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A Source of Errors in Assessing Neuromuscular Blockade

FeLix G. Freuxp, M.D.,° axp Javap K. Merati, M.D.{

The actions of muscle relaxants and their
antagonists are commonly assessed by measur-
ing the force of adduction of the thumb in
response to stimulation of the ulnar nerve. The
tetanic response is considered a more sensitive
index of the degree of muscle paralysis than
the single twitch because repetitive stimulation
often uncovers appreciable muscle fatigue
when single-twitch strength is relatively un-
affected.’->

During both tetanic electrical stimulation of
the ulnar nerve and voluntary effort, the force
of adduction of the thumb of the normal adult
is 6-9 kg.~** In many reported studies an in-
adequate instrument has been used, namely,
the Grass FT-03 transducer, which according
to manufacturer’s specifications is capable of
measuring a maximum of only 2 kg when fitted
with the stiffest of four available springs.1:-
A second transducer, the FT-10, will measure
to 10 kg.

We calibrated one FT-03 and one FT-10
transducer using a set of accurate weights, a
Grass polygraph, and an amplification system
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Fic. 1. Plot of deflection of recorder pen (E
axis) versus applied load (x axis) for Grass I*'I'-O&\J‘
{dots) and FT-10 {circles) transducers. @
>

with the gain adjusted to give identical perg
deflections when the transducers were eac}iob
loaded with 2 kg. Figure 1 illustrates the reQ
sults, which agree with the manufacturer’s spec’
ifications and clearly show that the responsé
of the FT-03 was limited to 2.2 kg, while tha€
of the FT-10 was linear to 10 kg. A]thoug}%
neither transducer had perfect linearity, devia®
tions were small enough to be of no clinicaB
significance. The Grass FT-03 transducer, iny
tended for use in small-animal studies, i%
patently inadequate for measuring the force=:
of adduction of the thumb of the adult, be%
cause this force is three to five times greater™
than the measuring capability of the trans-

ducer.
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Fic. 2. Bottom record: Adduction
force of the thumb during twitch and

tetanic stimulation of the ulnar nerve 44
in a 22-year-old man ancsthetized
with N:O-morphine. FT-10 trans-
ducer. Note different time bases and Kg 2

slight fatigue. Middle record: Same pa-
tient recovering from d-tubocurarine,
0.3 mg/kg. FT-03 transducer.
apparently well-sustained tetanic re-
sponse and high twitch/tetanus ratio. 84
Top record: Obtained 2 minutes after
the preceding one, but with the FT-
10 transducer.  Note much higher ini-
tial force during tetany, fatigue, and
lower twitch/tetanus ratio.

30 sec

Since the potent volatile anesthetics report-
edly depress neuromuscular transmission, the
effect being more noticeable the faster the rate
of neural stimulation,!® *%-2% one might expect
that in anesthetized man the force of adduc-
tion of the thumb could fall within the mea-
suring range of the FT-03 transducer. Yet in
12 of our patients adequately anesthetized for
operations on the perineum or Jower extrem-
ities, seven with nitrous oxide-halothane and
five with nitrous oxide—methoxyflurane, mean
measured force of adduction of the thumb in
response to tetanic electrical stimulation was
5.6 = 1.4 kg, well above the capability of the
FT-03. To demonstrate the importance of
using an adequate transducer in determining
the degree of neuromuscular block, we tested
the FT-03 and the FT-10 in five patients anes-
thetized with nitrous oxide-morphine. In each
patient we alternated transducers on one
thumb, using a single recording system. The
thumb was abducted approximately 45 de-
grees, thereby preloading the transducers by
no more than 100 g. After control recordings
of single-twitch and tetanic responses (50
Hz), the patients received d-tubocurarine, 0.3
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mg kg, and recordings were periodically mades
during recovery of neuromuscular transmissiong
When the force of adduction of the thumb inS
response to tetanic stimulation exceeded 2 kg2
the output of the FT-03 reached its limit, andg
the recording showed a straight line, appearing3
to indicate sustained tetanus at a time when®
the FT-10 showed fatigue (fig. 2). Moreover,s
the tetanus-‘twitch ratio became distorted, fory
the record of twitch force continued to risex
while that of tetanic force remained fived at3
the limiting level of the FT-03 transducer.
When recovery of neuromuscular transmis-S
sion or the effectiveness of a muscle-relaxant-~
reversal drug is assessed by strength of letanic\g;
response and degrec of fatigue, measurements
of the force of adduction of the thumb withg
the FT-03 transducer inevitably introduces®
three serious errors: 1) The control tetanicg
tension recorded before muscle-relaxant ad-v
ministration is falsely low and its true value;
remains unknown. 2) During recovery ofS.
neuromuscular transmission the tetanic tension
appears to have recovered fully when in fact®
it may be less than half of the true control
value. 3) The tetanic response looks well sus-
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tained when fatigue is still present. These
errors are present to some extent in all studies
where the force of adduction of the thumb in
response to tetanic stimulation has been mea-
sured with the FT-03 transducer, although they
do not necessarily invalidate the conclusions.
The purpose of this paper is to make anes-
thesiologists aware of the relatively strong force
of adduction of the human thumb and to in-
duce them to calibrate strain gauges and in-
clude calibration scales in their recordings.
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