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ABSTRACT 

 

Amyotrophic Lateral Sclerosis (ALS) is a rare and progressive neurodegenerative 

disease. In Europe and in United States the incidence is of 1-2/100,000 inhabitants and 

the prevalence of 3-5/100,000 inhabitants. Patients have a mean of 3-5 years survival 

and less than 20% survive beyond 4 years.  

ALS represents the most common and severe motor neuron disease (MND), with 

involvement of the upper and lower motor neurons, whose diagnosis is defined by the 

El Escorial criteria. It is considered a multifactorial disease, with several described risk 

factors, environmental and genetic, namely exposure to radiation, heavy metals and 

high impact exercise, with predominantly dominant genetic changes of autosomal 

genesis. Only 10% of cases are family-transmitted.  

Epidemiological studies reveal a variable prevalence worldwide, with a significant raise 

in recent years. The prevalence of ALS/MND in Portugal is unknown, due to the absence 

of national registries. Thus, a Bayesian model was developed to measure the ALS/MND 

prevalence in Portugal based on data from Riluzole consumption provided by 

INFARMED, in a meta-analysis of studies predicting the percentage of consumption of 

this drug per patient, as well as the distribution of patients by gender and age group, 

based on the data referring to ALS cases observed in Portuguese hospitals. In addition, 

in hospitals from the Northern Portugal, an epidemiological survey was conducted in 

ALS patients, with confirmed or probable diagnosis, following the El Escorial criteria, and 

assessed the potential pathogenic factors, and analyzed the Exome of these patients in 

an attempt to find genetic and environmental factors that could justify the increase in 

the number of cases of this pathology in the region. This epidemiological survey 

suggests the high exposure to gamma radiation and heavy metals, as well as several 

genetic factors associated with better survival after clinical evaluation of the Whole 

Exome Sequencing.  

As respiratory failure is determinant for patients’ survival, early intervention with 

ventilatory support (VS), assisted cough, and Percutaneous Endoscopic Gastrostomy 
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(PEG) placement may also influence the survival rates. Thus, through a quasi-

experimental prospective clinical study, we tried to identify the better prognosis-

associated clinical factors, as well as the most effective and accurate indicator for VS 

initiation and PEG placement. At this level, a cross-sectional cohort study was 

conducted in 81 patients, with confirmed or probable ALS diagnosis using the El Escorial 

criteria, in order to study the impact of VS and cough assistance in overall survival rate. 

To determine the better outcomes-associated factors, a multivariate analysis was also 

performed during 9-year follow-up period. Additionally, a subgroup of these patients, 

with a recent ALS diagnosis implemented between October 2016 and March 2018, was 

further selected for another quasi-experimental study, where the use of swallowing 

videoendoscopy was compared with different functional parameters as indicators for 

PEG placement. 

Thus, the main contributions of this research include the calculation of the prevalence 

of ALS/MND in Portugal (10.32/100,000 inhabitants in 2016), making it a country of high 

prevalence, mainly in the northern and central regions of Portugal (9.31 and 

11.15/100,000 inhabitants, respectively), particularly in males in the seventh decade of 

life. It was also possible to verify that early VS, even in patients with preserved lung 

function, but with evidence of nocturnal hypoventilation, has a favorable impact on 

survival (over 50 months), particularly if VS is effective (adherent and without 

obstructive residual events), even in bulbar ALS patients. In addition, it was found that 

endoscopic swallowing assessment provides additional information beyond the formal 

indication for PEG placement; nevertheless, the amyotrophic lateral sclerosis functional 

rating scale revised (ALSFRS-R) score ≤8 revealed to be a non-invasive functional 

indicator with high sensitivity and specificity (100% and 90.9%, respectively), being, 

therefore, proposed as the best indicator for PEG placement in these patients. 

Anyway, it is of utmost importance to deepen knowledge in this area namely in the 

identification of ALS patients with bulbar/pseudobulbar (spastic) phenotype who may 

benefit from tracheostomy through the application of titration protocols using upper 

airways (UA) video endoscopy, towards VS optimization. 
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RESUMO 

 

A Esclerose Lateral Amiotrófica (ELA) é uma doença neurodegenerativa fatal, rara e 

progressiva. Na Europa e nos Estados Unidos da América a incidência é de 1-2/100.000 

habitantes e a prevalência de 3-5/100.000 habitantes. O tempo médio de sobrevida é 

de 3-5 anos e menos de 20% vive além dos 4 anos. A ELA representa a doença do 

neurónio motor (DMN) mais comum e grave, com acometimento dos neurónios 

motores superiores e inferiores, cujo diagnóstico é definido pelos critérios do El 

Escorial. Trata-se de uma doença multifatorial, com vários fatores de risco descritos, 

ambientais e genéticos, entre os quais a exposição a radiação, metais pesados e o 

exercício de alto impacto, sendo as alterações genéticas de génese autossómica, 

predominantemente dominantes. Apenas 10% dos casos são de transmissão familiar.  

Estudos epidemiológicos sugerem prevalências variáveis no mundo, com incremento 

significativo nos últimos anos. A prevalência da ELA/DNM é desconhecida em Portugal, 

pela ausência de registos nacionais. Neste sentido, foi desenvolvido um modelo 

Bayesiano para aferir a prevalência da ELA/DNM em Portugal, tendo por base os dados 

de consumo de Riluzole fornecidos pelo INFARMED, uma meta-análise de estudos 

predizendo a percentagem do consumo deste fármaco por doente, assim como a 

distribuição dos doentes por sexo e grupo etário, baseando-nos nos dados referentes 

aos casos de ELA/DNM observados nas unidades hospitalares do Serviço Nacional de 

Saúde Português. Além disso, em hospitais do Norte de Portugal foi aplicado um 

inquérito epidemiológico a doentes com ELA, confirmada ou provável, segundo os 

critérios El Escorial, avaliando-se os fatores potencialmente patogénicos, tendo-se ainda 

analisado o Exóma destes doentes, na tentativa de encontrar indicadores genéticos e 

ambientais que justificassem o aparente aumento do número de casos desta patologia 

na região. O estudo epidemiológico sugere um predomínio de exposição a radiação 

gama e a metais pesados, assim como se identificaram indicadores genéticos associados 

a melhor sobrevida, após interpretação clínica do Exóma. 

Sendo a falência respiratória condicionante da sobrevida destes doentes, a intervenção 

precoce com suporte ventilatório, tosse assistida e colocação da Gastrostomia 
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Percutânea Endoscópica (GEP) pode igualmente influenciar uma maior taxa de 

sobrevida. Deste modo, através de estudos clínicos prospetivos quasi-experimentais 

tentou identificar-se os fatores clínicos associados a melhor prognóstico, assim como o 

indicador mais eficaz ou preciso para o início do suporte ventilatório e para a colocação 

da GEP. Neste sentido, realizou-se um estudo de coorte transversal em 81 doentes com 

ELA, confirmado ou provável, de acordo com os critérios El Escorial, com o objetivo de 

avaliar o impacto do suporte ventilatório ou da tosse assistida na sobrevida global. Com 

o intuito de determinar os fatores associados a melhores outcomes, foi também 

realizada uma análise multivariada, durante 9 anos de seguimento, destes doentes. 

Adicionalmente, um subgrupo destes doentes, com diagnóstico recente de ELA no 

período decorrido entre outubro de 2016 e março de 2018, foi ainda selecionado para 

um outro estudo, quasi-experimental, onde se comparou o uso da videoendoscopia da 

deglutição com diferentes parâmetros funcionais como indicadores para a colocação da 

GEP.  

Assim, como principais contributos desta investigação destaca-se o cálculo da 

prevalência da ELA/DNM em Portugal (10,32/100.000 habitantes em 2016), tornando-o 

um pais de alta prevalência, principalmente nas regiões do Norte e Centro, (9,31 e 

11,15/100.000 habitantes, respetivamente), particularmente no género masculino da 

sétima década de vida.  Foi também possível determinar que um suporte ventilatório 

iniciado precocemente, mesmo em pacientes com função pulmonar preservada, mas 

com evidência de hipoventilação noturna, tem um impacto favorável na sobrevida (mais 

de 50 meses), particularmente se o suporte ventilatório for efetivo (aderente e sem 

eventos obstrutivos residuais), mesmo na presença de fenótipo bulbar. Além disso, 

verificou-se que apesar da avaliação endoscópica da deglutição conferir informações 

adicionais além da indicação formal de colocação da GEP, o score bulbar da ALSFRS-R ≤8 

apresenta-se como o indicador funcional não-invasivo de elevada sensibilidade e 

especificidade (100% e 90.9%, respetivamente), sendo, portanto, proposto como o 

melhor indicador para a colocação da GEP nestes doentes.  
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PREFACE 

 

Rare diseases are always a challenge, and Amyotrophic Lateral Sclerosis (ALS) is not an 

exception. The advances reached on this disease are enriching, but the need for more 

in-depth studies is pivotal to better known the disease features, and this was the main 

trigger to the embrace the challenge of this thesis. 

Looking at ALS disease, and specifically considering the experience acquired with my 

clinical practice, several questions have progressively emerged while treating and 

studying ALS patients (since 2009). Among others, the most prominent questions were 

related to the following aspects: What is the Portuguese ALS prevalence? What are the 

main genetic and environmental risk factors of this disease? Which factors are 

associated with better outcomes? What is the best non-invasive indicator to PEG 

placement? and What is the UA impact in VS or cough assistance efficacy?  

Thus, and among other personal/professional objectives, to find the most appropriate 

scientific answers to the above highlighted questions was at the same time a hard, but 

grateful work. 
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INTRODUCTION 

 

DEFINITION AND EPIDEMIOLOGY 

Motor Neuron Diseases (MND) are a group of rare, progressive and heterogenous 

diseases, which include Amyotrophic Lateral Sclerosis (ALS), Primary Lateral Sclerosis 

(PLS) and Progressive Muscular Atrophy (PMA) (1,2). Briefly, ALS involves the upper and 

lower neurons, and is the most common MND and with worst prognosis. PLS represents 

1-3 % of the MND and involves only the first motor neuron, while PMA accounts for 10 

% of the MND and involves only the second neuron (1,2). 

It has been reported that the time from first ALS symptom to diagnosis is approximately 

1 year (3). ALS diagnosis was defined by El Escorial criteria (1). Nevertheless, Awaji 

criteria may be more sensitive, namely in bulbar-onset ALS (4,5).  

The global incidence described in Europe and United Sates America ranges between 1-

2/100,000 inhabitants, and prevalence between 3-5/100,000 inhabitants (3). Even 

though, these statistics vary across the world (Figure 1).  

 

Figure 1. Worldwide ALS prevalence adapted from A Chiòa et al. (6). 
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The incidence in Belgrade (Yugoslavia) is 0.5/100,000 inhabitants, and 3.6/100,000 in 

the Faroe Islands. The incidence in China is lower when compared to Japan or New 

Zealand. In turn, the prevalence varies from 1.1/100,000 inhabitants in Yugoslavia to 

11.3/100,000 in Japan (6,7).  

Generally, the estimation of epidemiological frequency comes from population surveys 

or disease registries (6,7). Given the fact that ALS/MND are rare diseases, population 

studies are organizationally and financially difficult to implement and hard to update 

periodically. Therefore, alternative and less demanding methods could have great 

importance in this context.  

ALS/MND treatment and management, currently includes the use of Riluzole, in a large 

proportion of cases, as a drug that has proven to delay the onset of ventilator-

dependence or tracheostomy and to increase  survival (8–11). According to several 

studies, Riluzole’ prescription and consumption is greater than 50 % in ALS/NMD 

patients (1,9,12–15). Riluzole is only approved for the treatment of ALS/MND, thus it is 

quite specific for these conditions. There are no other indications, either on or off-label, 

in addition of being used in most countries and specifically in Portugal. Therefore, the 

total national consumption of Riluzole should depend exclusively on the number of 

ALS/MND-affected patients in the population. Thus, it is possible, relaying on some 

plausible assumptions, to obtain good estimates of ALS/MND prevalence from 

nationwide population-based data on Riluzole’s consumption (16–20). This 

methodology, much less organizationally and financially demanding, gives estimates 

with acceptable accuracy and validity (16–20). For instance, in a Swedish study, in which 

a model for calculating ALS/MND prevalence based on Riluzole consumption was 

applied and estimates were subsequently compared with data from the national 

registry, a high correlation between estimates and registries was found and the 

adequacy of this approach to estimate the prevalence of ALS/MND was confirmed (13). 

Namely, authors found that the total number of reported ALS/MND in Sweden in 2003 

was 463, corresponding to a point ALS/MND prevalence of 5.4 patients/100,000 

inhabitants. Also, the prevalence in different counties of Sweden varied between 0.9 

and 14.2/100,000 inhabitants. In the same period, the sales of Riluzole for the whole 

country corresponded to 3.8 DDD/100,000 inhabitants/day. The prescription sales 
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figures for the different counties varied between 1 and 10.7 DDD/100,000 

inhabitants/day. There was a high correlation between the point prevalence of 

ALS/MND and the sales of Riluzole in the different counties (13). It is important to 

emphasize that notwithstanding this high correlation, there is a systematic difference 

between these two prevalence estimates (those based on patient counts versus those 

based on drug dispensing). This difference should be explained by the proportion of 

patients not currently using Riluzole (those without clinical indication to drug use) and 

by drug non-compliance or imperfect compliance among drug users (drug use was 

refused, or dose adjusted by bad tolerability). 

Given the above highlighted aspects, and as in Portugal there are no mandatory 

registries, new methods should be developed to determine the ALS/MND prevalence 

and epidemiologic studies should be designed to know more on the main risk factors. 

 

ENVIRONMENTAL AND GENETIC RISK FACTORS 

ALS can be inherited in an autosomal dominant, autosomal recessive, or X-linked 

manner. Nevertheless, 90% of all ALS cases are sporadic, with no clear genetic linkage, 

and only approximately 10% have demonstrated family inheritance (21). The autosomal 

dominant (AD) origin is predominant in adult onset ALS patients, and in rare cases of 

juvenile ALS, the autosomal recessive (AR) form is more common (22). 

New-generation genetic studies, like Whole Exome Sequencing (WES), have contributed 

to an increasingly better understanding of ALS genetics, although it is important to note 

that some interpretation problems may arise from the excessive amount of data 

generated. Currently, some works and clinical software have appeared as an aid in 

interpreting the variants found (23–26). 

Genetic variants found in ALS patients involve genes encoding proteins bound to 

hemostasis, Ribonucleic Acid (RNA) processing and cytoskeleton (3,22,27). It was 

previously found that a significant dysregulation in RNA processing function is present in 

ALS patients with lower survival (22). For instance, SETX (Senataxin) mutation is 

responsible for the appearance of ALS in young individuals, mainly affecting the lower 

motor neuron, as well as the absence of bulbar or sensory symptoms. These mutations 
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are associated with slow disease progression and increased survival, being associated 

with interference from RNA processing (22,28). 

More than one hundred genes have been identified since this pathology was studied. 

The most well-known and studied variant was Superoxide dismutase-1 (SOD1) 

mutation. It was found to be more frequent in familial cases (20% vs <5 % in sporadic 

ALS patients). This mutation was associated with frontotemporal dementia. Another 

important mutation was related to C9orf72, also more associated, although not 

exclusively, with familial cases (29). The most recently identified genetic variant by WES 

was a Serine/Threonine-protein kinase (NEK1) mutation (3,22,28,30,31). 

Even if ALS is defined as an autosomal disease, environmental factors increase its 

prevalence or even are responsible for the manifestation of genetic markers. We don’t 

know yet why some patients have or not this disease in the presence of some 

mutations, even knowing the relation of some environmental risk factors to ALS (3,30).  

Radiation, high impact sports and heavy metals exposure have been associated with ALS 

disease, due to motor neuron injury (3,32,33). However, perhaps because it is a rare 

and multifactorial disease, the true reason and correct physiopathology are not yet 

known. Also, there is no reason for the increased prevalence observed in recent years 

and for the worldwide variability in terms of prevalence (6). One aspect that seems to 

be associated with better outcomes is the early and effective VS initiation, cough 

assistance as well PEG placement, and consequently an increased prevalence. However, 

there is a need to support this theoretical data with scientific evidence. 

 

VENTILATORY SUPPORT AND COUGH ASSISTANCE. FACTORS ASSOCIATED TO BETTER 

OUTCOMES IN ALS PATIENTS 

ALS is a rare, progressive neurodegenerative and fatal disease. Mean survival time is of 

3-5 years and less than 20 % live beyond 4 years (3). Also, it has been reported that the 

time from the first ALS symptom to diagnosis is approximately 1 year (3).  

Based on body region involvement, there are different ALS phenotypes described: 

bulbar and pseudobulbar palsy and limb regional variants (3,34). Nonetheless, VS use 

has shown a valuable prognostic impact (35–37). According to the American Academy 
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of Neurology (AAN) guidelines (38), the presence of hypoventilation symptoms (e.g. 

orthopnea), a Maximal Inspiratory Pressure (PImax) <60 cm H2O/ Sniff Nasal Inspiratory 

Pressure (SNIP) <40 cm H2O, nocturnal desaturation, or a Forced Vital Capacity (FVC) 

<50 %, constitute a VS indication in ALS patients. Furthermore, when cough is inefficient 

and Cough Peak Flow (CPF) <270/min, cough assistance must be initiated (38). 

Moreover, the literature data has shown that nocturnal hypoventilation is an adequate 

VS initiation criterion, even before diurnal hypercapnia, with better outcomes. 

Orlikowski et al. (39) showed that the “Ward” hypoventilation definition (maximum 

nocturnal TcCO2 ≥49 mmHg) comprises an effective and accurate VS criterion (39–41). 

However, other hypoventilation definitions have also been proposed. For example, 

Simonds (42) considered a TcCO2 >50 mmHg for VS initiation in neuromuscular 

diseases, while the American Academy for Sleep Medicine (AASM) established a TcCO2 

>55 mmHg for a period of more than 10 min or an increase in TcCO2 >10 mmHg, when 

compared with awake supine value (TcCO2 >50 mmHg) for a period exceeding 10 min 

(43). 

Besides to the above described aspects, there are some factors related to bad prognosis 

in ALS patients, like bulbar and pseudobulbar onset, upper motor neuron compromise, 

VS failure and poor nutritional status (35,36,44). One of the reasons for that seems to 

be swallowing, breathing and UA protection compromise, leading to respiratory failure 

and even death (1,3). Moreover, respiratory muscle strength has also been proposed as 

a predictive biomarker for survival or even for ventilator-free survival in ALS patients, 

including PImax, SNIP, Vital Capacity as well as trans-diaphragmatic pressures (45). 

However, even in face to a poor prognosis and progressive deterioration status, the 

effective VS use, coupled with Riluzole treatment, nutritional support and moderate 

intensity exercise have exerted a good prognostic impact in these patients (3,8,9,15,46–

48).  

There are some studies in literature describing the impact of different therapeutic 

approaches, namely using VS. For example, Sancho et al. (35) assessing VS prognostic 

impact in ALS ventilated patients found that, among the 120 patients intended to treat, 

VS conferred a longer survival (18.5 vs. 3 months), even in those with bulbar-onset (13 

vs. 3 months). On the other hand, Farrero at al. (49) observed a better survival only in 
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non-bulbar ALS patients. But, to the authors’ knowledge, none of these studies analyzed 

the VS impact in overall survival, respiratory function evolution and admissions for 

respiratory exacerbations, in different groups of ALS patients, by different VS initiation 

criteria (e.g. lung function compromise, hypoventilation criteria or diurnal hypercapnia). 

It was already proposed that the existence of functional compromise is an indication to 

VS initiation and PEG placement; however, it remains poorly investigated whether the 

presence of a significant functional compromise is linked to a bad prognosis (1,3,50). So, 

it is necessary to find the best and more accurate timing for VS initiation and PEG 

placement. 

  

INDICATORS TO PEG PROCEDURE 

Being ALS characterized by upper and lower motor neuron dysfunction, it causes 

weakness of oropharyngeal and respiratory muscles, that results in dysphagia and 

respiratory failure (1). Bulbar involvement may take place at the onset or throughout its 

evolution, leading to the development of distinct clinical symptoms. One of the most 

significant symptoms is dysphagia, as it may favor malnutrition, dehydration and weight 

loss, as well as aspiration pneumonia. Together, these complications markedly influence 

mortality rates, which may justify the worse prognosis of bulbar onset ALS patients, 

compared to those with limb onset (1,2), as both nutritional deficits and malnutrition 

status are recognized to be associated with mortality in these patients (3). Thus, 

nutritional supplementation is very important during disease, and dysphagia 

management with a gastrostomy tube, is conceived as one of the cornerstones of 

symptomatic treatment in ALS patients (1,3,4). 

Gastrostomy tube (G tube) can be accomplished by different methods, like 

Percutaneous Endoscopic Gastrostomy (PEG), Radiological Gastrostomy (RIG) or Per-

oral Image-guided Gastrostomy (PIG), that are similar in efficacy (1,5), although some 

authors have reported a better survival in ALS patients with moderate to severe 

respiratory impairment under RIG than PEG (6–8). 

The optimal timing to perform PEG is controversial; however, the American Academy of 

Neurological Societies and European Federation of Neurological Guidelines recommend 
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G tube placement preferably when FVC>50%, since it reduces procedure risk, besides 

being associated with a better prognosis in ALS patients (1,9). Nevertheless, before 

placing G tube, the presence of dysphagia in ALS patients should be ascertained, to 

assess the need for food consistency adjustment or body positioning during swallowing. 

There are some scales used to classify dysphagia and the gold standard to the study is a 

video fluoroscopy and videoendoscopy of swallowing (10–12). 

Some functional indicators have been examined in ALS patients to study dysphagia and 

even to perform PEG, like Forced Vital Capacity (FVC), Voluntary Cough Airflow, ALSFRS-

R (12–14), and lastly a risk stratification questionnaire for PEG placement (15). This 

subject has been a “hot topic”; however, none of the previous investigations were able 

to identify the optimal indicators to place G tube, which is considered a safe procedure, 

even in the presence of severe respiratory impairment (1,8). In addition, UA 

videoendoscopy seems to be crucial to identify the best moment for PEG placement, as 

well as to evaluate the VS and cough assist effectiveness in ALS patients with bulbar 

compromise. 

 

UPPER AIRWAYS PATENCY AND THE IMPACT IN VENTILATORY SUPPORT AND COUGH 

ASSIST EFFICACY 

Non-invasive ventilation (NIV) is the application of VS using the natural airway. The 

efficacy of delivered NIV can be greatly compromised by altering UA patency or 

spasticity. So, to achieve an optimal management of ventilated patients, the normal UA 

anatomy and physiology, as well as the changes induced by exercise, positive pressure, 

sedation, body position or obesity should be understood (51). 

UA soft tissue collapse significantly decreases its diameter and increases airflow 

resistance, particularly in the supine position. These phenomena underlie pathological 

states, such as OSAS and obesity hypoventilation syndrome (OHS) (52,53). Therefore, 

UA endoscopic evaluation under pharmacological sedation may contribute to the 

comprehensive study of these patients. In fact, it allows to identify the collapse location, 

investigating the role of body position and selecting the most appropriate interface (54–

57).  
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Recently, some classification systems were developed to standardize endoscopic 

findings descriptions (58,59). For example, in patients with persistent obstructive 

events, even after optimization of ventilatory modes, pressures and interfaces, UA 

endoscopic evaluation can help to understand and correct the mechanisms underlying 

residual events, recognized as having a negative prognostic impact (60–62). In addition, 

although UA evaluation is clinically relevant in chronically ventilated patients with 

obstructive or restrictive respiratory disease, leading to hypoventilation or respiratory 

failure, the evidence published on these topics is still scarce (61).  

An important study by Andersen et al. (63), with the objective of evaluating the impact 

of high pressures provided by Mechanical In-Exsufflator (MI-E) on laryngeal movement 

patterns of ALS patients, for different levels of bulbar involvement, found that some ALS 

patients with pseudo-bulbar dysfunction were unable to tolerate high pressures during 

MI-E use, even after fine adjustments of inspiratory time and triggers. In fact, UA 

endoscopic evaluation is not routinely indicated in the monitoring and follow-up of all 

patients under NIV and MI-E (61,63–65). Nonetheless, according to the current data, UA 

evaluation can be considered for patients with bulbar dysfunction or residual 

obstructive events, which carry a worse prognosis (62). Thus, it is of utmost importance 

to deepen knowledge in this area, specifically addressing the need to identify ALS 

patients with bulbar/pseudobulbar (spastic) phenotype and who will benefit from 

tracheostomy, after application of titration protocols using UA videoendoscopy, 

thereby, enhancing VS effectiveness. 
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THESIS’S AIMS 

 

1. The aim of this study was to obtain the best available indirect estimates of ALS/MND 

prevalence in Portugal using a pharmaco-epidemiological approach, by developing a 

Bayesian multiparameter evidence synthesis model based on nationwide Riluzole 

consumption data. 

 

2. To deeply understand this disease in northern of Portugal, that has shown a 

progressive increase of new cases, the authors developed an epidemiological study, 

investigating environmental and genetic risk factors in ALS patients (confirmed or 

probable by El Escorial criteria (1)), being followed in respiratory departments of 

Northern hospitals. 

 

3. To analyse the clinical outcomes in a cohort of ALS patients and to identify both 

functional and phenotypic factors associated to better outcomes. 

 

4. A longitudinal prospective study using videoendoscopic evaluation of swallowing 

(FEES), simultaneously to respiratory function and functional evaluation scales [ALSFRS-

R and bulbar sub-score (ALSFRS-R-B)] assessment, was performed to find the best 

functional or endoscopic indicator to PEG placement in ALS patients. 
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Abstract  

Background: Amyotrophic lateral sclerosis (ALS) is a rare and progressive 

neurodegenerative disease involving the upper and lower motor neurons. It is also the 

most common and the one with the worst prognosis among the motor neuron diseases 

(MND). ALS invariably progresses to respiratory failure, which is an essential factor 

affecting the prognosis of this disease. Its prevalence in the world is heterogeneous and, 

in many countries, is even unknown, since national registries are not mandatory or 

comprehensive enough. Worldwide, the ALS/MND prevalence is estimated between 4 
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and 8 cases per 100,000 inhabitants, but in Portugal the prevalence was never studied. 

Because ALS and MND are rare diseases, population-based studies are very difficult to 

perform. In Portugal, there are no systematic patient registries. Objective: We aimed to 

obtain the best available indirect estimates of ALS/MND prevalence, using a pharmaco-

epidemiological approach. Method: We developed a Bayesian multiparameter evidence 

synthesis model based on nationwide data of Riluzole consumption, a drug highly 

specific for ALS/MND, combined with data from a nationwide hospital administrative 

database, data from the national institute of statistics, and data from other scientific 

articles focused on ALS/ MND epidemiology, to estimate ALS/MND prevalence in 

Portugal. Results: We found an estimated ALS/MND prevalence in Portugal steadily 

increasing from 6.74 per 100,000 inhabitants (Bayesian 95% Credible Interval [95% CI] 

5.39–9.37) in 2009 to 10.32 (95% CI 8.27–14.27) in 2016. In 2016, the estimated 

ALS/MND prevalence was higher in men, 12.08 per 100,000 (9.66–17.15), than in 

women, 8.56 (6.84– 12.32). Regarding age groups, the estimated prevalence per 

100,000 inhabitants were, in 2016 for women, 1.19 (0.78– 1.85) for the <50 years’ 

group, 8.48 (6.00–12.76) for the 51–60 group, 23.47 (18.05–33.88) for the 61–70 

group, 28.77 (22.02–41.31) for the 71–80 group, and 14.45 (9.97–21.63) for the >80 

group. For men, the prevalence estimates were 1.90 (1.32–2.84), 12.89 (9.44–19.16), 

32.18 (24.91–45.74), 48.85 (38.72–71.40), and 31.27 (21.73–46.41), respectively, for 

each age group. We also observed a relevant variability across the country, with 

prevalence estimates, in 2016, of 9.31 cases per 100,000 inhabitants (7.45–12.86) in the 

Northern region of Portugal, 11.15 (8.9–15.34) in the Centre region, 10.74 (8.6– 14.82) 

in Lisbon and Alentejo regions, and 5.55 (4.35–7.83) in the Algarve region. Conclusion: 

Overall, and even though we must account for the limitations of the indirect methods 

and models used for prevalence estimation, we probably have a very high ALS/MND 

prevalence in Portugal. It would be important to create registries, particularly in rare 

diseases, for better organization and distribution of healthcare services and resources, 

particularly at the level of ventilatory support.  

 

Keywords: Prevalence, Amyotrophic Lateral Sclerosis, Motor Neuron Disease; Bayesian 

model 
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Introduction  

Motor Neuron Diseases (MND) are a group of rare, progressive, and heterogenous 

diseases, which include amyotrophic lateral sclerosis (ALS), primary lateral sclerosis, and 

progressive muscular atrophy (PMA) [1, 2]. ALS involves the upper and lower neurons 

and is the most common MND and that with worst prognosis. Primary lateral sclerosis 

represents 1–3% of the MND and involves only the first motor neuron, while PMA 

accounts for 10% of the MND and involves only the second neuron [1, 2].  

The global incidence described in Europe and United Sates America ranges between 1 

and 2/100,000 inhabitants and prevalence between 3 and 5/100,000 inhabitants [3]. 

Still, these statistics vary across the world; for instance, the incidence in Belgrade 

(Yugoslavia) is of 0.5/100,000 inhabitants, and in the Faroe Islands of 3.6/100,000, and 

the prevalence varies from 1.1/100,000 inhabitants in Yugoslavia to 11.3/100,000 in 

Japan [4, 5].  

Generally, the estimation of epidemiological frequency measures comes from 

population surveys or disease registries [4, 5]. Given the fact that ALS/MND are rare 

diseases, population studies are organizationally and financially difficult to implement 

and hard to update periodically. Therefore, alternative and less demanding methods 

could have great importance in this context.  

ALS is a devastating disease with a very poor prognosis; its diagnosis, treatment and 

follow-up need a multidisciplinary approach and are high resource consuming [6, 7]. To 

both increase our understanding of the disease and to make sure that there are 

adequate follow-up and treatment options available, knowledge of the disease 

epidemiology and adequate estimates of the disease prevalence are required. 

Treatment and management of ALS/MND currently includes the use of Riluzole, in a 

large proportion of cases, as a drug has proven to delay the onset of ventilator-

dependence or tracheostomy and to increase the survival [8–11]. According to several 

studies, Riluzole’s prescription and consumption is >50% in ALS/MND patients [1, 6, 9, 

12–14]. Riluzole is only approved for the treatment of ALS/MND, and thus it is quite 

specific for these conditions. There are no other indications, either on or off-label, in 

addition to being used in most countries and specifically in Portugal. Therefore, the 
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total national consumption of Riluzole should depend exclusively on the number of 

ALS/MND-affected patients in the population. Thus, it is possible, relying on some 

plausible assumptions, to obtain good estimates of ALS/MND prevalence from 

nationwide population on Riluzole consumption data [15–19]. This methodology, much 

less organizationally and financially demanding, gives estimates with acceptable 

accuracy and validity [15–19].  

A Swedish study, in which a model for calculating ALS/ MND prevalence based on 

Riluzole consumption was applied and estimated prevalence was subsequently 

compared with data from the national registry, confirmed the high correlation between 

estimates and registries data and the adequacy of this approach to estimate the 

prevalence of ALS/MND [12]. In this study, the authors calculated prevalence estimates 

for ALS/MND, for the year 2003, based on the total volume of Riluzole dispensed and 

defined daily dose (DDD) described for this drug by the ACT-DDD statistics from World 

Health Organization Collaborating Centre for Drug Statistics Methodology [20, 21]. The 

volume of drug dispensed was presented as DDD/100,000 inhabitants/day, which 

directly estimates the number of individuals using the drug in a given region [17, 22, 

23]. Additionally, the authors performed a survey in all neurology clinical centers in the 

country and obtained a direct estimate of the number of ALS/MND patients followed in 

which center and overall nationwide. They found that the total number of reported 

ALS/MND in Sweden in 2003 was 463, corresponding to a point ALS/MND prevalence of 

5.4 patients/100,000 inhabitants. The prevalence in the different counties of Sweden 

varied between 0.9 and 14.2/100,000 inhabitants. In the same period, the sales of 

Riluzole for the whole country corresponded to 3.8 DDD/100,000 inhabitants/day. The 

prescription sales figures for the different counties varied between 1 and 10.7 

DDD/100,000 inhabitants/day. There was a high correlation between the point 

prevalence of ALS/MND and the sales of Riluzole in the different counties (Pearson 

correlation coefficient r=0.83, p<0.001) [12]. It is important to emphasize that 

notwithstanding this high correlation, there is a systematic difference between these 2 

prevalence estimates (those based on patient counts vs. those based on drug 

dispensing). This difference should be explained by the proportion of patients not 

currently using Riluzole (those without clinical indication to use the drug) and by drug 
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noncompliance or imperfect compliance among drug users (dose with clinical indication 

to use the drug).  

The aim of the present study was to obtain the best available indirect estimates of 

ALS/MND prevalence in Portugal using a pharmaco-epidemiological approach, by 

developing a Bayesian multiparameter evidence synthesis model, based on nationwide 

Riluzole consumption data and adequately adjusted for drug noncompliance and for 

patients not currently using Riluzole.  

 

Materials and Methods  

In this case, the statistical challenge is then to provide an inferential approach capable 

of combining direct and indirect information and data from multiple sources and 

appropriately accounting for any uncertainty in the target and functional parameters to 

be estimated. The Bayesian paradigm naturally offers the most appropriate framework 

to address this challenge. Bayesian multiparameter evidence synthesis based on data 

coming from different sources and studies is not new (e.g., see Eddy et al. [24], Dominici 

et al. [25] and Ades and Sutton [26]) and it is attracting increasing attention with 

applications in various fields (e.g., Spiegelhalter and Best [27], Clark et al. [28], Govan et 

al. [29], Birrell et al. [30]). In this paper, we describe how such an approach has been 

successfully adopted to estimate ALS/MND prevalence in Portugal.  

We start by describing the motivations for using Bayesian multiparameter evidence 

synthesis and then define an estimator for the Portugal national ALS/MND prevalence, 

based on nationwide Riluzole consumption data and adequately adjusted for drug non-

compliance and ALS/MND patients not currently using Riluzole.  

 

Bayesian Multiparameter Evidence Synthesis  

Bayesian multiparameter evidence synthesis combines data from diverse sources of 

evidence using Bayesian inference, in order to allow the estimation of certain target 

parameters, directly or indirectly through the estimation of other parameters that we 

know or assume to be functionally linked to the targets [31].  
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Let  be a vector of parameters we aim to estimate and 

be a set of  independent datasets useful to estimate . Each 

dataset  provides either direct information on a single component  of  or indirect 

information on functional parameters expressed in terms of one or more components 

of . Denote by  a generic function of . Then, the likelihood function 

 encompasses the contribution of  to the knowledge, inference and 

uncertainty about the basic parameter vector . Thus, assuming the independence of 

the , the full likelihood function is given by . 

In a Bayesian context, the prior distribution  expresses our prior knowledge on 

through a probability distribution, which could be uninformative whenever there is no 

previous knowledge or data available regarding the parameter. Additionally, inference 

on , considering the observed data y, may be obtained from the posterior distribution 

. The posterior distribution aggregates and summarizes all 

available information, both direct and indirect, on , fully reflecting the uncertainty 

about , including sampling variability and parameter uncertainty, which automatically 

propagates through to any function of the basic parameters . Figure 1 shows a 

directed acyclic graph [31, 32], representing schematically the interconnections 

between data and parameters as well as the flow of information within the system. 

Probabilistic “nodes” are represented by circles and observed “nodes” by squares. The 

target parameters, represented by ovals, are given prior (possibly hierarchical) 

distributions. Solid arrows represent distributional assumptions, and dashed arrows 

indicate functional relationships. Note the examples of functional parameters that may 

inform multiple components of . Information flows along the arrows, from the prior 

and from the data. The posterior distribution of each  is based on its prior distribution 

and on direct and indirect information available on it, as well as the priors and 

information on other components of .  
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Figure 1. Directed Acyclic Graph representing a generic Bayesian multiparameter 

evidence synthesis model. 

 

Prevalence Estimators based on Drugs Consumption  

In the present study, the pharmaco-epidemiological estimator of ALS/MND prevalence 

in Portugal results from an extension of the classical tracer drug method using a 

Bayesian multiparameter evidence synthesis model. An estimator of disease prevalence 

using the tracer drug method has been formally proposed by Sartor and Walkiers [17], 

based on previous work [22, 23]. This method requires data on national drug 

consumption of tracer drugs, estimates of patient’s daily drug consumption, and 

demographic data. Tracer drugs should ideally be taken only by patients affected by 

diseases being assessed and regularly all year long [17]. Riluzole is indicated for the 

treatment of ALS/MND treatment, and in Portugal, a large proportion of ALS/MND 

patients are currently taking this drug daily. Moreover, ALS/MND is the only clinical 

indication for this drug [1, 3, 9, 11, 12, 14, 33].  

The method proposed by Sartor and Walkiers [17] defines the following estimator for 

the disease prevalence ( ):  
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where  is the estimated number of patients with the disease and taking a set (from i = 

1 to k) of drugs,  is the estimated number of patients taking the ith class of drugs,  is 

the total amount of the ith class of drugs sold in 1 year,  is the estimated mean intake 

of the ith drug class by patients in 1 year, N is the total population living in a given 

region, and  is a weighting factor that corrects for the proportion of patients taking 

combinations of 2 or more classes of drugs, avoiding double counting. To estimate  

we should preferably have the mean intake of the ith class of drugs in 1 year, given by a 

cross-sectional survey on patients with the disease.  

In the present study, because the estimation of prevalence of ALS/MND is based on the 

consumption of a single tracer drug, Sartor and Walkiers’ [17] estimator would have a 

simpler form:  

 

where  would be the total amount of Riluzole consumed by the patients living in a 

given region in 1 year and  would be the estimated mean intake of Riluzole by 

ALS/MND patients in 1 year in that region.  

If we simply assume that all patients with ALS/MND use the tracer drug Riluzole and if 

we use the DDD of this drug, as defined by ATC-DDD statistics from the World Health 

Organization Collaborating Centre for Drug Statistics Methodology, as a valid estimate 

of the mean daily dose consumed by all patients, it is easy to show that the Sartor and 

Walkiers’ [17] estimator for the prevalence of the disease (per 100,000 inhabitants) 

then becomes equal to the DDD/100,000 inhabitants/day, with  (mean intake of 

Riluzole by ALS/MND patients in 1 year) assumed to be a known and fixed quantity 

given by . This is indeed the method used by the Swedish study 

previously discussed [12]. It is also easy to understand that this estimator has very 

important limitations because it does not consider the proportion of patient’s non-users 

of the tracer drug, it does not account for the noncompliance or imperfect compliance 

of drug users, and it does not consider the uncertainty and sampling variability in the 

estimation of parameters. Thus, trying to overcome these limitations, in the present 
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study, the pharmaco-epidemiological estimates of ALS/MND prevalence in Portugal 

result from an extension of the classical tracer drug method, using a Bayesian 

multiparameter evidence synthesis model.  

 

Bayesian Model to Estimate ALS/MND Prevalence  

Modeling and Software  

In the present study, we developed a fully Bayesian analysis using the version 3.2.3 of 

the OpenBUGS software [34]. This software uses sampling techniques based on Markov 

Chain Monte Carlo (MCMC) methods, including Gibbs sampling, to estimate, rather than 

calculate, the joint posterior distribution of the model parameters by sampling from the 

conditional distributions. We obtained 10,000 MCMC iterations, with the first 1,000 

being treated as burn-in samples. We used simulations of 2 chains and checked for the 

MCMC convergence and mixing properties assessing, by visual inspection, the trace and 

history plots of all parameters, and the Gelman-Rubin diagnostics.  

In the following sections, we will be describing the different parts of the model. For 

further details, you may check our Open-BUGS code in the online supplementary 

material (for all online suppl. material, see www.karger.com/doi/10.1159/000499485).  

 

Adjustment for Drug Noncompliance or Imperfect Compliance 

As a first step, because drug noncompliance or imperfect compliance is a common 

problem in most clinical contexts, including ALS/MND [35, 36], we aimed to adjust our 

estimate of the number of ALS/MND patients using Riluzole taking this issue into 

account. For this purpose, we thoroughly searched for the best available external 

evidence regarding Riluzole noncompliance or imperfect compliance in ALS/MND 

patients in Portugal. The available evidence is indeed very limited, and we were able to 

find only one study with useful data regarding this issue, published only as part of a 

Master’s thesis [37], presented in 2014 at the National School of Public Health of the 

Nova University of Lisbon. The authors performed a retrospective analysis of hospital 

pharmacy registries of 401 ALS/MND patients using Riluzole, between January 2010 and 
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December 2013, in the largest University Hospital in Lisbon and one of the largest 

nationwide. They reported a mean compliance rate ( ) [38, 39] for Riluzole (estimate of 

the proportion of DDD, 100 mg for Riluzole, effectively used during the complete 

follow-up time observed for each patient) of 91.2% and a proportion of 81.0% of 

compliant patients, defined as having a compliance rate above 80% [37].  

In general, but specially for our prevalence estimation model, the observations of the 

compliance rate for each patient in this study may be thought of as realizations of a 

beta distribution (a suitable model for the random behavior of percentages and 

proportions), which would be specific for the population and describe the behavior of 

the compliance rate. If this is the case, then we would be able to estimate the 

parameters, alpha and beta, of this distribution for the Portuguese population, using 

Bayesian inference, based on the observations of compliance rates for each patient, 

assuming the participants are a random sample of the population and assuming a 

suitable (noninformative) prior distribution for each parameter. Unfortunately, after 

many contacts and requests sent to the authors, no response was received; therefore, 

we were unable to obtain the raw data from this study that would have allowed us to 

follow this approach. Consequently, we were forced to follow an alternative and simpler 

approach, describing the behavior of the compliance rate in the population based on a 

fixed suitable beta distribution most closely resembling the observations from the study 

sample (a mean of 91.2 and 81.0% of the observations above 80%). We performed a 

very large set of simulations varying the parameters of the beta distribution, to find the 

distribution most closely matching these observations. The most suitable beta 

distribution had the following parameters: and . Again, for the 

purpose of our prevalence estimation model, the total amount of Riluzole consumed 

during 1 year for each patient ( ) depends on the patient’s compliance rate ( ) and is 

given by: .  

Moreover, the estimation of the total number of patients using Riluzole in the 

population would be functionally linked to  and the known fixed value of the total 

amount of Riluzole consumed in a given year by the population ( ), as follows:  
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where  is the number of ALS/MND patients using Riluzole in a given year. 

It is easy to see that if all patients were fully compliant, then all  would be equal to one 

and this expression would be simplified as follows:  

 

In this case, as shown above, the estimator for the prevalence of the disease (per 

100,000 inhabitants) then becomes equal to the DDD/100,000 inhabitants/day, with  

(mean intake of Riluzole by ALS/MND patients in 1 year) assumed to be a known and 

fixed quantity given by .  

However, what we would like to do is to take account of the uncertainty associated with 

the existence of patients with noncompliance or imperfect compliance. To do this, 

instead of assuming all  are equal to one, we used simulation methods and randomly 

sampled values from the beta distribution mentioned above, which entails the best 

approximation available of the true distribution of compliance rates in the population. 

Then, we estimated  by repeatedly calculating and summing the  values for each 

patient, until this sum reaches the observed value of . We managed to implement this 

iterative approach in OpenBUGS by using code adopting and adapting the so-called 

how-many trick described by Lunn et al. [34] in The BUGS Book (chapter 2). For details, 

you may check our OpenBUGS code in the online supplementary material.  

After repeatedly performing this process in each of the several 1,000 iterations of the 

MCMC procedure in our Bayesian model, we can obtain a posterior distribution for the 

number of patients using Riluzole in the population. This entails the adjustments for 

noncompliance or imperfect compliance and allows us to propagate in the model the 

uncertainty associated with the estimation of these parameters.  
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Adjustment for the Proportion of Patient’s Non-Users of Riluzole 

After having an adequate estimation of the number of patients using Riluzole adjusted 

for noncompliance or imperfect compliance, we aimed to improve further the validity of 

the disease prevalence estimates, by considering the proportion of patients within the 

ALS/ MND population that might be non-users of Riluzole. To do this we had to include 

in the model an estimate of the proportion of patients in the population that are 

effectively users of Riluzole ( ) and to establish the functional relation between the 

number of ALS/MND patients using Riluzole in a given year ( ) and the total number of 

ALS/MND patients after adjustment for non-users of Riluzole ( ):  

 

Finally, we are able to calculate our final estimate of the prevalence of ALS/MND, 

adjusted for noncompliance or imperfect compliance and for the proportion of Riluzole 

non-users, using the following estimator:  

 

To obtain an adequate estimate of the proportion of ALS/MND patients effectively using 

Riluzole ( ) to include in our model, we would ideally have this proportion estimated 

from a representative sample of ALS/MND patients in Portugal. However, we have no 

such national data available. Thus, as an alternative, we could use data and estimates 

from external studies available in the literature and reporting the estimated proportion 

of patients in ALS/MND populations that are effectively using Riluzole. Although these 

may not be directly generalizable to our Portuguese population of ALS/ MND patients, 

they are the best available alternative to estimate this parameter.  

With this purpose, we have performed an extensive literature search and review. We 

searched for clinical studies assessing and reporting the number and proportion of 

patients in ALS/MND populations that are effectively using Riluzole as part of their 

treatment, ideally using data from large and representative samples (using random or 

consecutive sampling schemes) of ALS/MND patients and adequate methods to assess 

the treatment strategies used by each patient.  
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As the result of this extensive literature review, we found 2 large population-based 

studies from Sweden and Ireland and a hospital-based study from Italy [11, 12, 14] 

satisfying the inclusion criteria.  

The Swedish study analyzed a nationwide population-based sample of 463 ALS/MND 

patients, representative of approximately 90% of cases in the country, and reported a 

proportion of Riluzole users of 76% (354/463) [12]. The Irish group reported the results 

of a population-based outcome study of Riluzole in the Irish ALS population, over a 5-

year period (1996–2000), using data from the Irish ALS Register, including patients 

attending general neurology clinics and specialized ALS clinics; and found a proportion 

of Riluzole users of 71% (245/343) [14]. The Italian group performed a hospital-based 

study and found a proportion of Riluzole users among ALS/MND patients of 66% 

(95/145) [13].  

Aiming to encompass in our model the best available estimate of the proportion of 

ALS/MND patients effectively using Riluzole, we decided to incorporate an estimate of 

this parameter from a Bayesian random effects meta-analysis, pooling the data coming 

from all 3 studies available with appropriate estimates, as described above [24, 26, 31].  

We started by defining adequate noninformative prior distributions for the hyper-

parameters (a uniform [0, 2] distribution for Tau – variance of the super-population of 

random effects – and a flat normal distribution [0, 0.1] for Mu – mean of the super-

population of true effects). Then, these priors were combined with the empirical 

evidence (data – likelihood), coming from the 3 available studies, to obtain the posterior 

distributions for these hyper-parameters. For details, you may check our OpenBUGS 

code in the online supplementary material.  

We used in our model the posterior distribution of the Mu parameter in the meta-

analytical random effects model (mean of the super-population of true effects), as our 

best estimate of the proportion of ALS/MND patients effectively using Riluzole. An 

alternative could have been the posterior predictive distribution for this parameter; 

however, for the purpose of our prevalence estimation model, we considered more 

appropriate the use of the former.  
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Lastly, after performing all these above-mentioned steps, we were able to calculate our 

final estimate of the prevalence of ALS/ MND, adjusted for noncompliance or imperfect 

compliance and for the proportion of Riluzole non-users, using the following estimator:  

 

Thus, using the Bayesian multiparameter evidence synthesis model described above, 

based on Riluzole consumption data for each year from 2009 to 2016 and for each 

geographical region for the year of 2016, we were able to estimate the prevalence (per 

100,000 inhabitants) of ALS/MND in the Portuguese population for each year and 

region.  

 

Gender and Age Specific Prevalence Estimates  

Finally, the last part of the model allowed us to present sex and age specific prevalence 

estimates of ALS/MND for the year 2016.  

For this purpose, we used a large multicenter hospital administrative database including 

data on hospital admissions and procedures – Portuguese diagnosis-related group 

(DRG) database. From this database, we were able to extract data regarding the gender 

and age distributions of ALS/MND patients attending Portuguese hospitals between 

2014 and 2016 (n=928). This database for ALS/MND patients has many limitations and 

does not include clinical data; however, we believe that it could be useful, at least for 

the purpose of obtaining simple estimates of the gender and age distribution of 

ALS/MND patients. The Central Administration of the Healthcare System formally 

provided access to the data. From this database we were able to estimate the 

proportion of patients in each gender and age group (≤50; 51–60; 61–70; 71–80; >80) in 

the population of ALS/MND patients.  

The gender- and age-specific prevalence estimates ( ) should be calculated as follows:  
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where  is the number of ALS/MND patients pertaining to stratum  of 

gender and  of age and  is the size of the population pertaining to the 

corresponding stratum.  

It is possible to show that if there is a set of mutually exclusive and jointly exhaustive 

gender and age strata, the total number of ALS/MND patients in the population  is 

equal to:  

 

where  indicates the proportions of patients pertaining to each gender and age 

stratum.  

Given that  are calculated as:  

 

If there are adequate estimates of  available (e.g., from a representative sample, 

preferably large, of ALS/MND patients relating to the same period), it is possible to 

estimate  and  as follows:  

     and      

In our Bayesian model, we obtained estimates of  by setting  as following a 

multinomial distribution with parameters ( ), with  equal to the size of the sample 

coming from the DRG database ( ) and assuming a noninformative Dirichlet 

 prior distribution. Using these estimates of  we then obtained estimates of 

 and  following the functional relations described above.  
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Sources of Data  

We used an extensive set of heterogeneous data sources to inform our Bayesian 

multiparameter evidence synthesis model.  

Data regarding the population sizes at national and regional levels, from 2009 to 2016, 

were obtained from the Portuguese National Institute of Statistics.  

Data on nationwide Riluzole consumption, from 2009 to 2016, and regional data for 

2016, were obtained from our Portuguese National Authority on Medicines and Health 

Products – INFARMED, IP. The authority formally provided us with the number of 

Riluzole pills (50 mg) prescribed for each year and for each geographic region (North, 

Center, Lisbon/Alentejo and Algarve) in 2016. The DDD for Riluzole in ALS/MND patients 

is equal 100 mg, and according to several studies, the prescription of Riluzole is higher 

than 50% of the ALS/MND patients [1, 6, 9, 12–14, 40].  

Data on Riluzole noncompliance or imperfect compliance in ALS/MND patients in 

Portugal, as previously mentioned, were obtained from one single study, published only 

as part of a master’s thesis [37] presented in 2014. The authors performed a 

retrospective analysis of hospital pharmacy registries of 401 ALS/MND patients using 

Riluzole, between January 2010 and December 2013, in the largest University Hospital 

in Lisbon and one of the largest nationwide.  

Data on the proportion of ALS/MND patients effectively using Riluzole, as previously 

mentioned and in the absence of available national data, were obtained from 3 external 

studies found because of an extensive search and review of the literature. As the result 

of this extensive literature review, we found 2 large population-based studies from 

Sweden and Ireland and a hospital-based study from Italy [12–14] satisfying the 

inclusion criteria.  

Data on the gender and age distribution in the population of ALS/MND patients were 

obtained from the Portuguese DRG database. This is a large multicenter hospital 

administrative database including data on hospital admissions and procedures. From 

this database, we were able to extract data regarding the gender and age distributions 

(≤50; 51–60; 61–70; 71–80; >80) of ALS/MND patients attending Portuguese hospitals 
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between 2014 and 2016. The Central Administration of the Healthcare System formally 

provided access to the data.  

Results  

From a Bayesian multiparameter evidence synthesis model, we found an estimated 

prevalence of ALS/MND in Portugal steadily increasing from 6.74 per 100,000 

inhabitants (Bayesian 95% Credible Interval [95% CI] 5.39–9.37) in 2009 to 10.32 (95% 

CI 8.27–14.27) in 2016, as shown in Table 1 and Figure 2. The corresponding number of 

DDD/100,000 inhabitants/day is also presented in Table 1.  

In 2016, the estimated ALS/MND prevalence was higher in men, 12.08 per 100,000 

(9.66–17.15), than in women, 8.56 (6.84–12.32). Regarding age groups, the estimated 

prevalence per 100,000 for women were 1.19 (0.78–1.85) for the <50 years-old group, 

8.48 (6.00–12.76) for the 51–60 group, 23.47 (18.05–33.88) for the 61–70 group, 28.77 

(22.02–41.31) for the 71–80 group, and 14.45 (9.97–21.63) for the >80 years-old group. 

For men, the prevalence estimates were 1.90 (1.32–2.84), 12.89 (9.44–19.16), 32.18 

(24.91–45.74), 48.85 (38.72–71.40), and 31.27 (21.73–46.41), respectively, for each age 

group, as described in Table 2.  

 

Table 1. Estimated prevalence of ALS/MND in Portugal from 2009 to 2016, obtained 

from a Bayesian multiparameter evidence synthesis model, based on nationwide 

Riluzole consumption. 
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Figure 2. ALS/DNM Estimated Prevalence in Portugal by Year (per 100,000 inhab.), from 

2009 to 2016, obtained from a Bayesian multiparameter evidence synthesis model, 

based on nationwide Riluzole consumption. The grey lines describe the 95% Credible 

Intervals (CI 95) and the solid black line depicts the point estimate for the prevalence of 

ALS/MND, corresponding to the means of the posterior distributions. 

 

Table 2. Sex- and age-specific estimated prevalence of ALS/MND in Portugal, in 2016, 

obtained from a Bayesian multiparameter evidence synthesis model, based on 

nationwide Riluzole consumption. 
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We also observed a relevant variability across the country, with prevalence estimates, in 

2016, of 9.31 cases per 100,000 inhabitants (7.45–12.86) in the Northern region of 

Portugal, 11.15 (8.9–15.34) in Centre region, 10.74 (8.6–14.82) in Lisbon and Alentejo 

region and 5.55 (4.35–7.83) in Algarve region, like is observed in Table 3.  

 

Table 3. Estimated prevalence of ALS/MND for each geographical region of Portugal, in 

2016, obtained from a Bayesian multiparameter evidence synthesis model, based on 

nationwide Riluzole consumption. 

 

 

Discussion/Conclusion 

ALS and other MND are rare and progressive neurodegenerative diseases with very bad 

prognosis, mainly because they frequently progress to respiratory failure and a short life 

span [1, 2].  

The prevalence of ALS/MND in the world is heterogeneous and, in many countries, it is 

unknown [4]. Worldwide, the prevalence of ALS/MND is estimated between 4 and 8 

cases per 100,000 inhabitants [1, 4], but in Portugal their prevalence was never studied. 

This high worldwide variability is most probably explained by relevant differences in 

etiological factors and pathways, namely, with differences regarding environmental and 

genetic factors [3, 41–44].  

Because ALS/MND is a rare disease, population-based studies are very difficult to 

perform. In Portugal, as in most countries in the world, there are no broad and 

systematic patient registries for ALS/MND. In this context, we aimed to obtain the best 
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available indirect estimates of ALS/MND prevalence, for our country, using a pharmaco-

epidemiological approach, based on Riluzole consumption, a drug highly specific for 

ALS/MND. As we and other authors have shown, relaying on some plausible 

assumptions and adequate statistical techniques, this methodology may give estimates 

with acceptable precision and validity [15–19]; and this is so mainly because in Portugal 

as in many other countries, the total national consumption of Riluzole should depend 

exclusively on the number of ALS/MND patients in the population. This general 

approach has been previously used in other diseases [15, 16, 18]; and it has been used 

in other countries, like Sweden [12] and Ireland [14] to study ALS/MND epidemiology 

and adequately validated against disease registries data.  

In the present study, we developed a Bayesian multiparameter evidence synthesis 

model based on nationwide Riluzole consumption data, combined with data from a 

nationwide hospital administrative database and from the national institute of statistics 

and external evidence coming from other scientific articles focused on the ALS/MND 

epidemiology. Our aim was to obtain the best avail- able indirect estimates of ALS/MND 

prevalence in Portugal, adequately adjusted for drug noncompliance and patients that 

are not currently using Riluzole. This is the first study estimating ALS/MND prevalence in 

Portugal using this methodology; and to the best of our knowledge, it is the first time 

that Bayesian multiparameter evidence synthesis methods are used to study ALS/MND 

epidemiology.  

In summary, we found an estimated prevalence of ALS/MND in Portugal steadily 

increasing from 6.74 per 100,000 inhabitants (95% CI 5.39–9.37) in 2009 to 10.32 (95% 

CI 8.27–14.27) in 2016. We observed the highest prevalence among men and in the 71–

80 age group. We also found some geographical variation, with the Centre region of the 

country showing the highest prevalence estimates of 11.15 per 100,000 inhabitants 

(95% CI 8.9–15.34).  

The main findings and conclusions of our study should be seen and interpreted with 

some caution; and we should consider the inherently indirect nature of the methods 

used, the simplifying assumptions we needed to implement, and some additional 

limitations that we should further emphasize.  
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First, we were unable to include in our study the Portuguese Madeira and Azores insular 

regions, because our national medicines agency – INFARMED – was unable to provide 

us with data regarding Riluzole consumption for those regions.  

Second, because Riluzole prescriptions are dispensed only by hospital pharmacies, the 

patients’ reference net- work throughout the country could influence our region- al 

estimates. The abnormally low consumption we observed in Alentejo raised our 

suspicion. It is plausible that many of the patients from Alentejo could be followed and 

get their drugs dispensed from hospitals of the Lisbon region. For this reason, we 

decided to present the Lisbon and Alentejo estimates merged, to avoid the possible 

false low prevalence estimations, we would have otherwise obtained for Alentejo.  

Third, although our prevalence estimation model adequately adjusts for the potential 

drug noncompliance, imperfect compliance and for those ALS/MND patients not taking 

Riluzole, we should reemphasize that the distribution we used to represent the 

different levels of compliance among ALS/MND patients was defined based on 

incomplete data from a single-centered study from a Master thesis. Also, we had to 

assume, based on input from our expert clinicians that no patients were using more 

than the recommended dose and DDD of 100 mg per day of Riluzole. Moreover, the 

proportion of ALS/MND patients not taking Riluzole was estimated from a meta-analysis 

of 3 external studies that we cannot guarantee to be applicable in our country. 

However, in both cases, we used the best available evidence and we are convinced that 

it allowed us to obtain the best possible and most valid prevalence estimates.  

Despite these limitations, this is the first study presenting ALS/MND prevalence 

estimates for Portugal; and we are convinced that they are adequately valid and make 

the best use of the available data and evidence. Although the prevalence estimates are 

based on indirect methods and heterogeneous sources of evidence and data, the 

estimated prevalence for Portugal is high and seems to be increasing, which is in line 

with our observations coming from the clinical practice. Some preliminary 

epidemiologic studies seem to indicate exposure to gamma radiation as a potential 

explanation; however, further research is needed to confirm this and other theories.  
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Overall, we conclude that the estimated ALS/MND prevalence in Portugal is very high, 

namely, in the Center region, in men and in the 7th decade of age. Finally, and given the 

current findings, it would be important to create registries, particularly in rare diseases, 

for a better organization and distribution of healthcare services and resources, 

particularly at the level of ventilatory support. These registries may be possible through 

the contribution of all clinicians, and also with the Health Care Systems support.  
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Abstract 

Amyotrophic Lateral Sclerosis (ALS) is a rare and progressive neurodegenerative 

disease, involving upper and lower motor neurons. The real cause of this motoneuron 

disease (MND) remains unknown, although the extensive research on risk factors 

determination. Thus, an epidemiologic study has been conducted, with application of an 

epidemiologic questionnaire and a Whole Exome Sequencing (WES) analysis, to ALS 

patients, with probable or confirmed diagnosis by El Escorial criteria, consecutively 

enrolled from October 2017 to March 2018. 

Of the 30 ALS patients enrolled, 70% were males, with a mean age of 65.2±9.8 years. 

Spinal onset ALS was predominant (60%), and almost cases were sporadic. In 6 (20%) 

patients all risk factors were excluded, and 8 (26.7%) ALS patients have referred gamma 

radiation exposition. WES revealed that almost all patients presented at least one gene 
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mutation described; however, when a phenotype-genotype analysis was applied using 

GenIO software, lower and more specific mutations with better clinical value were 

identified. Senataxin (SEXT) and Neurofilament heavy polypeptide (NEFH) gene 

mutations were the most prevalent as dominant mutations, and the SEXT mutation was 

associated with a better prognosis, mainly if was identified this only mutation. In 

overall, SEXT mutation alone interferes positively in ALS disease progression. 

 

Keywords: Amyotrophic Lateral Sclerosis; Risk factors; Genetic analysis; Gene mutations; 

Survival. 

 

Introduction 

Amyotrophic Lateral Sclerosis (ALS) is a rare, progressive neurodegenerative and fatal 

disease. In Europe and United States of America, the incidence is of 1-2/100.000 and 

prevalence of 3-5/100.000 inhabitants with a mean survival time of 3-5 years and less 

than 20 % live beyond 4 years [1]. ALS can be inherited in an autosomal dominant, 

autosomal recessive, or X-linked manner; nevertheless, 90% of ALS cases are sporadic, 

with no clear genetic linkage, and only approximately 10% have demonstrated family 

inheritance [2]. The autosomal dominant (AD) origin is predominant in adult onset ALS 

patients, and in rare cases of juvenile ALS, the autosomal recessive (AR) form is more 

common [3]. However, this pathology is of multifactorial origin, with many associated 

factors, such as radiation and heavy metals exposure, and high impact exercise [1,4,5].  

New-generation genetic studies, like Whole Exome Sequencing (WES), have contributed 

to an increasingly better understanding of ALS genetics, although it is important to note 

that some interpretation problems may arise from the excessive amount of data 

generated. Currently, some works, and clinical software have appeared as an aid in 

interpreting the variants found [6–8]. 

Genetic variants found in ALS patients involve genes encoding proteins bound to 

hemostasis, Ribonucleic Acid (RNA) processing and cytoskeleton [1,3]. It was previously 

found that a significant dysregulation in RNA processing function is present in ALS 
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patients with lower survival [3]. For instance, Senataxin (SEXT) mutation is responsible 

for the appearance of ALS in young individuals, mainly affecting the lower motor 

neuron, as well as the absence of bulbar or sensory symptoms. These mutations are 

associated with slow disease progression and increased survival, even being associated 

with interference from RNA processing [3,9].  

More than one hundred genes have been described, since this pathology was studied. 

The most well-known and studied variant was superoxide dismutase-1 (SOD1) mutation. 

It was found to be more frequent in familial cases (20% vs <5 % in sporadic ALS patients) 

[1,3,10]. This mutation was associated with frontotemporal dementia. Another 

important mutation was related to C9orf72, also more associated, although not 

exclusively, with familial cases [11]. The most recently identified genetic variant by WES 

was a Serine/Threonine-protein kinase (NEK1) mutation [1,3,9,12–14]. 

Radiation, high impact sports and heavy metals have been associated with ALS disease, 

due to motor neuron injury [1,15,16]. However, perhaps because it is a rare and 

multifactorial disease, the true reason and correct physiopathology weren`t known. It is 

not known the reason for the increased prevalence observed in recent years and the 

true reason for prevalence differences worldwide [17]. 

Thus, in order to better understand this pathology in the Northern region of Portugal, 

which presents a progressive increase of new cases, an epidemiologic study was carried 

out to investigate both environmental and genetic risk factors in ALS patients, with 

confirmed or probable diagnosis by El Escorial criteria [10]. 

 

Material and methods 

Participants 

Thirty patients were consecutively enrolled in this study, conducted from October 2017 

to March 2018, selecting patients with confirmed or probable ALS diagnosis, and 

recently established, according to the El Escorial criteria, and referred to a pulmonology 

clinic for functional evaluation and/or ventilatory support (VS) initiation. 
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This study had local Ethics Committee (Centro Hospitalar Trás-os-Montes e Alto Douro, 

Vila Real, Portugal) approval, and informed consent was been obtained from all 

patients.  

 

Procedures 

ALS patients participated in an epidemiologic study, answering a questionnaire about 

the potential risk factors, such as high impact exercise, heavy metals or radiation 

exposure.  

After enrollment, blood was collected for DNA extraction and genetic evaluation. 

A whole exome sequencing (WES) technique was also performed, and genes previously 

associated to ALS pathophysiology were analyzed. Then, a phenotype-genotype analysis 

was developed using the GenIO software, and the variants were classified according to 

the American College of Medical Genetics (ACMG) classification [8]. 

Also, was been done the Georeferencing of newly diagnosed ALS cases in the Northern 

region of Portugal. 

 

Molecular Analysis 

DNA was isolated from blood samples using Maxwell RSC Whole Blood DNA Kit 

(Promega) according to the manufacturer’s instructions and quantified using Qubit 

Assay Kit (Life Technologies). An Ion Torrent exome library was prepared using 100 ng 

high-quality genomic DNA following the manufacturers protocol (Ion AmpliSeq™ Exome 

RDY kit; Thermo Fisher Scientific). Data from the Ion S5 or S5XL runs were processed 

using the Ion Torrent platform-specific pipeline software Torrent Suite 5.8 (Life 

Technologies) to generate sequence reads, trim adapter sequences, filter and remove 

poor signal reads and split the reads according to the barcode. Obtained sequence 

reads were aligned to the human genome (hg19). Sequencing data was automatically 

transferred to Ion Reporter software v5.2 (Thermo Fisher Scientific) and each sample 

was analyzed for a panel of 138 genes (Table 1), previously associated to ALS. A mean 
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coverage of 120X was achieved and 98% of the panel was covered >10X, and were used 

the following filters: American College of Medical Genetics and Genomics (ACMG) 

standards and guidelines [8], ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) and M-

CAP [18]. 

 

Table 1. Panel of 138 genes previously associated to Amyotrophic lateral sclerosis. 

Gene Coverage 
(%) Gene Coverage 

(%) Gene Coverage 
(%) 

ABCD1 100 FGGY 100 RAMP3 100 
ABHD12 93.6 FIG4 99.9 RBMS1 98 
AGT 100 FUS 98.9 REEP1 100 
ALAD 100 GARS 99.5 RNASE2 100 
ALS2 100 GBE1 100 RNF19A 100 
ANG 100 GLE1 99.5 SARM1 98.4 
APEX1 100 GRB14 100 SCN7A 100 
APOE 100 GRN 100 SELL 100 
AR 100 HEXA 100 SEMA6A 100 
ATL1 100 HFE 100 SETX 99.5 
ATXN2 90.4 HNRNPA1 100 SIGMAR1 100 
B4GALT6 100 HNRNPA2B1 100 SLC1A2 100 
BCL11B 95.8 HSPD1 100 SLC39A11 100 
BCL6 100 ITPR2 99.9 SLC52A2=GPR172A 100 
BSCL2 100 KDR 96.8 SLC52A3= C20orf54 100 
C1orf27 100 KIAA0196 100 SMN1 5.8 
C21orf2 98.1 KIF5A 100 SMN2 7.3 
C9orf72 97.6 KIFAP3 100 SNCG 100 
CCS 100 LIF 100 SOD1 100 
CDH13 100 LIPC 100 SOD2 96.6 
CDH22 95 LMNB1 100 SOX5 100 
CHCHD10 100 LOX 100 SPAST 99.4 
CHGB 100 LUM 100 SPG11 97.5 
CHMP2B 100 MAOB 97.1 SPG20 99.2 
CNTF 100 MAPT 100 SPG7 99.4 
CNTN4 100 MATR3 98.8 SQSTM1 85.1 
CNTN6 100 NAIP 15.2 SS18L1 96.4 
CRIM1 99.6 NEFH 97.2 SUSD1 95.4 
CRYM 100 NEK1 100 SYNE1 100 
CSNK1G3 100 NETO1 100 SYT9 99.4 
CST3 100 NIPA1 83.6 TAF15 100 
CX3CR1 100 NT5C1A 100 TARDBP 100 
CYP2D6 91.3 OGG1 100 TBK1 99.3 
DAO 100 OMA1 100 TREM2 100 
DCTN1 100 OPTN 100 TRPM7 97.7 
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Statistical Analysis 

Categorical variables were described as absolute values (N) and relative frequencies, 

while continuous variables as mean and standard deviation (SD), or median, minimum 

and maximum values, when appropriate. Comparisons between two subgroups were 

performed with independent samples T-tests, whereas comparisons among three or 

more groups with one-way analysis of variance (ANOVA). Survival between different ALS 

phenotypes was assessed by Kaplan-Meier actuarial curve analysis. Cox regression 

analysis was also performed to assess the main predictive factors for ALS patients’ 

survival. All data were analyzed using the Statistical Package for Social Sciences (SPSS, 

IBM Corp., USA) software, version 25.0, with alpha set at 0.05.  

 

Results 

Thirty patients with ALS were included in this study, mainly males (70%; n=21), with a 

mean age of 65.2±9.8 years. Spinal onset ALS was the predominant phenotype (60%; 

n=18), and almost the cases were sporadic types with one familial ALS case. Heavy 

metals exposure was found in 17 (56.6%) ALS patients, gamma radiation measured in 8 

(26.7%), high impact exercise referred in 2 (6.6%), and in 6 (20%) patients all risk factors 

were excluded (Table 2). 

Georeferencing analysis revealed a heterogeneous distribution of ALS cases in the 

Northern region of Portugal, which seems to be related to high levels areas of exposure 

to gamma radiation (Figure 1). 

DIAPH3 100 PARK7 94.9 TUBA4A 100 
DISC1 92.1 PCP4 100 UBQLN2 100 
DOC2B 68.6 PFN1 100 UNC13A 98.2 
DPP6 97.9 PLEKHG5 99.9 VAPB 100 
DYNC1H1 99.6 PON1 100 VCP 100 
EFEMP1 100 PON2 100 VDR 100 
ELP3 100 PON3 98.3 VEGFA 100 
EPHA4 100 PRF1 100 VPS54 100 
ERBB4 100 PRPH 100 ZFP64 99.7 
EWSR1 100 PSEN1 100 ZNF512B 100 
FEZF2 100 PVR 100 ZNF746 99.8 
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Table 2. Demographic, phenotypic, risk factors and mutations’ characterization in ALS 

patients. 

 Bulbar  
ALS 

Spinal  
ALS Total p value 

Age (years) 68.89.7 62.99.4 65.29.8 0.110 
Gender, n (%)    0.006 

Males 5 (23.8) 16 (76.2) 21 (70.0)  
Females 7 (77.8) 2 (22.2) 9 (30.0)  

Survival (months) 31.723.5 53.540.8 45.236.3 0.079 
Overall survival, n (%)    0.090 

Long (>60 months) 2 (16.7) 8 (83.3) 10 (40.0)  
Short (<24 months) 5 (62.5) 3 (37.5) 8 (26.7)  

Gamma radiation, n (%) 4 (50.0) 4 (50.0) 8 (26.7) 0.500 
High-impact exercise, n (%) 1 (50.0) 1 (50.0) 2 (6.7) 0.765 
Heavy metals, n (%) 7 (41.2) 10 (58.8) 17 (56.7) 0.880 
SEXT, n (%) 8 (66.7) 3 (16.7) 11 (36.7) 0.005 
NEFH, n (%) 6 (50.0) 11 (61.1) 17 (56.7) 0.547 
ATXN2, n (%) 3 (25.0) 2 (11.1) 5 (16.7) 0.317 
Cognitive changes, n (%) 0 1 (100) 1 (3.3) 0.406 
ATXN2, Ataxin-2; NEFH, Neurofilament Heavy; SEXT, Senataxin. 

 

The WES was performed for the 30 ALS patients studied, identifying 9857 genomic 

variations, which after applying the following filters (M-CAP, InterVar (ACMG/AMP) or 

ClinVar), only 158 genomic variations remained. Almost all patients had at least one 

variant gene associated with the disease; however, when a phenotype-genotype 

analysis (GenIO) was applied, lower and specific mutations with better clinical value 

were identified, classified in Potentially pathogenic variants, Dominant/de novo model 

variants or Recessive model variants. Spinal and bulbar onset ALS patients were 

characterized separately, after this genetic study (Tables 3 and 4). SEXT and NEFH 

mutations were the most prevalent dominant mutations and were associated with a 

better prognosis mainly in ALS patients with bulbar onset. However, ATXN2 mutation 

was associated with worst prognosis, but without statistical significance (Tables 3 and 4; 

Figures 2, 3 and 4). 
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After COX regression analysis, where ALS phenotype, gender, age of diagnosis, gamma 

radiation exposure, presence of SEXT, NEFH and ATXN2 mutations were considered as 

possible survival’ predictive factors, the only one associated with better prognosis was 

the age of diagnosis (HR=1.055, 95% CI: 1.001-1.112; p=0.045). 

 

 

Figure 1. Georeferencing of newly diagnosed ALS cases in the Northern region of 

Portugal. 
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Table 3. Identified genetic variants by Whole Exome Sequencing in a cohort of Spinal Onset ALS patients. 

Identification Gender Age of diagnosis Survival (deceased/alive) Identified genetic Variant Protein Change 

ALS1 M 51 109 (d) ALS2:NM_020919.3:c.3062G>A 
ABHD12: c.110A>G 

p. Ser1021Asn 
p. Lys37Arg 

ALS2 M 57 146 TBK1:NM_013254:exon15:c.T1697C 
CRIM1:c.2116G>A 

p. Phe566Ser 
p. Gly706Arg 

ALS3 M 53 93 NEFH:NM_021076:c.1891_1892insC 
NEFH:NM_021076:c.1891_1892insC 

p. Glu631fs 
p. Glu631fs 

ALS4 M 58 98 NEFH:NM_021076:c.A2141G p. Glu714Gly 
ALS5 M 73 90(d) HNRNPA1:NM_031157.2:c.956A>G 

NEFH:NM_021076:exon4:c.1758_1759insT 
UNC13A:NM_001080421:exon25:c.3101delT 
NEK1:NM_001199397.1:c.2814_2817delCAAA 

p. Asn319Ser 
p. S586fs 
p. L1034fs 
p. Asn938fs 

ALS6 M 72 68 SOD1:NM_000454.4:c.358G>C 
ITPR2:NM_002223:c.3173delT 
NEFH:NM_021076:c.1758_1759insT 
FGGY: c.1573G>A 
LMNB1:c.37A>G 

p. Val120Leu 
p. L1058fs 
p. Ser586fs 
p. Ala525Thr 
p. Ser13Gly 

ALS7 M 53 60 DPP6:NM_130797:c.T23C 
NEFH:NM_021076:c.1510delC 
NEFH:NM_021076:c.1758_1759insT: 
CRIM1:c.G1862T 
KDR:C.G3353A 

p. Phe8Ser 
p. Pro504fs 
p. Ser586fs 
p. Ser621Ile 
p.Arg1118Gln 

ALS8 F 62 93 TBK1:NM_013254.3;c.T23C 
ATXN2:NM_002973:c.T284C 
NEFH:NM_021076:c.G1702C 

p. Arg117Ter 
p. Leu95Pro 
p. Glu568Gln 
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ALS9 M 54 51 PON3:NM_000940.2:c.146-2A>C 
SETX:NM_015046.5:c.2096A>G 
HEXA:NM_000520.4:c.739G>A 

 
p. Glu699Gly 
p. Ala247Thr 

ALS10 M 83 42(d) SETX:NM_015046:c.A2401G 
RNF19A:c.G1202A 

p. Lys801Glu 
p. Arg401His 

ALS11 M 56 54(d) UNC13A:NM_001080421:c.3101delT 
ZNF746:NM_001163474:c.T1361C 
ZNF746:NM_152557:c.T1358C 
NEFH:NM_021076c.G1702C 
DIAPH1: c.1291A>G 

p. L1034fs 
p. F454S 
p. F453S 
p. E568Q 
p. Thr431Ala 

ALS12 M 61 14(d) ATXN2:NM_002973:c.T284C 
NEFH:NM_021076:c.A2141G 
AGT:c.412G>T 
NEK1:NM_001199397.1:c.C515T 
NEFH:NM_021076:c.A2141G 

p. Leu95Pro 
p. Glu714Gly 
p. Ala138Ser 
p. Pro172Leu 
p. Glu714Gly 

ALS13 M 58 44 TAF15:NM_139215:c.1386_1387insG 
TAF15:NM_003487:c.1377_1378insG 
NEFH:NM_021076:c.1758_1759insT 
BCL11B:c.A1856G 

p. Gly462fs 
p. Gly459fs 
p. Ser586fs 
p. Lys619Arg 

ALS14 F 65 23(d) NEFH:NM_021076:c.2057delC 
BCL11B:c.G814C 

p. Ala686fs 
p. Glu272Gln 

ALS15 M 76 31 NEFH:NM_021076:exon4:c.G1702C:p.E568Q 
NEFH:NM_021076:exon4:c.A1713C:p.E571D 
NEFH:NM_021076:exon4:c.1891_1892insC:p.E631fs 
NEFH:NM_021076:exon4:c.A1907G:p.E636G 
NEFH:NM_021076:exon4:c.C2057G:p.A686G 

p. Glu568Gln 
p. Glu571Asp 
p. Glu631fs 
p. Glu636Gly 
p. Ala686Gly 

ALS16 M 76 7(d) HNRNPA1:NM_031157.2:c.592G>A p. Gly198Ser 
ALS17 M 65 31 SEMA6A:cC2687T p. Pro896Leu 
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CDH13:c.G1402A p. Glu468Lys 
ALS18 M 59 22 HEXA:NM_000520.4:c.533G>A 

CDH22:c.C2160G 
p. Arg178His 
p. Ser720Arg 

ABHD12, alpha/beta-Hydrolase domain containing 12; AGT, Angiotensinogen; ALS2, Alsin Rho Guanine Nucleotide Exchange Factor; ATXN2, 
Ataxin-2; BCL11B, B-cell lymphoma/leukemia 11B; CDH13, Cadherin 13; CHD22, Cadherin 22; CRIM1, Cysteine Rich Transmembrane BMP 
Regulator 1; DIAPH1, Diaphanous Related Formin 1; DPP6, Dipeptidyl Peptidase Like 6; FGGY, FGGY Carbohydrate Kinase Domain Containing; 
HEXA, Hexosaminidase Subunit Alpha; HNRNPA1, Heterogeneous Nuclear Ribonucleoprotein A1; ITPR2, Inositol 1,4,5-Trisphosphate Receptor 
Type 2; KDR, Kinase insert domain receptor; LMNB1, Lamin B1; NEFH, Neurofilament Heavy; NEK1, NIMA Related Kinase 1; PON3, Paraoxonase 3; 
RNF19A, Ring Finger Protein 19A; SEMA6A, semaphorin 6A; SEXT, Senataxin; SOD1, Superoxide dismutase-1; TAF15, TATA-box binding protein 
associated factor 15 ; TBK1, TANK Binding Kinase 1; UNC13A, Unc-13 Homolog A; ZNF746, Zinc Finger Protein 746. 
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Table 4. Identified genetic variants by Whole Exome Sequencing in a cohort of Bulbar Onset ALS (ALSb) patients. 

Identification Gender Age of diagnosis Survival (deceased/alive) Identified genetic Variant Protein Change 
ALSb1 F 86 75 SETX:NM_015046:c.7449delG 

PLEKHG5:c.1165G>A 
OGG1:c.923G>A 
SPG11:c.16G>A 
CRYM:c.483T>A 
UNC13A:NM_001080421:c.G40T 

p. Gly2483fs 
p. Asp389Asn 
p. Gly308Glu 
p. Gly6Arg 
p. Phe161Leu 
p. Asp14Tyr 

ALSb2 M 62 77 SETX:NM_015046:c.7449delG p. Gly2483fs 
ALSb3 F 63 36 (d) ATNX2:NM_002973.3:c.3535G>A 

ATNX2:NM_002973.3:c.c.2860C>T 
SETX:NM_015046:c.7449delG 
KIF5A:c.C1105T 

p. Ala1179Thr 
p. Pro954Ser 
p. Gly2483fs 
p. Arg369Trp 

ALSb4 F 60 50 TARDBP:NM:_007375.3:c.1045C>T 
NEFH:NM_021076:c.2069delC 
SETX:NM_015046:c.7449delG 
PLEKHG5:c.C1973T 

p. Pro349Ser 
p. Ser690fs 
p. Gly2483fs 
p. Pro658Leu 

ALSb5 F 74 21(d) LMNB1:c.G230T p.Gly77Val 
ALSb6 F 67 15 (d) SETX:NM_015046:c.7449delG 

SETX:NM_015046:c.3576_3577insG 
p. Gly2483fs 
p. Leu1193fs 

ALSb7 M 71 22 (d) FUS:NM_001170937.1:c.339C>T 
NEFH:NM_021076:exon4:c.1510delC:p.P504fs 
NEFH:NM_021076:exon4:c.G1702C:p.E568Q 
NEFH:NM_021076:exon4:c.2036_2037insC:p.K679fs 
NEFH:NM_021076:exon1:c.G727A:p.G243S 
SETX:NM_015046:exon26:c.7449delG:p.G2483fs 

p. (=) 
p. Pro504fs 
p. Glu568Gln 
p. Lys679fs 
p. Gly243Ser 
p. Gly2483fs 

ALSb8 F 78 24 (d) NEFH:NM_021076:c.G1786C p. Ala596Pro 
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SETX:NM_015046:c.7449delG 
HNRNPA2B1:c.646G>A 
BCL11B:c.2613A>C 
SPG7: c.152A>G 

p. Gly2483fs 
p. Gly216Ser 
p. Lys871Asn 
p. Asp51Gly 

ALSb9 M 78 38 ALS2:NM_020919.3:c.3206G>A 
NEFH:NM_021076c.1787_1788insG 
NEFH:NM_021076:c.A1907G 
TBK1:NM_013254:c.1699delA 
SYNE1:c.16158A>T 
CNTF:c.192G>C 

p. Gly1069Glu 
p. Ala596fs 
p. Glu636Gly 
p. Lys567fs 
p. Leu5386Phe 
p. Trp64Cys 

ALSb10 M 65 32 NEFH:NM_021076:c.2141A>C 
UBQLN2:NM_013444:exon1:c.1523delC 
OGG1:c.9123G>A 

p. Glu714Ala 
p. Thr508fs 
p.Gly308Glu 

ALSb11 F 71 4 (d) ATXN2:NM_002973:c.319_320insG 
GRN:NM_002087:c.754_755insC: 
SPG11:c.C6877T 

p. Leu107fs 
p. Val252fs 
p.Arg2293Trp 

ALSb12 M 50 38 ATXN2:NM_002973:c.T284C 
NEFH:NM_021076:c.G1702C 
SETX:NM_015046:c.7449delG 
SETX:NM_015046:c.3576_3577insG 
DYNC1H1: c.G3086A 

p. Leu95Pro 
p. Glu568Gln 
p. Gly2483fs 
p. Leu1193fs 
p. Glu568Gln 

ALS2, Alsin Rho Guanine Nucleotide Exchange Factor; ATXN2, Ataxin-2; BCL11B, B-cell lymphoma/leukemia 11B; CRYM, Crystallin Mu; CNTF, 
Ciliary neurotrophic factor; DYNC1H1, Dynein Cytoplasmic 1 Heavy Chain 1; GRN, progranulin gene; HNRNPA2B1, Heterogeneous Nuclear 
Ribonucleoprotein A2B1; KIF5A, Kinesin Family Member 5A; LMNB1, Lamin B1; NEFH, Neurofilament Heavy; OGG1, 8-Oxoguanine DNA 
Glycosylase; PLEKHG5, Pleckstrin homology domain containing, family G member 5; RNF19A, Ring Finger Protein 19A; SEMA6A, semaphorin 6A; 
SEXT, Senataxin; SYNE1, Spectrin Repeat Containing Nuclear Envelope Protein 1; TARDBP, TAR DNA Binding Protein;TBK1, TANK Binding Kinase 1; 
UBQLN2, Ubiquilin 2; UNC13A, Unc-13 Homolog A. 
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Figure 2. ALS phenotype-associated survival and presence of SEXT mutation. 

 

 

Figure 3. ALS phenotype-associated survival and presence of NEFH mutation. 
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Discussion 

As reported in the literature, almost all ALS cases are sporadic and autosomal mutations 

present [3]. Thus, applying GenIO software, this information was easier and more 

clearly defined [7]. However, the population sample analyzed was from a restrictive 

region of the Northern Portugal, where inbreeding could be relevant.  

SOD1 and C9orf72 mutations were the most frequently identified in other samples 

studied [1,2,4,19], mainly in family cases, and even in sporadic ALS cases. However, in 

this study, SEXT, NEFH and ATXN2 mutations were the most frequently observed, even 

in bulbar onset ALS patients. In addition, according to the literature, SEXT mutation is 

associated with a better prognosis, although no statistically significant differences were 

found; but, in contrast, this survival benefit was verified in adults and with bulbar onset 

ALS [3,9].  

Since ALS is a polygenic autosomal disease, with a sporadic onset inheritance ranging 

from 0.38 to 0.78 (heritability value) [14], and with a variable impact of some 

environmental factors, could justify the big variability of incidence and prevalence in 

ALS disease [1,12,17]. Radiation has been associated with DNA mutation. FUsed in 

Sarcoma (FUS) is a multifunctional heterogeneous nuclear ribonucleoprotein (hnRNP) 

family of RNA-binding proteins, including TATA-Box binding protein associated factor 15 

(TAF15), Ewing’s Sarcoma protein (EWS) and Translocated in Liposarcoma (TLS), which 

have been implicated in multiple aspects of RNA metabolism, interfere with DNA 

binging and are associated with the ALS onset [20,21]. Specifically, in the Northern 

region of Portugal, exposure to gamma radiation due to radon [22] appears to be 

associated with RNA-processing proteins mutation, and thus may explain the increase in 

new cases of ALS; however, this aspect must be proven by a big case-control study. 

In line with the literature, the RNA binding proteins mutations like HNRNPA1: 

NM_031157.2: c.956A>G, p. Asn319Ser, have been previously describe in ALS patients 

[21,23]. 

Even, the SEXT mutation interferes in RNA processing function that was associated to 

worst prognosis, this specific mutation has a positive impact in ALS patients, mainly if 

was the only one identified [3].  
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NEK1:NM_001199397.1:c.2814_2817delCAAA, p. Asn938fs, have been identified as 

likely pathologic. The likely pathogenic variant c.2730_2733delCAAA in the NEK1 gene 

has been published in association with short-rib polydactyly syndrome type II, also 

known as Majewski Syndrome [24]. It is expected to cause loss of normal protein 

function, either through protein truncation or nonsense-mediated mRNA decay. 

However, the c.2730_2733delCAAA variant is not observed with significant frequency in 

large population cohorts [25–27]. In short, this variant is likely pathogenic; but, the 

possibility of being benign cannot be excluded. 

SOD1 gene mutations are one of the most commonly described in ALS patients [2,4,9]. 

However, in this cohort, only the following mutation SOD1:NM_000454.4:c.358G>C, p. 

Val120Leu, was found as probably pathogenic. 

Also in this cohort, HEXA:NM_000520.4:c.533G>A, p. Arg178HisAR, was identified as a 

pathogenic variant. The R178H variant in the HEXA gene has been previously reported 

in association with the B1 variant phenotype of Tay-Sachs disease [28] and is a common 

pathogenic variant in the Portuguese population [29]. Structural analysis of the beta-

hexosaminidase alpha-subunit indicated that the arginine residue at position 178 is 

critical for substrate binding. The R178H variant results in modest structural changes in 

the alpha subunit, accounting for the observed residual enzymatic activity and the B1 

variant phenotype [30,31]. The R178H variant has not been observed at a significant 

frequency in large population cohorts [27]. In-silico analyses, including protein 

predictors and evolutionary conservation, support a deleterious effect. In summary, we 

interpret R178H as a pathogenic variant. 

 

Conclusion 

In this study, autosomal dominant SEXT and NEFH mutation was the most prevalent 

mutation and was associated with longer survival in ALS patients, more evident when a 

single SEXT mutation is present, namely in bulbar onset ALS. In addition, although a 

small sample of this multifactorial and polygenic disease was registered, the WES seems 

to be an important method of study that brings us a more accurate prognostic value 

and can help in the programming of health resources in this rare but divesting disease. 
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Abstract 

Background: Amyotrophic Lateral Sclerosis (ALS) represents the most common and 

severe motor neuron disease, with inevitable respiratory failure development. 

Ventilatory support (VS) has shown a valuable prognostic impact, even in bulbar-onset 

ALS. Thus, VS outcomes related to functional and phenotypic factors were analyzed in a 

cohort of ALS patients. Methods and Findings: A prospective study was conducted in 81 

patients with confirmed or probable ALS diagnosis, sent to a pulmonology clinic. From 

81 patients enrolled, 11 dropped out, being only considered 70 patients (mean age 

66.6±11.3 years, 64.3% males, 52.9% ALS bulbar-onset) for analysis. During follow-up, 

VS was established in 50 patients (in 48 noninvasive ventilation). A good adherence was 

seen in 39 patients, with residual nocturnal events only observed in 10 patients. 

Regarding VS initiation criteria, 24 patients were eligible by functional criteria, 14 by 

nocturnal hypoventilation and 12 by daytime hypercapnia. After 3-6 months VS start, 

there was functional improvement in 17 patients. Survival after VS was 26.3 months, 

being higher in spinal-onset than in bulbar-onset ALS patients (p=0.012) and was even 
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more evident in adherent spinal-onset ALS patients (p=0.022). Conclusions: VS had a 

marked survival impact, leading to functional improvement, mainly when started by 

nocturnal hypoventilation criteria. 

 

Keywords: Ventilatory support; Amyotrophic lateral sclerosis; Survival; Respiratory 

function. 

 

Introduction 

Amyotrophic Lateral Sclerosis (ALS) is a rare, progressive neurodegenerative and fatal 

disease. In Europe and United States of America the incidence is of 1-2/100.000 and 

prevalence of 3-5/100.000 inhabitants. Mean survival time is of 3-5 years and less than 

20 % live beyond 4 years [1]. Also, it has been reported that the time from the first ALS 

symptom to diagnosis is approximately 1 year [1]. Indeed, ALS represents the most 

common and severe motor neuron disease, with upper and lower motor neuron 

involvement, whose diagnosis was defined by El Escorial criteria [2]. Nevertheless, Awaji 

criteria may be more sensitive, namely in bulbar-onset ALS [3,4].  

Based on body region involvement, there are different ALS phenotypes described: 

bulbar and pseudobulbar palsy and limb regional variants [1,5]. Nonetheless, this 

disease inevitable progresses to respiratory failure, but the effective VS use has shown a 

valuable prognostic impact [6,7]. According to the American Academy of Neurology 

(AAN) guidelines [8], the presence of hypoventilation symptoms (e.g. orthopnea), a 

Maximal Inspiratory Pressure (PImax) <60 cm H2O/ Sniff Nasal Inspiratory Pressure 

(SNIP) <40 cm H2O, nocturnal desaturation, or a Forced Vital Capacity (FVC) <50 %, 

constitute a VS indication in ALS patients. Furthermore, when cough is inefficient and 

Cough Peak Flow (CPF) <270/min, cough assistance must be initiated [8]. However, the 

literature data has shown that nocturnal hypoventilation is an adequate VS initiation 

criterion, even before diurnal hypercapnia, with better outcomes. Orlikowski et al. [9] 

showed that the “Ward” hypoventilation definition (maximum nocturnal TcCO2 ≥49 

mmHg) comprises an effective and accurate VS criterion [9–11]. However, other 

hypoventilation definitions have also been proposed. For example, Simonds [12] 
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considered a TcCO2 >50 mmHg for VS initiation in neuromuscular diseases, while the 

American Academy for Sleep Medicine (AASM) established a TcCO2 >55 mmHg for a 

period of more than 10 min or an increase in TcCO2 >10 mmHg, when compared with 

awake supine value (TcCO2 >50 mmHg) for a period exceeding 10 min [13]. 

Besides to the above described aspects, there are some factors related to bad prognosis 

in ALS patients, like bulbar and pseudobulbar onset, upper motor neuron compromise, 

VS failure and poor nutritional status [6,7,14]. One of the reasons for that seems to be 

due to swallowing, breathing and UA protection compromise, leading to respiratory 

failure and even death [1,2]. Moreover, respiratory muscle strength has also been 

proposed as a predictive biomarker for survival or even for ventilator-free survival in 

ALS patients, including PImax, SNIP, Vital Capacity as well as trans-diaphragmatic 

pressures [15]. However, even in face to a poor prognosis and progressive deterioration 

status, the effective VS use, coupled with Riluzole treatment, nutritional support and 

moderate intensity exercise have exerted a good prognostic impact in these patients 

[1,16–19].  

There are some studies in literature describing the impact of different therapeutic 

approaches, namely using VS. For example, Sancho et al. [6] assessing VS prognostic 

impact in ALS ventilated patients found that, among the 120 patients intended to treat, 

VS conferred a longer survival (18.5 vs. 3 months), even in those with bulbar-onset (13 

vs. 3 months). On the other hand, Farrero at al. [20] observed a better survival only in 

non-bulbar ALS patients. But, to the authors’ knowledge, none of these studies analyzed 

the VS impact in overall survival time, evolution of respiratory function and admissions 

for respiratory exacerbation, in different groups of ALS patients, by different VS 

initiation criteria (e.g. lung function compromise, hypoventilation criteria or diurnal 

hypercapnia). 

In this sense, based on the above highlighted aspects, we aimed to analyze the clinical 

outcomes in a cohort of ALS patients, and to identify either functional or phenotypic 

factors related with better outcomes. 

 

Methods 
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Participants 

Eighty-one patients were consecutively enrolled in this study, conducted from January 

2009 to January 2018, selecting patients with confirmed or probable ALS diagnosis 

made by Neurology department, according to El Escorial criteria, being immediately 

sent to the pulmonology department for functional evaluation and/or VS initiation.  

During the quarterly follow-up, 11 patients dropped out, being only considered 70 ALS 

patients for further analysis. All the patients with VS initiation criteria, according to the 

AAN guidelines [8] were allocated into three different groups based on the three formal 

criteria for VS initiation in ALS patients (i.e. functional changes, evidence of nocturnal 

hypoventilation and presence of daytime hypercapnia) [8,13]. 

This study had local Ethics Committee (Centro Hospitalar Trás-os-Montes e Alto Douro, 

Vila Real, Portugal) approval, and informed consent was obtained from all patients.  

 

Procedures 

Every 3 to 6 months, recruited patients were asked to perform respiratory functional 

tests. Cough Peak Flow (CPF) was measured using Mini-Wright™ Peak Flow Meter 

(Clement Clarke International, England), as previously described by Winck et al. [21] and 

Suárez et al. [22]. Peak Expiratory Flow (PEF) was also determined using Mini-Wright 

Peak Flow Meter, and the corresponding PEF/CPF ratio was calculated. Forced Vital 

Capacity (FVC), seated and supine, was measured using MicroLab™ Spirometer 

(CareFusion, USA), and we only choose the lowest value between them to increase FVC 

sensitivity [23,24]. Maximal Inspiratory (PImax) and Maximal Expiratory (PEmax) 

Pressures were determined by MicroRPM™ (CareFusion, USA). These values were 

determined according to the American Thoracic Society/European Respiratory Society 

(ATS/ERS) guidelines [25,26]. 

In the presence of hypoventilation symptoms without functional compromise, nocturnal 

polysomnographic evaluation was performed using the Alice 5® (Philips Respironics, 

USA) coupled to the TCM 400 monitor® (Radiometer, Denmark) for TcCO2 
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determination, according to AASM guidelines [13], in order to confirm or exclude 

nocturnal hypoventilation. 

When ALS patients evidenced functional impairment according to the AAN guidelines 

[8], nocturnal hypoventilation according to the ASSM criteria [13] or diurnal 

hypercapnia (PaCO2 >45 mmHg), VS initiation was proposed. If CPF <270 L/min, cough 

assistance was started. A suitable VS equipment was selected according to ventilatory 

dependency. For that, we mostly used Stellar™ 150 (ResMed, Australia), Astral™ 150 

(ResMed, Australia) and Trilogy 100® (Philips Respironics, USA) equipment. The 

interfaces and VS modes were chosen for the best comfort and efficiency. Pressures 

titrations were performed during the day and/or night according to international 

recommendations [27], as sleep-disordered breathing may coexist in ALS patients [28]. 

Cough assistance was started as manually assisted cough, being only replaced by 

mechanically assisted one (using a Cough Assist E70®, Philips Respironics, USA), when 

the former was no longer able to achieve CPF >270 L/min [8]. 

 

Statistical Analyses 

Categorical variables were described as absolute values (N) and relative frequencies, 

while continuous variables as mean and standard deviation (SD), or median, minimum 

and maximum values, when appropriate. Comparisons among two subgroups were 

performed with independent samples T-tests, whereas comparisons among three or 

more groups with one-way analysis of variance (ANOVA). Survival between different ALS 

phenotypes was assessed by Kaplan-Meier actuarial curve analysis. All data were 

analyzed using Statistical Package for the Social Sciences (SPSS, IBM Corp., USA)) 

software, version 25.0, with alpha set at 0.05.  

 

Results 

From the 70 ALS patients enrolled, with a mean age of 66.6±11.3 years, 45 (64.3 %) 

were males and 37 (52.9 %) had ALS bulbar-onset. Cognitive compromise was observed 

in only 6 (8.6 %) patients. At admission to respiratory evaluation, 43 (61.4 %) ALS 
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patients had hypoventilation symptoms and 44 (62.9 %) had bulbar dysfunction 

symptoms (Table 1).  

 

Table 1. Patients demographics and clinical characteristics at study baseline and at time 

of ventilatory and cough support prescription. 

Characteristics Spinal (N=33) Bulbar (N=37) Total (N=70) p value 

Age (years) 63.210.5 69.711.2 66.611.3 0.016 
Gender (N)    <0.001 

Female 4 21 25  
Male 29 16 45  

Clinical symptoms (N)     
Cognitive changes 2 4 6 0.479 
Hypoventilation 19 24 43 0.532 
Bulbar dysfunction 9 35 44 <0.001 
Hypercapnia (>45) 8 11 19 0.606 

Lung function     
FVC (%) 87.721.4 62.232.4 73.430.7 <0.001 
PEmax (cm H2O) 72.445.1 42.936.8 55.142.6 0.008 
PImax (cm H2O) 57.129.3 29.524.8 40.729.8 <0.001 
PEF (L/min) 294.195.3 165.5113.6 226.0122.9 <0.001 
CPF (L/min) 262.0100.5 155.0132.0 205.4129.1 <0.001 

VS and cough assistance 
characteristics Spinal Bulbar Total p value 

Ventilated patients (N) 21 29 50 0.173 
Time from diagnosis VS (months) 17.319.0 11.012.2 13.715.6 0.162 
Reason for ventilating (N)    0.049 

Hypercapnia 6 6 12  
Nocturnal Hypoventilation 9 5 14  
Functional 6 18 24  

FVC 66.220.6 52.229.4 58.426.6 0.080 
PImax (cmH2O) 44.227.8 26.121.0 33.925.5 0.018 
CPF (L/min) 223.5109.0 120.8117.1 166.4123.6 0.004 

Adherence (N)    0.906 
Good adherence (>4 h) 17 22 39  
Bad adherence (<4 h) 5 7 12  

Residual AHI uncorrected (N)    0.089 
Yes 2 8 10  
No 19 19 38  

Cough supported patients (N) 19 33 52 0.003 
Time from diagnosis (months) 24.222.6 9.710.7 15.017.4 0.015 
CPF in cough support (L/min) 152.984.3 100.977.9 119.083.2 0.036 
AHI, apnea-hypopnea index; CPF, cough peak flow; FVC, forced vital capacity; PEF, peak 

expiratory flow; PEmax, maximal expiratory pressure; PImax, maximal inspiratory 

pressure; VS, ventilatory support. 
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On average, this evaluation was done 3 months after diagnosis, and the diagnosis was 

confirmed 13.7 months after the onset of symptoms. There was a mean follow-up time 

of 19 months in bulbar-onset and 32 months in spinal-onset ALS patients.  

Regarding lung and respiratory muscle function assessment, ALS studied patients 

presented, at enrolment: mean FVC, PImax and PEmax values of, respectively, 

73.4±30.7 %, 40.7±29.8 cm H2O, and 55.1±42.6 cm H2O, and cough mechanics: 

CPF=205.4±129.1 L/min. Statistically significant differences were found on these 

parameters between bulbar-onset and spinal-onset ALS patients (Table 1).  

During follow-up, VS was established in 50 (71.4 %) patients, in almost all (96 %) 

noninvasive ventilation, started on average 13.7 months (minimum 0 and maximum 67) 

after diagnosis, but sooner and with worst lung function in bulbar-onset ALS patients. A 

good adherence (defined as VS use of more than 4 h/day or 120 h/month, and more 

than 70 % of the days) was found in 39 (55.7 %) patients, with residual obstructive 

events (Apnea-Hypopnea Index - AHI >5/h from the ventilator software) only occurring 

in 10 (14.9 %) patients. VS was used on average 8 h/day, and 14 ALS patients were VS-

dependent, with 24 h of use. In case of noninvasive VS dependence (16-24 h/daily), 

different kinds of interfaces were used (i.e. oronasal in nocturnal period and nasal or 

mouth piece during the diurnal period, when possible). Cough assistance was started in 

52 (74.3 %) patients, on average 15 months (minimum 1 and maximum 74) after 

diagnosis, also sooner and with worst CPF in bulbar-onset ALS patients, with statistically 

significant differences (Table 1). Among patients in whom VS was started, in 24 of them 

it was due to functional criteria, in 14 by nocturnal hypoventilation criteria and in 12 by 

daytime hypercapnia.  

Regarding nocturnal hypoventilation group, VS was started even with normal FVC, 

leading to lung function maintenance or even improvement during the follow-up 

period. However, although a survival impact was observed, it was not statistically 

significant (Figures 1 and 2, Table 2).  
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Figure 1. Lung and respiratory function evaluation in ALS spinal and bulbar-onset 

patients, VS adherent and non-adherent. 
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Figure 2. Changes occurred over time in VS-adherent ALS patients, for hypercapnic, 

hypoventilation and functional reasons. 
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Table 2. Lung function parameters in the beginning of VS. 

Parameters HV HC F p value 

FVC (%) 82.617.7 66.728.2 39.714.0 <0.001 
PImax (cm H2O) 56.925.2 34.721.4 20.016.4 <0.001 
CPF (L/min) 257.164.5 225.6136.0 84.591.5 <0.001 
Time from diagnosis to VS (months) 18.020.0 6.36.3 14.815.3 0.147 

CPF, cough peak flow; FVC, forced vital capacity; PImax, maximal inspiratory pressure; 
VS, ventilatory support; HV, Nocturnal hypoventilation; HC, Diurnal hypercapnia; F, 
Functional compromise as cause of VS. 

 

Considering the overall survival in ventilated patients, despite no statistically significant 

differences were found (p=0.212), those that had nocturnal hypoventilation criteria 

displayed a longer survival time (49.6 months) when compared to those evidencing 

functional compromise (34.8 months) or daytime hypercapnia (34.6 months) (Table 3).  

On the other hand, and looking at ALS phenotypes, bulbar-onset ALS patients showed a 

lower survival time when compared to spinal-onset patients (26.6±22.7 vs. 44.6±38.7 

months, p=0.023) (Table 3).  

 

Table 3. Survival-related factors. 

Parameters Survival under 
VS (months) 

p value Survival time 
(months) 

p value 

Gender  0.728  0.235 
Male 27.2±25.0  38.2±36.3  
Female 24.7±22.5  29.6±23.5  

Phenotype  0.012  0.023 
Spinal-onset 36.8±25.8  44.6±38.7  
Bulbar-onset 19.4±20.1  26.6±22.7  

Factor to VS initiation  0.338  0.339 
Hypercapnia 30.7±30.1  34.630.2  
Hypoventilation 31.6±21.3  49.633.4  
Functional 21.0±21.9  34.831.4  

AHI residual  0.040  0.238 
Yes 17.7±10.1  30.9±22.0  
No 29.2±26.4  41.7±34.3  

VS Adherent  0.051  0.270 
Yes 28.9±26.6  40.4±34.4  
No 18.3±10.0  31.2±20.7  

VS adherence  0.022  0.042 
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Spinal-onset adherent 42.4±28.0  57.2±40.9  
Spinal-onset non-adherent 21.2±6.4  29.2±8.3  
Bulbar-onset adherent 20.4±22.2  29.7±23.6  
Bulbar-onset non-adherent 16.3±12.1  32.7±27.1  

AHI, apnea-hypopnea index; VS, ventilatory support. 

 

Indeed, functional impact and survival time were more evident in spinal-onset adherent 

than in non-adherent (57.2±40.9 vs. 29.2±8.3 months) or even in adherent bulbar-onset 

(29.7±23.6 months) patients (p=0.042), meaning that VS adherence had a greater 

impact in overall survival (Table 3, Figure 3). 

 

Figure 3. Mean survival time among different studied groups. 

 

Given ALS progressive status, there was a fatal outcome in 48 patients (68.6 %), mainly 

in bulbar-onset patients (n=30, 79.2 %). The main causes of death were respiratory 

failure (n=40, 57.1 %), followed by sepsis (n=3, 4.3 %), sudden death (n=2, 2.9 %), 

refractory heart failure (n=1, 1.4 %), suicide (n=1, 1.4 %), and intestinal occlusion (n=1, 

1.4 %). Only two patients were invasively ventilated, the others refused this option. All 

patients received palliative care, but only two were in a palliative care nursing home. 

Regarding admissions for respiratory exacerbations, during the follow-up period, from a 
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total of 43 patients, 28 (65.1 %) had a single episode, 13 (30.2 %) had 2 and only 3 (7.0 

%) patients had 3 episodes. Those admissions were mostly found in bulbar-onset ALS 

patients (n=27, 55.1 %), and 17 of them (34.7 %) were previously ventilated due to 

functional criteria. In overall, spinal-onset ALS patients with effective VS use (VS 

adherent and without residual events) presented a better prognosis, with a global 

survival time of 57.2±40.9 months (Table 3, Figure 3).  

 

Discussion 

In this study, males were dominant regarding the overall sample studied, and females in 

bulbar-onset ALS phenotype, which is in accordance with literature. Nevertheless, 

unlike other studies, bulbar-onset ALS was the most prevalent phenotype [1].  

Patients were referred to the respiratory clinic on average 3 months after diagnosis, and 

the diagnosis was confirmed 13.7 months after the onset of symptoms; however, and 

according to the literature data, there was already a significant lung and muscle 

function impairment [1,29]. 

Regarding the overall survival time after VS initiation (25.8±24.0 months), it was more 

evident in spinal-onset when compared to bulbar-onset (36.8±26.8 vs 19.4±20.1 

months) ALS patients. Similar findings were also reported by Sancho et al. [6], although 

greater benefits were observed in our study. According to the published evidence, 

spinal-onset ALS represents the phenotype with better outcomes and survival [1,2,5]. In 

ALS patients, VS has shown a great survival impact, even in bulbar-onset phenotype [6]. 

Furthermore, according to Georges et al. [30], the occurrence of residual events in ALS 

patients has been associated with a worse prognosis. In fact, VS is initiated based on 

international recommendations [8,13]; however, it appears that an early VS initiation, 

considering hypoventilation symptoms and nocturnal hypoventilation criteria (most 

commonly used in spinal-onset ALS patients), gives a more obvious functional and 

survival impact, although they have not been found statistical differences in this study, 

perhaps because of the small sample size. Interestingly, even in ventilated hypercapnic 

patients, VS initiation seems to contribute to lung function maintenance or even 

improvement, perhaps because FVC at the beginning of VS was only slightly decreased.  
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On the other hand, it has already been proven in previous studies that VS increases 

survival, using different pressures or volumes, and even distinct ventilatory modes 

[6,7,31]. In our study, VS outcomes were compared between three different groups of 

VS initiation criteria (i.e. functional, nocturnal hypoventilation and daytime 

hypercapnia), which is a strong point of this study, since, to the authors’ knowledge, it 

has never been assessed before. However, it has been demonstrated by Vitacca et al 

(2018) that an early VS initiation is beneficial in ALS patients, although only functional 

criteria (FVC <80% vs preserved function) were assessed by authors; nevertheless, 

survival impact was only stated in non-bulbar ALS patients [32]. 

Regarding the two different ALS phenotypes, bulbar-onset phenotype (which included 

pseudobulbar phenotype) was associated with worse prognosis, and VS efficacy with 

longer survival, which corroborates the literature data [5,6]. In fact, it has been 

reported, although differently, that VS promotes functional and arterial blood gas 

improvement/stability, mainly in spinal-onset adherent patients, as previously described 

[6,33–35]. 

However, contrary to expectations, non-adherent bulbar-onset patients had a longer 

survival than adherent bulbar-onset patients, which may be just related to the sample 

size (only 4 non-adherent and 22 adherent bulbar-onset patients). Therefore, further 

evaluations are needed. 

As main study limitations, we recognize the small sample size and the fact that it is a 

single center cohort, which may compromise data robustness and predictability. Thus, 

by enlarging the sample size and expanding to other centers, it may be possible to 

improve the statistical power and to achieve the odds ratio related to better survival. 

 

Conclusions 

Although ALS is a progressive neurodegenerative and fatal disease, we found a 

prominent functional improvement after VS start in a significant fraction of our cohort, 

especially in spinal-onset adherent patients and without residual events. In addition, as 

nocturnal hypoventilation symptoms determine the need for VS initiation, and as we 

found functional benefits, its future use should be clearly highlighted towards an 
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effective early intervention. Lung and muscle function impairment represents a late VS 

criterion, and may have an impact in overall ALS prognosis, suggesting the screen of 

nocturnal hypoventilation in ALS patients with sleep studies and capnography. Anyway, 

non-invasive VS seems to be effective, even in bulbar-onset ALS patients, 24 h 

ventilated, clearly improving the prognosis of this fatal neurodegenerative disease. 

Further studies are needed to deepen knowledge on bulbar-onset ALS patients, in 

whom non-invasive VS is ineffective, and to determine the cause for this 

ineffectiveness.  
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Abstract: 1) Background: Amyotrophic lateral sclerosis (ALS) is a progressive 

neurodegenerative condition, whose bulbar involvement compromises language, 

swallowing, and airway protection. When oral nutrition is no longer adequate, 

percutaneous endoscopic gastroscopy (PEG) may be indicated. However, as exact 

timing is still debatable, we tried to find it. 2) Methods: A prospective cohort study was 

performed using fiber-optic endoscopic evaluation of swallowing (FEES), functional 

evaluation scales (ALS Functional Rating Scale-Revised (ALSFRS-R) and bulbar sub-score 

(ALSFRS-R-B)), lung function tests (like Forced Vital Capacity (FVC), Cough Peak Flow 

(CPF)) and anthropometric data. 3) Results: Twenty-three patients were enrolled (mean 

65.4 ± 9.1 years, 60.9% males), 12 with spinal-onset. During the study period, 58 FEES 

were performed (1–4/patients). Even before formal PEG indication, suggestions were 

given to correct the alterations found. PEG was placed in 12 patients, on average 21.8 

months after diagnosis (FVC = 69.9% ± 26.7%, ALSFRS-R-B = 7.7 ± 3.7, ALSFRS-R = 28.9 ± 

12.3), and being 91.7% under ventilatory support. ALSFRS-R-B, CPF, FVC, and ALSFRS-R 

showed significant discriminant ability for PEG placement. Sensitivity and specificity 
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were, respectively, ALSFRS-R-B ≤ 8 (100/90.9), CPF ≤ 205 (83.3), FVC ≤ 74 (83.3/74.2), 

and ALSFRS-R < 29 (83.3/65.1). 4) Conclusions: FEES provide additional information 

beyond formal PEG indication. ALSFRS-R-B score ≤ 8 was found as the best functional 

and noninvasive indicator for PEG placement in ALS patients. 

 

Keywords: percutaneous endoscopic gastrostomy; Amyotrophic Lateral Sclerosis; 

functional parameters 

 

1. Introduction 

Amyotrophic Lateral Sclerosis (ALS) is a progressive and fatal degenerative neurologic 

disease, characterized by upper and lower motor neuron dysfunction, causing weakness 

of oropharyngeal and respiratory muscles, that results in dysphagia and respiratory 

failure [1]. Bulbar involvement may take place at the onset or throughout its evolution, 

leading to the development of distinct clinical symptoms. One of the most significant 

symptoms is dysphagia, as it may favor malnutrition, dehydration and weight loss, as 

well as aspiration pneumonia. Together, these complications markedly influence 

mortality rates, which may justify the worse prognosis of bulbar-onset ALS, compared to 

limb onset ALS [1,2], as both nutritional deficits and malnutrition status are recognized 

to be associated with mortality in these patients [3]. Thus, nutritional supplementation 

is very important in the course of disease, and dysphagia management, with a 

gastrostomy tube, is conceived as one of the cornerstones of symptomatic treatment in 

ALS patients [1,3,4]. 

A gastrostomy tube (G tube) can be accomplished by different methods, like 

percutaneous endoscopic gastrostomy (PEG), radiological gastrostomy (RIG) or per-oral 

image-guided gastrostomy (PIG), that are similar in efficacy [1,5], although some 

authors have reported a better survival in ALS patients with moderate to severe 

respiratory impairment under RIG than PEG [6–8]. 

The optimal timing to perform PEG is controversial; however, the American Academy of 

Neurological Societies and European Federation of Neurological Guidelines recommend 
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G tube placement preferably when Forced Vital Capacity (FVC) > 50%, since it reduces 

procedure risk, besides being associated with a better prognosis in ALS patients [1,9]. 

Nevertheless, before placing G tube, the presence of dysphagia in ALS patients should 

be ascertained, in order to assess the need for food consistency adjustment or body 

positioning during swallowing. There are some scales used to classify dysphagia and the 

gold standard to the study is a video fluoroscopy and videoendoscopy of swallowing 

[10–12]. 

Some functional indicators have been examined in ALS patients to study dysphagia and 

even to perform PEG, like FVC, Voluntary Cough Airflow, ALS Functional Rating Scale-

Revised (ALSFRS-R) [12–14], and lastly a risk stratification questionnaire for PEG 

placement [15]. This subject has been a “hot topic”; however, none of the previous 

investigations were able to identify the optimal indicators to place G tube, which is 

considered a safe procedure, even in the presence of severe respiratory impairment 

[1,8]. 

Accordingly, we performed a longitudinal prospective study using fiber-optic 

endoscopic evaluation of swallowing (FEES), simultaneously to respiratory function and 

functional evaluation scales (ALSFRS-R and bulbar sub-score (ALSFRS-R-B)) assessment, 

trying to find the best functional or endoscopic indicator to PEG placement. 

 

2. Experimental Section 

2.1. Participants 

A homogeneous sample of twenty-three Caucasian individuals with probable or 

definitive (Revised El-Escorial Criteria) ALS diagnosis were enrolled and followed-up 

quarterly, until performing PEG, patient refusal, or death, between October 2016 and 

March 2018. This study had the approval of local Ethics Committee (Centro-Hospitalar 

Trás-os-Montes e Alto Douro, Vila Real, Portugal) and informed consent was obtained 

from all patients. 

2.2. Procedures 
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Every 3 months, participants performed respiratory functional evaluation, with Cough 

Peak Flow (CPF) being measured using Mini Wright Peak Flow Meter, as described by 

Winck et al. [16] and Suárez et al. [17]. Peak Expiratory Flow (PEF) was also measured 

using Mini Wright Peak Flow Meter and PEF/CPF was calculated. FVC (seated and 

supine) was measured using MicroLab™ Spirometer (CareFusion, USA) and Maximal 

Inspiratory Pressure (PImax) and Maximal Expiratory Pressure (PEmax) were 

determined using MicroRPM™ (CareFusion, USA). These values were determined 

according to ATS/ERS guidelines [18,19]. ALSFRS-R form was completed, and patients 

were subjected to FEES according to the published protocol by Castro et al. [20], using 

the bronchoscope Pentax® EB-1570K (channel diameter 2.0 mm and distal tip diameter 

5.5 mm) (Tokyo, Japan), and video recording. Bronchoscope distal extremity was placed 

in the transition between oropharyngeal and nasopharyngeal, prior to the epiglottis, 

with nasal introduction, without local anesthesia or sedation, only with lidocaine gel-

bronchoscope lubrification.  

Four different types of food consistency were used: A) 100 mL of water with 2 mL 

methylene blue; B) 100 mL of water with 2 mL methylene blue and 6 g of thickener 

(Nutilis® (produced by Milupa, Friedrichsdorf, Germany)); C) 100 mL of water with 2 mL 

methylene blue and 10 g of thickener (Nutilis®); D) solid cake with 2 mL methylene blue. 

A and B consistence was given with 5 mL, 10 mL, and 15 mL spoons, while C and D, with 

2 spoons of 15 mL. 

The presence of laryngeal penetration or tracheal-laryngeal aspiration of food, non-

correctable with thickener, was an indication to PEG placement. 

 

2.3. Statistical Analyses 

Categorical variables were described as absolute values (N) and relative frequencies, 

and continuous variables as mean and standard deviation (SD). Two sample t-test were 

used to compare the continuous characteristics among subgroups. Sensitivity, 

specificity, and receiver operator characteristics (ROC) were determined to assess the 

discriminative ability of the different functional and endoscopic indicators (ALSFRS-R, 

ALSFRS-R-B, CPF and FVC) on PEG placement. All data were analyzed using Statistical 
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Package for the Social Sciences (SPSS (IBM Corp., USA)) software, version 25.0, with 

alpha set at 0.05. 

 

3. Results 

3.1. Patients’ Characteristics and Functional Parameters 

From the twenty-three patients included, with a mean age of 65.4 ± 9.1 years, 14 

(60.9%) were male and 12 (52.2%) had spinal-onset, all of them under specific therapy 

with riluzole. At the time of diagnosis, 13 patients had PEF/CPF > 1 (56.5%) and mean 

FVC of 84.6% ± 27.4% (Table 1). 

 

Table 1. Patient’s demographic data and respiratory function evaluation at diagnosis. 

Phenotypes ALS Spinal Onset ALS Bulbar Onset ALS Total 
Age (years) 61.3 ± 8.1 69.7 ± 8.3 65.4 ± 9.1 

Gender    
Males 10 (83.3%) 4 (36.4%) 14 (60.9%) 

Females 2 (16.7%) 7 (63.6%) 9 (39.1%) 
FVC (%) 91.1 ± 18.6 77.4 ± 34.0 84.6 ± 27.4 

PEmax (cm H2O) 88.4 ± 34.5 56.0 ± 45.6 72.9 ± 42.6 
PImax (cm H2O) 78.0 ± 20.3 34.7 ± 23.5 57.3 ± 30.8 

CPF (L/min) 319.6 ± 70.6 205.4 ± 147.1 265.0 ± 125.4 
PEF/CPF    

<1 4 (33.3%) 3 (27.3%) 7 (30.4%) 
0 0 1 (9.1%) 1 (4.3%) 

≥1 8 (66.7%) 7 (63.6%) 15 (65.3%) 
ALS, Amyotrophic Lateral Sclerosis; CPF, Cough Peak Flow; FVC, Forced Vital Capacity; 
PEF, Peak Expiratory Flow; PImax, Maximal Inspiratory Pressure; PEmax, Maximal 
Expiratory Pressure. 

 

In the study period, 58 FEES were performed (1–5 per patient), as shown in Figures 1 

and 2. Interestingly, patients often showed various simultaneous swallowing 

abnormalities. Two patients (one with ALS-B and one with ALS-S) even appeared to have 

fluctuations between stasis findings and normal swallowing, rather than continuous 

progression. Even before formal PEG indication, we were able to propose food 

consistency alterations, such as food consistency increase (n = 10) or decrease (n = 1). 
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Fifteen of these patients (65.2%) engaged the follow-up protocol. We performed PEG in 

12 of them, 1 patient dropped our study and 2 died prior to PEG, due to rapid disease 

progression, triggering cardiorespiratory failure. PEG was performed on average 21.8 

months after diagnosis, without complications or 30 days-mortality. At 3 months, only a 

case of pneumonia was reported, but no new events were stated at 6 months. After 

PEG placement, 4 patients complained of local pain (with an average value of 4 in 10, 

according to the Visual Analogic Score-VAS), which was controlled with paracetamol 3–4 

g/day for 24–48 h. 

 

Figure 1. Fiber-optic endoscopic evaluation of swallowing (FEES) findings in Amyotrophic 

lateral sclerosis (ALS) spinal-onset patients. T0 stands for the evaluation at the time of 

diagnosis; T1, T2, T3 and T4 stand for follow-up trimesters. 
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Figure 2. FEES findings in ALS bulbar-onset patients. T0 stands for the evaluation at the 

time of diagnosis, T1, T2 and T3 stand for follow-up trimesters. 

 

Mean FVC was 69.9% ± 26.7%, CPF 255.6 ± 176.7 L/min, ALSFRS-R 28.9 ± 12.3 and 

ALSFRS-R bulbar score 7.7 ± 3.7. Among patients where PEG was done, 9 (75%) had 

bulbar-onset. Almost all the patients (91.7%) in whom PEG was performed were already 

under ventilatory support, none with tracheostomy (starting non-invasive mechanical 

ventilation 17.6 months after diagnosis and accomplishing on average 11.3 ± 4.4 h/day). 

Only four of our patients had a significant weight loss before PEG placement (6.5% ± 

1.8%), and these subjects continued to show sustained weight loss after the procedure. 

Before PEG placement, we reported respiratory events that led to hospitalization in five 

patients. This number raised to eight patients after the procedure, mainly justified by 

disease progression. 

 

3.2. Discriminant Ability of Functional or Endoscopic Indicators for Predicting PEG 

In this sample, four clinical and functional indicators demonstrated significant ability to 

be considered PEG indicators, compared to FEES indication. Gender-based significant 

differences were found in ALSFRS-R (34.4 ± 9.4 for males and 20.3 ± 11.7 for females, p 

= 0.005), ALSFRS-R-B (9.5 ± 3.0 for males and 4.9 ± 2.8 for females, p = 0.001) and FEES 
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(specifically at time T6, p = 0.007) assessments. These differences may be justified by 

the predominance of females in the bulbar phenotype (Table 1). 

The respective areas under the curve (AUC) and p values were as follows: ALSFRS-R-B 

(AUC = 0.98; p < 0.001), CPF (AUC = 0.92; p = 0.001), FVC (AUC = 0.89; p = 0.001), and 

ALSFRS-R (AUC = 0.87; p = 0.003). Figure 3 displays ROC obtained graphs for ALSFRS-R-B, 

CPF, FVC and ALSFRS-R. Sensitivity (S) values were of 100%, 83.3%, 83.3%, and 83.3%, 

respectively, for ALSFRS-R-B, CPF, FVC and ALSFRS-R. Specificity (E) values were of 

90.9%, 83.3%, 74.2% and 65.1%, respectively, for ALSFRS-B, CPF, FVC and ALSFRS-R. The 

cut-offs obtained for these measures were, respectively, ALSFRS-R-B ≤ 8, CPF ≤ 205, FVC 

≤ 74 and ALSFRS-R < 29. 
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Figure 3. Receiver operator curves (ROC) for functional and endoscopic measures that 

were considered significant to percutaneous endoscopic gastrostomy (PEG) indication. 

ALSFRS-R, ALS Functional Rating Scale-Revised; ALSFRS-R-B, ALS Functional Rating Scale-

Revised bulbar sub-score; CPF, cough peak flow; FVC, forced vital capacity.  
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3.3. Survival 

Of all 23 patients enrolled, ALS bulbar-onset phenotype exhibited the shortest median 

survival, 31 months, while ALS spinal had the longest, 52 months. The ALS bulbar-onset 

survival was significantly different from the ALS spinal-onset (p = 0.014).  

During the follow-up period, 6 patients died after PEG placement (5 of respiratory 

failure and 1 of cardiorespiratory arrest). The first patient died 3 months after the 

procedure due to respiratory failure, which was preceded by pneumonia (survival time 

— 22 months). The other four patients who died by respiratory failure, died, 

respectively, 4 months (survival time—36 months), 6 months (survival time—36 

months), 7 months (survival time—15 months) and 12 months (total survival time—109 

months) after PEG placement. Finally, the patient who suffered cardiorespiratory arrest 

died 13 months after PEG placement (survival time—25 months). We highlight that 

non-invasively ventilated patients have decided in advance and consciously. 

 

4. Discussion 

In our cohort, FEES was a helpful tool guiding adjustment of food consistency, even 

before PEG placement indications, as recommended by Burgos et al. [4]. As previously 

reported, there is a strong correlation between disease severity (evaluated by ALSFRS-R 

and ALSFRS-R-B) and dysphagia severity, assessed by pre and post swallowing residues 

[21]. FEES is well-established as providing information about bolus aspiration. Beyond 

that, it also shows progressive swallowing abnormalities related to disease severity [21]. 

Despite the small sample size, our study suggests that the use of a clinical and 

functional indicator for PEG placement in ALS patients can be a valuable tool. 

In fact, we found ALSFRS-R-B, CPF, FVC and ALSFRS-R as reliable indicators for PEG 

placement, being highly sensible and specific. ALSFRS-R-B ≤ 8 showed a remarkably high 

S and E (100% and 90.9%, respectively), suggesting this cut-off value as the best 

noninvasive indicator for PEG placement described so far. The other functional 

indicators described also add significant predictive values, although not as high. CPF ≤ 

205 demonstrated an S and E of 83.3%; FVC ≤ 74 showed a S of 83.3% and E of 74.2%; 

and ALSFRS-R < 29 had a S of 83.3% with 65.1% of E. 



ESCLEROSE LATERAL AMIOTRÓFICA - UM NOVO PARADIGMA 
 

 129

So far, the literature has suggested that PEG placement should be guided by the 

presence of symptoms related to swallowing disorders, such as dysphagia or asthenia 

during eating, weight loss or respiratory infections, due to food content aspiration, 

especially in the presence of relatively preserved respiratory function (FVC > 50%), given 

the high risk of procedure’ complications in the presence of severe functional 

impairment [9,22]. 

As the main limitations of our study, beyond the low size of the cohort, we would like to 

highlight that the FEES protocol remains qualitative, and also that the bronchoscope 

used was longer and had a higher caliber compared to the laryngoscope. On the other 

hand, this aspect can also be considered an advantage, as it favored food aspiration 

from the larynx and trachea in two patients. 

To date, no precise indicators have been established to optimize PEG placement time, 

although some scales and functional parameters have already been tested [23]. In line 

with what has been established as indicators for the onset of ventilatory support, 

namely the presence of inherent symptoms to hypoventilation and functional 

impairment with FVC < 70% and PImax < 60 cmH2O, a CPF < 300 L/min was also 

suggested as a good indicator of the need for short-term ventilatory support, and CPF < 

270 L/min as indicator for cough assistance [9,24]. In this study, we now present a 

functional and clinical indicator for PEG placement, with 100% S if ALSFRS-R-B ≤ 8 and 

100% E if ALSFRS-R-B ≤ 6, in the same line as already described by Rooney et al. [13], 

regarding its discriminatory power in spinal and bulbar phenotypes.  

Our findings, if replicated in other series, hopefully with larger cohorts, may suggest 

that our approach could replace the current gold standards (swallowing 

videoendoscopy or/and videofluoroscopy) [22], in PEG placement decision. 

 

5. Conclusions 

Endoscopic swallowing evaluation provides additional information beyond the formal 

PEG indication. ALSFRS-R bulbar score ≤ 8 has good sensitivity and specificity, and thus 

may be considered the best functional and noninvasive indicator for PEG placement in 

ALS patients. 
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DISCUSSION 

 

METHODOLOGICAL CONSIDERATIONS 

STRENGTHS AND LIMITATIONS 

In this study, distinct methodologies were used to accomplish the different aims of this 

thesis. The small sample size was considered the major limitation, compromising the 

strength of the results, although they were innovative and noteworthy. Although 

further research is needed and suggested in this domain, most of the aims were 

accomplished, and thus, this thesis may be considered the starting point for future 

studies. 

 

STUDY DESIGN 

All the study design was developed according to the proposed aims and ALS patients 

(with confirmed or probable diagnosis by El Escorial criteria) were recruited constituting 

the studies’ sample (1,66).  

A Bayesian model was developed to estimate ALS/MND prevalence. 

A transversal cohort study was conducted to determine the main risk factors associated 

with ALS onset in the Northern region of Portugal. 

A longitudinal cohort study was carried out to assess the impact of VS and cough 

assistance in ALS patients’ outcomes. 

At the same time, a quasi-experimental study was developed to find the most accurate 

indicator for PEG placement. 

 

DISCUSSION OF THE MAIN FINDINGS OF THE STUDY 

STUDY I: Estimating Amyotrophic Lateral Sclerosis (ALS) and Motor Neuron Disease 

(MND) prevalence in Portugal using a Pharmaco-epidemiological Approach and a 

Bayesian Multiparameter Evidence Synthesis Model 
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ALS and other MND are rare and progressive neurodegenerative diseases with very 

poor prognosis, mainly because they frequently progress to respiratory failure implying 

a short life span (1,2). 

The worldwide prevalence of ALS/MND is heterogeneous and, in many countries, is still 

unknown (6). It is estimated that the global prevalence of ALS/MND ranges from 4 to 8 

cases per 100,000 inhabitants (1,6), but in Portugal the prevalence has never been 

studied previously. The high global variability is most probably explained by the relevant 

differences in etiological factors and pathways, namely with differences in relation to 

environmental and genetic factors (3,21,30,32,33). 

Because ALS/MND are rare diseases, population-based studies are very difficult to 

perform. In Portugal, as in most countries of the world, there are no extensive and 

systematic patient registries for ALS/MND. In this context, we aimed to obtain the best 

available indirect estimates of ALS/MND prevalence for our country, using a pharmaco-

epidemiological approach based on Riluzole consumption, a highly specific drug for 

ALS/MND. As we and other authors have shown, relaying on some plausible 

assumptions and appropriate statistical techniques, this methodology can provide 

estimates with acceptable precision and validity (16–20), and this is mainly because, in 

Portugal, as in many other countries, the total national consumption of Riluzole highly 

depends, in an exclusively way, on the number of ALS/MND patients in the population. 

This general approach has been previously used in other diseases (16,17,19), and in 

other countries, such as Sweden (13) and Ireland (15) to study the ALS/MND 

epidemiology and adequately validated alongside disease registries data. 

In the present study, we developed a Bayesian multiparameter evidence synthesis 

model based on nationwide Riluzole consumption data, combined with data from a 

nationwide hospital administrative database and from the national institute of statistics 

and external evidence coming from other scientific articles focused on the ALS/MND 

epidemiology. Our aim was to obtain the best available indirect estimates of ALS/MND 

prevalence in Portugal, adequately adjusted for drug non-compliance and patients that 

are not currently using Riluzole. To the best of our knowledge, this is the first study 

estimating ALS/MND prevalence in Portugal using this methodology and is the first time 

that Bayesian multiparameter evidence synthesis methods are used to study the 

ALS/MND epidemiology.  
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In summary, we found an estimated prevalence of ALS/MND in Portugal steadily 

increasing from 6.74 per 100,000 inhabitants (95% CI: 5.39-9.37) in 2009 to 10.32 (95% 

CI: 8.27-14.27) in 2016. We observed the highest prevalence among men and in the age 

group of 71-80 years. We also found some geographic variations, with the Centre region 

of the country showing the highest prevalence estimates, i.e., 11.15 per 100,000 

inhabitants (95% CI: 8.9-15.34). 

However, the main findings and conclusions of this study should be viewed and 

interpreted with some caution; and we should consider the inherently indirect nature of 

the methods used, the simplifying assumptions we needed to implement, and some 

additional limitations that we must emphasize further. Firstly, we were not able to 

include in our study the Portuguese island regions of Madeira and Azores because our 

national drug agency – INFARMED – was unable to provide data on Riluzole 

consumption in these regions. Secondly, because Riluzole prescriptions are dispensed 

only by hospital pharmacies, the patients’ reference network throughout the country 

could influence our regional estimates. The abnormally low consumption we observed 

in Alentejo raised our suspicion. It is plausible that many of the patients from Alentejo 

can be accompanied and receive their drugs dispensed from hospitals of the Lisbon 

region. For this reason, we decided to present the Lisbon and Alentejo estimates 

together, to avoid false estimates of low prevalence that we would otherwise obtain for 

Alentejo. Third, although our prevalence estimation model adequately fits the potential 

drug non-compliance, imperfect compliance, and for those ALS/MND patients who do 

not take Riluzole, we must reemphasize that the distribution we used to represent the 

different levels of compliance among ALS/MND patients was defined based on 

incomplete data from a single-centered study from a Master thesis. In addition, we had 

to assume, based on information provided by our expert clinicians, that no patients 

were using more than the recommended dose and the Defined Daily Dose of 100 mg 

per day of Riluzole. Moreover, the proportion of ALS/MND patients who did not take 

Riluzole was estimated from a meta-analysis of three international studies that we 

cannot guarantee can be applicable in our country. However, in both cases, we used the 

best available evidence and we are convinced that it allowed us to obtain the best 

possible and most valid prevalence estimates. 
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Despite these limitations, this is the first study presenting ALS/MND prevalence 

estimates in Portugal, and we are convinced they are adequately valid and make the 

best use of the available data and evidence. Finally, and although the prevalence 

estimates are based on indirect methods and heterogeneous sources of evidence and 

data, the estimated prevalence for Portugal is high and appears to be increasing, which 

is in accordance with our observations coming from the clinical practice. 

 

STUDY II: Amyotrophic Lateral Sclerosis, genetics and environmental risk factors, a cohort 

epidemiologic study 

Consistent with the literature, this cohort almost consists of sporadic ALS patients and 

autosomal mutations have been identified in all patients (22). Thus, by applying GenIO 

software, this information was easier and more clearly defined (24). However, the 

population sample analyzed was from a restrictive region of the Northern Portugal, 

where inbreeding could be relevant.  

SOD1 and C9orf72 mutations were the most frequently identified in other samples 

studied (3,21,27,67), mainly in family cases, and even in sporadic cases of ALS. 

However, in this study, SEXT, NEFH and ATXN2 mutations were the most frequently 

observed, even in Bulbar onset ALS patients. In addition, and in agreement with the 

literature, SEXT mutation was associated with better prognosis, although no statistically 

significant differences were found; but, in contrast, this survival benefit was verified in 

adults and in those with bulbar onset (22,28).  

Since ALS is a polygenic autosomal disease, with a sporadic onset inheritance ranging 

from 0.38 to 0.78 (heritability value) (68), and with a variable impact of some 

environmental factors, this may justify the big variability of incidence and prevalence of 

this disease (3,6,30). Radiation has been associated with DNA mutation. FUsed in 

Sarcoma (FUS) is a multifunctional heterogeneous nuclear ribonucleo-protein (hnRNP) 

family of RNA-binding proteins, including TATA-Box binding protein associated factor 15 

(TAF15), Ewing’s Sarcoma protein (EWS) and Translocated in Liposarcoma (TLS), that 

have been implicated in multiple aspects of RNA metabolism, interfere with DNA 

binging and are associated with ALS onset (69,70). Specifically, in the Northern region of 

Portugal, exposure to gamma radiation due to radon (71) appears to be associated with 
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RNA-processing proteins mutation, and thus may explain the increase in new cases of 

ALS; however, this aspect must be proven by a big case-control study. 

In line with the literature, the RNA binding proteins mutations like HNRNPA1: 

NM_031157.2: c.956A>G, p. Asn319Ser, have been previously describe in ALS 

Patients.(70,72) 

Even though SEXT mutation interfere in RNA processing function that is associated with 

worst prognosis, this specific mutation have a positive impact in ALS patients, mainly if 

was the only one identified (22).  

NEK1:NM_001199397.1:c.2814_2817delCAAA, p.Asn938fs, have been identified as 

likely pathologic. The c.2730_2733delCAAA likely pathogenic variant in the NEK1 gene 

has been published in association with short-rib polydactyly syndrome type II also 

known as Majewski Syndrome(73). It is predicted to cause loss of normal protein 

function either through protein truncation or nonsense-mediated mRNA decay. 

However, the c.2730_2733delCAAA variant is not observed at a significant frequency in 

large population cohorts(26,74,75). In summary, this variant is likely pathogenic; 

however, the possibility that it is benign cannot be excluded. 

SOD1 gene mutations are one of the most commonly described in ALS patients 

(21,27,28). However, in this cohort only the following mutation SOD1: NM_000454.4: 

c.358G>C, p. Val120Leu, was found as probably pathogenic. 

Also in this cohort, HEXA:NM_000520.4:c.533G>A, p. Arg178HisAR, was identified as a 

pathogenic variant. The R178H variant in the HEXA gene has previously been reported 

in association with the B1 variant phenotype of Tay-Sachs disease (76), and is a 

common pathogenic variant in the Portuguese population (77). Structural analysis of 

the alpha-subunit of beta-hexosaminidase indicated that the Arginine residue at 

position 178 is critical for substrate binding. The R178H variant results in modest 

structural changes in the alpha subunit, accounting for the residual enzymatic activity 

seen and the B1 variant phenotype (78,79). The R178H variant has not been observed 

at a significant frequency in large population cohorts (75). In-silico analyses, including 

protein predictors and evolutionary conservation, support a deleterious effect. In 

summary, we interpret R178H to be a pathogenic variant. 
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STUDY III: VENTILATORY SUPPORT OUTCOMES IN AMYOTROPHIC LATERAL SCLEROSIS (ALS) PATIENTS 

In this study, males were prevailing regarding the overall sample studied, but females 

were more prevalent in bulbar onset ALS phenotype, which is in accordance with 

literature. Nevertheless, unlike other studies, bulbar onset ALS was the most prevalent 

phenotype (3).  

Patients were referred to the respiratory clinic 3 months after diagnosis on average, and 

the diagnosis was confirmed 13.7 months after symptoms onset; however, according to 

the literature, there was already a significant lung and muscle function impairment 

(3,80). 

Regarding the overall survival time after VS initiation (25.8±24.0 months), it was more 

evident in spinal onset when compared to bulbar onset (36.8±26.8 vs 19.4±20.1 

months) ALS patients. Similar findings were also reported by Sancho et al. (35), although 

greater benefits were observed in our study. According to previous evidence, spinal 

onset ALS represents the phenotype with better outcomes and survival (1,3,34). Indeed, 

in ALS patients, VS has shown a great survival impact, even in bulbar onset patients (35). 

Furthermore, according with Georges et al. (62), the occurrence of residual events in 

ALS patients has been associated with a worse prognosis. VS is initiated based on 

international recommendations (38,43); however, it appears that an early VS initiation, 

taking into account hypoventilation symptoms and nocturnal hypoventilation criteria 

(most commonly used in spinal onset ALS patients), gives a more obvious functional and 

survival impact, although no statistical differences were found in the current study, 

perhaps because of the small sample size. Interestingly, even in ventilated hypercapnic 

patients, VS initiation seems to contribute to lung function maintenance or even 

improvement, perhaps because FVC at the beginning of VS was only slightly decreased.  

On the other hand, it has already been proven in previous studies that VS increases 

survival, even using different pressures or volumes and distinct ventilatory modes 

(35,36,48). In our study, VS outcomes were compared in three different groups of VS 

initiation criteria (i.e. functional, nocturnal hypoventilation and daytime hypercapnia), 

which is a strong point of this study, since, to the authors’ knowledge, it has never been 

assessed before. This is in line with previous findings of Vitacca et al (2018) according to 

which an early VS initiation is beneficial in ALS patients, although only functional criteria 
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(FVC <80% vs preserved function) were assessed by authors; nevertheless, survival 

impact was only stated in non-bulbar ALS patients (81). 

Regarding the two different ALS phenotypes, bulbar onset phenotype (which included 

pseudobulbar phenotype) was associated with worse prognosis, and VS efficacy with 

longer survival, which corroborates the literature data (34,35). In fact, it has been 

reported, although differently, that VS promotes functional and arterial blood gas 

improvement/stability, mainly in spinal onset adherent patients, as previously described 

(35,82–84). 

However, contrary to expectations, non-adherent bulbar onset patients had a longer 

survival than adherent bulbar-onset patients, which may be just related to the sample 

size (only 4 non-adherent and 22 adherent bulbar-onset patients). Therefore, further 

evaluations are needed. 

As main study limitations, we recognize the small sample size and the fact that it is a 

single center cohort, which may compromise data robustness and predictability. Thus, 

by enlarging the sample size and expanding to other centers, it may be possible to 

improve the statistical power and to achieve the odds ratio related to better survival. 

 

STUDY IV: Functional and Endoscopic Indicators for Percutaneous Endoscopic 

Gastrostomy (PEG) in Amyotrophic Lateral Sclerosis Patients 

In our cohort, FEES was a helpful tool guiding adjustment of food consistency, even 

before PEG placement indications, as recommended by Burgos et al. (85). As previously 

reported, there is a strong correlation between disease severity (evaluated by ALSFRS-R 

and ALSFRS-R bulbar score (ALSFRS-R-B) and dysphagia severity, assessed by pre and 

post swallowing residues (86). FEES is well-established as providing information about 

bolus aspiration. Beyond that, it also shows progressive swallowing abnormalities 

related to disease severity (86). Despite the small sample size, our study suggests that 

the use of a clinical and functional indicator for PEG placement in ALS patients can be a 

valuable tool. 
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We found ALSFRS-R-B, CPF, FVC and ALSFRS-R as reliable indicators for PEG placement, 

being highly sensible and specific. ALSFRS-R-B 8 showed a remarkably high sensitivity 

(S) and specificity (E) (100% and 90.9%, respectively), suggesting this cut-off value as 

the best non-invasive indicator for PEG placement described so far. The other functional 

indicators described also add significant predictive values, although not as high. 

CPF205 demonstrated an S and E of 83.3%; FVC74 showed a S of 83.3% and E of 

74.2%; and ALSFRS-R<29 had a S of 83.3% with 65.1% of E. 

So far, the literature has suggested that PEG placement should be guided by the 

presence of symptoms related to swallowing disorders, such as dysphagia or asthenia 

during eating, weight loss or respiratory infections, due to food content aspiration, 

especially in the presence of relatively preserved respiratory function (FVC> 50%), given 

the high risk of procedure’ complications in the presence of severe functional 

impairment (14,50). 

As main limitations of this study, beyond the low sample size, we would like to highlight 

that FEES protocol remains qualitative, and that the bronchoscope used was longer and 

had a higher caliber compared to the laryngoscope. On the other hand, this aspect can 

also be considered an advantage, as it favored food aspiration from larynx and trachea 

in two patients. 

To date, no precise indicators have been established to optimize PEG placement time, 

although some scales and functional parameters have already been tested (87). In line 

with what has been established as indicators for the onset of VS, namely the presence 

of inherent symptoms to hypoventilation and functional impairment with FVC< 70% and 

PIM< 60cmH20, a CPF< 300 L/min was also suggested as a good indicator of the need 

for short-term VS, and CPF< 270 L/min as indicator for cough assistance (50,88). In this 

study, we now present a functional and clinical indicator for PEG placement, with 100% 

S if ALSFRS-R-B 8 and 100% E if ALSFRS-R-B 6, in the same line as already described by 

Rooney et al. (89), regarding its discriminatory power in spinal and bulbar ALS 

phenotypes.  
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Our findings, if replicated in other series, hopefully with larger cohorts, may suggest 

that our approach could replace the current gold standards (swallowing 

videoendoscopy or/and video fluoroscopy) (14), in PEG placement decision. 

 

CLINICAL IMPLICATIONS 

Even though it is an estimated prevalence number, as far as we know, it is the only 

available in Portugal, and it seems consistent with the worldwide prevalence. It is 

possible to conclude that prevalence increases every year since 2009, and especially in 

men and in the 6-7th decade of life, which represent an important problem in the health 

system, because of the high dependence level of these ALS patients.  

Regarding the ALS risk factors, it seems that environmental risk factors could justify the 

high prevalence of this disease in Northern region of Portugal. Even needing a large 

case control study, this research suggests that gamma radiation is related to ALS disease 

and associated with autosomal mutation. We hope that the future brings us more 

knowledge, and that more studies with Whole Exome and environmental factors may 

interfere with the incidence, prevalence and survival in ALS patients. 

With this investigation, the knowledge on ALS disease markedly increased, since it was 

found the prevalence estimation of ALS disease, as well as underlined the importance of 

starting VS even before the onset of functional compromise, especially in the presence 

of hypoventilation symptoms and nocturnal hypoventilation criteria. 

To date, PEG placement has been indicated in the presence of dysphagic symptoms and 

preserved lung function (FVC>50%) (50), but after this research it was found a more 

accurate indicator for PEG placement, ALSFRS-R bulbar score <8 (100% sensitivity and 

90.9% specificity). Thus, clinical practice in ALS patients could change considering this 

finding and this can be the beginning of a new paradigm in ALS management. 
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CONCLUSIONS 

 

In overall, the estimated ALS/MND prevalence is very high in Portugal, namely in the 

Center region, mainly in men and in the 7th decade of age. So, considering the current 

findings, it would be important to create registries, particularly in rare diseases, for a 

better organization and distribution of healthcare services and resources, particularly at 

the level of VS.  

In the present study, it was also stated that SEXT mutation was the most prevalent 

mutation, and associated with longer survival in ALS patients, more evident when a 

single SEXT mutation is present, namely in bulbar onset. In addition, although a small 

sample of this multifactorial and polygenic disease was registered, the WES seems to be 

an important method of study that brings us a more accurate prognostic value and can 

help in the programming of health resources in this rare, but devastating disease.  

On the other hand, and although ALS is a progressive neurodegenerative and fatal 

disease, we found a prominent functional improvement after VS start in a significant 

fraction of our cohort, especially in spinal onset adherent patients and without residual 

events. Additionally, as nocturnal hypoventilation symptoms determine the need for VS 

initiation, and considering the functional benefits found, its future use should be clearly 

highlighted towards an effective early intervention. Lung and muscle function 

impairment represents a late VS criterion, and may have an impact in overall ALS 

prognosis, suggesting a careful screening for nocturnal hypoventilation in ALS patients, 

through sleep studies and capnography. Anyway, non-invasive VS seems to be effective, 

even in bulbar onset ALS patients.  

It was also found that, even endoscopic swallowing evaluation provides additional 

information beyond the formal PEG indication, the ALSFRS-R bulbar score ≤8 has good 

sensitivity and specificity, and thus can be considered the best functional and non-

invasive indicator for PEG placement in ALS patients. However, even if the ALSFRS-R 

bulbar score ≤8 is a great and precise indicator for PEG procedure, it will be important 

to extend the sample size to increase the impact of the results. So, the study must 
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continue, proving that some local environments influence the high prevalence of 

ALS/MND in Portugal, with a large case-control study. 

Finally, and not least important to highlight is that it was proven that an effective VS 

(adherent and without obstructive residual events) had an important impact in ALS 

patients’ survival, even with non-invasive VS and in bulbar onset ALS patients. Thus, we 

must continue the study to identify the bulbar onset ALS patients who really need 

tracheostomy, after applying the protocol of VS titration, with videoendoscopy of the 

UA. 
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FUTURE PROSPECTS 

 

Considering all the information obtained by WES, these slight but remarkable advances 

will allow us to improve the current knowledge on ALS patients and contribute to a 

more deepen study on the genetic background of these patients using increasingly 

specific/accurate technologic methods.  

 

After a revision study of the UA and the response at positive/negative pressure and 

exercise, as well the UA impact in VS or cough assist efficacy, we developed an 

international protocol that had as main aim the best pressure titration, by 

videoendoscopy UA observation, to achieve better VS outcomes.  

 

SYSTEMATIC STUDY 

Title: Systematic endoscopic evaluation of UA in ventilated ALS patients in Portugal and 

in Norway 

 

Aims: i) Examine the upper airway responses to NIV treatment in patients ALS; ii) 

Examine if the endoscopic view of airways (VA) can influence the NIV setting in ALS. 

 

Primary endpoint: Compliance (%) (>70%; >4h/d) and AHI of 30th day. 

Secondary endpoint: Complaints - Respiratory events that make necessary respiratory 

observation or supplementary appointments to ventilator adjustment (number each 

evaluation, before or after this study in each patient) 

 

Material and methods 

Subjects: inclusion criteria 

Patients with diagnosed ALS (El Escorial criteria) with established NIV in Centro 

Hospitalar Tras-os-Montes e Alto Douro, Vila Real, Portugal and Haukeland University 

Hospital, Bergen, Norway. Approximately 20-30 patients from each institute. 
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Subjects: exclusion criteria 

Ages < 18 years; Unstable ischemic heart disease; Ventilatory support dependency 

(>12h/day); Oncological disease 

 

Study design: This is a cross-sectional study with observational and intervention. 

Patients will be examined at the out-patient clinic. We will characterize the patients 

before and after endoscopic observation during NIV. 

 

Will be characterized different groups: (to characterize and analyze after) 

1-Limb onset ALS patients  

2-Bulbar onset ALS patients 

3-Pseudobulbar (spastic) 

4-Mixed 

5-AHI >10/h 

6- Hypercapnia 

 

Flow chart: NIV titration with complete monitoring (sleep, capnography) and 

international state of art. The endpoints will be evaluated at 1st mouth and 3rd mouth.  

 

Examinations 

Time A (date) 

Population characteristics 

Identification 

Gender 

Date of birth (date) 

Date of symptom start (ALS) (month/year) 

Date of diagnosis (month/year) 

Date of start NIV (month/year) 

Spinal or bulbar onset 

If bulbar symptoms: pseudobulbar /progressive bulbar /mixed 
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BMI 

Functional parameters at the evaluation time: FVC (seated and supine), SVC, PCF, MIP 

and MEP, HCO3, PCO2, PO2, BE 

ALSFRS-R (and bulbar scale of ALSFRS -R) 

Morris scale 

Maximum Insufflation Capacity (MIC) 

 

Pulsoximetry: Time SpO2 < 90% (% of ventilated time) 

 

Capnography: Transcutaneous CO2 >49 mmHg (Y/N) 

 

NIV Compliance: 

Time of use (hours, minutes)  

% of time > than 4 hours/day 

Interruptions  

 

Look for the pattern of detailed recordings. If interruptions, what is the pattern? (A/B/C) 

 

 

Do you know the cause for interruptions? If Yes; ventilation related or other? 

Complains with questions with VAS scale  

‘‘How well did you sleep?’’ 
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If complains, what is the cause?  

1.Interface 

2.Noise 

3. Pressure 

4.Humidification 

5.Temperature of the air 

6. Pooling of saliva 

7. Pooling of secretions 

8. Other 

 

Parameters registered by the NIV device  

AHI 

Hours of ventilation 

Leaks 

EPAP 

IPAP or P95 of IPAP 

Vt 

BF 

% of patient triggering 

% of patient cycling 

 

Systematic endoscopic observation/intervention during NIV protocol 

Mask:  Total facial mask (Fitlife, Philips) 

Device for NIV: Stellar, Resmed. Software will visualize the ventilation curves on the 

computer screen. 

Videoendoscopy of upper airways  

Observation of: 

Pooling (Y/N) 

Oropharyngeal patency (Y/N) 

Hypopharyngeal patency (Y/N) 

Laryngeal patency 

Epiglottis position(L,M) /movement (stabile – dynamic) 
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Occlusion at the supraglottic level (Y/N) 

Occlusion at the glottic level (Y/N; True vocal folds abduction and adduction) 

 

NIV PROTOCOL 

 Body 

position 

IPAP EPAP Other settings Consideration for 

Observation without NIV 

1 Sitting ≥7 ≥3  Comfortable 

Observation with NIV, progress if not optimal laryngeal response or need for titration or 

intervention 

2 Sitting  ↑  ↑SpO2 

↑ UA 

Observation with NIV, progress if not optimal laryngeal response or need for titration or 

intervention 

3 Sitting ↑   ↑SpO2 

Increase TV 

(>400-500) 

Observation with NIV, progress if not optimal laryngeal response or need for titration or 

intervention 

4 Supine  ↑  

 

↑SpO2 

↑ UA 

Observation with NIV, progress if not optimal laryngeal response or need for titration or 

intervention 

5 Supine ↑   ↑SpO2 

Tolerate supine 

position 

Increase TV 

(>400-500) 

Observation with NIV, progress if not optimal laryngeal response or need any kind of titration or 

intervention 

6 Open protocol: 

Increase, decrease or adjust others parameters 

Optimal laryngeal response = (Defined visually) larynx as open as possible, without epiglottic 

paradox movement and NIV tolerable for the patient 
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Time B (date) 

(4 Weeks after) 

 

Pulsoximetry: Time SpO2 < 90% (% of ventilated time) 

 

Capnography: Transcutaneous CO2 

 

NIV Compliance 

Time of use (hours, minutes) 

% of time > than 4 hours/day 

Interruptions  

Look for the pattern of detailed recordings. If interruptions, what is the pattern? (A/B/C) 

 

Do you know the cause for interruptions? If Yes; ventilation related or other? 

Complains with questions with VAS scale  

‘‘How well did you sleep?’’ 

 

 

 

If complains, what is the cause?  

1. Interface 

2. Noise 

3. Pressure 

4. Humidification 

5. Temperature of the air 

6. Pooling of saliva 
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7. Pooling of secretions 

8. Other 

 

Parameters registered by the NIV device  

AHI 

Hours of ventilation 

Leaks 

EPAP 

IPAP or P95 of IPAP 

Vt 

BF 

% of patient triggering 

% of patient cycling 

 

Statistical methods 

Statistical longitudinal analyses will be carried on under the supervision of Roy Miodini 

Nilsen, biostatistician, associated professor at Faculty of Health and Social Sciences, 

Western Norway University of Applied Sciences, Bergen, Norway and by Martins N. PhD, 

Institute for Research and Innovation in Health (i3S), University of Porto, Porto, 

Portugal, by Portuguese Foundation for Science and Technology (FCT–Portugal) for the 

Strategic project ref. UID/BIM/04293/2013 and “NORTE2020—Programa Operacional 

Regional do Norte” (NORTE-01-0145-FEDER-000012). 

 

Local ethical committee 

This study had local Ethics Committee (Centro Hospitalar Trás-os-Montes e Alto Douro, 

Vila Real, Portugal and Haukeland University Hospital, Bergen, Norway) approval, and 

informed consent was obtained from all patients. 

 

National protection data approval 

 

Clinical trials 

The study will be registered in Clinical Trials, https://clinicaltrials.gov/ 
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