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Which are the factors influencing NIV adaptation and tolerance
in ALS patients?
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Abstract
Amyotrophic lateral sclerosis (ALS) is a multisystemic disease compromising both the neuromuscular system and the cognitive
status. Non-invasive ventilation (NIV) has been shown to improve survival and quality of life in ALS patients with respiratory
failure, but scanty literature investigated which are the predictors of NIV tolerance. The aim of this study was to evaluate the
impact of functional, cognitive, neurobehavioral, and respiratory status on NIV compliance and tolerance in patients with ALS.
We retrospectively evaluated clinical data of ALS patients who consecutively underwent a NIV trial during hospitalization.
Cognitive and neurobehavioral assessments have been performed using the Edinburgh Cognitive and Behavioral ALS Screen
(ECAS), the Hospital Anxiety and Depression Scale (HADS), the Frontal Assessment Battery (FAB), the Raven’s 47 Colored
Progressive Matrices (PM47), and the Neurobehavioral Rating Scale Revised (NRSR). Seventy-two patients (mean age ± SD;
63.9 ± 10.6 years) were included. Patients adapted were 63/72 (87.5%). The average time of adaptation was 7.82 ± 5.27 days. The
time required to reach a satisfying NIV adaptation was significantly related to the presence of sialorrhea (p = 0.02), respiratory
status (Borg Dyspnoea Scale, p = 0.006, and ALS-FRS-R respiratory subscore, p = 0.03) and behavioral and cognitive impair-
ment (NRSR-F1, p = 0.04, NRSR- F5, p = 0.04). Presence of sialorrhea and neurobehavioral impairment, and absence of
respiratory symptoms are negative predictors of NIV adaptation. This study highlights the need of a multidisciplinary patient-
tailored approach including cognitive-behavioral assessment and a psychological support program to optimize patient’s training
and compliance to NIV.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a heterogeneous neu-
rodegenerative rare disease of adult life, leading to severe
weakness of bulbar, limb, and respiratory muscles and conse-
quent short life expectancy [1, 2]. A complex multistep pro-
cess involving genetic and environmental factors is involved
in ALS pathogenesis and clinical variability [3, 4]. Cognitive
involvement is often associated with ALS and can vary from
mild executive function impairment to a frontotemporal de-
mentia (FDT) [1]. The cognitive deficit profile includes im-
pairment of executive functions, verbal fluency, language, so-
cial cognition, and verbal memory. In 6–14% of patients, the
cognitive and behavioral changes meet the criteria for a
frontotemporal dementia (FTD) [5–7]. A cluster analysis in-
dicated four patient subgroups: 49% with intact cognition,
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32% with mild cognitive impairment, 13% with moderate
impairment, and 6% with severe impairment [8].

/The medical therapy is still scanty, and management
remains predominantly supportive, with a primary focus
on the respiratory system, including mechanical support
of ventilation and clearance of secretions [9, 10]. Non-
invasive ventilation (NIV) is currently the treatment for
ALS-related respiratory failure. It is well known that NIV
alleviates respiratory symptoms, improves quality of life
(QoL), and increases survival [9–18]. Unfortunately, a
percentage between 28 and 67% of patients has been re-
ported to not tolerate NIV use along the course of the
disease, especially if they experienced a bulbar phenotype
and the presence of sialorrhea [19–21]. However, an in-
tensive educational training performed in a hospital mul-
tidisciplinary setting increases compliance and tolerance
to NIV over the disease course [20].

Despite the burning need to define the predictor factors
to NIV compliance in order to improve the outcome, no
studies have systematically investigated the impact of
each aspect of this multifaceted disease, including the
cognitive and neurobehavioral status, in order to outline
a specific patient-tailored training. The aim of this study
was to evaluate how functional assessment of neurologi-
cal status, respiratory involvement, and cognitive, emo-
tional, and behavioral profile could modify the compli-
ance and tolerance to NIV in patients with ALS.

Patients and methods

This is a retrospective study performed on patients, who
underwent for the first time a NIV trial, consecutively hospi-
talized over a year at the Nemo Sud Clinical Center for
Neuromuscular Disorders of Messina, Italy, and subsequently
followed in outpatient clinic at least for one year on a 3-month
basis. The study was approved by the Research Ethics
Committee of the University of Messina School of Medicine
Hospital, Policlinico “G. Martino,” Messina, Italy. Written
informed consent was obtained from all participants enrolled
in the study.

All patients had a diagnosis of probable/definite ALS,
according to the El Escorial World Federation of
Neurology revised criteria [22]. Patients were classified
in bulbar or non-bulbar phenotypes, the latter including
the following forms: classic, flail arm, flail leg, pure low-
er motor neuron, pure upper motor neuron, pyramidal, and
respiratory [3]. All selected patients fulfilled accepted
criteria for starting NIV and consented for a dedicated
“in-ward” hospitalization [23].

ALS patients after diagnosis were followed in outpatient
clinic by a multidisciplinary team. When they full-filled the

criteria to start NIV, patients were hospitalized and underwent
functional, pneumological, and psychological evaluations.

Functional evaluation

ALS Functional Rating Scale-Revised (ALSFRS-R) [24] has
been administered. Its subscores were analyzed as follows: the
“bulbar score”was obtained adding the results of items 1 to 3;
item 2 was also separately analyzed for the presence of
sialorrhea. We considered sialorrhea as present if the score
calculated for the item 2 at ALS-FRS-R bulbar subscore was
0, 1, or 2; patients had no sialorrhea if the score was 3 or 4.
The “upper limb,” “lower limb,” and “respiratory” scores
were obtained adding the results of items 4 to 6, 7 to 9, and
10 to 12, respectively.

Psychological evaluation

We constructed a neuropsychological test battery to cover the
main cognitive, emotional, and behavioral ALS-specific do-
mains, while attempting to minimize motor demands, which
would stress the majority of patients. The evaluation included
the Raven’s 47 Colored Progressive Matrices (PM47) [25]
and the Frontal Assessment Battery (FAB) [26], for measur-
ing, respectively, non-verbal abstract reasoning and global
executive dysfunction, both brief screening tools. The
Edinburgh Cognitive and Behavioral ALS Screen (ECAS)
[27] was used for its sensitiveness to cognitive/behavioral al-
terations in ALS patients, as evidence of a pre-symptomatic
cognitive decline. The Hospital Anxiety and Depression Scale
(HADS) was used to assess the contribution of mood disor-
ders [28, 29].

Neu robehav io r a l a spec t s we re eva lua t ed by
Neurobehavioral Rating Scale Revised (NRSR) [30] with its
five factors:

1. Factor I (deficit in intentional behavior; NRSR-F1)
consisted of items pertaining to intentional or goal-
oriented behavior such as decreased motivation and diffi-
culty in planning.

2. Factor II (lowering of emotional state; NRSR-F2) includ-
ed depressive mood, anxiety, and emotional withdrawal.

3. Factor III (deficit in the regulation of survival-oriented
behavior/heightened emotional state; NRSR-F3)
consisted of items such as irritability, disinhibition, hos-
tility, and hyperactivity agitation.

4. Factor IV (deficit in the regulation of arousal state;
NRSR-F4) had items such as reduced alertness, inatten-
tion, and mental fatigability.

5. Factor V (language and speech problems; NRSR-F5)
consisted mainly of problems in speech and expressive
and comprehension language skills.
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Respiratory assessment and management

Forced vital capacity (FVC) was measured from flow-volume
curves obtained with a pneumotachograph (MIR,
Spirobank®, Rome, Italy) according to ATS/ERS standards
in both upright and supine position [31]. Values were
expressed as absolute values. Reference values were derived
from published data [32]. Maximal inspiratory pressure (MIP)
and maximal expiratory pressure (MEP) tests were, respec-
tively, performed by an experienced operator with
MicroRPM (MicroMedical, Kent, UK), who strongly advised
the subjects to produce maximum inspiratory (Mueller ma-
neuver) and expiratory (Valsalva maneuvers) efforts at near
residual volume and total lung capacity, respectively. All tests
were repeated at least three times, and highest value measured
was recorded. Reference values were taken into account ac-
cording to previously published data [33]. Arterial blood gas
analysis was performed in seated position when the patient
breathes room air. Overnight oximetry was performed in the
first day of hospital admission by an oximeter with memory
(Nonin Palmsat Model 2500, Plymouth, MN) when the pa-
tient breathe room air.

We administered to all patients the modified Borg Scale
(MBS), an easy visuo-analogic scale that provides rapid infor-
mation about the patient’s subjective state of dyspnea. It is
rated from 0 to 10, being 0 equal to “no breathless at all”while
10 equal to “maximal” [34].

All patients and caregivers received through an informative
video detailed description of NIV technique and the potential
benefit on survival and QoL. The video was then discussed by
the same pulmonologist. Physician, nurse, and other
healthcare assistants were constantly available for any other
question during the period of the NIV trial. A diurnal initiation
trial to NIV was performed for each patient with pressure
support ventilators (Astral 150, ResMed, Saint-Priest, France
or Trilogy 100, Philips Respironics, Murrysville,
Pennsylvania, USA) in spontaneous/timed pressure support
ventilation mode with a fixed back-up respiratory rate (12
breaths/min). The NIV trial included choice of the best fitting
facial mask and setting of inspiratory pressure to maximal
patient comfort, and expiratory pressure was set < 5 cmH2O
at least 2 h of NIV under the direct supervision of a respiratory
physician and physiotherapist. The ventilator setting was then
adjusted in order to obtain optimum nocturnal oximetry nor-
malization and NIV acceptance. During the night, patients
from the inpatient group had nurses available on hand.
Patients were recommended to use nocturnal NIV as much
as possible until they had completely adapted to the therapy.

We defined “time of adaptation” as the number of days
required by the patient to tolerate NIV for at least 4 h contin-
uously during sleep. Objective adherence was measured via
electronic download of usage data from NIV machine. After a
NIV setup definition, all patients were allowed to extend

hospitalization for an average extended period of approxi-
mately 1 week for comprehensive multidisciplinary treatment
and to monitor patients’ compliance. During this period, any
NIV setting adjustment was performed as needed. We used
anticholinergic drugs to treat sialorrhea, when present.

Statistical analysis was made using a SAS 9.3 (SAS
Institute, Inc., Cary, NC) software. Data were reported in text
and tables as mean and standard deviation for continuous var-
iables and numbers and percentages for those non-continuous.
For each variable, we used a Shapiro-Wilk test to evaluate the
normality of the distribution and Levene test to evaluate the
homogeneity of variance. Correlation univariate analysis was
made using the Pearson correlation coefficient and the non-
parametric Spearman’s rank correlation coefficient as appro-
priate, using a p value < 0.20 [35], while for the multivariable
analysis, the multiple regression model adjusting for age, sex,
and respiratory assessments was used, with a significance lev-
el alpha < 0.05 [36].

Results

Seventy-two patients started the NIV training in our multidis-
ciplinary setting and were included in the study.
Demographic, clinical, functional, psychological, and respira-
tory data are shown in Table 1. According to the clinical
characteristics, patients belonged to these phenotypes: 23 bul-
bar and 49 non-bulbar, which included 31 classic, 4 flail arm,
2 flail leg, 5 pure lower motor neuron, 5 pyramidal, and 2
respiratory forms.

In our cohort, the intellectual functioning and non-verbal
reasoning were not involved, so we observed a preserved
global mental functioning: at PM47 (normal/abnormal 65/7)
evaluations. The executive functions, assessed with FAB,
were involved in half of our patients (normal/borderline/ab-
normal 28/8/28). Patients obtained significant lower scores on
ECAS ALS-specific functions than on the ALS non-specific
sub-domains: ECAS total score (normal/abnormal 20/52);
ECAS ALS-specific score (normal/abnormal 20/52), and
ECAS ALS non-specific score (normal/abnormal 32/40).
Therefore, in our series, we observed cognitive alterations
consisting of executive functions, fluency, and language im-
pairment. Neurobehavioral profile at NRSR was normal in the
majority of patients in the following factors: Factor I (normal/
abnormal 55/17) and Factor III (normal/abnormal 39/3). On
the contrary, abnormalities were more frequently found in
Factor II (normal/abnormal 20/52), Factor IV (normal/abnor-
mal 30/42), and Factor V (normal/abnormal 28/44).

Patients adapted were 63/72 (87.5%). Nine patients
showed low compliance and did not reach a successful adap-
tation. Two of these nine patients reached adaptation at 6-
month follow-up. Interestingly, 7/9 patients had a bulbar phe-
notype with sialorrhea. Moreover, a significant proportion of
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these patients showed cognitive and behavioral alterations.
The scores were abnormal in 5/9 at FAB, 8/9 at ECAS total
score, and 7/9 at ECAS ALS-specific score and 8/9 at ECAS
ALS non-specific score. NRSR scores were abnormal in 5/9 in
Factors I and II, 4/9 in Factor III, and 6/9 in Factors IV and V.

Four out of 63 deceased within a year. Three out of 63
required tracheostomy to be placed. Fifty-six out of 63
(89%) patients successfully completed a 1-year follow-up
with a good tolerance to NIV. Non-invasive ventilation set-
tings were changed as needed. The average time of adaptation
was 7.82 ± 5.27 SD days.

Correlation between time of adaptation and neurological,
functional, cognitive, and neurobehavioral and respiratory da-
ta at univariate analysis is shown in Table 1. Sex, presence of
sialorrhea, bulbar score, upper limb score, respiratory score,
ECAS non-ALS-specific score, ECASmemory, ECAS visuo-
spatial ability, NRSR-F1, NRSR-F4, NRSR-F5, Anxiety
HADS, Depression HADS, blood gas analysis PaO2, blood
gas analysis PaCO2, and Borg Dyspnea Scale showed a p < of
0.20 at univariate analysis and were considered for multivar-
iable analysis. Statistical significance was confirmed only for
NRSR-F1, NRSR-F5, ALS-FRS-R Respiratory score, Borg
Dyspnea Scale scores, and presence of sialorrhea (Table 2).

Discussion

In 2006, a randomized controlled trial confirmed that NIV
improves both QoL and survival in patients with ALS [11].
Unfortunately, not all ALS patients tolerate NIV. Different
authors tried to identify which factors are related to a better
NIV tolerance. Patients who used NIV were significantly
more likely to be male and to have a gastrostomy tube, lower
vital capacity, more severe disease, bulbar involvement, and
poorer general health. Bulbar weakness has been associated
with lower compliance [16, 18, 19, 21]. Interestingly, we did
not find a significant correlation with general bulbar symp-
toms, as detected by the ALSFRS-R “bulbar score”

Table 2 Significant correlation between time to NIV adaptation in days
and other variables after multivariate analysis

R p value

Presence of sialorrhea 0.30 0.02

NRSR-F1 0.19 0.04

NRSR-F5 0.23 0.04

Borg Dyspnea Scale − 0.33 0.006

ALSFRS-R Respiratory score 0.30 0.03

NRSR Neurobehavioral Rating Scale Revised, NRSR-F1 deficit in inten-
tional behavior, NRSR-F5 language and speech problems, ALSFRS-R
ALS Functional Rating Scale-Revised

Table 1 Clinical characteristics and correlation with “time of
adaptation” after univariate analysis

General p value

Age (years) 63.9 ± 10.6 0.22

Male sex no. of patients 32 (44%) 0.05

Presence of sialorrhea 47 (65%) 0.01

Bulbar onset 23 (32 %) 0.38

Functional assessment

ALSFRS-R total score 23.35 ± 9.73 0.28

Bulbar score 5.20 ± 3.71 0.05

Upper limbs score 5.37 ± 4.28 0.10

Lower limbs score 5.96 ± 4.26 0.58

Respiratory score 6.78 ± 2.32 0.01

Psychological assessment

ECAS total score 84.7 ± 27.8 0.39

ECAS non ALS-specific score 23.6 ± 7.2 0.05

ECAS memory 14.7 ± 5.1 0.16

ECAS visuo-spatial ability 9.0 ± 3.0 0.05

ECAS ALS-specific score 61.0 ± 21.9 0.50

ECAS language 18.8 ± 6.3 0.31

ECAS verbal fluency 23.6 ± 7.2 0.33

ECAS executive function 29.0 ± 10.2 0.76

Frontal Assessment Battery 13.8 ± 2.8 0.32

PM47 25.1 ± 6.5 0.45

NRSR-F1 1.9 ± 0.6 0.15

NRSR-F2 2.7 ± 0.7 0.23

NRSR-F3 1.7 ± 0.5 0.27

NRSR-F4 2.1 ± 0.7 0.13

NRSR-F5 2.1 ± 0.8 0.07

Anxiety HADS 9.1 ± 4.5 0.11

Depression HADS 6.3 ± 4.4 0.10

Respiratory assessment

Blood gas analysis PaO2 (mmHg) 78.4 ± 11.6 0.06

Blood gas analysis PaCO2 (mmHg) 45.6 ± 11.3 0.005

Forced vital capacity (absolute value, L) 1.29 ± 0.8 0.99

Supine forced vital capacity (absolute value, L) 0.44 ± 0.3 0.98

Maximal inspiratory pressure (CmH2O) − 18.6 ± 12.0 0.58

Max expiratory pressure (CmH2O) 19.8 ± 21.3 0.54

Peak cough flow (L/min) 106.3 ± 65.1 0.58

Nocturnal oximetry T90 (%) 0.1 ± 0.2 0.83

Borg Dyspnea Scale 3.12 ± 2.04 0.007

Data are presented as mean and standard deviation or number of patients
(%). In bold parameters with a p value < 0.2 selected for multivariate
analysis. Time to adaptation was measure in days from NIV start.
ALSFRS-R ALS Functional Rating Scale-Revised, ECAS Edinburgh
Cognitive and Behavioral ALS Screen, PM47 Raven’s 47 Colored
Progressive Matrices, NRSR Neurobehavioral Rating Scale Revised,
NRSR-F1, deficit in intentional behavior, NRSR-F2, lowering of the emo-
tional state, NRSR-F3 deficit in the regulation of survival-oriented behav-
ior,NRSR-F4 deficit in the regulation of arousal state,NRSR-F5 language
and speech problems, HADS Hospital Anxiety and Depression Scale,
FVC forced vital capacity
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encompassing speech, salivation, and swallowing but only
with the presence of sialorrhea.

Almost 50% of ALS patients have impairment in saliva
control during the course of the disease [37], caused not by
an increasing of saliva production but by tongue spasticity
together with oro-facial and palatino-lingual muscle control
failure [38]. The difference in adaptation observed between
patients presenting generic bulbar symptoms (difficulty in
speech, swallowing, and salivation) and those presenting dif-
ficulty in salivation alone could be explained by some obser-
vations: (i) the three abilities, although governed by partially
coincident muscles, do not necessarily deteriorate in parallel;
(ii) in some patients, despite severe overall bulbar involve-
ment, saliva management could be improved by anticholiner-
gic treatment, thus making NIV adaptation difficulties, more
related to a lack of response to drugs than to generic impair-
ment in saliva management; and (iii) the amount of total saliva
produced by the patient, or the characteristics of the saliva
itself, could be relevant in causing difficulties in adapting to
NIV. The stimulation of the sympathetic nervous system, in-
duced by stress conditions, could lead to the production of a
more dense saliva that is more difficult to manage in patients
with NIV [39]. Further studies are necessary to better clarify
the last two points.

We confirm in our cohort a consistent presence of patients
with impairment of the neuropsychological abilities, particu-
larly in language, verbal fluency, and executive functions.
Moreover, an involvement of the neurobehavioral functions
was frequently present with emotional withdrawal, deficit in
the regulation of arousal state and mental fatigability, and
problems in speech and expressive and comprehension lan-
guage skills. Cognitive and behavioral impairment has been
evaluated as possible negative predictor of NIV tolerance [40].
Our study had better specify which are cognitive and neuro-
behavioral changes that may interfere with NIV adaption.
Executive dysfunction is the most prominent cognitive im-
pairment and presents in about 50% of our ALS patients as
previously reported [7]. We have found that impaired inten-
tional or goal-oriented behavior such as decreased motivation/
initiation, poor mental flexibility, planning, and linguistic im-
pairments, such as deficits in oral expression/comprehension,
may cause difficulties in the process of NIV adaptation.
Patients who lack insight into disease severity and had severe
deficits in planning and lack of initiative/motivation do not
seem to understand the importance of adapting to NIV. A
specific training involving caregiver with a prolonged stay in
a neuro-rehabilitation clinic should be tried to give to these
subsets of patients the right time to accept and be able to
manage NIV.

Presence of respiratory symptoms is a strong predictor
of good adaptation [23]. We confirm a strong correlation
with the presence of respiratory symptoms at Borg
Dyspnea Scale scores and “respiratory score” of the

ALSFR-R. It is reasonable to hypothesize that a patient
who experiences dyspnea is more motivated to use NIV,
with immediate relief from symptoms. However, hypox-
emia and hypercapnia not always coincide with dyspnea
or may cause symptoms that patients sometimes do not
attribute to respiratory failure, such as headache and day-
time sleepiness [41]. Furthermore, a recent study has
shown that an isolated increase of HCO3, although not
associated with an increase in the frequency of respiratory
symptoms, is related to a reduction in survival in ALS
patients [42]. For this reason, patients without dyspnea,
but who may benefit from starting NIV, should be care-
fully informed about its potential helpfulness.

A further key element involved in determining an effective
NIV adaptation is the training setting. An adequate training
aimed at patients and caregivers, in a hospital multidisciplin-
ary setting, improves compliance and long-term tolerance,
even between those patients with bulbar impairment.With this
approach, adaptation to non-invasive ventilation can be
reached in 95% of ALS patients [20]. In keeping with the
previous report, we obtained a high rate of adaptation
(87.5%) with slightly longer time required [20]. Probably,
our approach, which gives to the patients all the time they
require to be confident to NIV, before starting ventilation dur-
ing the night sleep, has contributed to the good longtime
tolerance.

The present study has some limitations. The main one is
given by patients not adapted to NIV during hospitalization,
whose correlations have not been performed in relation to
possible predictive factors. However, the descriptive charac-
teristics of these patients are in line with those of the patients
who presented a prolonged adaptation time. Another limita-
tion is the lack of objective evaluation methods for sialorrhea
and dyspnea, whose quantification is based on self-reported
evaluation scales.

Based on the results obtained in the present study, we
propose to perform an outpatient screening before starting
NIV. Considering item 2 of the ALS-FRS-R, patients with
scores 3 and 4 can be selected. The next step will be to
ascertain the presence of respiratory symptoms consider-
ing the MBS and the respiratory subscore of ALS-FRS-R;
patients with presence of respiratory symptoms should be
screened for a careful neurobehavioral and cognitive as-
sessment possibly using NRSR, FAB, and ECAS. In the
subsets of patients with a normal neurobehavioral func-
tion, we suggest to attempt a quick ambulatory approach
avoiding hospitalization. For other patients, hospitaliza-
tion in a multidisciplinary setting dedicated to neuromus-
cular diseases should be recommended.

In conclusion, our study suggests the importance of a mul-
tidisciplinary patient-tailored approach, including cognitive-
behavioral assessment and psychological support program,
to optimize patient’s training and compliance to NIV.
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