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Assessing the Level of Spinal Anesthesia Using a Neuromuscular Stimulator

RONALD M. MEYER, M.D.,* WILLIAM ]. MCCUNE, M.D.}

The response to pinprick is commonly used for de-
fining the area of anesthesia achieved by a subarachnoid
blockade (SAB). Unfortunately, there are patients who
might benefit from the safety of SAB anesthetic, but are
noncommunicative, making it difficult to determine ac-
curately the level of SAB without causing trauma from
vigorous needle punctures.

During 2 yr of providing anesthesia for a general hos-
pital with a large group of nursing home patients, we
have been routinely using a hand-held neuromuscular
stimulator (NMS) to test the level of SAB. The stimula-
tor has been designed to pass a short burst of current
through the skin to stimulate motor nerve fibers and
activate the neuromuscular junction. The device also
produces the sensation of a mild electric shock at the
site of application.
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A prospective, non-blinded, non-randomized study
was undertaken to assess the degree of correlation be-
tween SAB levels as determined by NMS, with the pin-
prick method as a standard for comparison. Unable to
elicit useful responses to sensory examinations in non-
communicative nursing home patients, we chose to
study a model population of more cooperative patients.

METHODS

Fourteen consecutive, cooperative, English-speaking
adult patients, who consented to receive SAB for surgi-
cal anesthesia, were examined. The male/female ratio
was 4/10, and ages ranged from 19-80 yr. Surgical
procedures undertaken included the obstetric (5), gyne-
cologic (4), orthopedic (2), closed urologic (2), and gen-
eral surgical (1). All SABs were injected with the patient
in the lateral position using 5% lidocaine with 7.5%
dextrose, or 0.5% tetracaine with 5% dextrose. Patients
were then placed in the supine position. Tests of the
level of SAB were performed using a sterile hypodermic
needle and a “Sparkie’” NMS [Dupaco, Oceanside, CA]
within 1 min of each other, 5-10 min after the injection
of the drug into the cerebrospinal fluid. Patients were
instructed to look away from the site of sensory testing.
In alternate patients, pinprick was tested first, while, in
the other patients, NMS stimulation was first per-
formed.

The patient’s deltoid area was touched with the hub
and then the point of the hypodermic needle, and the
patient was instructed, “This is sharp. Say ‘Now!'when
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FiG. 1. The highest sensory dermatomal levels of blockade, as deter-
mined simultaneously by neuromuscular stimulator (NMS) versus the
time-honored pinprick. Each T represents this comparison in a single
patient. The dashed line of identity is where all Ts would lie were NMS
and pinprick fully equivalent.

you feel the same sharpness, not just touching.” The
point of the needle was then tapped against the patient
at roughly 3 cm intervals from the knee upward in the
mid-axillary line. With a skin pencil, a mark was made
on the skin at the level where the patient first identified
the return of pinprick.

The NMS was then touched firmly to the patient’s
shoulder, and the touch-sensitive switches were acti-
vated in this order: low amplitude 2 Hz twitch, high
amplitude 2 Hz twitch, low amplitude 50 Hz tetanus,
high amplitude 50 Hz tetanus. This sequence produced
progressively stronger sensations. The patient was in-
structed to say ‘“‘Now!” when a pinch or twinge was felt.
Patients responded to either the high amplitude twitch
or the low amplitude tetanus. The same intensity of
stimulus was then applied along the midaxillary line
from the knee upward to the axilla, and then along the
ulnar aspect of the upper extremity. A line was drawn at
the level indicated by the patient when the sensation of
the shock first returned.

We considered “the level” of the SAB to be the sen-
sory dermatomal level immediately below the level at
which the patient indicated the return of sensations of
pinprick or NMS. The patients’ affective and behav-
ioral responses to the test procedures were noted.

The Spearman rank correlation coefficient’ was de-

CLINICAL REPORTS

Anesthesiology
V 67, No 1, Jul 1987

termined for the level of SAB as determined by pin-
prick versus NMS. A nonparametric method was chosen
because dermatomal levels were considered to be or-
dinal, not numerical data. A P value less than 0.05 was
accepted as indicating statistical significance.

REsSuULTS

Patients tolerated both pinprick and NMS tests well.
There were no complaints about either procedure, in
the operating room or at the time of the postoperative
visit 24 h later. When patients began to feel the pinprick
or the shock-like sensation of the NMS, we noted in
their facial expressions a wince or grimace, accompa-
nied by an urgent report of the sensation. The facial
expression and voice changes were very reliable indica-
tors of the reappearance of sensation. Particularly in
slender patients, it was common for stimulation of in-
tercostal nerves to produce contractions of muscles of
the chest and abdominal walls. These movements were
never misinterpreted by the patients to be a return of
sensation.

Figure 1 demonstrates the location of sensory levels
as determined by NMS compared to the standard, pin-
prick. The correlation coefficient between the levels
determined by the two methods was 0.836, with P
< 0.001 for n=14.

DISCUSSION

During SAB, there is a difference between the high-
est levels of blockade of the various sensory modalities.
Anesthesiologists often mean the highest blocked level
below the return of the perception of pinprick, when
they refer to “the level” of a SAB. The data gathered in
this investigation indicate that there is a close correla-
tion in patients between the level of SAB as determined
by the NMS versus pinprick, when both test modalities
are used as described herein,

Previous researchers assessed responses to electrical
stimuli to evaluate sensory blockade. Several studies
have been published in which SAB was induced in
rhesus monkeys.>® The level of sensory anesthesia in
the animals was determined by measuring the responses
to painful electrical stimuli applied transcutaneously
with needle probes. Positive responses included breath
holding, facial grimaces, loud screeching, and thrashing
about. The level of sensory anesthesia was defined as
the most cephalad dermatome that could be stimulated
bilaterally with no detectable response.

Andrade and Wikinski® developed a sophisticated de-
vice to monitor sensory levels in patients during spinal
or epidural anesthesia. The device incorporated a NMS
connected via a crossover box to wires that ended in two
groups of bipolar electrodes, one for the right and the
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other for the left side of the body. At any time during
surgery, the sensory level on either side of the body
could be tested by stimulating the appropriate elec-
trodes. They did not publish the correlation between
their device and pinprick in assessing levels of SAB.

In contrast to the technique of Andrade and Wil-
kinski, which may have required several minutes to at-
tach the numerous electrodes to the patient, our NMS$
testing procedure is simple and takes no longer than the
traditional pinprick method. With ease, a hand-held
NMS can be pressed to the skin to deliver an atraumatic
but unequivocally noxious stimulus. A NMS capable of
generating stimuli of progressively greater strengths is
well adapted to the application we describe here.

While it may be used to determine the level of SAB in
many kinds of patients, the NMS presents special ad-
vantages when SAB is the anesthetic of choice in a pa-
tient in whom it would be otherwise difficult to deter-
mine the extent of the block until the patient evidenced
intolerable pain during surgery. Such patients may have
a language barrier or suffer from aphasia or dementia.
Having a reliable test of the level of the SAB allows the
confident application of SAB anesthesia to cases which
would otherwise necessitate general anesthesia.

In the non-communicative patient, the objective signs
of the extent of SAB may be the decrease in arterial
blood pressure and heart rate which begin when the
sensory level rises above T9, and the paralysis of the
lower extremities and change in abdominal tone that is
noticeable with sensory levels above L2. Neither the
sympathetic nor the motor signs permit as precise a
quantitation of the level of blockade as does application
of noxious stimuli. Unfortunately, when using a pin vig-
orously enough to achieve an unequivocal response in
most noncommunicative patients, skin penetration is
unavoidable. Puncture wounds appear with particular
ease on elderly patients,? and they can be plentiful after
repeated testing of the level of SAB. Surgeons, fearing
infectious complications, may object to skin perfora-
tions made over the sites of their incisions.

Of necessity, the population of patients examined in
this prospective study consisted of communicative pa-
tients who could be relied on to relate sensations. To
apply our findings to noncommunicative patients, one
must be willing to assume that the noncommunicative
patients would respond similarly if they could cooperate
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with sensory testing. Our experience performing
dozens of SABs in a large nursing home population has
given us the impression that NMS-determined levels of
SAB are clinically valid. (These patients are not pre-
sented here because of the retrospective nature and in-
accessability of the data.)

It has been our experience that patients unable to
respond verbally, still indicate with a grimace, groan, or
withdrawal when the electrical stimulus is perceived
above the level of a SAB. While this testing procedure
may, at first glance, seem cruel, it is less traumatic than
using pinprick, and less painful than commonly per-
formed procedures, such as venipuncture or urinary
catheterization. Of note, communicative patients have
never complained about the shock sensation. The mild-
est possible shock to which the individual patient re-
sponds is determined on a “control’ area of skin over
the deltoid, above the level of the SAB. When the
shock sensation is first felt just above the level of the
SAB, its intensity may be moderated by a partial neural
blackade.

In summary, we describe a simple technique for test-
ing the level of a SAB with a readily available electronic
NMS, and demonstrate that the results of this technique
closely duplicate results from the traditional method
employing pinprick. The NMS is potentially useful in
delineating with precision the extent of SAB in non-
communicative patients.
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