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Purpose of review
The aim of this review is to examine data relating to perioperative management of the patient with
neuromuscular disorders
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Recent findings
Patients with pre-existing neuromuscular disorders are at risk for a number of postoperative complications
that are related to anesthetic drugs that are administered intraoperatively. Careful preoperative assessment
is necessary to reduce morbidity and mortality. In particular, the risk of postoperative respiratory failure
and need for long-term ventilation should be reviewed with patients. The use of succinylcholine should be
avoided in muscular dystrophies, motor neuron diseases, and intrinsic muscle disease due to a risk of
malignant hyperthermia, hyperkalemia, rhabdomyolysis, and cardiac arrest. The use of quantitative
neuromuscular monitoring should be strongly considered whenever nondepolarizing neuromuscular
blocking agents are administered. A number of case series and reports have been recently published
demonstrating that sugammadex can be safely used in patients with neuromuscular disease; the risk of
residual neuromuscular is nearly eliminated when this agent is administered intraoperatively.
Summary
Careful assessment and management of patients with underlying neuromuscular diseases is required to
reduce postoperative complications. This article reviews the anesthetic implications of patients undergoing
surgery with neuromuscular disorder.
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INTRODUCTION
Anesthesiologists must have an in-depth understanding of neuromuscular junction (NMJ) physiology as the medications used in daily practice have
profound effects on neuromuscular transmission
and muscle function [1]. Neuromuscular disease
presents a complex challenge due to the susceptibility of the NMJ and muscle function to anesthetic
medications. This review discusses disease physiology and recent experience with sugammadex.

[5]. Work-up should include laboratory (Basic Metabolic Panel, Creatinine Kinase, myoglobin, Arterial
blood gas), electrocardiogram, Chest Radiograph,
echocardiogram, and Pulmonary Function Tests
(PFTs) [10]. Disease-specific work-up will be discussed
in the following sections and listed in Table 1.
A significant concern of the perioperative care of
patients with neuromuscular disorders is the risk of
postoperative respiratory failure [11]. Respiratory
muscle weakness, poor cough and secretion management [12], bulbar dysfunction [9 ,13,14], cardiac involvement [7,15,16 ], and restrictive lung
disease [17] contribute to respiratory failure. The
use of neuromuscular blocking agents (NMBAs)
&&

&

GENERAL CONSIDERATIONS
Neuromuscular diseases present with a wide array of
clinical manifestations, but important considerations
remain consistent. Appreciating multisystem organ
involvement and increased sensitivity to anesthetic
medications is critical to perioperative management
[2–5,6 ,7]. Outpatient medication regimens have
important perioperative implications [8 ,9 ]. A comprehensive preoperative assessment may include consultation with neurology, cardiology, and pulmonary
&

&
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KEY POINTS
 The use of succinylcholine should be avoided in
muscular dystrophies, motor neuron diseases, and
intrinsic muscle disease due to a risk of malignant
hyperthermia, hyperkalemia, rhabdomyolysis, and
cardiac arrest.
 The use of quantitative neuromuscular monitoring
should be strongly considered whenever
nondepolarizing neuromuscular blocking agents
are administered.
 A number of case series and reports have been recently
published demonstrating that sugammadex can be
safely used in patients with neuromuscular disease; the
risk of residual neuromuscular is eliminated when this
agent is administered intraoperatively.

complicates the management, given the risk of
residual blockade due to increased sensitivity (peak
and duration) to nondepolarizing NMBAs [18,19].
Administration of succinylcholine must be avoided
in muscular dystrophies, motor neuron diseases,
and intrinsic muscle disease due to a risk of malignant hyperthermia, rhabdomyolysis, hyperkalemia,
and cardiac arrest [3]. Reversal of NMB with sugammadex has been reported [20 ] in Duchenne muscular dystrophy (DMD) [21,22], Becker’s muscular
dystrophy (BMD) [23], and myasthenia gravis [24–
&&

28,29 ]. A case report exists showing the failure of
sugammadex to completely reverse NMB [30]. Conventional NMB monitoring may lead to residual
blockade [31,32 ,33]. Quantitative neuromuscular
monitoring with careful titration of NMBAs should
be considered [34,35,36 ]. Exclusion of NMBAs is
often considered [37 ]. Postoperatively, anesthesiologists may consider ICU admission for monitoring
and respiratory interventions [38 ,39 ,40]. Diseasespecific anesthesia considerations are discussed in
the following sections and in Table 2.
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DUCHENNE MUSCULAR DYSTROPHY
Duchenne muscular dystrophy is a X-linked disease
of the dystrophin gene that disrupts the sarcolememal integrity, affecting 1/3500 [41]. Muscle weakness develops early in childhood and average
lifespan is 30 years from cardiomyopathy or respiratory failure [6 ,42–45]. Scoliosis is common and
causes restrictive lung disease [46]. Corticosteroids
are a mainstay of therapy, but do not effect cardiac
manifestations [47 ]. Standard heart failure medical
management is used for DMD; Left Ventricular
Assist Devices implantation for destination therapy
has been described [48,49].
Perioperative management of DMD patients is
difficult [50]. Preoperative determination of cardiopulmonary reserve is paramount with PFTs, electrocardiogram, and echocardiogram/cardiac MRI
&
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Table 1. Diseases (pathophysiology and recommended work-up) [3,4,10]
Disease

Pathophysiology

Clinical issues

Therapeutics

Preop work-up

Duchenne and
Becker

Dystrophin gene
mutation; X-linked

Weakness
Chronic respiratory failure
Cardiomyopathy

Corticosteroids
Scoliosis correction
Supportive

Cardiac w/echo or MRI
PFTs

Myasthenia
gravis

Postsynaptic AChreceptor antibody

Weakness
Muscle fatigue with use
Occular muscles always
involved
Thymoma

AChesterase inhibitors
Immunesuppression
Steroids
Azathioprine
Rituximab
Mycophenolate
Cyclosporine
Methotrexate
Acute exacerbations
IVIg
Plasma exchange

PFTs
Review chest imaging
if available for
anterior mediastinal
mass

Lambert–Eaton

Presynaptic calcium
channel antibody

Weakness
Facilitation
50% have small cell lung
cancer

3,4-diaminopyridine
Oncologic treatment

PFTs
Review chest imaging

Guillain–Barre

Autoimmune
demylination of
peripheral nerves

Begins in lower extremities and
progresses cephalad
Often occurs after viral
syndrome (i.e. URI)
Respiratory failure
Autonomic dysfunction

Plasma exchange
IVIg
Supportive care
Rehabilitation
Pain control

PFTs as indicated
Possible association
to neuroaxial
anesthesia
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Table 2. Diseases (anesthetic consideration) [3,4,10]
Disease

Volatile agents

Succinylcholine

Nondepolarizers

Regional anesthesia

Duchenne and Becker

No

No

Decreased dose

Yes

Myasthenia gravis

Yes

Yes, resistance

Decrease dose

Yes

Lambert–Eaton

Yes

Decrease dose

Decrease dose

Yes

Guillain–Barre

Yes

No

Decrease dose

Yes

&

[5,17,51 ,52]. A forced vital capacity less than 30%
suggests higher respiratory complication rate [53],
but spinal surgery has been successful in this setting [20 ]. DMD is associated with delayed gastric
emptying. Scoliosis may make airway management difficult [4]. Succinylcholine is contraindicated secondary to the risk of hyperkalemia,
rhabdomyolysis, and cardiac arrest; rapid
sequence induction with rocuronium has been
reported [25]. Volatile anesthetics are associated
with anesthesia-induced rhabdomyolysis (AIR),
hyperkalemia, and cardiac arrest [54–57]. AIR is
often confused for malignant hyperthermia and is
treated the same [58,59]. TIVA is the preferred
method of general anesthesia [5]. Sugammadex
has been used successfully [25]. Sedation and
regional anesthesia are well tolerated in DMD
[60 ,61,62]. ICU admission and postoperative
intubation may be required [63–65].
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BECKER’S MUSCULAR DYSTROPHY
Similar to DMD, BMD is an X-linked recessive disorder of the dystrophin gene. It is less severe and
later presentation than DMD [66]. It affects 1 in
18 450 and patients are wheelchair bound by age
16 [67 ]. Cardiopulmonary dysfunction is common
[68 ]. Anesthetic considerations and management
are similar to DMD [27,69].
&
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MYASTHENIA GRAVIS
Myasthenia gravis is a neuromuscular disorder
caused by antibodies to the postsynaptic acetylecholine receptors at the NMJ, resulting in weakness [70].
The prevalence is 1.5–2.5 per 10 000 [71]. Weakness
can be localized (bulbar) or generalized, worsens
with repetition, and eye muscles are affected [72].
Diagnosis is clinical and antibody detection is confirmatory, but there are also seronegative patients
[73,74]. Outpatient therapy includes acetylcholinesterase inhibitors and immunosuppression. Thymectomy is common for patients both with and
without thymoma [75]. Myasthenia during pregnancy has an unpredictable course and can complicate labor, delivery, and newborn well being [76,77].

Life-threatening exacerbations are treated with
immunoglobulin and plasma exchange [9 ].
Perioperative management of myasthenia gravis
is challenging. Emphasis is placed on NMB management and possible postoperative ventilation [78 ].
Disease severity and respiratory/bulbar compromise
should be documented. PFTs should be performed
and thymomas are anterior mediastinal masses
[79 ]. Postoperative ventilation is more likely in
patients with preoperative respiratory/bulbar dysfunction and Osserman disease severity scale III or
IV (Table 3) [80,81].
Intraoperative general anesthesia has been successful with multiple modalities including inhalational, TIVA, and combined general-epidural [82–
88]. The neuromuscular blocking effects of volatile
anesthetics is exaggerated in myasthenia gravis
[12,89,90]. Avoidance of NMBAs is a common
strategy. If used, careful titration and monitoring
of NMBAs is mandatory; quantitative monitoring
should also be considered [91]. Patients exhibit a
higher threshold to succinylcholine, but are susceptible to a phase II block [92]. Sugammadex has been
used successfully in myasthenia gravis and should
be considered [29 ]. Regional and local anesthesia
have been used successfully. Postoperative ventilation should be considered if patients exhibit signs
of weakness. Weakness postoperatively may be
myasthenic crisis, residual anesthesia, residual
NMBAs, or other perioperative medications that
can exacerbate muscle weakness (i.e. gentamicin).
Cholingeric crisis is possible with anticholinesterase
medications [4]. ICU monitoring may be required.
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Table 3. Myasthenia gravis Osserman disease severity
score
Grade 1

Focal disease (ocular symptoms only)

Grade 2a

Mild generalized disease, prominent limb
involvement

Grade 2b

Moderate generalized disease, bulbar prominence

Grade 3

Acute severe disease with respiratory symptoms

Grade 4

Severe generalized disease with respiratory
symptoms

Data from [81].
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LAMBERT–EATON MYASTHENIC
SYNDROME
Lambert–Eaton myasthenic syndrome (LEMS) is an
autoimmune disease of the NMJ from antibodies to
the presynaptic calcium channel; half are related to
small cell lung cancer [1]. Weakness tends to affect
proximal limb muscles, but bulbar muscles are often
spared; respiratory and autonomic dysfunction are
common [16 ]. Electromyograms and autoantibodies aid in the diagnosis [1]. Facilitation (improvement in strength with repetition) is common.
Treatment is aimed at the underlying tumor and
with 3,4-diaminopyridine [93 ].
Perioperative management is similar to myasthenia gravis; however, LEMS patients are sensitive to all
NMBAs [94]. Association with bronchogenic carcinoma and airway obstruction may be a concern.
&

&

CONCLUSION
Careful preoperative assessment is necessary to
avoid complications in patients with neuromuscular disorders. Anesthesia can impact postoperative
muscle weakness in this population. Choice of
NMBAs and reversal agents is essential. Early data
support the use of sugammadex.
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