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Twitch, Tetanus and Posttetanic Potentiation
as Indices of Nerve—Muscle Block in Man

Aaron J. Gissen, M.D.,* and Ronald L. Katz, M.D.F

Twitch, and p p are
muscle responses to varying frequencies of indi-
rect stimulation. Responses to tetanic stimulation
at various frequencies are a more sensitive index
of \| ission than twitch or post-
tetanic potentiation. In lightly anesthetized man,
tetanus is maintained at stimulus frequencies from
50 to 200 Hz, and higher. During partial neuro-
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evaluate neuromuscular transmission continu-
ally. Estimation of the degree and type of £
neuromuscular block has been based on the$.
pattern of the evoked muscle response withg
changes in stimulus frequency.> Because the
use of these devices is becoming more popular, 5
we decided to explore, in detail, muscle twitch,
and posttetanic potentiation (PTP) ing
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lar block is not d at the
higher frequencies of stimulation even though the
magnitude of twitch may have returned to con-
trol levels. If 1 ission is mar-
ginally adequate, the tetanic response fails at
higher stimulus frequencies. This study demon-
strates the use of tetanus at various frequencies
to diagnose neuromuscular block not apparent by
twitch studies alone. Tt is suggested that clinical
nerve stimulators be modified to provide tetanic
stimulation at several fixed frequencies.

THE USE OF MUSCLE RELAXANTS during general
anesthesia has been common for many years.
Individual variations in the effects and dura-
tions of action of given doses of relaxant are
well recognized.! Because of this, several
workers 234 have advocated routine clinical
use of small portable nerve stimulators to
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man during anesthesia. In a subsequent paper &
the relationship of the peripheral nerve-muscle §
responses to respiratory function will be re- &
ported.

Methods

Twenty patients were studied during surgi-
cal procedures. Preanesthetic medical con-
sisted of secobarbital (Seconal) or pentobar-
bital (Nembutal), 50-100 mg, atropine or
scopolamine, 0.3-0.5 mg and, occasionally,
meperidine (Demerol), 50-100 mg, given in-
tramuscularly one hour prior to surgery. Anes-
thesia was induced with intravenous thiopental
(Pentothal sodium), 100400 mg, and main-
tained with nitrous oxide, 4 1/min, oxygen 2
1/min, and halothane (Fluothane), 0.5-2.0 per &
cent. The trachea was intubated with the aid &
of intravenous succinylcholine, 80-100 mg. €
Moderate hyperventilation was maintained @
throughout, either manually or mechanically.

The forearm and hand were immobilized in
a splint while the thumb was abducted in a >
yoke connected to a Grass linear displacement 2
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force transducer (FT-03). The thumb was
positioned carefully in full abduction so that
strong tetanic contraction and the potentiated
twitch following tetanus did not result in me-
chanical apposition of the thumb to the fingers.
The ulnar nerve was stimulated at the wrist
by subcutaneous needle electrodes. Stimulus
currents for twitch were obtained from a Grass
SC4 stimulator. An American Electronic Labo-
ratory 104 stimulator was used for tetanic
stimulation at various frequencies. Evoked re-
sponses of the adductor muscles of the thumb
were recorded on a Beckman direct ink writer
{Offner-Dynograph R).

To produce maximum twitch, the stimulus
intensity was varied from 80 to 250 volts, the
stimulus duration was set at 1.5 msec and fre-
quency at 0.3 Hz (18/min). In every instance
the intensity was gradually increased from 0
volts to that sufficient to evoke a perceptible
twitch response (threshold). Electrode po-
larity was reversed to see if the response could
be increased. The intensity was then set to
double this threshold value. Maximum re-
sponse was checked by varyving the stimulus
intensity around the final setting. In studies
of tetanic response we uscd stimulus frequen-
cies of 25, 50, 100 and 200 Hz; tetanus trains
were delivered for 0.5 sec at 10-sec intervals,
Posttetanic potentiation was studied by super-
imposing a tetanus train (30 Hz for 5 sec) on
a basic stimulus frequency of 0.3 Hz.

Results
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If twitch is evoked under the conditions de-
fined, it is stable, reproducible and will show
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little change in magnitude. The effect of %f—
tubocurarine on neurally-evoked periphefl
twitch response is well documented. Durifig
such a block the magnitude of twitch in &-
sponse to supramaximal stimuli is known fgo
be frequency-dependent.® Figure 1 cleady
demonstrates that during recovery from neur@;
muscular block produced by curare an interval
of three to four seconds between successife
stimuli is required if a steady level of twitéh
response is to be obtained. Also shown is that
the greater the stimulus frequency, the smaller
is the twitch response and the greater the var
ability. In general, the more frequent ti
stimulation the less the individual muscle rgs
sponse. The magnitude of twitch respons8
cannot be increased by increasing intensity @
duration of each stimulus (if set at maximufi?
prior to block). Knowledge of the magnitudg
of twitch response, even with the limitatior§
pointed out above, is useful in the conduclio§
of anesthesia. When combined with tetanu®
and posttetanic potentiation, its usefulness 1'§
evaluation of the status of neuromuscul®
transmission is enhanced. ;
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It has been observed repeatedly¢ that fo
lowing administration of curare neuromuscula
block is more pronounced at higher frequenci
of stimulation. Also, sustained muscle tensiof®
(tetanus plateau) to tetanic stimulation bes
comes nonsustained (tetanus fade) at highef;
stimulus frequencies. For any given frequencyd
the change from a sustained to a nonsustain
state is dependent upon the degree of curare
block. Figure 2 shows the muscle tension out-
put produced by tetanic stimulation at fre-

oASaTb

ol



Yolume 30 INDICES OF NERVE-MUSCLE BLOCK IN MAN 483

dTC Smg. 25

Fic. 2. Twitch and tetanus response to nerve stimulation at various times following 5 mg
of d-tubocurarine (iv) in a 62-kg subject. Single stimuli were delivered at a frequency of
0.3 Hz. Frequencies of tetanic stimulation are indicated in the top row (duration 0.5 sec).
Strips at left (CO) are control twitch responses before administration of curare. Armows indi-
cate tetanus plateau during stimulation. Note that the twitch response had returned to con-
hdorln level at 25 minutes but tetanus (200 Hz) was not sustained until 73 minutes after curare
administration.
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quencies of 23, 50, 100 and 200 Hz at various
time intervals after intravenous injection of 5
mg of curare. As the neuromuscular block
produced by curare decreases, tetanus fade be-
comes apparent only at the higher stimulus
frequencies. The twitch response recovers to
the control level far sooner than maintained
muscle response to tetanus at the higher fre-
quencies. The responses of sustained or non-
sustained tetanus with increasing frequencies
of stimulation are a far more sensitive index of
neuromuscular block by curare than twitch
alone.

This method was used to evaluate the level
of neuromuscular block produced by curare at
the completion of an operation. Figure 3
shows an example of the effect of neostigmine
and atropine. A 76-kg male patient received

POST-
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Fic. 3. Twitch and tetanus responses in a
tracing at completion of surgery (©).
tion of atropine, 1 mg, and neostigmine, 2.5 mg.
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Second and bottom tracing following intravenous injec-

Ans}l}!‘sym:g%
42 mg of curare; the last dose, 12 mg, w:1§
given two hours prior to the completion of suy.
gery. The top tracing is the muscle respunsg-
to single and tetanic stimulation at various fres
quencies immediately following the completio

of surgery. Atropine, 1.0 mg, and neostigmine
2.5 mg, were given intravenously (fig. 3, midgl?
dle tracing). There is little change in the)
twitch magnitude but tetanus plateau is prese.
ent at higher levels with increasing stimulu$
frequency. The bottom tracing, taken threc

8

minutes later, shows tetanus fade only at 3
stimulus frequency of 200 Hz. Twitch tensior
remains unchanged throughout. Spontancousy
movement began with the bottom tracing, af
shown by movement of the baseline. No addi?;
tional anticholinesterase was required in thé
postoperative period. g

urooH1elo.

patient who received 42 mg of curare. Top
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Stimulation frequencies as in figure 2. The

twitch tension output was essentially unchanged. The ability to sustain tetanus at highest

stimulus frequencies (100-200 Hz) was greatly

improved following the medication. Baseline

shift in the bottom tracing was caused by spontanecus movement.



Volume 30
Number 5

Fic. 4. Posttetanic po-
tentiation following a to-
tal dose of 42 mg of
d-tubocurarine in one
hour. Upper left tracing
(CO) is control twitch
response ore  curare.
Time after the last dose
of curare is indicated.
Twitch  stimulus  fre-
quency was 0.3 Hz, teta-
nus stimulus frequency,
30 Hz for 5 sec. Note
that the PTP ratio de-
creases from about 13/1
at 60 minutes to 18/12
at 12:4 minutes.
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PostrETANIC PoTENTIATION (PTP)

The block produced by curare is antago-
nized for a short period following tetanic
stimulation.” Neuromuscular block by cura-
rizing drugs has been differentiated from that
caused by depolarizing drugs by this response.®
The presence of PTP has also been considered
indicative of continued neuromuscular block-
ade by curare. Figure 4 shows PTP following
complete neuromuscular block induced by cu-
rare. At 124 minutes twitch approximates con-
trol levels although PTP is still present. In an
attempt to quantitate this measurement some
workers ® have used the PTP ratio. This cor-
relates the magnitude of the posttetanic twitch
with that immediately preceding the tetanus.
The smaller the ratio, the less the neuromuscu-
lar block. In figure 4 the PTP ratio varies from
13/1 (at 60 min) to 18/12 (at 24 min). It
should be noted that because of the evanescent
cflect of PTP this ratio is markedly affected by
the frequency of single-twitch stimulation be-
fore and after tctanus.

Figure 5, an idealized diagram summarizing
the findings in the entire group of 20 patients,
shows the evoked muscle responses to stimula-
tion at 0.3 Hz; tetanus at 25, 50, 100 and 200
Hz; and PTP following a complete neuro-
muscular block induced by curare. Line 1
represents complete block of twitch response
although PTP is present. Lines 2, 3 and 4
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represent progressive recovery of twitch re-
sponse to that of control level in line 5; how-
ever, tetanus fade at 200 Hz is still present.
Line 6 represents return to the normal state of
neuromuscular transmission.

Discussion

Variations of twitch, tetanus and posttetanic
potentiation are determined by the factors con-
trolling release of acetylcholine stores (the
neurotransmitter) from the motor nerve ter-
minal. Recent reviews which have discussed
these factors in detail ? 1% 11 should be con-
sulted for further information. Briefly, of the
acetylcholine chemically recoverable from the
terminal nerve filaments, only a relatively small
quantity is directly involved in the process
of neuromuscular transmission. Acetylcholine
stores in the terminal nerve filaments are di-
vided into: 1) a relatively small quantity, “the
readily releasable store of acetylcholine,” re-
leased from the motor nerve by the nerve ac-
tion potential; 2) a larger quantity, “the depot
stores of acetylcholine,” mobilized to maintain
the readily releasable store of acetylcholine;
3) a “surplus store of acetylcholine” that prob-
ably represents the precursor for 1 and 2 but
cannot be released by continued nerve stimu-
lation.> 12 At rest the quantity of acetyl-
choline in the readily releasable store is prob-
ably a fixed t. The percentage of this

o
o
o
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Fic. 5. Neurally evoked muscle tension. Ideal-
ized dmgmm of twitch, tetanus at 25, 50, 100 and
200 Hz, and posttetanic potentiation followmg
neuromuscular block. Row 6 indicates normal re-
sponse without neuromuscular block. See text for
further explanation.

amount released by any one stimulus depends
upon the total present in the readily releasable
store. During repetitive tetanic stimulation
early stimuli (with a large “readily releasable
store of acetylcholine”) release larger amounts
of acetylcholine per stimulus than later stimuli
(with the store partially depleted). The quan-
tity of acetylcholine released decreases with
time until a level is reached that is a balance
between the release of acetylcholine and the
mobilization of acetylcholine from the depot
stores of acetylcholine; synthesis of acetyl-
choline is also accelerated. The level of acetyl-
choline release finally reached depends upon
frequency of stimulation, duration of stimula-
tion, mobilization and synthesis of acetylcho-
line.

During tetanic stimulation the final level of
acetylcholine release is always lower than the
initial level. If this final Jevel of acetylcholine
release is not sufficient to depolarize the muscle
membrane to threshold levels, neuromuscular
transmission will fail, resulting in tetanic fade.
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Mobilization and synthesis of acetylcholing
continues for a period of time even after stimg
lation stops, so that following the tetanic sim@
lation an enhanced response will follow arR
other single stimulus. The above represents 3
simplification of many factors affecting acetyR
choline release from the motor nerve termm
by nerve stimulation.

Usually there is a large safety reserve factofﬁ
involved in transmission. The amount of
neurotransmitter released per impulse exceeds
by several times the minimum quantity needed.
to evoke a muscle response. Therefore, th&
decline in the level of acetylcholine outpu
with repetitive stimulation is not manifesteé
during normal neuromuscular transmission. 1€
however, neuromuscular transmission is par
tially blocked (as with curare), any furthef
reduction in acetylcholine release will result i
transmission failure. And, since acetylcholing
release decreases proportionately to the in&
creasing frequency of stimulation, transmissio}
failure (tetanic fade) becomes more pros
nounced as stimulating frequency is increaseds
PTP appears because tetanus results in in§
creased mobilization and synthesis of acetyls
choline. This continues for a period of hme:
after cessation of stimulation, so that a smglq;
stimulus after tetanus results in an enhancedg
muscle response.

It appears that evaluation of neuromuscular
block by tetanus response is more sensitivé
than evaluation by twitch alone. Presently®
available portable stimulators % 3: 4 produce tet-ég
anus at single fixed frequencies (18—00/sec)o
A simple circuit modification would make xlg
possible to test muscle responses at severag
stimulus frequencies. This would mean greatei3
accuracy in diagnosing the level of neuromus—
cular block. However, clinical judgment musa
always recognize the fallability of any onéZ
monitoring method. This method is proposed®
only as an added source of information i
guiding the overall conduction of anesthesiaS
We believe that the practicing anesthesiologist3
should have available a method of eva]uaﬁngic’t
neuromuscular transmission, such as one of the,
various portable nerve stimulators. The modi-§
fications we propose should make this method
more valuable, although by no means is this
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a qu.’mtxtnuve gmde as to the actual state of

In summary, we have examined in detil
neurally-evoked muscle responses as exempli-
fied by twitch, tetanus and posttetanic poten-
tiation. The response to repetitive stimulation
is a more accurate index of the level of block
than twitch or PTP. A neurophysiologic ex-
planation for the clinical phenomena of twitch,
tetanus and PTP has been proposed. It is sug-
gested that clinical twitch monitors be altered
to furnish tetanus at several stimulation rates.
The response to tetanus may also be used as a
measure of adequate dosage of anticholinester-
ases in the reversal of curare block.

Address inquiries to: Aaron J. Gissen, M.D.,
Department of Anesthesiology, Presbyterian Hos.
pllal 622 West 168 Street, New York, New York
10032,
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Obstetrical Anesthesia

SPINAL LEVEL IN PREGNANCY The pregnant patient requires less anes-
thetic agent for induction of spinal anesthesia than the nonpregnant patient. The
authors review the postulate that compression of the inferior vena cava (IVC) by
the pregnant uterus causes engorgement of the vertebral system, which in tum de-
creases the capacity of the subarachnoid space for spinal fluid and decreases the
amount of drug necessary to produce spinal anesthesia. IVC pressure in pregnant
patients at term was elevated, compared with nonpregnant controls, but CSF pres-
sures were similar in both groups. Since elevating IVC pressure produced only a
transient rise in CSF pressure, it was assumed that the return to normal of CSF pres-
sure was the result of a decrease in CSF volume. When the IVC pressure of non-
pregnant women was increased by abdominal compression to the level found in
women at term, the spinal anesthetic dermatome level produced was similar to that
of pregnant women and was significantly higher than the level produced when IVC
pressure was not elevated.  (Barclay, D. L., Rencgar, O. ]., and Nelson, E. W.: The
Influence of Inferior Vena Cava Compression on the Lecel of Spinal Anesthesia,
Amer. J. Obstet. Gynec. 101: 792 (July) 1968.)
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