any nerve damage. The authors com-
mented that epinephrine increases the risk of neurological
sequelae once the nerveis damaged (by needletraumaand/
or anintraneural injection), and concluded that intraneural
injections should be avoided, and plain bupivacaine solu-
tions should be routinely used®®. Concern regarding the
addition of epinephrine to local anesthetics has been ex-
pressed by others1920), Gentili et al. demonstrated the po-
tential toxicity of local anesthetics in clinical concentra-
tionswhen injected intraneurally and concur that intraneural
injections should be avoided(@D).

In a study by Plevak et al. an axillary brachial plexus
block was performed using either a transarterial (i.e. non-
paresthesia) or a paresthesia technique. The incidence of
persistent paresthesias (defined as longer than 48 hours)
occurred in 2/239 (0.8%) of the transarterial group com-
pared with 14/477 (2.9%) in the paresthesia group. The
success rate was similar (88% vs 85%)(?. In contrast, Ur-
ban and Urquhart reported a similar incidence of paresthe-
sias (9%) on POD 1 following interscalene brachial plexus
blockade (22/217 in the paresthesia group, and 3/34 in the
nerve stimulator group) with complete resolution in all but
one patient by 6 weeks3),

Operator experience plays an important rolein theinci-
dence of complications associated with regional anesthe-
sia. Winchell et al., in aprospective study, reported an inci-
dence of 0.36% (3/854) postblock neuropathies in which
paresthesiawas elicited by nine experienced anesthesiolo-
gistsin private practice. Of these blocks, in 835 at |east one
paresthesia was elicited. Included in the group were 816
axillary, 12 supraclavicular, 12 parascalene, and 14 inter-
scalene brachial plexusblocks. Inall cases short-bevel nee-
dles were used. As there is unfortunately no control (i.e.
non-paresthesia) group, conclusions cannot be reached re-
garding the comparative safety or efficacy of the two tech-
niques,

Chambers re-emphasized the fact that needle trauma
remains an important factor in nerve damage. The author
stated that the incidence of nerve damage may beincreased
by the paresthesia technique, and that, if thistechniqueis
used, it should be used gently and certainly not repeated.

The importance of rapport between the anesthesiol ogist
and the patient was stressed. On the other hand, the possi-
bility of nerve damage is reduced with the use of a pe-
ripheral nerve stimulator, particularly if short bevel nee-
dles are used@),

The safe and successful use of nerve stimulators is sup-
ported by Fanelli et al. who utilized amultipleinjection tech-
nique to perform 3,996 upper and lower extremity blocks.
During the first month after surgery, 69 patients (1.7%) de-
veloped neurological dysfunctioninthe operativelimb. Com-
plete recovery required 4-12 weeks in al but one patient,
who recovered completely 25 weeks post-block. [Fanelli,
1999 #7405.

Gentili and Wargnier reiterate that a number of studies
support the belief that paresthesiaincreasestherisk of nerve
trauma. As aresult, they prefer the axiom “no paresthesia,
no dysasthesia’ to that of “no paresthesia, no anesthesia’ as
stated by Moore26.27),

Moore et a. disagree that the use of a nerve stimulator
decreases the incidence of nerve damage. These authors be-
lieve that a more accurate statement would be “ no paresthe-
siae no dysasthesiag, but often failed anesthesia’. The nerve
stimulator has not been shown to be more reliable than the
paresthesiatechniquesfor locating nerves, nor hasthe nerve
stimulator been demonstrated to be clinically safer. In addi-
tion, use of the nerve stimulator to locate anerve, particular-
ly in the unconscious (anesthetized) patient, has not avoided
neuropathies. These authors have reviewed six medico-legal
cases in which a permanent brachial plexus neuropathy oc-
curred and in which the nerve stimulator was used. None of
these cases were reported in medical publications and the
authors do not report the details of the cases (for medicole-
gal reasons). It should be noted, however, that these cases
“occurred in semiconscious and unconscious patients, who
did not respond when the needle point, in al probability,
pierced the nerve's epineurium and the therapeutic dose of
local anesthetic wasinjected”. (Moore) The authors conclude
by suggesting that there are no statistically significant clini-
cal data to demonstrate that eliciting paresthesia results in
nerve damage. Until a prospective blinded major clinical
study can provide us with statistically significant informa-
tion, they believe that authors should not draw conclusions
relating to clinical practice that may have significant medi-
co-legal connotations4),

Barutell et al. provided one of the clearest descriptions
of permanent nerve damage following peripheral nerve
blockade. During the performance of an interscalene bra-
chial plexusblock, the patient suffered a sharp paresthesia
on needle insertion. The paresthesia became worse on ini-
tiation of the local anesthetic injection. In spite of this, the
injection was continued, and was only terminated after the
patient lost consciousness and developed respiratory fail-
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ure. Thisreport clearly demonstrates that, whichever tech-
nique is used, one should never continue injecting local
anesthetic if a patient complains of severe paint2. This
statement is supported by a recent prospective survey of
serious complications related to regional anesthesia in
France. Of 34 (out of 103,370 regional anesthetics) neuro-
logical complications, 21 were associated either with par-
esthesia during needle insertion (n = 19) or with pain dur-
ing injection (n = 2), suggesting nerve trauma or an
intraneural injection?®. Finally, Kaufman et al. report on
seven patients with severe disability established at thetime
of aperipheral nerve block. In most of the cases, the injec-
tion was administered as a routine procedure by an experi-
enced anesthesiologist. All the patients experienced signif-
icant discomfort during the block procedure and described
their blocks as “unbelievable’, “extremely painful”, the
most painful experience of my life”, “more painful than
anything | have ever experienced before”, and “the most
excrutiating pain | have ever experienced”. The patient his-
tories suggest that the condition, which can be resistant to
all treatment, in most cases could have been avoided if care-
ful attention had been given to the occurrence of pain dur-
ing the nerve block. The authors conclude that it is likely
that therisk of devastating iatrogenic disability can be min-
imized if a few basic principles are respected during the
administration of peripheral nerve blocks,

As with nerve damage, the literature does not support a
clear-cut advantage of one technique over the other with re-
spect to successful peripheral nerve blockade®?. In aretro-
spective study Horlocker et al. report an increased success
rate of the paresthesia technique (90%) over the use of the
nerve stimulator (83%) asdo McClain et a. (82 vs 75%) and
Schroeder et al. (95 vs88%)(731:32)_ On the other hand, Smith
and Allison reported a higher success rate with the nerve
stimulator than with the paresthesiatechnique during sciatic
nerve blockade®?, as does Raj et a3, Extremely high suc-
cess rates have been reported with the nerve stimulator by
Vester-Andersen et al. (98%), Franco et a. (97%), and Tet-
zlaff et al. (94%)>3 Franco and Vieira report successful
subclavian perivasular brachial plexusblockswithaPNSin
97.2% (973/1,001) of patients at a center where this block
was originally described by Winnie and Collins®® and tra-
ditionally performed using the paresthesias technique®9.
Kahn and Urquhart however, report a lower success rate
(67%) with the nerve stimulator (compared with atransarte-
rial approach) for axillary blocks?). Baranowski and Pither
concluded that the successrate of axillary blocks was deter-
mined by the number of nerves detected rather than whether
paresthesia or anerve stimulator was used?, The strongest
support for the use of a PNS comes from a recent prospec-
tive study, by Sia et al. Using a multiple-injection axillary
block technique, the authors compared nerve stimulation with
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the paresthesias technique The use of the PNS resulted in a
significantly shorter timeto perform the block, onset time of
the primary block, timeto achieve readiness for surgery and
total anesthetic time. In addition, the incidence of complete
block was greater in the PNS group (91% vs 76%; p < 0.05).
The freguency of venous puncture was larger in the pares-
thesias group?.

The issue has become even more confusing following
a study by Urmey and Stanton who reported they were
unable to consistently elicit a motor response following
sensory paresthesia during interscal ene block administra-
tion. Twenty interscal ene block patients were prospective-
ly studied using the paresthesiatechnique of Winnie with
a22-gauge, 3.8 cm (1%2inch) needle. In 10 patients ashort-
beveled insulated needle was used (Stimex B-D) and in
the following 10 patients a long-beveled non-insulated
needle (B-D) was used. Immediately following the report
of a paresthesia and prior to local anesthetic injection,
the nerve stimulator power was turned on and amperage
slowly increased from zero mAmp to a maximum of 1.0
m,Amp Presence and |ocation of an upper extremity mo-
tor response, if any, were recorded. Following this, 50 mi
mepivacaine 1.5% with epinephrine was injected. All 30
patients had easily elicited paresthesias, 22 to they shoul-
der, 6 to the arm, and 2 to the hand. Only 9 of 30 patients
(30%) had visible or reported motor response. All blocks
had good evidence of sensory and motor blockade. No
patient required general anesthesia. The authors conclude
that this study demonstrated that evidence of a sensory
response (paresthesia), presumably due to nerve contact,
was not associated with the ability to elicit a motor re-
sponse in 70% of patients, despite stimulation at mMAmps
that exceed the minimum accepted by most anesthesiol o-
gists. Conversely, they conclude that this study provided
evidence that, if patients are under general anesthesia (or
overly sedated), a lack of motor response does not guar-
antee that contact with a nerve fascicle has not occurred.
Reservations regarding the performance of regional anes-
thesiain adult patients under general anesthesiahave been
expressed by others(1443.44),

In contrast to the study by Urmey and Stanton, Choyce
et al. elicited a motor response after obtaining paresthesia
with currents of 0.5 mA in the majority of patients (77%)
during axillary brachial plexus blockade®). A possible ex-
planation for the discrepant results between the two stud-
ies isthat the interscalene brachial plexus block may be a
poor model to study the relationship of paresthesia and
nerve stimulation. Blocking single nerves, such asindivid-
ual nerves of the lower extremity, would be a more appro-
priate model than a plexus block. For instance, in a series
of 100 patients undergoing sciatic nerve block, Davies and
McGlade found that a nerve stimulator elicited a motor re-
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sponse in 95%, whereas paresthesia was elicited in only
44% of patients (Tablel).

In amulti-institutional study, the authors attempted to
determine the relationship of low-current nerve stimula-
tion to paresthesia during interscalene brachial plexus
blockade. Low current peripheral nerve stimulation was
used to localize the brachial plexusin 64 consecutive pa-
tients undergoing shoulder or arm surgery under an inter-
scalene block. Once a motor response was obtained, the
patients were queried regarding any sensation or pain lo-
calized to the neck, shoulder, or limb. Sensory distribu-
tion of the block and motor strength of the arm muscles
were tested postoperatively to assess the extent of block-
ade. Ninety-five percent of the blocks provided success-
ful surgical anesthesia. None of the patients spontaneous-
ly reported classical paresthesia during needle advancement

or nerve stimulation. However, upon careful questioning
after motor response was obtained, the majority of pa-
tients (55%) reported painless sensations traveling down
to their hands or fingers. Most patients (71%) spontane-
ously reported mild paresthesia on injection of local an-
esthetic. The authors concluded that classical paresthesia
is absent or minimal when alow current nerve stimula-
tion technique (< 0.6 mA; 100 psec, 2 Hz) and slow nee-
dle advancement technique are used to localize the bra-
chial plexus during an interscalene block. However, if
carefully questioned, more than half of patients may re-
port a nonspecific, painless sensory sensation in the dis-
tribution of the brachial plexus. In addition, most patients
report amild radiating paresthesia during the injection of
the first few ml of local anesthetic. Finally, low-current
intensity nerve localization allows a high success rate of

Table I. Peripheral nerve stimulator vs paresthesia: Pros and cons.

PNS

Paresthesia

Objective endpoint

Continuous feedback facilitates and hastens performance of the block
Minimal patient cooperation required therefore anxious patients can be

appropriately sedated

Minimal discomfort

Useful when paresthesia may be unreliable, e.g.:
presence of a language barrier, the mentally impaired,
extreme anxiety, conditions such as uremia, diabetes

Subjective

“All-or-none” response

Patient must be:

sawake

ecooperative

able to respond reliably

Can be an unpleasant experience

Table Il. Requirements for the successful use of a Peripheral Nerve Stimulator.

The success rate can be maximized and the complication rate minimized when using the nerve stimulator provided the

following requirements are met:

(a) Short-bevel, insulated needles should be used as well as an appropriate peripheral nerve stimulator (Table III). In an
insulated needle the current output is limited to the tip of the needle instead of along the entire needle shaft. This

facilitates needle placement®D,

(b) The low-output negative terminal of the stimulator should be connected to the needle (“negative to needle to nerve”) as
a significantly greater current is required for stimulation when the needle is connected to the positive terminal®?, This

increases the risk of unintentional neural contact.

(c) The initial current strength need never be greater than 1.5 mAmps.

(d) An appropriate motor response should be sought, e.g. a biceps twitch (musculocutaneous nerve) is not an appropriate
response when performing an axillary brachial plexus block).

(e) The objective is to achieve an appropriate motor response at/below 0.3 mAmps (Table 1V).

(f) Prior to performance of the block, the patient should be sedated to comfort, but never over-sedated.

(g) Once the correct position of the needle has been confirmed, gentle aspiration should be followed by the injection of 1 ml
of local anesthetic, followed again by gentle aspiration. The rest of the dose should be injected slowly, interrupted by

frequent (every 3-5 ml) gentle aspirations throughout.
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Table Ill. Peripheral nerve stimulators:
desirable characteristics.

[EnY

. Constant current output

. Clear meter reading to 0.1 mAmps (digital display prefe-
rable)

. Variable output control

. Linear output

. Clearly marked polarity of stimulator terminals

. Short pulse width (50 — 1.00 usec)

. Pulse of 1 Hz (1 pulse per second)

. Battery indicator

. High and low output (neuromuscular block monitor vs
peripheral nerve location)

10. High quality alligator-type clips (so that good electrical

contact is made with the stimulating needle)

The needle should serve as the cathode (i.e. “negative to

needle to nerve”)

Check equipment prior to use (linear and constant response).

N

O©oo~NOO O~ W

Table IV. Peripheral nerve stimulator - Success rates.

Current strength Success rate (%)

(mAmps) ISB/AXB
0.6-1.0 36/25
0.5 82/80
0.4 84/81
0.1-0.3 93/92

Bernstein RL, Rosenberg AD. Orthopedic Anesthesia and Related
Pain Syndromes. 1993:p.174.

the interscalene block without undue discomfort to the
patient.

Arethere disadvantages to the use of a nerve stimulator?
Cost is certainly afactor that should be taken into account.
Theuse of amultifunctional peripheral nerve stimulator (i.e.
high output for twitch monitor, low output for nerve block-
ade) will limit the additional cost of purchasing anerve stim-
ulator specifically for peripheral nerve blockade (Table I1).
These stimulators are sturdy and have a prolonged lifespan.
While not ideal, short-bevel uninsulated needles may be sub-
stituted for insulated needles. It has been suggested that an
additional pair of handsisrequired when using anerve stim-
ulator technique®®. This author totally disagrees with this
argument. It isin fact easier and faster to perform a block
with anerve stimulator without the aid of an assistant asthe
constant back and forth communication is eliminated, and
the operator can concentrate on the more important task of
communicating with the patient?).

For those preferring to keep both hands “on the field”, a
device, in which afoot pedal is used to control the current,
has been described(*®). With respect to requiring an extrapair
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of hands to inject the local anesthetic, this requirement ap-
pliesto either technique.

Based on the above, areview of the literature does not sup-
port one technique over the other with respect to rate of suc-
cessful blockade or incidence of postoperative neuropathies.
This author, however, supports the use of a peripheral nerve
stimulator for the following reasons:

a) Theincidence of nerve damage is more closely relat-
ed to the skill and experience of the individual performing
the block than whether a paresthesia or non-paresthesia
technique is used.

b) Use of the nerve stimulator does not guarantee that
elicitation of paresthesiawill be avoided or that nerve dam-
age can be completely avoided. Equipment failure, lack
of a“gentle” technique, and other factors may come into
play(49.50),

c¢) The likelihood of an inadvertent intraneural injection
is reduced by performing nerve blocks in (adult) patients
who are not anesthetized or heavily sedated.

d) While the success rate and the complication rate
might be similar (in experienced hands), performing a
peripheral nerve block with anerve stimulator has advan-
tages other than the possible reduction in nerve damage.
These include:

() Less patient cooperation is required, i.e. less depen-
denceis placed on the patient’ s subjective report of apares-
thesia compared with the objective endpoint of an appropri-
ate muscle twitch.

(I Continuous feedback permits adjustments in needle
positioning which may hasten performance of the block.

(111) Nerve blocks can be performed in patients in whom
communication may be difficult (e.g. language barrier, men-
tally challenged).

(IV) Patients can be sedated to the point at which they are
comfortable but awake enough to report severe paresthesia
or pain oninjection. Thislevel of sedation may however in-
terfere with the reporting of “clinical” paresthesia.

(V) Paresthesia can be (and frequently is) an unpleasant
experience, whereas use of the nerve stimulator very seldom
is. Patient discomfort is therefore minimized

(V1) In pediatric patientstherisk benefit ratio favors per-
formance of regional anesthesia after induction of general
anesthesia.

(e) Scrupulous documentation of all paresthesias elicited
(by design or unintentionally during anerve stimul ator tech-
nique), aswell as the presence or absence of pain during the
injection, isessential. Thisrecommendation is strongly sup-
ported by Horlocker et al. and Auroy et a. who reported that
all cases of persistent paresthesia after spinal, epidural, or
peripheral nerve blockade occurred in the same topography
as the associated paresthesial’28),
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