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Abstract: Scoliosis is the most frequent spinal deformity in children. It is defined as a spine deviation
of more than 10° in the frontal plane. Neuromuscular scoliosis is associated with a heterogeneous
spectrum of muscular or neurological symptoms. Anesthesia and surgery for neuromuscular scoliosis
have a higher risk of perioperative complications than for idiopathic scoliosis. However, patients
and their relatives report improved quality of life after the surgery. The challenges for the anesthetic
team result from the specifics of the anesthesia, the scoliosis surgery itself, or factors associated with
neuromuscular disorders. This article includes details of preanesthetic evaluation, intraoperative
management, and postoperative care in the intensive care unit from an anesthetic view. In summary,
adequate care for patients who have neuromuscular scoliosis requires interdisciplinary cooperation.
This comprehensive review covers information about the perioperative management of neuromus-
cular scoliosis for all healthcare providers who take care of these patients during the perioperative
period, with an emphasis on anesthesia management.

Keywords: neuromuscular scoliosis; anesthesia; total intravenous anesthesia; children; spondylo-
surgery; spine

1. Introduction

Scoliosis is the most common spinal deformity in children. It is an abnormal lat-
eral deviation of the spine, greater than 10° in the frontal plane. The lateral curvature
is typically in combination with deviation in the sagittal plane (hyper/hypokyphosis or
hyper/hypolordosis) and vertebral rotation [1,2]. The pathophysiological effect of scol-
iosis is complex and multiorgan. Besides musculoskeletal disturbances, cardiovascular,
pulmonary, or psychosocial effects are described [1-4]. Scoliosis is categorized according to
the etiology. The most frequent types include idiopathic (80%), congenital, and neuromus-
cular scoliosis [1,3]. Neuromuscular scoliosis, scoliosis associated with any neuromuscular
syndrome, can be followed by alterations of vital functions by underlying diseases. Pa-
tients are at higher risk of curve progression to a significant deviation, which can lead to
ventilation/perfusion (V/Q) mismatching, respiratory failure, and cor pulmonale [3,5-7].
The surgical correction of any scoliosis is indicated to prevent curve progression or the
progression of restrictive lung disease. Other indications, especially in neuromuscular
scoliosis, include improving posture and nursing care. Although there is a higher rate of
perioperative complications in neuromuscular scoliosis surgery, patients and their relatives
report improvements in quality of life after the surgery [7-9].
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Scoliosis surgery is a major surgery associated with a high possibility of serious compli-
cations, particularly in patients with neuromuscular scoliosis. According to our experience,
the management of patients undergoing surgery for idiopathic scoliosis is well described in
many articles. This narrative review is focused on the differences and specifics of pediatric
patients with neuromuscular scoliosis. Our goal is to bring relevant and comprehensive
information to all perioperative team members, such as anesthesiologists, pediatricians,
surgeons, or neurophysiologists, since interdisciplinary cooperation could be crucial for
the patient outcome. We highlight the challenges both in the perioperative management
of scoliosis surgery itself and in high-risk anesthesia for patients with neuromuscular
disease [9-11].

2. Methods

The main limitation for the research was the diversity and rareness of some neuromus-
cular syndromes and the fact that neuromuscular scoliosis correction is a serious surgery but
also a marginal topic requiring specialized care. For this reason, we choose an extended time
frame of 1995-2022. The Google Scholar (https:/ /scholar.google.com, Access time: 1-31
August 2022) [12], PubMed (https:/ /pubmed.ncbinlm.nih.gov/, Access time: 1-31 August
2022) [13], Embase (https:/ /www.embase.com/, Access time: 1-31 August 2022 [14] and
Web of Science databases (https://www.webofscience.com/wos/author/search, Access
time: 1-31 August 2022) [15] were used to search the literature. The aim was to map the
whole perioperative process (preanesthetic assessment, anesthesia, and postoperative care).

We used a combination of terms, such as “anesthesia”, “
romuscular disease”, neuromuscular disorders”, “neuromuscular scoliosis
Besides this, we focus on specific issues in each section of this article.

Preanesthetic assessment Medical Subject Headings (MeSH) terms: “airway manage-
ment”, “respiratory functions examination”, “cardiovascular examination”, “neurological
examination”, invasive access”, “nutrition”, “prehabilitation”.

Anesthesia and intraoperative MeSH terms: “air embolism”, “blood management”,
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anesthetic management”, “neu-
”, “pediatric”.
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“intraoperative neurophysiological monitoring”, “malignant hyperthermia”, “orphananes-
thesia”, “perioperative monitoring”, “prone position”, “rhabdomyolysis”, “temperature
management”, “total intravenous anesthesia”, “vital functions monitoring”.

VTS VTS

postoperative care”, “res-

”ou

Postoperative care MeSH terms: “intensive care unit”,
piratory insufficiency”, “ventilator weaning”, ”hemodynarmc monitoring”, “emergence
delirium”, “pain management”, “postoperative pain”, “fluid therapy”, “acute kidney in-

v, postoperative hemorrhage”, “postoperative complication”,

]ury , “nutritional support”,
“postoperative wound infection”, “rehabilitation”.
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3. Results
3.1. Preanesthetic Assessment

The preanesthetic evaluation requires a multidisciplinary approach. An integral part
of this assessment is the identification of decompensated functions or organ reserves that
could bring possible perioperative complications and its maximal preoperative optimiza-
tion [9,10]. Anesthesiologists should individually consider the extent of preoperative testing
according to the risks and benefits, scoliotic curvature severity, mental state or physical
status with comorbidities, and type of planned surgical technique. The administration of
pharmaceutical premedication has to be considered individually in patients with neuromus-
cular disorders. There are no precise data about dose restriction; it should be decided with
respect to the neurological status and other associated aspects, such as the vagus stimulator,
Lioresal pump, or severity of lung disease [10,16-18]. We list the specifics of preanesthetic
assessment divided according to the ABCDE approach. This represents a widely respected
approach to seriously ill patients, including the pediatric population. This approach could
be used to anticipate and systematically prevent life-threatening complications [19].
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3.1.1. Airways

Difficult airway management should be expected with a higher rate in patients with
neuromuscular disorders as some syndromes are associated with facial dysmorphism,
abnormal habitus, or limited mobility, especially limited neck mobility [17,19]. Anes-
thesiologists should search for risk factors for difficult airway management during the
preanesthesia visit and prepare for airway securing, including advanced airway techniques
such as video laryngoscopy or awake fiber optic intubation [20-22].

3.1.2. Breathing

The evaluation of respiratory function should be extended to chest X-radiation (X-ray),
peripheral capillary oxygen saturation (SpO;) measurement, and pulmonary function tests
such as spirometry. Chest X-ray can provide information about airway deviations or signs
of recurrent gastric content aspiration [10,18]. Spirometry quantifies the type and severity
of lung dysfunction, typically restrictive lung disease. However, a development delay may
impair the feasibility of spirometry. Severe restrictive lung disease (forced vital capacity
<50% of normal values in patients with muscle weakness and symptoms of hypoventilation,
or forced vital capacity <30% of normal values without muscle weakness) predicts a higher
risk of respiratory complications such as pneumonia or prolonged weaning from ventilatory
support [10,23]. Another method to determine high-risk patients (when spirometry is not
available) is carbon dioxide monitoring during sleeping. However, this method is unreliable
to detect hypoventilation and it is not preferred nowadays. Non-invasive bioelectrical
impedance is available for clinicians. These monitors measure the tidal volume, minute
ventilation, or respiratory rate to detect hypoventilation. It is essential to reduce the risk
of perioperative complications and respiratory failure by optimizing respiratory function.
Prehabilitation in cooperation with physiotherapists and pneumologists can improve
patients” outcomes. This prehabilitation includes preoperative training in non-invasive
ventilation or assisted coughing [23-25].

3.1.3. Circulation

Electrocardiography (ECG) is a standard part of preoperative assessment that can
detect arrhythmias potentially associated with autonomic dysfunction [9-11]. Careful car-
diologist examination with echocardiography is recommended in patients with myocardial
dysfunction, because many neuromuscular syndromes are associated with heart disease,
such as cardiomyopathy, valve disease, congenital heart disease, or limited stress tolerance.
Preoperative cardiologic evaluation should be suggested in patients without myocardial
dysfunction if pulmonary hypertension is suspected [10,20,26,27].

3.1.4. Disability (Neurology)

The neurological examination must provide a precise diagnosis with the known
pathophysiology of a neuromuscular disorder. It helps with individualized anesthesia
planning, which should reduce the risk of many anesthetic complications (see below). Exact
neurological status description is suitable for juridical reasons, in case of postoperative
neurological deficit development [27]. In addition, neurological deficit description helps
with physiotherapy planning [26,27]. Epilepsy is diagnosed more frequently in patients
with neuromuscular disorders [28]. Actual electroencephalography (EEG) should be con-
sidered, and perioperative antiepileptic drug administration must respect neurologist
recommendations, taking into account possible interactions with anesthetic drugs [26,27].

3.1.5. Exposure (Environment)

Signs of difficult invasive access and suitable places for cannulation should be actively
searched for. The signs of difficult access include muscle contractures or abnormal body
proportions [27]. Other specific examinations should be indicated individually, e.g., nutri-
tionists’ recommendations in patients with signs of malnutrition [9,29]. Except for standard
blood tests, plasma levels of myoglobin or creatine kinase should be obtained. These
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markers are often altered in patients with neuromuscular disease. However, plasma levels
before surgery are helpful to determine the baseline and monitor these levels” dynamics
after surgery when suspecting rhabdomyolysis development [27,30,31].

3.2. Anesthesia and Intraoperative Management

Anesthesia for neuromuscular scoliosis is a challenge for the anesthetic team. Intraop-
erative management is specific and unique due to neuromuscular disease in children with
its possible associated complications, such as intraoperative neurophysiological monitor-
ing IONM), high blood loss, patient positioning—typically pronation—fluid shift, long
surgical times, and body temperature loss [10,27,31].

3.2.1. Anesthetic Management

Anesthesia and the choice of anesthetic drugs have to respect the pathophysiological
category of the syndrome. Data on orphan syndromes are scarce. However, anesthesiolo-
gists can obtain information about the syndromes and anesthetic management from internet
sources, e.g., published unique case reports, Orphananesthesia [32]. Total intravenous
anesthesia (TIVA), most often the combination of propofol and remifentanil, is the most
suitable and safe method, especially in the case of IONM. It requires a sufficient intravenous
(IV) line. However, cannulation can be difficult due the joint contractures or abnormal
habitus [33,34]. The indication of a central venous catheter should be considered individu-
ally according to the comorbidities and expectation of the need for vasopressors [10,27].
Ultrasound-guided cannulation can reduce the incidence of unsuccessful attempts and
also increases the safety of the procedure [10,20]. Depth of anesthesia monitoring is rec-
ommended for TIVA to prevent overdosing and shorten the time of awakening after the
surgery [10,18,27].

Non-depolarizing muscle relaxants can be administered safely. The effect of these
drugs is variable, typically prolonged in patients suffering from neuromuscular disorders.
Therefore, any administration of neuromuscular blocking agents should be followed by
monitoring of the depth of neuromuscular blockade [26,27,32]. Rocuronium with available
antagonist sugammadex represents a safe combination to provide complete recovery after
the blockade and allow reliable IONM [35].

Anesthesia and vital functions should be managed individually with consideration
of the age and comorbidities of each patient. The aim of ventilation and oxygenation
is normoxia and normocapnia [9,10]. Anesthesiologists can manage perioperative vital
functions according to vital function levels mentioned in the European Pediatric Advanced
Life Support (EPALS) Guidelines 2021 [36]. The target blood pressure is not strongly
recommended in children during scoliosis surgery. However, some data recommend
maintaining a mean arterial blood pressure (MAP) near 65 mmHg, but approximately
the fifth percentile of the mean and systolic arterial blood pressure for the relevant age
group can be used safely. Transesophageal echocardiography should be considered in
high-risk patients, e.g., patients with myocardial dysfunction or pulmonary hypertension.
In addition, intraoperative transesophageal echocardiography helps to evaluate the volume
status and manage goal-directed fluid therapy [10,33,37].

3.2.2. Neuromuscular Disease and Associated Complications—Malignant Hyperthermia
and Rhabdomyolysis

Perioperative complications in patients with neuromuscular syndrome are observed
at a higher rate compared to patients without neuromuscular disorders [9]. The most
severe complications are malignant hyperthermia (MH) and rhabdomyolysis. Their devel-
opment depends on the pathophysiology category of concrete neuromuscular disease, e.g.,
myopathies represent a high risk for MH or rhabdomyolysis [38].

MH is a syndrome caused by the hypermetabolic response with increased carbon
dioxide production to suxamethonium or volatile anesthetics exposure. Early diagnosis
and treatment with cooling of the patient are essential. It is recommended to use local pro-
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tocols (personalized guidelines with particular locations of, e.g., dantrolene and emergency
numbers) for the treatment of malignant hyperthermia. These protocols should be available
in the operation room, where surgeries for high-risk patients are performed. To manage
the crisis, the elimination of triggers (mentioned anesthetic drugs), hyperventilation with
100% oxygen, treatment of hyperkalemia (calcium administration for membrane stabiliza-
tion, salbutamol, and insulin/glucose administration for kalemia reduction) are necessary.
Dantrolene administration and symptomatic therapy, such as arrhythmia treatment, should
be managed according to the actual guidelines [38—40].

Rhabdomyolysis is a condition associated with muscle damage. Myoglobin, potas-
sium, and creatine kinase are released from the intracellular space [41]. Rhabdomyolysis
was described after succinylcholine or volatile anesthetics exposure as anesthesia-induced
rhabdomyolysis. Moreover, it was reported after muscle injury during a long surgery with
inadequate patient positioning [38,42]. The differential diagnosis of MH can be complicated,
and both syndromes can initially present with similar clinical signs. Rhabdomyolysis is
typical of hyperkalemia, creatine kinase elevation, or myoglobinuria with “cola-colored
urine”. Myoglobinuria can be monitored postoperatively. Therapy has to focus on hyper-
kalemia treatment, hyperventilation with 100% oxygen, the prevention of acute kidney
injury development, volume therapy, and the elimination of triggers [38,41,42].

3.2.3. Intraoperative Neurophysiological Monitoring

IONM represents an important and, in recent years, rising method for neural structure
injury monitoring. Anesthetic management, including oxygenation, ventilation, massive
blood loss, or hypotension, can influence the IONM reproducibility. IONM reproducibility
can be limited in patients with neuromuscular disorders. The anesthetic team has to
create the best conditions for IONM. The most common anesthetic technique is TIVA,
typically in a combination of propofol and remifentanil. This combination is suitable for
patients with neuromuscular disorders and allows early awakening from anesthesia if
surgeons require the wake-up test. Other intravenous agents can be applied considering
their adverse effect profiles and contraindications. Modern trends show the use of ketamine
in combination as a co-analgesic, which reduces the total dose of propofol and remifentanil.
All neuromuscular relaxants interfere with motor evoked potential (MEP) monitoring.
They are administered in the phase of induction to the anesthesia to facilitate airway
securing. Other anesthesiological aspects include maintaining normoxia with normocapnia,
preventing severe hypothermia (more than 2.5 °C from the baseline), and ensuring adequate
blood flow to the spinal cord. This means maintaining normotension during surgery (see
above), namely increasing MAP above 85 mmHg when MEP is decreased. Anesthesiologists
must consider the transfusion trigger to ensure adequate perfusion and oxygenation (see
below) [43,44].

3.2.4. Positioning and Associated Complications

The prone position is the most frequent position for scoliosis surgery to facilitate
access to the spine. This position is associated with several complications caused by raised
intra-abdominal or thoracic pressure. In addition, prone positioning is associated with a
higher risk of postoperative visual loss [45-48].

Patients with neuromuscular disorders can suffer from joint and muscle contractures,
and some syndromes can be associated with low bone density. There is a potential risk
of iatrogenic injury. These conditions represent increased demands for exact positioning.
Correct but considerate prone positioning, respecting joint mobility, and the pressure
distribution on the chest and pelvis decrease the rate of complications. Aside from careful
positioning on the operating room table, the aesthesia team should elevate the upper part
of the body to decrease the intraocular pressure and reduce the risk of visual loss. Other
factors in reducing the risk of postoperative visual loss are avoiding anemia, hypotension
(see above), and preventing venous return obstruction due to malpositioning. Besides
ensuring appropriate positioning before surgery, the anesthetic team should control the



J. Clin. Med. 2023, 12, 3651

6 of 13

body position during surgery. The patient may be harmed by manipulation by the operating
team during surgery [45,46].

Advanced cardiopulmonary resuscitation with chest compressions is possible in a
prone position. External cardiac massage may be performed with the palms placed over
the patient’s scapulae. Internal cardiac massage and direct defibrillation were performed
successfully via left posterior thoracotomy in a patient with Duchenne’s muscular dystro-
phy during scoliosis correction in a prone position [48]. However, anesthesiologists should
consider turning the patient to a supine position in the case of a stabilized spine without
prominent orthopedic tools for manipulation with instrumentation (rod pushers, connect
ratchets, downtubes, etc.) [10,47,48].

3.2.5. Blood Loss and Patient Blood Management

Patients with neuromuscular disease are at a high risk of extensive blood loss because
of prolonged and extensive procedures or bones with lower density. Strategies to reduce
blood loss are still being discussed. Antifibrinolytics” effect in reducing blood loss and trans-
fusion administration has been described in scoliosis surgery, especially in patients with
neuromuscular disorders. Tranexamic acid is one of the most widely used antifibrinolytics.
The recommended prophylactic dose is about 15 mg/kg IV. The optimal maintenance dose
is unclear; current data mention infusions of 1-20 mg/kg/h. The risk of adverse events,
thromboembolism included, has not been increased in prophylactic administration during
scoliosis surgery [49-51].

Another means to reduce allogeneic blood transfusion is intraoperative cell salvage
(Cell Saver). The blood is collected from the wound into a reservoir. Red blood cells can be
re-infused to the patient after purification of the collected blood. It is a preferred method,
especially in high-risk patients with neuromuscular disorders and a presumed low bone
density [52,53].

Desmopressin increases von Willebrand factor and factor VIII levels. However, it
does not have an effect in reducing blood loss. Prophylactic administration is not recom-
mended [54].

Protocols for red blood cell transfusion triggers describe the administration of Red
Blood Cells (RBC) at levels between 7 and 8 g Hb/dL. Other coagulation factors should be
administered according to the laboratory or viscoelastic hemostatic assays ideally [54,55].

Patients with neuromuscular disorders or immobilization after extensive surgery, in
combination with a post-surgical inflammatory state, are at a higher risk of deep vein
thrombosis and pulmonary embolism. Early mobilization and mechanical prevention are
recommended. Data on pharmacological prophylaxis are scarce. Low-molecular-weight
heparin administration in the perioperative period until the normalization of the patient’s
condition should be considered after the validation of risk factors [56].

3.2.6. Body Temperature Management

As mentioned above, severe hypothermia, with a decrease in temperature of more
than 2.5 °C from the baseline, interferes with IONM. Patients with neuromuscular disease,
a lower body mass index, or a larger Cobb angle (the angle between the extension line of
the upper and lower end plate of the most inclined vertebral bodies) are at a higher risk of
hypothermia [5]. Other adverse effects include prolonged metabolism of anesthetic agents,
coagulopathy with higher blood loss, and wound or respiratory infections. Preoperative
and intraoperative active warming, or prewarming before surgery, is recommended to
prevent hypothermia in patients with neuromuscular disorders [57,58].

3.3. Postoperative Care
3.3.1. Admission to Intensive Care Unit (ICU)
According to studies, most of the patients require admission to the ICU or pediatric

ICU. However, the decision should be made individually, e.g., the recovery after surgeries
with a duration under 4 h can be, in some cases, manageable at a postanesthesia care
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unit. The possible predicting factors for ICU admission are a low weight, neuromuscular
scoliosis, pre-existing respiratory pathology, and other comorbidities. A higher number
of operated segments or a higher degree of spine curvature is not associated with ICU
admission [59,60].

3.3.2. Airway and Breathing

Patients with neuromuscular scoliosis often suffer from preexisting respiratory dis-
eases such as muscle weakness (e.g., Duchenne’s muscular dystrophy) or restrictive dis-
orders, most often caused by chest deformities, which leads to a risk of postoperative
respiratory failure [61,62]. Facial dysmorphism in some syndromes is associated with
difficult airways. Proper equipment for difficult airway management should be available at
the ICU in case of the need for emergent reintubation. Reintubation or prolonged weaning
is associated with a risk of ventilator-associated pneumonia or tracheal stenosis, so early
successful weaning should be one of the main goals [63]. Bulbar weakness can also be part
of some syndromes and lead to dysphagia, gastric regurgitation, dysphonia, or difficult
expectoration [62]. Protocols for weaning and monitoring diaphragm function can help to
achieve early extubation, leading to better patient outcomes [64,65]. Implementing non-
invasive ventilation into weaning processes in high-risk patients can prevent prolonged
intubation and tracheostomy [62,66—68].

3.3.3. Circulation

Early after the operation, at least ECG, non-invasive blood pressure, and peripheral
oxygen saturation should be monitored. For patients without signs of hemodynamic
instability (hypotension, arrhythmias, altered mental status, low diuresis, etc.), standard
monitoring is sufficient. In cases of hemodynamically unstable patients, invasive blood
pressure should be monitored. Hypotension should be treated with volumotherapy and
vasopressors according to its severity. For the prediction of volume responsiveness in
hemodynamically unstable children, unresponsive to initial fluid therapy, cardiac output
monitoring with echocardiography is recommended if available. Cardiac output could be
monitored also with non-invasive or invasive pulse waveform analysis, although the data
on the use of these methods in children are limited. Central venous pressure monitoring
and central venous oxygen saturation monitoring could provide a more complex view
of the patient’s status and its trend, but these types of monitoring should not be used as
the sole method [69]. In children with pre-existing cardiac disease, transesophageal or
transthoracic echocardiography could be helpful to determine the cardiac contractility,
preload, signs of pulmonary hypertension, or a possible worsening of valvular diseases.
The sources for this topic are rare, and the authors highlight the potential for further
research in this area [9,36].

3.3.4. Disability (Neurology, Analgosedation)

Dexmedetomidine sedation, in patients who require sedation after surgery, decreases
the use of opioids and the risk of postoperative delirium when compared to midazolam [70].

Scoliosis correction is a type of surgery with an anticipated high postoperative pain
level [70-72]. Patients with neuromuscular diseases are at a greater risk of undertreated
pain [71,72]. Undertreated pain could lead to prolonged hospitalization, patient psycholog-
ical trauma, and persistent postoperative pain [71]. The location of the most intense pain
is the surgical wound. For most patients, it becomes tolerable after four days [71-73]. For
this time period, the patient should be actively screened for their pain level and sufficiently
treated. Multimodal analgesia should be chosen and started already during surgery to
decrease opioid use. The most frequent opioid during surgery is remifentanil. Remifen-
tanil’s conversion to longer-acting opioids, such as sufentanil or piritramide, is necessary
before the end of the surgery. Postoperative continuous opioid administration by a patient-
controlled analgesia (PCA) pump is the gold standard for patients after idiopathic scoliosis
correction. Neuromuscular scoliosis is sometimes associated with syndromes characteristic
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of mental or severe physical impairments. Depending on the pain severity, the safe and
effective use of PCA delivery may require the assistance of the pediatric patient’s parents
and/or a nurse. Epidural analgesia and regional analgesia (bilateral erector spinae plane
block) initiated at the operating theater reduce postoperative opioid use [71-76]. Epidural
analgesia could achieve better analgesia than PCA. The patient’s neurologic status should
be assessed before the administration bolus of local anesthetics because a sensory or motor
blockade could occur. The risks associated with epidural analgesia do not differ from those
of other surgery types [71,72]. For patients with idiopathic scoliosis, the intrathecal opioid
(most often morphine or sufentanil) administration at the operation theater before the skin
incision is associated with reduced intravenous opioid use during anesthesia and sufficient
postoperative analgesia for the first 24 h. If morphine is lower than 20 ug/kg, the risk
of respiratory depression is not higher than in the intravenous PCA method. Data on in-
trathecal morphine administration are limited in patients with neuromuscular scoliosis [71].
The bilateral erector spinae block in both the single-shot and catheter techniques has been
successfully performed. The maximum dose of local anesthetic per 24 h needs to be re-
spected to avoid systemic toxicity. Continuous wound infiltration seems to be an option for
postoperative analgesia, but more research on this topic is required. Regional analgesia is
often combined with non-steroidal anti-inflammatory drugs (NSAIDs) if needed [70-72,77].
Perioperative and postoperative low-dose ketamine infusion can also be an efficient part
of multimodal pain management [77,78]. The intravenous use of local anesthetics (e.g.,
lidocaine) or gabapentinoids is controversial [70,77]. The indication, timing, and dosing
scheme should undergo further research. The use of glucocorticoids should be explored
more, but a single dose of dexamethasone after surgery seems to reduce the pain level
without a higher risk of infection [70,77].

3.3.5. Electrolytes

The syndrome of inappropriate antidiuretic hormone secretion (SIADH) can occur
after spinal fusion in neuromuscular and idiopathic scoliosis. The therapy is not different
compared to that for patients without neuromuscular disorders [79].

3.3.6. Fluids (Kidneys)

Acute kidney injury (AKI) was detected in children after spine surgery. Different
stages of AKI were diagnosed in 17% (35 of 208) of patients. The risk factors include
nephrotoxic medications (e.g., aminoglycosides, NSAIDs) and a low amount of fluids
intraoperatively. The management of NSAIDs is often needed in the postoperative period.
However, their administration should be reconsidered daily because NSAIDs reduce
prostaglandin synthesis. This can lead to kidney hypoperfusion or nephritis. Moreover,
other nephrotoxic medication administration risks versus benefits should be reevaluated
every day [80].

3.3.7. Gastrointestinal Tract (GIT) and Nutrition

Preexisting dysphagia or gastroesophageal reflux can be worsened in patients with
neuromuscular diseases. Tests and monitoring of dysphagia before postoperative reali-
mentation can be helpful. Early postoperative nutrition should be started in malnourished
patients prior to surgery. A good nutritional status can reduce the risk of postoperative
infection [81]. Neuromuscular disease is also the leading risk factor for postoperative ileus,
which is more likely in patients with extended bed rest. Monitoring symptoms of ileus (e.g.,
nausea, vomiting, abdomen distension) and early interventions can shorten the length of
the hospital stay [81,82]. The risk of pancreatitis rises in cases of prolonged postoperative
fasting. No cases of pancreatitis with organ failure, shock, or death have been reported.
The impaired mental status or diminished pain due to high doses of analgesics and atypical
clinical symptoms can make diagnostics difficult. Liver enzymes, amylase, and lipase
measurement can help in obtaining a diagnosis. If pancreatitis develops, the standard
treatment should be started immediately [82].
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3.3.8. Hematology

The more significant depletion of coagulation factors is present in patients suffering
from neuromuscular disorders. Routine control of the thrombin time, prothrombin time,
partial thromboplastin time, and fibrinogen in combination with viscoelastic hemostatic
assays should be done in postoperative care. In prolonged postoperative bleeding, ex-
tended tests should be considered (e.g., factor XIII level), and the standard treatment for
coagulopathy should be started [83].

3.3.9. Infections

Infection is a leading complication in postoperative care after scoliosis surgery, with
higher incidence in patients with neuromuscular disease. Urinary infection and pneumonia
are the most frequent infections. The most common causes of urinary infections in hospitals
are urinary catheters. Indications for the insertion and maintenance of urinary catheters
should be reconsidered every day. Proper insertion techniques and maintenance care are a
solution to reduce the risk of urinary infection [84]. The prevention of pneumonia is mostly
the same as in other patients in the ICU. The specifics for patients with neuromuscular
diseases are described above. Patients should also be routinely monitored for signs of
wound infection [85,86]. The prevention of postoperative wound infection does not differ
from standard care for wounds after spinal surgery.

3.3.10. Rehabilitation

Patients with neuromuscular diseases are supposed to have complex physiotherapy.
A very important part of rehabilitation is breathing and coughing exercises because of
the high incidence of preoperative respiratory complications and weak cough. The pre-
rehabilitation should start prior to the surgery to train high-risk patients to breathe with
NIV or use a cough assistant. Chest physiotherapy should be maximized one week prior to
surgery [24].

4. Conclusions

Anesthesia and the perioperative management of pediatric patients for neuromus-
cular scoliosis surgery represent a significant challenge for all healthcare providers. This
heterogeneous team involves surgeons, anesthesiologists, neurophysiologists, pediatri-
cians, nurses, nutritionists, and physiotherapists. Every part of the management should be
adequately planned because of the higher risk of perioperative complications compared
to idiopathic scoliosis. Healthcare providers have to consider all risks arising from the
surgery, anesthesia, and the nature of the disease as a multidisciplinary and individual
approach to each patient can improve the postoperative outcome. Firstly, mentioned data
focus on the maximal optimization of altered functions before surgery and patients " com-
plex multidisciplinary prehabilitation. Secondly, adequate preparation of the anesthetic
management regarding the specifics of neuromuscular syndromes, surgery, or anesthesia
is essential for safety in the perioperative period. Thirdly, postoperative care in the ICU
with adequate prevention, early identification, and treatment of possible complications can
improve the postoperative outcome. All the described steps can lead to improved quality
of life in patients with neuromuscular scoliosis.
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