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Background: Children with neuromuscular diseases (NMDs) often display respira-
tory muscle weakness which increases the risk of postoperative pulmonary complica-
tions (PPCs) after general anaesthesia. Non-invasive ventilation (NIV) associated with 
mechanical insufflation–exsufflation (MI-E) can reduce the incidence and severity of 
PPCs. The aim of this study was to report our experience with a shared perioperative 
protocol that consists in using NIV combined with MI-E to improve the postoperative 
outcome of NMD children (IT-NEUMA-Ped).
Method: We conducted a multicentre, observational study on 167 consecutive 
paediatric patients with NMDs undergoing anaesthesia from December 2015 to 
December 2018 in a network of 13 Italian hospitals.
Results: We found that 89% of the 167 children (mean age 8 years old) were at high 
risk of PPCs, due to the presence of at least one respiratory risk factor. In particu-
lar, 51% of them had preoperative ventilatory support dependence. Only 14 (8%) 
patients developed PPCs, and only two patients needed tracheostomy. Average 
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1  | INTRODUC TION

Recent advances in the management of children with neuromuscular 
diseases (NMDs) have improved patient overall survival.1,2 This has 
however led to a concomitant increase in the frequency of correc-
tive surgical procedures (eg, orthopaedic surgery and feeding tube 
placement) needed to improve these children's quality of life.3-8 As 
a result of their ongoing pathology, these children may present with 
altered vital functions, such as respiratory muscle weakness, dys-
phagia, scoliosis and cardiac involvement, which increase both the 
surgical and anaesthetic risk. In particular, in the postoperative pe-
riod, impairment of neuromuscular functions and alterations of the 
central respiratory drive can further compromise the already limited 
pulmonary reserve of these patients, leading to acute respiratory 
failure (ARF).9-12 Postoperative pulmonary complications (PPCs) are 
commonly reported, with rates ranging from 15.3% to 28.2% follow-
ing spine surgery.3,13,14 The most frequently reported PPCs in NMD 
patients are pneumonia, atelectasis, pneumothorax, need for reintu-
bation or prolonged need for mechanical ventilation.14 Moreover, a 
substantial proportion of patients with NMD should be considered 
at high risk for extubation failure.15-17

Even though childhood NMDs comprise a diverse group of ill-
nesses, such as anterior horn cell diseases, motor neuropathies and 
myopathies, they all require a similar perioperative management.10 
In this regard, recommendations for anaesthesia and perioperative 
management of these patients have been recently issued.9-12,18 In 
particular, non-invasive ventilation (NIV) combined with mechanical 
insufflation–exsufflation (MI-E) (Figure S1 in the online supplement) 
can help avoid upper airway obstruction, hypoventilation and airway 
secretion retention, thereby preventing PPCs, prolonged intubation, 
and postoperative tracheostomy.9-12,18,19 Of note, these recommen-
dations are mainly consensus statements derived from expert opin-
ion rather than evidence-based guidelines.

The primary aim of this study was to assess the postoperative 
outcome of paediatric patients affected by NMDs which required 
anaesthesia for surgical or imaging procedures. In particular, our first 
aim was to evaluate the incidence of perioperative complications, 
hospital and intensive care unit (ICU) length of stay (LOS). In addi-
tion, due to the low number of patients described in the scientific 
literature that use NIV and airway clearance techniques (ie, manual-
assisted cough and MI-E) in the postoperative period, the secondary 

aim of this study was to assess the efficacy of this perioperative 
management.

This study was supported by the Italian Society of Anaesthesia, 
Analgesia, Resuscitation and Intensive Care (SIAARTI), the Italian 
Paediatric and Neonatal Society of Anaesthesia and Resuscitation 
(SARNePI) and the Italian Duchenne Parent Project.

2  | MATERIAL S AND METHODS

2.1 | Italian hospitals network creation

In 2010, the Italian Association of Myology (AIM) and Italian 
Society of Anaesthesia, Analgesia, Resuscitation and Intensive Care 
(SIAARTI) recognized that, despite existing standards of care in an-
aesthesia and perioperative management of patients with NMDs, 
there were a number of issues which were still controversial and 
evidence in this field was limited. In January 2011, the two societies 
invited a group of physicians to discuss current clinical care issues for 
patients with NMDs undergoing anaesthesia. This core committee 
later invited a group of Italian experts to form a panel of 43 members. 
The group included anaesthetists, intensive care specialists, pulmo-
nologists, adult neurologists and child neurologists. A consensus was 
reached during a roundtable meeting (Torino, 7 October 2011) and 
published in Minerva Anesthesiologica in 2013.12 The steering com-
mittee of this study was formed in January 2015 and included three 
anaesthetists (Racca, Conti and Wolfler) who attended the 2011 
consensus conference. This core committee later invited a group of 
Italian anaesthetists to form the network of 13 Italian Hospitals.

hospital length of stay (LOS) was 6 (2-14) days. The study population was stratified 
according to preoperative respiratory devices dependency and invasiveness of the 
procedure. Patients with preoperative ventilatory support dependence showed sig-
nificantly higher intensive care unit (ICU) admission rate and longer hospital LOS.
Conclusion: Disease severity seems to be more related to the outcome of this popula-
tion than invasiveness of procedures. NIV combined with MI-E can help in preventing 
and resolve PPCs.

Editor Comments

In this prospective observational multicentre study of chil-
dren with neuromuscular diseases undergoing anaesthesia, 
findings showed that disease severity seems more related 
to postoperative pulmonary complications than the inva-
siveness of the procedures. Further, non-invasive ventila-
tion, combined with mechanical insufflation–exsufflation, 
may be beneficial for some.
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2.2 | Data collection, patients and definitions

We performed a retrospective analysis of the data prospectively 
collected from December 2015 to December 2018 in the above 
described network of 13 centres. The data were uploaded on a 
password-protected web database. All collected variables are avail-
able as online supporting information.

NMDs was defined as a range of conditions that impair the 
functioning of the muscles, either directly, being pathologies of the 
voluntary muscle, or indirectly, being pathologies of spinal cord, pe-
ripheral nervous system or neuromuscular junctions. Brain diseases 
(eg, cerebral palsy) were not considered “neuromuscular” diseases. 
Still undiagnosed NMD was defined as neuromuscular disorder of 
unknown aetiology.

PPCs were determined before starting the study and defined as 
any of the following clinical and/or radiological diagnoses occurring 
within 7 days of surgery: (a) pneumonia, (b) bronchospasm, (c) ARDS, 
(d) acute respiratory failure, (e) secretion retention, (f) atelectasis, (g) 
pneumothorax and (h) pleural effusion.20 PPCs also included the fol-
lowing: (a) invasive mechanical ventilation >48 hours after the end 
of surgery, (b) re-intubation with postoperative mechanical ventila-
tion and (c) need for a tracheostomy.

Surgical procedures are defined as high or low risk according to 
American College of Cardiology Guideline.21 This classification de-
pends on the duration of the procedure, estimated blood loss, esti-
mated fluid shifts and the anatomical region involved.

We enrolled in the study only those patients whose parents or 
legal guardian provided written authorization for the use of their 
medical records for research.

A physician from each participating centre was responsible for 
data collection; the protocol was explained during two specific edu-
cational meetings and demonstrated during hands-on sessions.

2.3 | Protocol

The institutional protocol was mainly drawn from Italian recommen-
dations for anaesthesia and perioperative management of patients 
with NMDs published in 2013.12 The institutional protocol of the co-
ordinating centre (protocol No. 473, November 4th, 2015) was pre-
sented, discussed and shared within the other collaborating centres, 
after approval by the Ethics Committee on Clinical Investigations. 
The local Ethics Committees in all contributing centres also ap-
proved the protocol. The study was performed in compliance with 
the World Medical Association Declaration of Helsinki on Ethical 
Principles for Medical Research Involving Human Subjects.

The risk of PPCs was evaluated in all NMDs patients on the basis 
of preoperative respiratory tests measuring gas exchange, lung volume 
and cough effectiveness. Furthermore, swallowing and scoliosis were 
evaluated by the Gilardeau dysphagia22 score and the Cobb's angle, re-
spectively. Patients with NMDs were considered at high risk of PPCs if 
at least one of the following preoperative findings was present: (a) hae-
moglobin saturation in room air (SpO2) < 95%; (b) diurnal or nocturnal 

hypercapnia (ie, PCO2 ≥ 50 mmHg); (c) sleep disordered breathing (ie, 
central, obstructive or mixed apneas); (d) history of weak cough; (e) 
prolonged respiratory illnesses or recurrent pneumonia; (f) long-term 
MV; (g) manual cough assistance and/or MI-E use at home; (h) forced 
vital capacity (FVC)  <  50% of the predicted; (i) preoperative peak 
cough flow (PCF) < 270 L/minutes; (j) Gilardeau dysphagia score > 1; 
(k) Cobb angle ≥ 50°. The method for assessing nocturnal and diurnal 
hypercapnia was left towards the anaesthesiologist's discretion.

In addition, patients with myopathies underwent careful assess-
ment of heart function as well as optimization of cardiac therapies 
before anaesthesia or sedation. In particular, an electrocardiogram 
and echocardiogram were performed before anaesthesia, if they had 
not already been done in the previous 12 months.

The study population belonged in fact to two groups: (a) those 
who were already using mechanical ventilation and/or cough assis-
tance before preoperative assessment and (b) those who were naive 
to NIV and/or cough assistance. Patients in the first group were 
evaluated to determine if they needed re-training in NIV and/or in 
cough assistance. All patients of the second group were trained in 
NIV and/or airway clearance techniques before the intervention. 
NIV and MI-E training or re-training were started at least one week 
prior to the intervention during a 1-day hospitalization in an outpa-
tient setting. After a thorough explanation of the principles of NIV 
and/or MI-E to the patient and his parents, NIV was started during 
short, repetitive periods during the day. The pressure settings were 
progressively increased, taking into account the comfort of the pa-
tient, to achieve a tidal volume of 8-10 mL/kg with a good tolerance. 
Concomitantly, the patient and the parents were trained to the MI-E. 
The positive and negative pressures may be set for insufflation and 
exsufflation, up to a maximum of 40 cmH2O. At the end of the day, 
the patient was discharged home and was instructed to use the NIV 
with a minimum of 30 minutes/day, associated with at least one daily 
MI-E session.

On the day of surgery, the choice of anaesthetic drugs, opioids 
and non-depolarizing muscle relaxants as well as the type of post-
operative pain management were left to the anaesthesiologist's 
discretion.

All patients at high risk of PPCs were switched to NIV and MI-E 
immediately after extubation. Continuous NIV was later progres-
sively weaned off or back to baseline hours of use per day. An ICU 
was always accessible for the management of the postoperative 
course.

2.4 | Statistical analysis

Data analysis was performed using R software version 3.6.1. 
Continuous data were represented as mean and standard deviation 
or median with interquartile ranges, while dichotomous variables 
were represented as absolute number and percentage. Differences 
between groups were tested, depending on distribution, by Student 
t test or Mann–Whitney U test. Categorical variables underwent 
chi-squared test or Fisher's exact. Multiple groups comparison was 
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made by ANOVA or Kruskal–Wallis (post hoc Mann–Whitney), as 
appropriate.

Multiple regressions were performed to estimate the relationship 
between the LOS (dependent variable) and some relevant preoper-
ative, intraoperative and postoperative predictive independent clin-
ical variables. Since LOS can be measured as number of days spent 
in a hospital, we chose a Poisson-like model as the correct approach 
for multiple regression analysis. As we expected data to be overdis-
persed, we opted for a negative binomial model. Appropriateness of 
negative binomial regression over Poisson regression was calculated 
by likelihood ratio (LR) tests, which were also used for global tests of 
model fit using the null model (ie, regression model without indepen-
dent variables) as reference.

The incidence rate ratio (IRR), which estimates the effect of a 
certain exposure or its relative risk or odds ratio if such occurrence is 
rare, was calculated as the incidence rate of the exposed proportion 
of the population divided by the incidence rate of that of the non-
exposed proportion.

P values of <0.05 were considered statistically significant.

3  | RESULTS

3.1 | Patient characteristics

A total of 182 neuromuscular paediatric patients undergoing 
anaesthesia or sedation for surgical or diagnostic procedures 
were screened. Ten of them were excluded due to incomplete-
ness of the data, three were excluded because parents did not 
provide written, informed consent, and two because they re-
fused NIV training. Thus, the final number of children enrolled 
in the study was 167 (mean age was 8 years old). Patients were 
only included once in the study. Demographic, pre-existing 
dependence on technology and preoperative NMD diagno-
ses are described in the online supplement (Tables S1 and S2). 
Myopathies were present in 67 (40%) patients. Spinal muscular 
atrophy (SMA) and Duchenne muscular dystrophy (DMD) were 
the most frequently found illnesses (22% and 11%, respec-
tively). For 59 (35%) children, diagnosis was still unknown at 
hospital discharge. The high number of unknown diagnosis can 
be explained by the fact that in 35 cases they underwent mus-
cle biopsy to clarify the diagnosis and the diagnostic process 
usually requires a long time.

The study population was stratified in four groups according to 
preoperative respiratory devices dependency (ie, mechanical venti-
lation and/or cough assistance) and invasiveness of the procedure: (i) 
children with preoperative dependence on respiratory devices who 
underwent high risk procedure (DDHR group); (ii) children who un-
derwent low risk procedure (DDLR group); (iii) children who were 
totally naive to respiratory devices who underwent high risk proce-
dure (NDHR group); and (iv) children who underwent low risk pro-
cedure (NDLR group). The characteristics of the patients included in 
the study and their distribution among these four groups are shown 

in Table 1. These groups were compared in terms of demographic 
features, management and outcomes (Table 2).

According to the preoperative evaluation (Table 3), 149 (89%) pa-
tients had increased risk of PPCs due to the presence of at least one 
respiratory risk factor, and 62 (37%) patients had three or more of 
them. Among them, 82 children were dependent on long-term MV 
and/or cough assistance (Table S1). Most children were not able to 
perform spirometry or PCF measurement (Table 3).

After preoperative evaluation, 36 children were retrained. In all 
cases, the caregivers (in most cases the parents) were also included 
in the training programme.

Our cohort of patients required anaesthesia or sedation mainly 
for orthopaedic surgery, muscle biopsies and surgical interventions 
increasing the need for technology support (eg, gastrostomy place-
ment and tracheostomy) (Table  S3). Almost one third of patients 
underwent orthopaedic procedures. Spinal surgery was the most 
frequent orthopaedic surgery. Surgery lasted more than 1 hour in 85 
(51%) patients, while in 40 (24%) was longer than 3 hours.

3.2 | Perioperative complications, postoperative 
care and hospital LOS

No lethal intraoperative complication related to anaesthesia such 
as malignant hyperthermia (MH) or rhabdomyolysis was observed. 
Relevant intraoperative bleeding occurred in 26 patients who were 
transfused. Among them, massive bleeding was reported in three 
patients, and intraoperative blood recovery was performed in 10 
cases.

After surgery, 100 (60%) patients were admitted to ICU (Table 4).
Among 149 patients at high risk of PPCs, eight were tracheos-

tomized, and 14 underwent regional anaesthesia. NIV and MI-E were 
administered to 92 (77%) children of the 127 patients at risk of PPC 
extubated after the procedure (Table 4).

PPCs were observed only in 14 (8%) patients, which represented 
more than half postoperative complications (Table 4). Of note, only 
two (6.2%) of the 32 patients who underwent spine surgery devel-
oped PPCs. ARF, secretion retention and atelectasis were the most 
frequently reported complications (Table 5). In the group of patients 
with PPCs, all patients had more than two preoperative risk factors; 
nine of them were preoperatively trained in using NIV and/or MI-E; 
12 were admitted to ICU. All but one underwent non-invasive respi-
ratory assistance after extubation (six MI-E, four NIV and three NIV 
associated with MIE). Among children with PPCs, the only patient 
that did not use NIV/MI-E in the postoperative period was invasively 
ventilated for 41 days, and he finally required tracheostomy.

After surgery only, two patients (1.2%) were tracheostomized. 
Both received NIV during the preoperative period, developed PPCs 
and were invasively ventilated for more than 2 weeks after surgery.

Only three (1.8%) patients died during hospitalization, all of them 
more than 30 days after surgery. The cause of death was unrespon-
sive ARF in two cases, while one patient died of septic shock. All 
were ventilated at home more than 20 hour/day, with a Gilardeau 
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dysphagia score of 4. In two of them, a decision to limit escala-
tion of care had been taken in the preoperative period. One of the 
two patients who had limited escalation of care had already been 
tracheostomized.

As we observed prolonged ICU and hospital LOS in the course 
of our study, we performed multiple regression analysis to charac-
terize the relationship between hospital LOS and some of the most 
relevant preoperative, intraoperative and postoperative predictive 
independent clinical variables. The preoperative determinants “long-
term MV,” “Cobb angle higher than 50°” and “presence of dysphagia” 
were found to be associated with hospital LOS (Table 6). Hospital 
LOS was significantly associated with general anaesthesia, major 
spine surgery and urgent surgery. Postoperative IMV lasting longer 
than 24 hour was also significantly associated with an increased hos-
pital LOS (Table 6).

4  | DISCUSSION

Our study provides three major findings. First, disease severity 
seems to be more related to the outcome of this population than 
invasiveness of procedures. Second, NIV combined with MI-E can 
help in preventing and resolve PPCs. Third, the need for long-term 

TA B L E  3   Preanesthetic assessment and management

Patients 
(n = 167)

History of weak cough or prolonged respiratory 
illnesses

80 (48%)

Pulse-oximetry test (performed ⁄not performed) 155/12

SpO2 at <95% in room air 16 (10%)

Peak cough flow measurement (performed ⁄not 
performed)

19/148

Peak cough flow < 270 L/minutes 12 (63%)

Spirometry (performed ⁄not performed) 36/131

FVC < 50% of predicted 22 (61%)

FVC < 30% of predicted 10 (28%)

Diurnal carbon dioxide level assessment 
(performed ⁄not performed)

84/83

Diurnal hypercapnia (PCO2 ≥ 50) 23 (27%)

Sleep respiratory studies (performed ⁄not performed) 77/90

Altered sleep respiratory study 13 (17%)

Preoperative training in NIV 28

Retraining in NIV 16

Preoperative training in cough assistance 39

Retraining in cough assistance 30

Patients affected by scoliosis 100

Cobb angle

10°–50° 58

50°–90° 37

>90° 5

Gilardeau dysphagia score

0 58

1 59

2 8

3 6

4 36

Echocardiogram (performed ⁄not performed) 88/79

Ejection fraction < 35% 2 (2%)

Preanesthetic location

Outpatient – Day surgery status 16

Inpatient ward 104

High dependency unit/ICU 6/41

Documented DNR order⁄treatment limitation 3

Note: Gilardeau dysphagia score: 0 = able to eat normal diet/no 
dysphagia; 1 = able to swallow some solid foods; 2 = able to swallow 
only semi solid foods; 3 = able to swallow liquids only; 4 = unable to 
swallow anything/total dysphagia
Abbreviations: DNR, do not resuscitate; FVC, forced vital capacity; 
ICU, intensive care unit; MV, mechanical ventilation; NIV, non-invasive 
ventilation.

TA B L E  4   Postanesthetic care and outcomes

Patients 
(167 cases)

Disposition following anesthesia

Home discharge (phone follow-up) 3

Hospital ward 64

Intensive care unit 100

Use of MV and MI-E after surgery

NIV 60

MI-E 81

NIV and MI-E 49

Invasive ventilation 53

Postoperative analgesia (not exclusive)

Epidural analgesia 6

Acetaminophen or NSAIDs 143

Opioids 64

Postoperative complications 27 (16.2%)

Surgical complicationsa  3

Cardiovascular complications 1

Pulmonary complications 14

Hypothermia 5

Gastrointestinal dysmotility 4

Deaths in the first week after surgery 0 (0%)

Deaths during hospitalization 3 (1.2%)

ICU LOS after surgery (days), mean (SD) 3 [2-6]

Hospital LOS after surgery (days), mean (SD) 6 [2-14]

Abbreviations: ICU, intensive care unit; LOS, length of stay; MI-E, 
mechanical insufflation–exsufflation; MV, mechanical ventilation; NIV, 
non-invasive ventilation; NSAIDs, nonsteroidal anti-inflammatory drugs.
aSurgical complications were dehiscence of surgical suture in two cases 
and surgical site infection in one case.
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MV, severe scoliosis or dysphagia in the preoperative period, spine 
surgery, general anaesthesia and the need for cough assistance or 
invasive MV longer than 24 hours in the postoperative period were 
all associated with prolonged hospital LOS.

Given the mix of disease severity and invasiveness of proce-
dures, we stratified our patients according to the severity of preop-
erative respiratory conditions and the invasiveness of procedures. 
We showed that the two groups with preoperative respiratory de-
vice dependency, both following a high risk or a low risk procedure, 
had a significantly higher ICU admission rate and a higher hospital 
LOS during postoperative period. On the other hand, the postop-
erative IMV dependency for more than 24  hours significantly in-
creased only in DDHR group and it significantly decreased in the 
NDLR group. These data highlight that disease severity seems to be 
more impactful on the outcome of this population than invasiveness 
of procedures.

TA B L E  5   Clinical characteristics of patients with postoperative 
pulmonary complications

14 patients

Age (years) 1.01 [0.85-6.22]

Male/female (no. of patients) 6/8

Diagnosis (no. of patients)

Spinal muscular atrophy 2

Progressive muscular dystrophy 3

Metabolic myopathy 2

Congenital muscular dystrophy 1

Unknown neuromuscular disease 6

Respiratory complications risk factors (no. of patients)

Preop NIV 4

Preop MI-E 3

Preop NIV + MI-E 2

Gilardeau score >1 8

Cobb angle > 50% 3

Diurnal hypercapnia 7

SatO2 < 95% in room air 3

History of weak cough or prolonged 
respiratory illnesses

5

Type of surgery (no. of patients)

Gastrostomy placement 6

Muscular biopsy 4

Spinal surgery 2

Minor urologic surgery 2

Postoperative management

IMV > 24 hours (no. of patients) 8

Time of IMV (h) 36 [24-114]

NIV/MI-E (no. of patients) 13

Time of continuous NIV (h) 37 [16.5-108]

Surgical complications (no. of patients)

Intraoperative hemorrhage 2

Postoperative hemorrhage 1

Surgical site infection 1

Surgical site dehiscence 2

PPCs (no. of patients) 14

Acute respiratory failure 9

Prolonged intubation (>48 hours) 7

Reintubation 5

Secretion retention 4

Atelectasis 3

Tracheostomy 2

ICU LOS (days) 13.5 [5.2-27]

Total LOS (days) 14 [8-35.2]

Abbreviations: ICU, intensive care unit; IMV, invasive mechanical 
ventilation; LOS, length of stay; MI-E, mechanical insufflation–
exsufflation; NIV, non-invasive ventilation; PPCs, postoperative 
pulmonary complications.

TA B L E  6   Predictors of hospital length of stay

Variables IRR 95% CI P value

Preoperative

Gender (F vs M) 0.89 0.65-1.22 P = .463

Age 0.98 0.95-1.01 P = .127

Cough assistance 1.10 0.78-1.59 P = .596

Long-term MV 1.65 1.19-2.31 P < .001

Cobb angle >50° 1.90 1.26-2.91 P < .001

Dysphagia 1.91 1.29-2.85 P < .001

Intraoperative

Major spine surgery 3.03 1.88-4.92 P < .001

Urgent surgery 3.20 1.93-5.59 P < .001

General anesthesia 1.94 1.93-5.59 P < .001

Postoperative

Postoperative cough 
assistance

1.33 0.98-1.8 P = .049

Postoperative admission

Day surgery unit 1.40 0.42-4.9 P = .589

Ward 4.82 1.84-14.1 P = .002

ICU 9.64 3.2-29.9 P < .001

Duration of IMV

IMV < 24 hours 0.75 0.51-1.1 P = .138

IMV ≥ 24 and 
<168 hours

1.95 1.27-3.0 P = .002

IMV ≥ 168 hours 3.84 1.89-8.7 P < .001

Postoperative 
complications

1.27 0.28-2.0 P = .284

Note: For all the dichotomous variables except for gender in which the 
reference category is female, the reference variable is the absence 
of the variable characteristic. For the variable of the postoperative 
admission, the reference category is day-hospital.
Abbreviations: CI, confidence interval; DF, degree of freedom; F, 
female; ICU, intensive care unit; IMV, invasive mechanical ventilation; 
IRR, incidence rate ratio; M, male.
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Children with NMDs can present with respiratory muscle weak-
ness, which increases the risk of PPCs.12 Half of our patients had 
a history of weak cough or multiple respiratory illnesses, and 51% 
of them had medical device dependence at home, emphasizing the 
severe degree of baseline disability among our study cohort. Over a 
quarter our patients were trained or retrained in NIV or MI-E pre-
operatively, and more than half of the study population used these 
devices in the postoperative period. The adherence to the pro-
tocol regarding extubation to NIV/MI-E in children at high risk of 
PPCs was satisfactory (ie, 77% of cases), and the clinical outcomes 
of our cohort were very encouraging. PPCs were observed only in 
8% of patients; 1.2% of them was tracheostomized and none died 
postoperatively.

Despite the complexity of these children, the positive outcomes 
may be due to the peculiarities of the medical centres where they 
were treated, particularly to the presence of trained teams skilled 
in the use of paediatric NIV and airway clearance techniques.12 
Another important aspect to consider was the availability of a paedi-
atric ICU to manage a potentially prolonged postoperative course.6,9 
In fact, 60% of our patients were admitted to ICU after surgery.

Our results confirm and expand the findings of previous small 
studies with a larger number of cases, showing that the post-
operative use of NIV and MI-E in NMD patients may prevent 
PPCs.4,6,19,23,24 Bach et al reported five children with flaccid sco-
liosis secondary to muscular dystrophy or SMA who had very high 
pulmonary risk and were preoperatively trained in the use of NIV 
and MI-E prior to spinal fusion.19 All patients were extubated by 
the third postoperative day to NIV despite continuous ventilator 
dependence, and no patient developed PPCs or required a tra-
cheotomy. Khirani et al reported no PPC in 13 NMD children with 
severe spinal deformities first trained in NIV and MI-E preoper-
atively and then using these devices after tracheal extubation.6 
Birnkrant et al described the postoperative use of NIV in two 
patients with severe DMD after PEG tube placement, preventing 
PPC from occurring.4 Marchant et al reported a case of a child with 
SMA undergoing single-stage posterior spinal fusion successfully 
treated with MI-E and nasal NIV, avoiding sputum retention and 
tracheostomy.23 Finally, Gill et al described successful outcomes 
for scoliosis surgery on eight children with a variety of neuro-
muscular disorders, who had a mean preoperative vital capacity 
of 20%. All these patients were extubated direct to NIV without 
complication.24

As described in other studies,5,13 prolonged ICU and hospital 
LOS were observed in our population. Multiple regression analysis 
indicates that prolonged hospital LOS is more likely to occur in pres-
ence of long-term MV, severe scoliosis or dysphagia or when patients 
undergo cough assistance or IMV longer than 24  hours postoper-
atively. Moreover, as expected, our data show that spine surgery 
and urgent surgery prolonged the hospital LOS.25-27 Finally, general 
anaesthesia was also associated with increased hospital LOS con-
firming that in NMD patients with decreased pulmonary function, 
regional anaesthesia should be preferred whenever possible.9,11,12 
On the other hand, in our population, postoperative use of morphine 

was not associated with variations in hospital LOS. This observation 
may be explained by the well-established role of continuous NIV/
MI-E in offsetting the suppression of cough and ventilation caused 
by postoperative narcotics.10,11

In good agreement with the literature, we recorded difficult intu-
bation in 37% of our intubated children highlighting that direct laryn-
geal intubation may be difficult in NMD patients. This may due to jaw 
ankylosis, atrophy of the masseter muscle and/or other masticatory 
muscles, macroglossia or limited mobility of the cervical spine.5,28,29 
According to our findings, two other retrospective studies on SMA5 
and DMD7 patients undergoing general anaesthesia showed diffi-
culty in performing direct laryngoscopy and reported the frequent 
use of fiberoptic-assisted endotracheal intubation.

Although acute heart failure has been described during major 
surgical procedures in patients with myopathies,28 no cardiac com-
plications were documented in our series. Similar data were reported 
by Muenster et al in a review of 232 cases of patients with DMD 
undergoing orthopaedic surgery.7

Despite the severe degree of baseline disability among our study 
cohort, documentation of resuscitation status or care limitation was 
only present in three cases—one do-not-resuscitate order and two 
refusals to perform tracheostomy. This finding is similar to what pre-
viously reported by Graham et al, who found that this documenta-
tion was present only in 4% of cases in a population of 25 children 
with SMA (10 type I, eight type II, seven type III), accounting for 
56 general and regional anaesthesia cases.5 This may reflect poor 
documentation practice or, more likely, a barrier surrounding the 
discussion of advanced decision-making between medical providers 
and families.5,30 This study has several limitations. The first limita-
tion is the absence of a control group. However, a protocol based 
on NIV and MI-E is used on a routine basis in our hospitals as a first 
line treatment in the extubation process for all children with NMDs; 
thus, a prospective randomized controlled trial would be difficult to 
realize due to ethical reasons. Secondly, we enrolled a relatively lim-
ited number of children (despite this is the largest study dedicated 
to the topic), which is however justified by the fact that NMDs are 
rare diseases.11 Finally, we included in the study patients with a very 
heterogenous group of NMDs which undertaken different surgical 
or imaging procedures.

In conclusion, the results of the present study suggest that dis-
ease severity seems to be more related to the outcome of this pop-
ulation than invasiveness of procedures. In addition, the application 
of our perioperative protocol may allow preventing and successfully 
treating PPCs in NMD paediatric patients requiring anaesthesia 
or sedation, even when their level of baseline complexity is quite 
high. In particular, when patients with severe respiratory muscle 
weakness are trained preoperatively in the use of NIV and mucus 
clearance techniques and are extubated directly to NIV, a low rate 
of PPCs occurs, and the need for postprocedure tracheostomy is 
extremely uncommon. Based on our results, further and larger pro-
spective multicentre studies are needed to assess the efficacy of this 
perioperative protocol, evaluating single cohort of NMD patients 
which undertake surgical procedures of similar nature.
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