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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a disease
the progressive degeneration
of upper and lower motor neurons in the motor
cortex, brainstem, and spinal cord.! The clinical

characterized by
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ABSTRACT

This case report describes delayed muscular recovery in a patient with amyotrophic
lateral sclerosis (ALS) after general anesthesia using rocuronium and sugammadex.
A 62-year-old woman with ALS with bulbar involvement underwent ureteroscopic
ureterolithotomy. We performed standard general anesthesia using propofol,
rocuronium and sevoflurane with standard and neuromuscular monitoring. Rocuronium
was administered at a dose of 20 mg (0.38 mg/kg) to facilitate endotracheal intubation,
and anesthesia was maintained with sevoflurane in the range of 1-3 vol%. After the
procedure, 100 mg of sugammadex (1.92 mg/kg) was administered and a train-of-four
(TOF) ratio > 0.9 was observed in 80 s. However, the muscle strength was not the same
as the preoperative level and tidal volume was judged to be inadequate for extubation.
No further improvement in muscle strength was observed after administration of
an additional 100 mg of sugammadex. The patient was transferred to the intensive
care unit and pressure support ventilation was applied. Muscle strength was checked
periodically and tracheal extubation was performed based on complete neuromuscular
recovery to preanesthetic level after 4 h.
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ALS patients.** Sugammadex reverses any degree
of rocuronium- or vecuronium-induced blockade by
encapsulating, and thereby inactivating the NMBs.5’
There have been several clinical reports regarding
the successful management of ALS patients using
rocuronium-sugammadex under neuromuscular

features of ALS 1ncll{de progressive mL.ls.cle monitoring for GA 3
weakness, respiratory insufficiency, spasticity,
hyperreflexia, and bulbar symptoms, such as Here, we report a case of delayed neuromuscular

recovery after reversal of rocuronium-induced

dysarthria and dysphagia.>* ALS patients show
increased susceptibility to neuromuscular blockers
(NMBs), and neuromuscular monitoring is an
indispensable part of general anesthesia (GA) in
such cases.* However, in recent reports, the objective
results obtained by neuromuscular monitoring are
sometimes inconsistent with clinical findings in
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neuromuscular block with sugammadex and train-
of-four (TOF) ratio reaching > 0.9 in a patient with
ALS.

CASE REPORT
A 62-year-old woman (height 167 cm; weight 52 kg)
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was scheduled for ureteroscopic ureterolithotomy.
The patient’s medical history included a diagnosis
of ALS 3 years previously and she had problems in
speaking and swallowing solid food due to bulbar
muscle involvement. Preoperative neurological
examination showed aphonia, aphasia, grade
1/5 motor power in all extremities, hypoactive
pharyngeal reflex, and enhanced deep tendon reflexes.
Preoperative complete blood count, biochemistry
values, chest x-ray, and ECG trace were normal. Based
on preoperative discussion with a urologist, GA was
planned considering the possibility of conversion to
laparoscopic ureterolithotomy.

The patient was not premedicated, and standard
monitoring devices were applied upon arrival in
the operating room. GA was induced with 80 mg of
propofol, and neuromuscular block monitoring was
started using repetitive TOF stimulation (TOF-
Watch SX; Organon, Dublin, Ireland) on the ulnar
nerve. The baseline values of TOF ratio were >
0.90. A single dose of rocuronium (20 mg), titrated
in increments of 10 mg to a TOF count of 0, was
administered intravenously to facilitate tracheal
intubation. After uneventful tracheal intubation,
the patient was placed in the lithotomy position
and anesthesia was maintained with sevoflurane
2% in a mixture of 50% oxygen in air. Peripheral
skin temperature was maintained above 34°C using
a forced air warming device. During the operation,
no additional NMBs were used and all hemodynamic
parameters were within normal limits. The operation
was completed uneventfully and the total anesthesia
time was 84 min. At the end of surgery, all anesthetic
medications were stopped and the TOF ratio was
0.65. We administered 100 mg of sugammadex
intravenously and monitored TOF ratio. About 80
s later, the ratio was > 0.90 and the patient could
respond to verbal commands by blinking her eyes.
Although the patient was breathing spontaneously,
the tidal volume was inadequate and muscle strength
was reduced than the preoperative level. Accordingly,
an additional 100 mg of sugammadex was given for
complete reversal of neuromuscular block. After
30 min of observation, no further improvement in
muscle strength was observed; therefore, the patient
was transferred to the intensive care unit and pressure
support ventilation was applied.

In the intensive care unit, the muscle strength and
respiratory parameters were checked periodically
and tracheal extubation was done based on complete
neuromuscular recovery to the preanesthetic level 4
h later. Arterial blood gases, electrolytes, and other
biochemistry parameters were within normal limits
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following extubation. The patient remained in the
intensive care unit with close monitoring for 1 day
and was then transferred to the general ward.

DISCUSSION

Appropriate reversal of neuromuscular blockade is
essential to avoid adverse outcomes, especially in
patients with neuromuscular disorders. Patients with
ALS show increased sensitivity to non-depolarizing
NMBs.4 Therefore, complete recovery of muscle
strength should be present, and the residual effect
of NMBs should be fully reversed pharmacologically
or ensured to recover spontaneously. Previously,
anesthetic management of patients with ALS
using NMBs represented a major challenge to
anesthesiologists. However, after the introduction of
sugammadex, this agent was reported to successfully
reverse the neuromuscular blocking effects of non-
depolarizing NMBs; the combination of rocuronium
and sugammadex should be considered, whenever
there is an indication for neuromuscular block in
patient with ALS.*>8

In our case, we administered a small amount of
rocuronium (0.38 mg/kg) and attempted to reverse
its effect by sugammadex. Following administration
of sugammadex, the TOF ratio was > 0.9 and the
patient was able to breathe spontaneously. A TOF
ratio of 0.9 is regarded as a reasonable indicator to
exclude postoperative residual paralysis.” However, in
our patient, the range of motion and muscle strength
were not fully restored to the preanesthetic levels.
Considering the total amount of sugammadex (3.85
mg/kg)® used to reverse the effect of rocuronium
and the TOF ratio, these were incompatible with
the clinical findings in our patient. One possible
explanation for this phenomenon may be the residual
muscle relaxation effect of sevoflurane. Inhaled
anesthetics have muscle relaxation properties by
themselves and also potentiate the action of NMBs.!!
Although the specific sites of action of inhaled
anesthetics on motor pathways are not fully known,
various areas from the cerebral cortex to skeletal
muscle have been reported as sites of action in
addition to neuromuscular junctions.'>* The effects
of inhaled anesthetics on these sites other than
neuromuscular junctions - the main sites of action
of NMBs, could not be reflected by the TOF test.
In general, these effects of inhaled anesthetics are
negligible when complete reversal of the effects of
NMBs by sugammadex or cholinesterase inhibitor
was attained in patients with mild neuromuscular
disorders. There have been several reports of the
successful use of sugammadex for neuromuscular
block reversal in patients with ALS.*® In our case,

ANAESTH, PAIN & INTENSIVE CARE; VOL 21(4) OCT-DEC 2017



ALS was in a progressed state, with bulbar symptoms
and weakness involving most of the skeletal muscles.
Therefore, inhaled anesthetics may have a clinically
significant effect on recovery from neuromuscular
paralysis.

Previous case reports in ALS patients have also
shown discrepancies between the TOF response
(> 0.9) and clinical findings in relation to muscle
recovery during anesthetic emergence.* In
these cases, however, extubation was performed
successfully without any complications after the use
of sugammadex (1-2 mg/kg). This difference from our
experience may also be explained in part by the degree
of disease progression and the muscle relaxation effect
of inhaled anesthetics. However, there have been
insufficient investigations and case reports providing
detailed information about the role of sugammadex
and interpretation of TOF responses according to
progression of ALS. Considering previous reports
and ours, TOF > 0.9 may not be used as the absolute
criteria for safe extubation and full recovery from
muscle paralysis in ALS patients.

Regional anesthesia could be a viable option for
anesthetic management of ALS patients in cases
in which surgery does not require deep muscle
paralysis or is confined to the extremities. Various
regional anesthetic techniques rather than general
inhalation anesthesia have been used successfully
in the anesthetic management of ALS patients.!>'
However, the possibilities of neurological insult and
exacerbation of ALS progression should be taken
into consideration.!” If the operation involves areas
of the torso, as in our case, regional anesthesia would
not be applicable and GA should be considered.
Xiao et al.’® reported the successful use of total
intravenous anesthesia (TIVA) without muscle
relaxant in a parturient with ALS. Compared with
inhaled anesthetics, propofol is known to have no
marked influence on neuromuscular function.18
Remifentanil, an ultrashort-acting opioid, is regarded
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as a safe analgesic drug for continuous infusion
with little disturbance of postoperative respiratory
function. With regard to these pharmacological
properties of propofol and remifentanil, TIVA
without muscle relaxation may be a better anesthetic
option than general inhalation anesthesia in ALS
patients; however, it is unclear whether TIVA is better
for anesthetic management of patients with advanced
ALS. Further studies are therefore needed to clarify
whether TIVA is indeed superior to inhalation
anesthesia in such cases.

CONCLUSION

Complete recovery from muscle paralysis to the
preanesthetic level was challenging in the general
anesthetic management of our ALS patient. Although
sugammadex is very efficient for the reversal of
rocuronium-induced neuromuscular block in
inhalation GA, the use of sugammadex and TOF
ratio > 0.9 do not always guarantee the avoidance
of postoperative residual paralysis in patients with
advanced ALS with severe muscle weakness. In
conclusion, clinical findings indicating the recovery
of muscle paralysis should be considered carefully
in addition to objective data from neuromuscular
monitoring devices in the anesthetic management
of ALS patients. Total intravenous anesthesia
using potent ultrashort acting narcotics without
neuromuscular blocking agents may be preferred in
selected patients.
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