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CASE REPORTS

Completely Absent Response to Peripheral Nerve Stimulation
in an Acutely Hypothyroid Patient

LAWRENCE R. MILLER, M.D.,* JONATHAN L. BENUMOF, M.D., LANCELOT ALEXANDER, M.D.,%
C. A. MILLER, M.D.,* DAVID STEIN, M.D.§

Patients with untreated severe hypothyroidism are
predisposed to multiple complications when exposed to
general anesthesia. These patients respond to opioids with
increased central nervous system (CNS) and respiratory
depression and to volatile agents with increased hypoten-
sion and myocardial depression.'~® In some patients with
severe hypothyroidism, the upper respiratory tract is
threatened by an enlarged tongue and myxedematous in-
filtration of the vocal cords, and the risk of pulmonary
aspiration is increased due to the associated conditions of
adynamic ileus, somatic obesity, and delayed gastric emp-
tying.! The severely hypothyroid patient is also at risk
postoperatively for respiratory failure due to respiratory
muscle weakness and impaired responsiveness to hyper-
carbia.®” The risk of postoperative respiratory failure is
compounded by the fact that hypothyroid patients may
be more sensitive to standard doses of nondepolarizing
neuromuscular blocking drugs due to a propensity to de-
velop hypothermia, the presence of a hypothyroid my-
opathy, and decreased hepatic metabolism and renal
elimination of these drugs.'®

We herein report a unique case of a completely absent
response to peripheral nerve stimulation prior to and after
the administration of neuromuscular blocking agents in
a normothermic severely hypothyroid patient. Response
to nerve stimulation remained absent despite clinical signs
of return of adequate muscle strength, testing of multiple
nerves, use of multiple nerve stimulators, and attempts
to maximally increase the effective nerve stimulus intensity
by reversing cathodal-anodal positions. We were there-
fore unable to utilize the twitch response to guide decisions
when additional doses of neuromuscular blocking agents
were needed and when antagonism could be expected to
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safely reverse the paralysis. We suggest that the acute
severe hypothyroid state interfered with neuromuscular
excitability.

CASE REPORT

The patient is a 34-yr-old, 115 kg, 152 cm female who had a 1-yr
history of a reducible umbilical hernia, a 14-day history of nausea,
vomiting, and anorexia, a 7-day history of sharp constant periumbilical
pain, and a 1-day history of fever and shaking chills. On admission the
hernia was tender and irreducible and the patient was scheduled for
emergency laparotomy for an incarcerated umbilical hernia.

The patient had a past history of Hashimoto's thyroiditis, which was
diagnosed in 1985 when she presented with weight gain, lassitude,
anemia, and a “husky voice.” She was receiving thyroxin 0.2 mg po
bid. However, with the onset of her present illness, she had not taken
her thyroid repiacement therapy, and on presentation she had major
complaints of marked fatigue and difficulty with memory and concen-
tration,

Initial vital signs consisted of a blood pressure of 140/90 mmHg,
pulse of 59 beats/min, a respiratory rate of 12 breaths/min, and a
core temperature of 37.4° C. No orthostatic blood pressure changes
were noted. Her skin was cool to touch. Her airway was remarkable
for a large thick tongue. There was no palpable goiter. Deep tendon
reflexes were unobtainable in all extremities. Initial laboratory findings
consisted of a leukocytosis of 17.6 X 10° cells/mm? with a left shift.
All serum electrolytes (sodium, potassium, calcium, and bicarbonate)
were normal. Thyroid function tests obtained on admission revealed
severe hypothyroidism with a thyroid-stimulating hormone [TSH]
= 151.0 plU/mi (0.3-7.3 p1U/ml) and a free T4 index = 0.6 pg/dl
(3.4-12.7 pg/dl).

Anesthesia monitoring consisted of automated blood pressure and
pulse, ECG, capnography, pulse oximetry, esophageal temperature
probe, and a peripheral nerve stimulator (ACM Systems). While
breathing 100% oxygen the patient received d-tubocurarine 3 mg iv.
Four minutes later a rapid sequence induction using thiopental 350
mg iv and succinylcholine 160 mg iv was performed and while cricoid
pressure was constantly applied, tracheal intubation was accomplished
in 10 s. Anesthesia was maintained over the next 2 h with fentanyl
500 ug iv in five equally divided doses and isoflurane 0.5%-1.2%.
Intraoperatively temperature was maintained between 37.0 and 37.5°
C with the aid of a warming blanket and by passing iv fluids through
a blood warmer. Throughout the case the blood pressure ranged 110-

130,/70-85 mmHg and pulse ranged 55-70 beats/min.

Prior to the initial surgical incision and 10 min after administration
of succinylcholine, the patient had return of apparently adequate
spontaneous respirations (end-tidal CO = 35 mmHg). Neither single
twitch nor tetanus could be elicited with a nerve stimulator despite
using a maximal stimulus intensity (35 mA) with surface electrodes
over bilateral facial, ulnar, median, and posterior tibial nerves. Three
nerve stimulators were tried at maximal intensity over all eight nerves
without eliciting any response. Each nerve stimulator was determined
to be functioning properly when tested on two awake volunteers. Be-
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cause respirations appeared adequate, and despite the absent peripheral
nerve stimulator findings, 4 mg of pancuronium was administered.
After 1 h the patient was again noted to be spontaneously breathing
and the surgeons thought that the abdominal muscles were inadequately
relaxed. Again, no single twitch or response to tetanic stimulation could
be elicited despite stimulation at maximal intensity, testing multiple
nerve sites, using several different functioning nerve stimulators, and
with reversing cathodal and anodal positions in an attempt to increase
the nerve stimulation. Nevertheless, because of the clinical findings, a
supplemental dose of 2 mg pancuronium was administered. Similarly,
at the end of surgery no response could be elicited with the nerve
stimulator. The pancuronium was not antagonized with an anticholin-
esterase because of the absence of any response to nerve stimulation.
The patient was transported to the recovery room and received full
mechanical ventilatory support. Thirty minutes postoperatively the
patient made spontaneous movements and respirations, and she re-
ceived 3.5 mg neostigmine and 0.7 mg glycopyrrolate iv. Significant
reversal of neuromuscular blockade was achieved within 15 min as
demonstrated by her ability to sustain head-lift for 5 s and a strong
hand grasp. Arterial blood gas was drawn after another 15-min period
during spontaneous ventilation and thd'lo, = 0.4 revealed a pH = 7.4,
Pag, = 78 mmHg, Paco, = 38 mmHg, and a Heo, = 23 mEq/1. Despite
this evidence of adequate clinical muscle strength, the patient continued
to show no twitch or tetanic response to nerve stimulation (multiple
sites, multiple stimulators). The trachea was extubated uneventfully at
this time,

Twelve hours after surgery but before her first dose of replacement
thyroid medication, the patient still failed to respond to nerve stimu-
lation testing. After receiving thyroxin 0.1 mg iv qid for 2 days, gross
muscle twitches were elicited with maximal facial nerve stimulation
but were subjectively reduced in amplitude.

Formal nerve conduction studies were performed on the second
postoperative day. All motor nerve conduction studies required very
high stimulus intensities (150-300 V, 1 ms duration with TECA-42
Electromyograph®) to produce a motor response in all nerves tested.
Peroneal and tibial motor responses showed normal amplitude and
conduction velocities, but absent F-waves suggested some pathology
of the motor neurons. Sural sensory conduction velocity was mildly
reduced. Right median motor and sensory responses showed evidence
of a mild carpal tunnel syndrome. The above electrophysiologic findings
were interpreted (L.A. and D.S.) as being consistent with a mild de-
myelinating sensorimotor polyneuropathy with a superimposed right
carpal tunnel syndrome.

Repeat thyroid function tests on the fifth postoperative day showed
a TSH = 145 pIU/ml (0.3-7.3 p1U/m;) and an FT41 = 4.2 pg/dl
(3.4-12.7 ug/dl). The patient was discharged in good condition on
the seventh postoperative day receiving thyroxin 0.2 mg po qid.

Eight weeks postoperatively when the patient was clinically euthyroid
witha TSH = 0.8 uIU/ml (0.3-7.3 plU/ml) and an FT4I = 8.2 ug/
dl (3.4-12.7 ug/dl), repeat peripheral nerve stimulation tests were
performed using both surface and needle electrodes. Response to nerve
stimulation appeared normal and equal in amplitude when using both
surface and needle electrodes.

DiISCUSSION

This patient clearly had clinical and laboratory evidence
of severe acute hypothyroidism. The dramatic and com-
plete absence of response to neuromuscular stimulation
made her general anesthetic course unique. In view of
her clinical strength findings, management decisions based
solely on the absent peripheral nerve stimulator findings
would have been grossly erroneous.
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In general, to properly evaluate neuromuscular func-
tion, supramaximal stimulation of the monitored nerve
is mandatory.”!? Failure to achieve supramaximal stim-
ulation of all the nerve fibers in a nerve may lead to er-
roneous overestimation of neuromuscular blockade. The
ability to provide this stimulus may be influenced by such
factors as stimulus current strength,'! proper location of
electrodes over the peripheral nerves,'®!* and relative
position of the polarity of the electrodes. It has been re-
ported that when the ulnar and median nerves were stim-
ulated with the active electrode being the cathode, the
twitch response was greater than when the stimulating
electrode was the anode.®'#!? In this patient we corrected
for the possibility of an “anodal block” by interchanging
the electrode connections. In practice, if the lead polarity
of the stimulator is unknown, reversing the connections
(red for black) will reverse the polarity and may enhance
the muscle response'? due to elimination of anodal block.
In addition to interchanging the leads, we tested multiple
nerves (facial, ulnar, median, and posterior tibial), ad-
justed the location and distance between electrodes, and
used the maximum current intensity available from the
peripheral nerve stimulators. Despite all these maneuvers,
we were unable to elicit a response to several different
functioning peripheral nerve stimulators prior to the cor-
rection of the hypothyroid state.

Aside from technical problems with the peripheral
nerve stimulators, there are multiple patient conditions
that can interfere with measurement of the state of neu-
romuscular excitability.? First, it has been reported that
in patients with very cold extremities surface stimulation
at supramaximal levels with the nerve stimulator produces
a submaximal response due to decreased release of ace-
tylcholine at the neuromuscular junction.'* In addition,
peripheral cooling may reduce blood flow to the muscles
over which measurements are being made. This cold-in-
duced vasoconstriction may result in inhibition of the dif-
fusion of the neuromuscular blocking agents away from
the neuromuscular end plates so that the reversal of the
peripheral muscle may lag behind the reversal of the cen-
tral respiratory muscles and peripheral monitoring would
then overestimate the degree of paralysis.'* This patient
was continuously monitored with an esophageal temper-
ature probe, and her lowest recorded temperature was
37.0° C. Although in myxedema the mean intramuscular
temperature was found to be 1.0° C lower than core, this
was not enough of a difference to account for the slowness
of the tendon reflex,'® nor would it be low enough here
to explain the difficulty with nerve stimulator monitoring.

Second, there are chemical conditions, such as electro-
lyte disturbances (hypokalemia, hypercalcemia) and pH
alterations (respiratory acidosis, metabolic alkalosis), which
might interfere with the muscle response to nerve stim-
ulation.”'® However, none of these chemical alterations
were present in this patient.
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Third, obesity'* and enhanced tissue resistance!? can
hamper measurements of neuromuscular excitability. This
patient was indeed moderately obese and perhaps had
increased tissue resistance due to myxedematous changes
of skin and muscle overlying the peripheral nerves that
were tested. However, because of the parallel temporal
changes in muscle twitch response and thyroid function,
we propose that her severe hypothyroid state, rather than
enhanced tissue resistance, explained the completely ab-
sent response to surface electrode nerve stimulation in
the intraoperative and perioperative period prior to thy-
roid replacement and the partial but blunted response to
surface electrode nerve stimulation testing within 48 h of
initiation of iv hormonal replacement therapy. Further-
more, when the patient was clinically euthyroid 8 weeks
postoperatively, despite no significant change in body
weight, her response to nerve stimulation was entirely
normal and equal using both surface and needle elec-
trodes. Thus, the intraoperative absence of nerve stimulus
response using surface pregelled electrodes, the require-
ment for unusually high stimulus intensities during formal
nerve conduction studies with needle electrodes in the
postoperative period, and the equal response to both sur-
face and needle electrodes 8 weeks postoperatively when
the severe hypothyroid state was fully corrected but obe-
sity and enhanced tissue resistance persisted strongly,
suggests that the unusual response to peripheral nerve
stimulation was secondary to her underlying disease rather
than a technical problem with the nerve stimulator—pa-
tient surface interface.

These observations have led us to propose that the
acute severe hypothyroid state itself was responsible for
the blunted response to nerve stimulation. We further
postulate that our initial inability to produce muscle
twitches with the nerve stimulator was due to a diffuse
and rapidly reversible metabolic defect of acute severe
hypothyroidism on nerve and/or muscle function. This
contention is well supported by the parallel temporal
changes in muscle twitch response and thyroid function.
This effect of acute hypothyroidism on neuromuscular
excitability must have been superimposed on a more sus-
tained, less rapidly reversible, and probably chronic
structural effect of hypothyroidism on peripheral nerve,
as evidenced by the abnormal nerve conduction studies.
Formal nerve conduction studies done 2 days after thyroid
replacement therapy was begun still required high stim-
ulus intensities and showed evidence of a mild demyelin-
ating polyneuropathy. This is consistent with the known
chronic effects of decreased thyroid function on nerve
structure.'®!?
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In conclusion, acute severe hypothyroidism may inter-
fere with both proper intraoperative monitoring of neu-
romuscular excitability and estimation of neuromuscular
blockade. This represents yet another potential hazard
for the anesthesiologist caring for the acute severely hy-
pothyroid patient.
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