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Milliamperage Requirements for Supramaximal Stimulation
of the Ulnar Nerve with Surface Electrodes
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Maonitoring of neuromunscular tansaission with poy-
table, battery-operated nerve stimalitors is comman
anesthesia pra(.lire"' fn 1976 Kr:pnmn"' and Pue? dem-
onstrated the safety of pregelied electrodes for the stime-
ulation ol the ulnar nerve However, the amount of cur-
rent necessary to praduce supramaximal stimolaiion
(SM35) of the ulnar nerve at the wirist with surfuce elec-
trodes has not heen estabilnhed. Of the cominricutly
available hattery-operated nerve stitnulators available in
the United States, most Tiave maximun outpats no greate
than 30 milliaimperes (mA). Yet o clinical experience
15 that currents of at leust 50 A often are requited 10
produce SMS when using sitfuce elecrrodes,

We therelore decided to determine the delivered cur-
rent necessary for SMS of the ulnar nerve ar the wrist
when using pregelled electrodes. We hoped to define the
mirinminn owtput specificationy for nerve stimulntors -
tended primarily for routine dinicid use with these elee-
trodes,

ME LHODS

Thirty-eight patients undergning surgical procedures,
for which the administration of @ musdle relaxant was
indicated by the natuve of the proposed surgery, were
included in the study. The study was approved by our
haspital Commitiee on Thuman Reseanche These individ.
uiahy were chosen randomly from the authors’ practice
Anesthesia was induced with thiamyt sodiem amd -
tained with nitrous oxide and halothane or enflurane.
Tracheal intubation was performed following the ad-
ministration of succinyicholine §.75 mg /kg iv. The wrist
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civcnmference of each patient studied was measured o
the level of the }nn\‘ilmﬂ Hexor crease.

Froked sometiic tension to ulnar nerve stimmlatio
was tneasured with a Grass P4 L0 Tinear force nansdn
ardd recorded Preload on each patient’s thumb was o

Justed to approximately 200 g, Uhe nevve stimulator eu

ployed was a Neuro Techinology Tne Digistion T, CTH
hattery aperated unit hos a unipobu pulse dovation
0.2 ms and a maxivonn outpnt of approximately 756 my
A digitd annneier displays the acoadd corrent deliver
with eachstimualus, Priar to tse in this sturly, the Digisg
atmneler was benel tested against 4 1,000 ohan resisty
Towel and Forand to e accnsate to withion ¢ 3% The swifs
clecnodes employed were the NDM PNS elecirodes (v,
#OL 2O

The distal (negative) surface electrade was placed
the level of the proximal flexor evease of the wrist. Fo
electiode pair wie placed dugetly over and parallel
the Hexor cnpi ulnaris tendon, the by insuring th
close proximity to Jie ulvae netve & it approaches
crosses the wrist. Whoen single-twitch height at maxir
stimutlator onepant (G5 %5 mA)Y had recovered from ¢
encotracheal intubting dose of seccinytchofine and -
mained stable for at least 5 min, the study comumenc
Stinndator output was inceeased from cero in increme
of 1-2 mA, and 1witch tension was recorded at ¢
outpat level When these small increas: s in current
longer produced phienvatde chianges in evoked tens
the increments were increased in 5-mA steps until
maximuin output of the stimulator was reached.

RESULTS

Figure 1 is the response curve for patient 9 an.
tvpical of the results obtained during this study.
il threshold for stimulation (1T8) was defined as
first clearly visible twitch above background noise
115 the pen deflection on the polygraph usually amon
to 1-2 mn, when full twitch height was 40 mm or m
For any given patient, determination of the exact
required to achieve supramaximal stimulation (SMS;
not a simple process. T here was varely a prccisc end)
at which an increase in delivered current no longer el
a measurable rise in twitch tension. The steep pha-
the response was characterized by large changes in tv
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tension for small changes in stimufator output. The cur-
rent required for supramaximal twitch stimulus (SMS)
wis distinguisherl as the point on the response curve where
twitchh response failed to increase significantly despite the
application of additional current (fig. 1). Increases in de-
livered cwrrent beyond SMS elicited some minimal rise
in twitch tension in most patients studied, but an endpoint
at which those increases failed 1o elicit a rise in twitch
tension rarely could he demonstrated. This area of the
curve (fig. 1) was defined as the vising pliteau phase.
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Frui 2 Delivered conremt necessary for supramaximal stimulation
(SMS)Y af the ulnar nerve asa function of wiist civoamference, Thirgy
miliamperage assures SMS anly at wrist citcomfescnces of 16 0 m
less.
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Fic.. 8. The relationship hetween current necessary for SMS s a
function of current requited for evoking the frst deteciable twitch
(F15). If av least 20 mA s delivered, and if the convent is 2,79 times
that needed for the production of TES, then at patients will receive
suptamaximal stimytation.

Wrist cirenmference did not correlate with the currem
required for SMS (fig. 2} If wrist circumference was less
than or equal to 16 cim, then 30 mA was always capable
of producing a SMS. As wrist circinmference increased
heyond 16 o, inave mA usually was needed for SMS,
O he 38 patients studied, 19 patients bad wrists larger
than 16 cmand 14 ot ihem needed over 30 mA 10 achieve
SME Five ol the 1 nedded Between 40 and 50 mA, and
4 of thase T4 1equired in excess of 50 inA for SMS. The
scattergram (he 2) ilusrates the poor correlation be-
tween SMS and wrist chrcumforence, thus prectluding the
accurtate prediction of currents necded tor SMS from
wrist circunmfierence alone.

In contras, there was a strang convelation between
the current nevessary to preduce the first visible twitch
(UES) and that needed to produce SMS (fig. 3). Provided
that a minimuam of 20 mA was delivered to achieve SMS,
then SMS could Le assured 1if the delivered ennrent was
equal to 275 times 1that necessiny for the production
ol 1FS.

DiseussioN

To proparly eviduate new omuscnlar function, supra-
maximal stineltion of the momtored nevrve In qu(‘slion
s m.md:nury.' Inadequate stimulation may Jead the cli-
nician o overestimate the degree of newomuscular
hlokade present. As a result, additional neuromusenlar
Licocking drugs may not he given, with the belief that
nevramns ik Dlockade 19 adequate, Conversely, at the

Ceoneasion of 4 wrgical procedure poor - iich response
k i

nay fead to the adininistration of additionalreversal driigs
e the beliel st pesidaal Blos kade pm'ﬂiils. However,
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ErdNSTHISSION roegiines attention so the placement ard po-
larity of the stimobanng Cleciodes ¥ Flowever, the prin
ciple factor underlying electiical stigdation of 4 nerve
bundle is current deasity, ve s ampores per anit area of
nerve hilll(”t“‘ N h('l‘(‘rnlt', Lares (llllibll[ ([mr;l( i(’li\”("s ()f
the nerve stitnnluor being wed aie important. For ex
ample, the stimulaton descnbed by Zel and Kaee® has
puht‘ wichit o 0.6 s nd o peak cuvren catput at |l 000
ohms of 240 mA e Myosiat nerve stimaoor describiced
by Viby-Magensea et of 7 hasa pobse widhl of 0.2 ms and
can deliver GO mA peak ourput across o 10060 ohin Tond.
Although the elecuical energy delivered per polse s
greater witl the unie of Zeh wnd Ka ® rhe Mynstat is a
more eflective nerve stimulator beeause it generates the
higher carrent densitics needed For supramasimal necve
stinnrulation.

OF the 19 patients we studied with wrists greater than
16 cnin cucutnference, nine reguited delivered entrents
inexcess of 10mA to arhiieve S0 We therefore helies e

that battery-operated peripherad nerse stimmbnors shondd

drh\el no less than 50 60 mA per pardse at all stindes
frrqummes When used with sun lace electrodes, currents
of 2036 mA may produce supramasingd uliar aerve
stimalation i a nudocity of paticats, bat W a significam
nymbier of novinal individuals, these output levels are
clearly madequare,

"We cannot expliin the wide viintions in delivered
currents necessary for SMN between different patients.
However, certain factors seem contnributory. Although
we took considerabtde care in plicing e elechrodes diseady
over the ulnar nerve, anatonmic vie nbality probably occars,
Furthermore, the depth ol the nevse from the skin st faee
can vary between individuals, Shce cunent density de
creases tapidly as the distance from the stimulating elee-
trodes and the responding newrons increases, delivered
current at the suifuce electrodes does not necessarily re-
flect current density at the nerse hundle,

A means of monitoring stimulus intensity, in the form
of a digital ammerer, incorporated into the peripheral
nerve stimulator prosed o be a very useful feature. The
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outpnt necded to produce supramadimat stimulation can
be predicred .l[fllld[(l) (hg. 3) By visuatly ohserving o
mininal twiteh (TS an the thamb and the aneent nec
essary to produce it, then mutuplying this value Ly 279,
SMS prediciably will be present. Because this correlation
did not prove reliable at low ontpt levels, we belicve
that all adule patients should be stinmulated watle az leas
20 mA tinorder to assure SMS. By knowing the predicted
current needed for SMS and the desigin Biitations of the
stimulator in use, the dinician will have adequate warning
that his equipment aay not be capable of deliveriog the
curient required 1o elicit a supramasimal response at the
uloi nerve.

The presence of an ammeter on the nerve stinlator
alsa providesw method of assessing nerve stunutator fune-
tion and the integrity of its connections to the patient.
Technical fandes sueh as lead wire breakage or disconneas
are discovered easily by reco readings. Ty adilinon, de-
teriovating electrode conditinn (such as gel drying) or
battery weakness can be discovered by progressively lones
outputs measured at the clectrodes.

In summary, we recommend that ne. ve stinulaors
designed for monitoring of nearamuscula finetion Jdor
ing anesthesia should be capable of delivering pulsey with
amplitudes of ne less than 50-60 mA ar ol Lieguenries
We alo feet that the indusion of a digital waneter mto

such aonmitis a useful though pot essentind feanme,
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