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Abstract  Amyotrophic lateral sclerosis ȋALSȌ is an incurable and terminal disease which causes progressive symptoms that negatively impact on quality of lifeǤ The aim of ALS care is to minimise morbidity and maximise quality of lifeǤ  This review describes the current approaches to supportive care and outlines the evidence for these strategiesǤ  Recent changes Supportive care for patients with ALS by a specialist multidisciplinary team is associated with improved survivalǤ  Respiratory support using nonǦinvasive ventilation can improve survival and sustain quality of lifeǡ however the role of diaphragmatic pacing is less clear with several studies reporting reduced survival with its useǤ  There is building evidence of the key role of metabolic dysfunction in the pathogenesis of ALS and that interventions that optimise nutrition may improve quality of life and survivalǤ Cognitive changes are now recognised to occur commonly in ALS and impact on prognosisǤ (ow best to intervene and support patients and carers when cognitive changes occur is yet to be establishedǤ There is increasing recognition of the need for specialist palliative care to provide support for those facing complex and distressing problems throughout the disease course as well as for those approaching the end of lifeǤ  Future research The basis of supportive management is moving from guidelines based on expert consensus towards an evidenceǦbased approachǤ  This will encourage the use of effective treatments and could reduce the risk of harm caused by ineffective or unsafe interventionsǤ   
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Key points 
• The aim of the management of ALS is to maximise quality of life and minimise morbidityǤ 
• Guidelines for symptomatic care are becoming more evidencedǦbasedǤ 
• Management by specialist clinic based multidisciplinary team is associated with improved survivalǤ 
• NonǦinvasive ventilation improves survival and quality of life in patients with respiratory failureǤ 
• Nutrition is an independent indicator of survival and early insertion of a gastrostomy is recommended prior to significant weight lossǤ 
• Cognitive impairment is common in ALS and is associated with a worse prognosisǢ optimal management of this problem is unclearǤ    

Introduction  Amyotrophic lateral sclerosis ȋALSȌ is a progressiveǡ incurable disease causing muscle weakness and paralysisǤ  Whilst the lifetime incidence of ALS is ͳ in ͶͲͲǡ average survival is only two to four years from onsetǡ meaning prevalence is low ȋapproximately ͷǤͶ per ͳͲͲ ͲͲͲȌ ͳǡʹǤ  The extensive search for a disease modifying therapy has been unrewardingǡ with riluzole being the only drug shown to offer a small survival benefit of approximately three months ͵ǡͶǤ   There is an increasing recognition of the impact symptoms of ALS have on patients and their familiesǤ  As a resultǡ the focus of ALS management has shifted towards specialist multidisciplinary care which provides holistic support aiming to minimise morbidity and maximise function and quality of life ͷǦͳͲǤ   )n the last two decadesǡ major guidelines focussing on supportive care have been developed ͳͳǦͳͶǤ  (oweverǡ in the absence of evidenceǡ recommendations have largely been based on consensus or expert opinion and individual cliniciansǯ practise variedǤ This review will discuss the evidence underpinning the approach to supportive care in ALS and priorities for future researchǤ  ȋTable ͳȌ 
 

Organisation of care 
 The management of patients with ALS care is often led by a multidisciplinary team of specialists working together to provide a rapid and sensitive diagnosis followed by holistic care throughout the disease ȋBox ͳȌǤ   Attendance at a multidisciplinary clinic is associated with improved survivalǡ independent of the use of nonǦinvasive ventilationǡ riluzole and gastrostomy feeding ͷǡͳͲǡͳͷǡͳǤ The cause of this additional survival benefit is unknown and is worthy of further studyǡ particularly as it appears that the structure in which care is delivered impacts on patient survivalǤ  This was demonstrated in a study comparing models of care in )reland and Northern )relandǤ  Centralised multidisciplinary hospital clinic based care was associated with superior outcomes compared to either attending a general neurology clinic with no integrated care or receiving coǦordinated care through a community care network ͳͲǤ  The reasons behind these differences are unclearǡ but the survival benefits may relateǡ in partǡ to the complex decisionǦmaking processes that can take place within the team in the 
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centralised clinic setting ͳͲǤ  Attendance at a multidisciplinary clinic may reduce and shorten hospital admissions and patients are more likely to use riluzoleǡ assistive aids and nonǦinvasive ventilation but the impact on quality of life is less clear ǡǡͳͲǡͳǤ   Patients value the convenience and quality of unified care but whilst single appointments reduce travel time to multiple specialistsǡ travelling to hospital and the prolonged nature of appointments remains a problem ͺǡͳͺǤ  Alternative services such as using telemedicine or remote monitoring may be useful to sustain access to specialists throughout the disease without the need to travel ͳͻǤ )t will howeverǡ be essential to ensure that the beneficial aspects of traditional clinic based multidisciplinary care are incorporated into these new models of serviceǤ  Box ͳǣ The components of a multidisciplinary teamǤ The core team members listed have been compiled from those listed in studies evaluating multidisciplinary care in ALS ͷǦͳͲǤ 
 
Components of a multidisciplinary ALS team:Neurologist Ȁrehabilitation physicianNurse Ȁ care coordinator Physiotherapy Occupational therapy Respiratory specialist Speech therapy Dietician  Charity worker  Social worker Ȁ benefits advisor Neuropsychology Ȁ Psychiatry  
Other specialists that may be required:Gastrostomy services Palliative care Ȁ hospice services Assistive technology Wheelchair services Augmentative and Alternative Communication services Continence team 
In liaison with: General practitioner Community ̶outreach team̶ (ospice Ȁ hospital at home service
   



 

Management of respiratory function 

 Type two respiratory failure is the most common cause of death in ALS and nonǦinvasive ventilation was the first intervention shown to have a positive impact on both survival and quality of life ʹͲǤ Symptoms of respiratory failure can develop insidiously and initially respiratory failure may only occur in REM sleepǡ when diaphragmatic weakness causes hypoxia and hypercapnoea resulting in sleep disturbance ȋTable ʹȌǤ  Later in the diseaseǡ patients develop dyspnoea at restǡ poor cough and respiratory tract infectionsǤ  These problems are exacerbated by bulbar dysfunctionǤ  Early trials of drugs that may improve respiratory muscle contractile force and cough effectiveness are underway ʹͳǡʹʹǤ  
Monitoring of respiratory failure The best strategy for monitoring and identifying respiratory failure is unclearǤ  Expert guidelines recommend regular monitoring of respiratory function at least every three monthsǡ by enquiring about symptoms of respiratory failure and using objective measures ͳͳǡͳ͵ǡͳͶǤ  Despite this guidanceǡ in some clinics access to objective measures of respiratory muscle strength is limited and these measurements may be insensitive to respiratory failure and unsuitable for patients with bulbar or cognitive dysfunction ʹ͵Ǥ The most basic objective measure advised is daytime oxygen saturations plus either forced vital capacity or sniffǦnasalǦinspiratory pressure ȋBox ʹȌǤ  )f a patient exhibits signs or symptoms of respiratory failure it is recommended that they undergo arterial or capillary blood gas analysisǤ  )t should be noted that oxygen desaturation usually occurs late in type )) respiratory failure and daytime measurements of arterial carbon dioxide may not be a reflection of overnight function ʹͲǤ Therefore if respiratory failure is suspected and daytime gas analysis is normal then nocturnal oximetry studies should be conducted ͳͶǡʹͶǤ NonǦinvasive transcutaneous measurement of carbon dioxide levels is now possible and this can supplement the information from overnight oximetry ʹͷǤ      



 

Box ʹǣ The objective indicators of respiratory failureǤ  
Objective indicators of respiratory failure Forced vital capacity δ ͷͲΨ Forced vital capacity δ ͺͲΨ Ϊ symptoms of respiratory failureSN)P or M)P δ ͶͲ cm(ʹO  SN)P or M)P δ ͷ cm(ʹO ȋmenȌ or ͷͷ cm(ʹO ȋwomenȌ Ϊ symptoms of respiratory failure Repeated tests show a rate of decrease of SN)P or M)P εͳͲ cm(ʹO per ͵ months  Daytime arterial COʹ ofδkPa with symptoms of respiratory failureDaytime arterial COʹ of εkPa Daytime Oʹ saturations of δͻͶΨ Nocturnal episodes of hypercapnoeaNocturnal episodes of hypoxia SN)Pǣ sniff nasal inspiratory pressureǡ M)Pǣ mouth inspiratory pressure  Adapted from The use of non-invasive ventilation in the management of motor neurone diseaseǡ National )nstitute for Clinical Excellence guidelinesǤ N)CE clinical guideline ͳͲͷ ȋʹͲͳͲȌ ͳͶǤ   
Non-invasive ventilation A randomised controlled trial of patients with ALS using nonǦinvasive ventilation ȋN)VȌ demonstrated survival and quality of life benefits ʹͲǤ ȋFigure ͳȌ Using N)V initially at night and also if requiredǡ in the daytimeǡ was associated with a median survival gain of seven months and quality of life was improved and sustained throughout the trialǤ   Using N)V can be challengingǡ requiring perseverance by patients and carers as well as significant support from specialists ʹǡʹǤ  Unsurprisingly those with poor adherence or poor ventilation fail to gain survival benefit ʹͺǤ Patients in the original trial with poor bulbar function failed to experience a survival benefit but did experience improvement in quality of life ʹͲǤ  Current guidance recommends that a trial of N)V should be offered to patients even if they may not be able to tolerate N)V because they may experience an improvement in sleepǦrelated symptoms ͳͶǤ  This approach is supported by a recently published cohort study of ʹͻʹ patients that suggested that patients with bulbar onset disease mayǡ in factǡ gain survival benefit from using N)V ʹͻǤ  Additional equipment such as humidification and alternative masks may promote adherence by dealing with problems such as dry mouthǡ claustrophobia and difficulties eatingǤ  Battery packs and backǦup ventilators reduce the burden on routine life and allow patients to travel ͵ͲǤ  FaceǦtoǦface training can be supplemented by online resources such as ǲMyN)Vǳ ȋwwwǤmymndǤorgǤukȌǡ which promotes the benefits of N)V use and encourages adherence ͵ͳǤ  
Invasive ventilation The number of patients undergoing tracheostomy ventilation is increasing but varies from country to country ͵ʹǡ͵͵Ǥ  Patients may commence invasive ventilation in a desire to prolong lifeǡ when they are unable to tolerate N)Vǡ to manage respiratory secretions or in an emergency following a respiratory crisis ͵͵Ǥ  One cohort study did suggest howeverǡ that invasive ventilation offers no survival advantage for patients aged over Ͳ years ͵ʹǤ  )nvasive ventilation is limited by 
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resources and concerns that the patient and carer quality of life may be poor or that patients may become ǲlockedǦinǳǡ losing the ability to communicate ͵ͶǤ  )t is good practice to discuss respiratory failureǡ potential treatments and endǦofǦlife options early and throughout the disease so that individual wishes are known should an unpredicted respiratory emergency occur ͳͶǤ 
 

Respiratory and oropharyngeal secretions Dysphagia and poor cough cause excessive oropharyngeal and respiratory secretionsǡ occurring in approximately half of patients attending ALS clinics ͵ͷǤ Excessive secretions cause social embarrassmentǡ increase the risk of aspiration and pneumoniaǡ and can impair the use of N)VǤ  Management varies and drug treatments are often ineffectiveǡ with half of those experiencing the problem having uncontrolled symptoms ͵ͷǤ  The treatment of thin saliva can dry the mouth and thicken secretionsǡ making their clearance more difficultǤ )ntraglandular botulinum toxin was effective in reducing secretions in a randomised controlled trial of ʹͲ patients and may reduce aspiration ͵Ǥ  Botulinum toxin is well tolerated and its effectiveness may be improved by using ultrasoundǦguidance ͵Ǧ͵ͺǤ  )t can cause drying of the mouth and can ȋrarelyȌ worsen dysphagia and therefore it tends to be reserved for those with a gastrostomy ͵ͷǡ͵ǡ͵ͻǤ  Radiotherapy is effective but is limited by availability and risk of permanent dry mouth ͶͲǡͶͳǤ  There are no studies examining the drug treatment of respiratory secretions but mucolytics such as carbocysteine and airway humidification using N)V or nebulised saline are recommended ͳ͵ǡͳͶǤ  
Cough augmentation  Dysphagia and respiratory muscle weakness leads to weakened cough and poor secretion clearanceǡ increasing the risk of respiratory infectionsǤ  Monitoring cough effectiveness using measures such as peak cough flow may identify patients at risk of ineffective sputum clearance ͶʹǡͶ͵Ǥ  )mproving lung recruitment and thereby increasing peak cough flow and sputum clearance may be achieved by using N)Vǡ breathing exercises ȋeǤgǤ ǲbreathǦstackingǳȌ or a lung volume recruitment bag ͶͶǡͶͷ ȋFigure ͵ȌǤ  Mechanical insufflationǦexsufflation devices ȋeǤgǤ Cough AssistȌ are more effective in increasing peak cough flow but are difficult to use in those with poor bulbar function ͶͷǤ External high frequency chest wall oscillation using a wearable vest may also improve sputum clearance ͶǤ  Cough assist use is recommended during acute infective episodes but trials to determine the benefits of regular prophylactic use of cough augmentation devices are awaitedǤ  
Diaphragmatic pacing  )n ʹͲͳͳǡ the United States Food and Drug Administration gave approval for use of a diaphragmatic pacing device in patients with ALS under the (umanitarian Device Exemption program ͶǤ  The approval was based on partially published data from a nonǦrandomised uncontrolled cohort of ͺ patients with ALSǡ which reported a positive impact of diaphragmatic pacing on survival and sleep qualityǤ (oweverǡ in ʹͲͳͶǡ a randomised controlled trial of diaphragmatic pacing in the UK found patients using pacing survived on averageǡ ͳͳ months less than who did not undergo pacing ͶͺǤ  A French study was also terminated early following findings of excess mortality in those who underwent pacing ͶͻǤ  A US study has 
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suspended recruitment whilst the implications of the conflicting results are exploredǡ and a post marketing approval registry study continues ͷͲǡͷͳǤ )t may be possible to pool the data from these trials to determine whether there is a role for pacing in a particular subǦgroup of patientsǡ however for the majority this would appear not to be the caseǤ   At present it is recommended that diaphragm pacing is only used within the context of clinical trials ͶͺǤ    
 

Nutrition and swallowing  Malnutrition and weight loss are well recognised poor prognostic factors in ALS ͷʹǦͷͷǤ Reasons for weight loss are multifactorial and include muscle wasting secondary to denervationǡ poor oral intake due to dysphagiaǡ upperǦlimb weakness and poor appetite and energy intake is lower than predicted daily requirements ͷǤ  Calorie ingestion of less than the recommended daily amount has been observed in ͲΨ and ͻͶΨ of patients with ALS in two cohorts ͷǡͷͺǤ Low oral intake is compounded by an increased resting energy expenditure which occurs in up to Ψ of patients with ALS ͷʹǡͷǡͷͻǦͳǤ  The cause of hypermetabolism in ALS is unknownǡ with several unproven hypotheses including mitochondrial dysfunction ʹǤ Given the high prevalence of hypermetabolism and the association of weight loss and malnutrition with a poor prognosis in ALSǡ a small pilot study of high calorie diets in gastrostomy fed patients with advanced disease has been undertaken ͵Ǥ The results indicated a possible survival advantage with good tolerability of high calorie supplementationǤ  This demonstrated the potential of a high calorie nutritional intervention to influence the disease course in ALSǤ Whilst the approach in this study has the advantage of controlling the nutritional intake accurately through a gastrostomy tubeǡ the main draw back is that patients are receiving the nutritional intervention late on in the disease courseǤ   )t is recommended that patients undergo regular assessment of swallow and weightǡ and receive advice regarding diet and swallowing techniques ͳ͵Ǥ  Exercises to improve cough and swallow and even insertion of autologous myoblasts into the tongue are being explored ͶǦǤ  An observational study injecting botulinum toxin into the upper oesophageal sphincter in ʹͲ patients reduced signs of aspiration but further trials are awaited Ǥ 
Gastrostomy feeding Enteral feeding is commonly used to sustain intake of nutrition and medication but there is no convincing evidence that it improves survivalǡ nutritional outcomes or quality of life ͺǤ  Given it is already extensively used in ALSǡ it is unlikely that a randomised controlled trial with a placebo arm to definitively explore this issue would be possibleǤ  (oweverǡ evidence regarding the timing and method of gastrostomy have become clearer following a prospective cohort study of ͵Ͷͷ patients undergoing gastrostomy insertion ͻǤ  Whilst expert consensus previously recommended that a loss of ͳͲΨ of body weight should trigger insertionǡ this cohort study suggested that this may be too late ͳͳǤ  Those patients undergoing the procedure who had already lost more than ͷΨ of their premorbid weight were unlikely to regain this weight with enteral feeding ͻǤ  )t 
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is therefore recommended that patients should be referred to a dietician and speech therapist at the onset of dysphagia and consider gastrostomy insertion early in the diseaseǡ ideally prior to the development of respiratory failure or significant weight loss ͳ͵ǡͻǤ   )dentifying the correct time for an individual to undergo the procedure is challenging and patients often chose to delay insertionǡ particularly those still enjoying the taste and the social importance of eating ͲǡͳǤ Patients may view gastrostomy negativelyǡ as it represents an important milestone in their disease and using a gastrostomy also places a major burden on carers ͲǡʹǤ  For some patients with severe cognitive impairment or who are frail or nearing the end of lifeǡ conservative management may be more appropriateǤ Alternatives such as nasogastric feedingǡ subcutaneous fluids or even parental nutrition may be considered ͳ͵Ǥ   The technique for gastrostomy insertion depends on a patientǯs respiratory function and available expertiseǤ   Endoscopic placement of a percutaneous gastrostomy ȋPEGȌ is appropriate for patients without respiratory failure who can tolerate sedationǤ   For those with respiratory failureǡ radiological guided gastrostomy ȋR)GȌ avoids the need for sedation but the balloonǦretained tubes are significantly more likely to become displacedǡ leak or require replacement ȏͲȐǤ  PerǦoral imageǦguided gastrostomy ȋP)GȌ can be performed whilst using nonǦinvasive ventilationǤ  This involves inserting a nasogastric tube as a guide allowing a robust PEG gastrostomy tube to be pulled through and out of the abdominal wall ȏͲȐǤ  All three methods appear to be as safe as each other ͻǤ   Patients may develop bloating or bowel disturbance following initiation of enteral feedingǤ  Adjustment in feed regime may be helpful but there is no evidence to support any specific approachǤ   
Musculoskeletal symptoms 

 

Spasticity Spasticity causes pain and loss of function and can be exacerbated by factors such as infection and poor positioningǤ There is no evidence to recommend one management strategy over another ͵Ǥ  Muscle relaxants can exacerbate muscle weakness and their sedating sideǦeffects are often intolerableǤ  One randomised controlled trial of prescribed exercise in ʹͷ patients observed small improvements in disability and spasticity ͶǤ  )n observational studiesǡ intrathecal baclofen improved symptoms and quality of life in patients where oral medication has failed ͷǡǤ   
Cramps Cramps are common in ALS but Cochrane review of trials of various treatments including one randomised controlled trial of tetrahydrocannabinolǡ reported no evidence to recommend any particular treatment ǡͺǤ  An open label study of levetirecetam in ʹͲ patients has reported a reduction in cramp frequency and severity ͻǤ  Quinine is the most commonly used therapy for cramps but use for 
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this indication is restricted in the United States because of reports of rare but serious haematological and cardiac events ȋͷ serious events and ͻ͵ deaths between ͳͻͻ and ʹͲͲȌ ͺͲǤ   A Cochrane review of quinine in patients with various causes of cramp found moderate evidence that quinine was safe and effective ͺͳǤ  The side effects of quinine are dose dependent and it is possible that low dose quinine used in cramps may not be associated with these sideǦeffects but the studies included in the review may be too small to detect very rare events ͺͳǤ )n the absence of an effective alternativeǡ guidance from the American Academy of Neurology recommends that quinine only be used as a last resort ͳͳǤ  
 

Pain More than half of those with ALS experience pain and it impacts on quality of lifeǡ and a small number experience other sensory symptoms but no trials in ALS have been conducted ͺʹǡͺ͵Ǥ   
Psychological symptoms  The incidence of depression ranges from ͳͳΨ ȋinterview studiesȌ to ͷΨ ȋselfǦreported measuresȌ and is associated with a poorer quality of lifeǤ  There have been no trials of specific ALS treatmentsǡ so standard therapies ȋselectiveǦserotonin reuptake inhibitorsǡ amitriptyline or mirtazapineȌ are recommended ͳ͵Ǥ    There is increasing recognition of the overlap between ALS and other neurodegenerative diseasesǡ in particularǡ frontotemporal dementia and ParkinsonismǢ both in the same patientǡ or within their familyǤ  Some of these patients have pathogenic mutationsǡ the most common being the recently identified abnormallyǦlong hexonucleotide repeat expansion CͻORFʹ ͺͶǦͺǤ Approximately ͳͲǦͳͷΨ of ALS patients will show signs of frontotemporal dementiaǢ typically frontal variant with executive dysfunctionǡ language or behaviour change ͺǤ   A further ͷͲΨ experience mild cognitive or behavioural changeǤ Patients with executive dysfunction have a poorer prognosisǡ whilst behavioural change has a negative impact on carer quality of life ͺǡͺͺǤ  An ALS specific tool ȋthe Edinburgh Cognitive Behavioural ALS Screen toolȌ has been developed which can identify frontotemporal deficits ͺͻǤ  Whilst treatment is not availableǡ early recognition allows the provision of support and coping strategies for patients and carersǡ and facilitates decision making and advanced planningǤ  Approximately half of patients experience emotional labilityǡ pathological laughter or crying and this is more common in those with bulbar onset ALS ͻͲǤ  A selectiveǦserotonin reuptake inhibitor ȋfluvoxamineȌ and amitriptyline have been associated with reduced emotional outbursts in small observational studies ͻͳǡͻʹǤ  More recentlyǡ two randomised controlled trials of Nuedexta ȋa combination of dextromethorphan and quinidineȌ including ͵͵͵ patients with ALS found a significant reduction in emotional events ͻ͵ǡͻͶǤ  Side effects include dizziness and somnolenceǡ which led to ʹͶΨ of patients to stop taking the drug in one studyǤ  Nuedexta should be avoided in those with a risk of cardiac arrhythmia as it can prolong the QT intervalǤ  )t is licensed for use in the United States and is awaiting European licenseǤ 
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 )nsomnia and fatigue are common and impact on quality of life ͻͷǡͻǤ   )n one small study modafinil was found to improve symptoms of fatigue but larger studies are required ͻǤ  There have been no studies of interventions for insomnia and therefore standard treatments ȋhypnoticsǡ mirtazapine and amitrityplineȌ are recommended ͳ͵Ǥ  
�ALS-plus� symptoms  Other neurological disorders including aphasiaǡ ataxia and autonomic dysfunction have also been observed in ͳͶΨ of patients in one cohort and these patients had a poor prognosis ͻͺǤ Given the only recent recognition of these featuresǡ there are currently no recommended approaches to management in patients with ALSǤ   
 

 

Assistive devices 

 Assistive devices can improve function and independence but need to be accessibleǡ affordable and appropriate for the changing needs of patientsǤ  By working directly with patients and cliniciansǡ specifications for devices to meet the needs of patients with ALS can be establishedǤ  Two recent solutions have demonstrated the benefit of these collaborationsǣ the Sheffield Support Snood and Powered Neuro Wheelchairs ͻͻǡͳͲͲǤ   Neck weakness causes head dropǢ which leads to pain and can exacerbate problems with communicationǡ eating and droolingǤ   Current neck collars were described as being too rigid and restricting movementǡ or too softǢ providing ineffective support ͻͻǤ The Sheffield Support Snood was developed in a collaboration involving cliniciansǡ patients and engineersǤ )t offers an adaptable structure which can provide tailored support to an individual that is modified as needs changeǤ  ȋPicture ͶȌ  Early evaluation suggests it provides good support without restricting movementǡ eating or speaking and for most patients was preferable to their previous collar ͳͲͳǤ  Using a powered wheelchair improves mobilityǡ independence and quality of life but there is a lack of evidence to determine the appropriate specification for patients with ALS ͳͲʹǡͳͲ͵Ǥ  Selection of the appropriate chair relies on the expertise of the therapist and choice may be limited by cost and availabilityǤ A collaboration of patients and therapist in the UKǡ working with wheelchair manufacturers developed three ǲPowered Neurochairsǳ ͳͲͲǤ  Each offers high specification at an optimumǡ affordable cost so patients can quickly access a wheelchair that will meet their needsǤ  
Communication  For patients with dysarthria there are many augmentative assistive communication solutions availableǤ These include simple writing boardsǡ textǦtoǦspeech apps and eyeǦgaze systemsǤ  Voice banking is a relatively new option that can provide a more natural voice to patients who use textǦtoǦspeech apps such as 
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ǲPredictableǳ ͳͲͶǤ  Patients can use software such as Model Talker to record their own voice although the quality of the synthesised voice relies on patients recording ͳͲͲ phrasesǡ which is time consuming ͳͲͷǤ  Patients can adopt a ǲdonatedǳ voice and voice banks are now able to combine multiple voices to provide an individual voice matched to ageǡ sex and accentǤ  There is some way to go before communication devices are fast enough to maintain a conversation and produce a voice that can match the prosody of natural speech ͳͲǤ  )n the future brainǦcomputer interfaces may allow patients with severe disability to communicate using electroencephalogram ȋEEGȌ controlǤ  Currently this technology has been evaluated in only a small number of patientsǡ mostly in experimental environments and is limited by the usability and reliability of the technology ͳͲǤ 
 

Care at the end of life   The experience at the end of life can have a significant impact on patients and their families ͳͲͺǦͳͳͲǤ  Due to the complexities of management of advanced ALS it is recommended that specialist palliative care services are involved early and throughout the disease ͳͳͳǤ  Advanced care planning allows patients and their families to document their attitudes towards future events but enactment of these wishes may not always be straightforward and decisions should be reviewed regularly ͳͳʹǤ  Anticipatory prescribing of medications to treat symptoms at the end of life may enable informal carers to administer medication whilst subcutaneous infusions may be required for onǦgoing symptoms ȋTable ͵ȌǤ The Motor Neurone Disease Association has developed a ǲJustǦinǦcaseǳ box in which medication for carers or clinicians ȋeǤgǤ ambulance service or nursesȌ to use to treat terminal symptoms can be stored and recorded ͳͳ͵Ǥ    
Withdrawal of ventilation With progression of respiratory muscle weaknessǡ it is common for individuals to begin to use N)V during the day for symptom reliefǤ  At the end of lifeǡ some patients die peacefully with N)V inǦsitu whilst others simply stop using it without experiencing significant difficulties ͳͲͻǤ  )n a proportion of patients the decision to no longer continue using N)V is more complexǤ  Patients may require the assistance of othersǡ for exampleǡ to remove the maskǡ and may require treatment to prevent distressing symptomsǤ  This can cause anxiety on legal and ethical grounds which may interfere with the delivery of the best endǦofǦlife care ͳͳͳǡͳͳͶǤ The law in many countries recognises that a patient with capacity can opt to refuse or withdraw from medical treatment even if it will result in deathǤ    Guidelines have been drawn up to advise those considering ventilation withdrawal ͳͳͳǡͳͳͶǤ   )t is recommended that patientsǡ family and clinicians openly discuss their thoughts about ventilation and the circumstances at the endǦofǦlifeǤ  These discussions should begin before ventilation commences and continue throughout the illness and may be triggered by situations such as when patients begin to use ventilation in the day to relieve dyspnoea or if topics such as advanced decisionǦmaking or euthanasia are raisedǤ  )f a patient expresses a wish to withdraw from ventilation the patientǯs capacity must be assessed and it must be established that the decision is the settled position of the individualǤ  
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Conscious sedation ȋiǤeǤ drowsy but awakeȌ using opiates and benzodiazepines should be achieved prior to ventilation withdrawal to avoid distressing symptomsǤ Deep unconscious sedation may be needed to tolerate withdrawal in those who become breathless quickly after mask removalǤ Although patients may die quicklyǡ preparations must be made to support patients where the process may take longer ͳͳͶǤ  
 

Future research and the need to develop the evidence base for 

symptomatic care 

 Given the clear evidence of benefit of nonǦinvasive ventilationǡ other interventions to managed the consequences of respiratory failure may also improve survival and quality of lifeǤ The most important question is whether cough augmentation can reduce the incidence of respiratory infectionǤ  Other areas of uncertainty include how to monitor respiratory functionǡ how to improve the tolerance and effectiveness of N)V and the management of oropharyngeal secretionsǤ Focus is also needed to determine the optimum approach to nutritionǡ preǦ and postǦ gastrostomy and to improve other distressing symptoms that have an impact on quality of lifeǤ  )t will also be important to develop an understanding of the key aspects of multidisciplinary care that improve survival and how these benefits can be delivered to all patientsǤ Like many of the other interventions described in this reviewǡ multidisciplinary care has multiple componentsǡ each of which may influence the outcome of the interventionǤ  Establishing the aspects of the intervention that are key to its successǡ in whom they are successful and how they can be delivered will be challenging ͳͳͷǤ   Previous guidelines have provided an excellent benchmark for standards of ALS care but in lieu of much high quality evidenceǡ these standards have understandably been largely based on expert and consensus opinionǤ  Developing an evidence base for symptomatic case is important becauseǡ whilst improvements have been made over the last decadeǡ access to standard treatments that have been proven to be beneficial remains variableǤ  For exampleǡ despite clear evidence to support the use of riluzoleǡ patients attending a nonǦspecialist clinic remain less likely to be receive the drug ͳͲǤ  Prior to the randomised controlled trial of N)V few patients in the UK were using it ͳͳǤ  Following this trial and subsequent publication of National )nsitute for Clinical Excellence ȋN)CEȌ guidelines in ʹͲͳͲ in the UKǡ N)V use has markedly increased ʹ͵Ǥ Specialist clinics will promote the use of N)Vǡ but in some areas there still remains a lack of access to monitoring and treatment as well as inequalities in use in some patient groups ʹ͵Ǥ   Promoting evidenceǦbased guidelines should reduce the potential for patients who feel they have little to lose to be harmed by using unsafeǡ untested treatmentsǤ For exampleǡ prior to the recent research demonstrating its potential harm when used in a nonǦselective mannerǡ diaphragmatic pacing systems were already being widely implanted around the worldǤ This story has several lessons for the ALS communityǤ The most important is that all interventions should be 
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evaluated thoroughly and usually this will be in the context of a randomised controlled studyǤ   The arguments that patients with ALS have nothing to lose and that they have a right to try untested therapies are understandableǡ given the poor prognosis and the lack of curative treatments ͳͳǡͳͳͺǤ  (oweverǡ such approaches can lead to patient harm and become a barrier to the development and evaluation of effective therapiesǤ   
Conclusion  Current evidence indicates that supportive care for patients with ALS is best delivered by a specialist multidisciplinary teamǡ which can provide holistic care to patientsǡ family and carers maximising function and quality of lifeǤ  Further work is needed to strengthen the evidence base for the management of ALSǡ which ultimately should ensure universal good practice and reduce inequalities in careǤ    Figure ͳǣ A nonǦinvasive ventilation mask ȋcopyright Sheffield )nstitute for Translational NeurosciencesȌ Figure ʹǣ An online guide for people with ALS using nonǦinvasive ventilationǤ  wwwǤmymndǤorgǤuk ȋcopyright Sheffield )nstitute for Translational NeurosciencesȌ Figure ͵ǣ A lung recruitment ǲbreathǦstackingǳ device ȋcopyright Sheffield )nstitute for Translational Neurosciences Figure Ͷǣ The Sheffield Support Snood ȋcopyright Sheffield )nstitute for Translational NeurosciencesȌ   Table ͳǣ The management of common symptoms in ALSǤ  Table ʹǣ The symptoms and signs of respiratory failureǤ  Table ͵ǣ The management of symptoms at the end of lifeǤ      
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Psychiatry 82, ʹͺȂ͵Ͷ ȋʹͲͳͳȌǤ ͷͷǤ Paganoniǡ SǤǡ Dengǡ JǤǡ Jaffaǡ MǤǡ Cudkowiczǡ MǤ EǤ Ƭ Willsǡ AǤǦMǤ Body mass indexǡ not dyslipidemiaǡ is an independent predictor of survival in amyotrophic lateral sclerosisǤ Muscle Nerve 44, ʹͲȂʹͶ ȋʹͲͳͳȌǤ ͷǤ Gentonǡ LǤǡ Viatteǡ VǤǡ Janssensǡ JǤ PǤǡ (éritierǡ AǤ CǤ Ƭ Pichardǡ CǤ Nutritional stateǡ energy intakes and energy expenditure of amyotrophic lateral sclerosis ȋALSȌ patientsǤ Clinical Nutrition 30, ͷͷ͵Ȃͷͷͻ ȋʹͲͳͳȌǤ ͷǤ Kasarskisǡ EǤ JǤǡ Berrymanǡ SǤǡ Vanderleestǡ JǤ GǤǡ Schneiderǡ AǤ RǤ Ƭ McClainǡ CǤ JǤ Nutritional status of patients with amyotrophic lateral sclerosisǣ relation to the proximity of deathǤ Am. J. Clin. Nutr. 63, ͳ͵ͲȂͳ͵ ȋͳͻͻȌǤ ͷͺǤ Slowieǡ LǤ AǤǡ Paigeǡ MǤ SǤ Ƭ Antelǡ JǤ PǤ Nutritional considerations in the management of patients with amyotrophic lateral sclerosis ȋALSȌǤ J 
Am Diet Assoc 83, ͶͶȂͶ ȋͳͻͺ͵ȌǤ ͷͻǤ Desportǡ JǤǦCǤǡ Tornyǡ FǤǡ Lacosteǡ MǤǡ Preuxǡ PǤǦMǤ Ƭ Couratierǡ PǤ (ypermetabolism in ALSǣ correlations with clinical and paraclinical parametersǤ Neurodegener Dis 2, ʹͲʹȂʹͲ ȋʹͲͲͷȌǤ ͲǤ Bouteloupǡ CǤǡ Desportǡ JǤ CǤǡ Clavelouǡ PǤǡ Guyǡ NǤǡ DerumeauxǦBurelǡ (Ǥǡ Ferrierǡ AǤ  et alǤ (ypermetabolism in ALS patientsǣ an early and persistent phenomenonǤ J Neurol 256, ͳʹ͵ȂͳʹͶʹ ȋʹͲͲͻȌǤ ͳǤ Funalotǡ BǤǡ Desportǡ JǤǦCǤǡ Sturtzǡ FǤǡ Camuǡ WǤ Ƭ Couratierǡ PǤ (igh metabolic level in patients with familial amyotrophic lateral sclerosisǤ 
Amyotroph Lateral Scler 10, ͳͳ͵Ȃͳͳ ȋʹͲͲͻȌǤ ʹǤ Duffyǡ LǤ MǤǡ Chapmanǡ AǤ LǤǡ Shawǡ PǤ JǤ Ƭ Griersonǡ AǤ JǤ Reviewǣ The role of mitochondria in the pathogenesis of amyotrophic lateral sclerosisǤ Neuropathol. Appl. Neurobiol. 37, ͵͵Ȃ͵ͷʹ ȋʹͲͳͳȌǤ ͵Ǥ Willsǡ AǤǦMǤǡ (ubbardǡ JǤǡ Macklinǡ EǤ AǤǡ Glassǡ JǤǡ Tandanǡ RǤǡ Simpsonǡ EǤ PǤ et al.  (ypercaloric enteral nutrition in patients with amyotrophic lateral sclerosisǣ a randomisedǡ doubleǦblindǡ placeboǦcontrolled 
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phase ʹ trialǤ Lancet 383, ʹͲͷȂʹͲʹ ȋʹͲͳͶȌǤ ͶǤ Plowmanǡ EǤ KǤ )s There a Role for Exercise in the Management of Bulbar Dysfunction in Amyotrophic Lateral Sclerosisǫ J. Speech Lang. 

Hear. Res. 58, ͳͳͷͳȂͳͳ ȋʹͲͳͷȌǤ ͷǤ Plowmanǡ EǤ KǤǡ Wattsǡ SǤ AǤǡ Taborǡ LǤǡ Robisonǡ RǤǡ Gazianoǡ JǤǡ Domerǡ AǤ SǤ et al. )mpact of expiratory strength training in amyotrophic lateral sclerosisǤ Muscle Nerve ȋʹͲͳͷȌǤ  Ǥ Plowmanǡ EǤ KǤǡ BijangiǦVishehsaraeiǡ KǤǡ (alumǡ SǤǡ Catesǡ DǤǡ (anenbergǡ (Ǥ et al. Autologous myoblasts attenuate atrophy and improve tongue force in a denervated tongue modelǣ a pilot studyǤ 
Laryngoscope 124, EʹͲȂ ȋʹͲͳͶȌǤ Ǥ Restivoǡ DǤ AǤǡ Casabonaǡ AǤǡ Nicotraǡ AǤǡ Zappiaǡ MǤǡ Eliaǡ MǤǡ Romanoǡ MǤ CǤ et alǤ ALS dysphagia pathophysiologyǣ differential botulinum toxin responseǤ Neurology 80, ͳȂʹͲ ȋʹͲͳ͵ȌǤ ͺǤ Stavroulakisǡ TǤǡ Walshǡ TǤǡ Shawǡ PǤ JǤǡ McDermottǡ CǤ JǤȋon behalf of the ProGas StudyȌǤ Gastrostomy use in motor neurone disease ȋMNDȌǣ A reviewǡ metaǦanalysis and survey of current practiceǤ Amyotroph 

Lateral Scler Frontotemporal Degener 14, ͻȂͳͲͶ ȋʹͲͳ͵ȌǤ ͻǤ ProGas Study GroupǤ Gastrostomy in patients with amyotrophic lateral sclerosis ȋProGasȌǣ a prospective cohort studyǤ Lancet 

Neurology 13ǡ ͲʹǦͲͻ ȋʹͲͳͷȌǤ  ͲǤ Stavroulakisǡ TǤǡ Bairdǡ WǤ OǤǡ Baxterǡ SǤ KǤǡ Walshǡ TǤǡ Shawǡ PǤ JǤ Ƭ McDermottǡ CǤ JǤ Factors influencing decisionǦmaking in relation to timing of gastrostomy insertion in patients with motor neurone diseaseǤ BMJ Support Palliat Care 4, ͷȂ͵ ȋʹͲͳ͵ȌǤ ͳǤ Johnsonǡ JǤǡ Leighǡ PǤ NǤǡ Shawǡ CǤ EǤǡ Ellisǡ CǤǡ Burmanǡ RǤ Ƭ AlǦChalabiǡ AǤ EatingǦderived pleasure in amyotrophic lateral sclerosis as a predictor of nonǦoral feedingǤ Amyotroph Lateral Scler 13, ͷͷͷȂͷͷͻ ȋʹͲͳʹȌǤ ʹǤ Stavroulakisǡ TǤǡ Bairdǡ WǤ OǤǡ Baxterǡ SǤ KǤǡ Walshǡ TǤǡ Shawǡ PǤ JǤ Ƭ McDermottǡ CǤ JǤ The impact of gastrostomy in motor neurone diseaseǣ challenges and benefits from a patient and carer perspectiveǤ BMJ 

Support Palliat Care ȋʹͲͳͶȌǤ  ͵Ǥ Ashworthǡ NǤ LǤǡ Satkunamǡ LǤ EǤ Ƭ Deforgeǡ DǤ Treatment for spasticity in amyotrophic lateral sclerosisȀmotor neuron diseaseǤ Cochrane 

Database Syst Rev 2, CDͲͲͶͳͷ ȋʹͲͳʹȌǤ ͶǤ Droryǡ VǤ EǤǡ Goltsmanǡ EǤǡ Reznikǡ JǤ GǤǡ Mosekǡ AǤ Ƭ Korczynǡ AǤ DǤ The value of muscle exercise in patients with amyotrophic lateral sclerosisǤ J Neurol Sci 191, ͳ͵͵Ȃͳ͵ ȋʹͲͲͳȌǤ ͷǤ Marquardtǡ GǤ Ƭ Lorenzǡ RǤ )ntrathecal baclofen for intractable spasticity in amyotrophic lateral sclerosisǤ J Neurol 246, ͳͻȂʹͲ ȋͳͻͻͻȌǤ Ǥ McClellandǡ SǤǡ Bethouxǡ FǤ AǤǡ Boulisǡ NǤ MǤǡ Sutliffǡ MǤ (Ǥǡ Stoughǡ DǤ KǤǡ Schwetzǡ KǤ MǤ et alǤ )ntrathecal baclofen for spasticityǦrelated pain in amyotrophic lateral sclerosisǣ efficacy and factors associated with pain reliefǤ Muscle Nerve 37, ͵ͻȂ͵ͻͺ ȋʹͲͲͺȌǤ Ǥ Baldingerǡ RǤǡ Katzbergǡ (Ǥ DǤ Ƭ Weberǡ MǤ Treatment for cramps in amyotrophic lateral sclerosisȀmotor neuron diseaseǤ Cochrane 

Database Syst Rev 4, CDͲͲͶͳͷ ȋʹͲͳʹȌǤ 
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ͺǤ Weberǡ MǤǡ Goldmanǡ BǤ Ƭ Trunigerǡ SǤ Tetrahydrocannabinol ȋT(CȌ for cramps in amyotrophic lateral sclerosisǣ a randomisedǡ doubleǦblind crossover trialǤ J Neurol Neurosurg Psychiatry 81, ͳͳ͵ͷȂͳͳͶͲ ȋʹͲͳͲȌǤ ͻǤ Bedlackǡ RǤ SǤǡ Pastulaǡ DǤ MǤǡ (awesǡ JǤ Ƭ (eydtǡ DǤ OpenǦlabel pilot trial of levetiracetam for cramps and spasticity in patients with motor neuron diseaseǤ Amyotroph Lateral Scler 10, ʹͳͲȂʹͳͷ ȋʹͲͲͻȌǤ ͺͲǤ United States Food and Drug AdministrationǤ Drug Products 

Containing Quinine; Enforcement Action Dates. Federal Register OnlineǤ httpǣȀȀwwwǤfdaǤgovȀO(RMSȀDOCKETSȀͻͺfrȀͲǦͻͳ͵Ǥhtm ȋʹͲͲͻȌǤ ͺͳǤ ElǦTawilǡ SǤǡ Musaǡ Alǡ TǤǡ Valliǡ (Ǥǡ Lunnǡ MǤ PǤ TǤǡ Brassingtonǡ RǤǡ ElǦTawilǡ TǤ Ƭ Weberǡ MǤ Quinine for muscle crampsǤ Cochrane Database 

Syst Rev 4, CDͲͲͷͲͶͶ ȋʹͲͳͷȌǤ ͺʹǤ Chioǡ AǤǡ Canosaǡ AǤǡ Galloǡ SǤǡ Mogliaǡ CǤǡ )lardiǡ AǤǡ Cammarosanoǡ SǤ et 

alǤ Pain in amyotrophic lateral sclerosisǣ a populationǦbased controlled studyǤ Eur J Neurol 19, ͷͷͳȂͷͷͷ ȋʹͲͳͳȌǤ ͺ͵Ǥ Brettschneiderǡ JǤǡ Kurentǡ JǤ Ƭ Ludolphǡ AǤ Drug therapy for pain in amyotrophic lateral sclerosis or motor neuron diseaseǤ Cochrane 

Database Syst Rev 6ǡ CDͲͲͷʹʹ ȋʹͲͳ͵ȌǤ ͺͶǤ Rentonǡ AǤ EǤǡ Majounieǡ EǤǡ Waiteǡ AǤǡ SimónǦSánchezǡ JǤǡ Rollinsonǡ SǤǡ Gibbsǡ JǤ RǤ et al. A hexanucleotide repeat expansion in CͻORFʹ is the cause of chromosome ͻpʹͳǦlinked ALSǦFTDǤ Neuron 72, ʹͷȂʹͺ ȋʹͲͳͳȌǤ ͺͷǤ DeJesusǦ(ernandezǡ MǤǡ Mackenzieǡ )Ǥ RǤǡ Boeveǡ BǤ FǤǡ Boxerǡ AǤ LǤǡ Bakerǡ MǤǡ Rutherfordǡ NǤ JǤ et alǤ Expanded GGGGCC hexanucleotide repeat in noncoding region of CͻORFʹ causes chromosome ͻpǦlinked FTD and ALSǤ Neuron 72, ʹͶͷȂʹͷ ȋʹͲͳͳȌǤ ͺǤ CooperǦKnockǡ JǤǡ (ewittǡ CǤǡ (ighleyǡ JǤ RǤǡ Brockingtonǡ AǤǡ Milanoǡ AǤǡ Manǡ SǤ et al.   ClinicoǦpathological features in amyotrophic lateral sclerosis with expansions in CͻORFʹǤ Brain 135, ͷͳȂͶ ȋʹͲͳʹȌǤ ͺǤ Gordonǡ PǤ (Ǥǡ Goetzǡ RǤ RǤǡ Rabkinǡ JǤ GǤǡ Daltonǡ KǤǡ McElhineyǡ MǤǡ (aysǡ AǤ PǤ et alǤ A prospective cohort study of neuropsychological test performance in ALSǤ Amyotroph Lateral Scler 11, ͵ͳʹȂ͵ʹͲ ȋʹͲͳͲȌǤ ͺͺǤ Elaminǡ MǤǡ Phukanǡ JǤǡ Bedeǡ PǤǡ Jordanǡ NǤǡ Byrneǡ SǤǡ Penderǡ NǤ et alǤ Executive dysfunction is a negative prognostic indicator in patients with ALS without dementiaǤ Neurology 76, ͳʹ͵Ȃͳʹͻ ȋʹͲͳͳȌǤ ͺͻǤ Abrahamsǡ SǤǡ Newtonǡ JǤǡ Nivenǡ EǤǡ Foleyǡ JǤ Ƭ Bakǡ TǤ (Ǥ Screening for cognition and behaviour changes in ALSǤ Amyotroph Lateral Scler 

Frontotemporal Degener 15, ͻȂͳͶ ȋʹͲͳͶȌǤ ͻͲǤ Gallagherǡ JǤ PǤ Pathologic laughter and crying in ALSǣ a search for their originǤ Acta Neurol. Scand. 80, ͳͳͶȂͳͳ ȋͳͻͺͻȌǤ ͻͳǤ )annacconeǡ SǤ Ƭ FeriniǦStrambiǡ LǤ Pharmacologic treatment of emotional labilityǤ Clin Neuropharmacol 19, ͷ͵ʹȂͷ͵ͷ ȋͳͻͻȌǤ ͻʹǤ Szczudlikǡ AǤǡ Słowikǡ AǤ Ƭ Tomikǡ BǤ The effect of amitriptyline on the pathological crying and other pseudobulbar signsǤ Neurol. Neurochir. 

Pol. 29, ͵ȂͶ ȋͳͻͻͷȌǤ ͻ͵Ǥ Brooksǡ BǤ RǤǡ Thistedǡ RǤ AǤǡ Appelǡ SǤ (Ǥǡ Bradleyǡ WǤ GǤǡ Olneyǡ RǤ KǤǡ Eǡ BǤ JǤǡ Popeǡ LǤ EǤ et al.  Treatment of pseudobulbar affect in ALS with 
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dextromethorphanȀquinidineǤ Neuroloyg 2, 1365-70 ȋʹͲͲͶȌǤ ͻͶǤ Pioroǡ EǤ PǤǡ Brooksǡ BǤ RǤǡ Cummingsǡ JǤǡ Schifferǡ RǤǡ Thistedǡ RǤ AǤǡ Wynnǡ DǤ et alǤ Dextromethorphan Plus Ultra LowǦDose Quinidine Reduces Pseudobulbar AffectǤ Ann Neurol 68, ͻ͵ȂͲʹ ȋʹͲͳͲȌǤ ͻͷǤ Louǡ JǤǦSǤǡ Reevesǡ AǤǡ Beniceǡ TǤ Ƭ Sextonǡ GǤ Fatigue and depression are associated with poor quality of life in ALSǤ Neurology 60, ͳʹʹȂͳʹ͵ ȋʹͲͲ͵ȌǤ ͻǤ Ramirezǡ CǤǡ Pimentel Piemonteǡ MǤ EǤǡ Callegaroǡ DǤ Ƭ Almeida Da Silvaǡ (Ǥ CǤ Fatigue in amyotrophic lateral sclerosisǣ Frequency and associated factorsǤ Amyotroph Lateral Scler 9, ͷȂͺͲ ȋʹͲͲͺȌǤ ͻǤ Rabkinǡ JǤ GǤǡ Gordonǡ PǤ (Ǥǡ McElhineyǡ MǤǡ Rabkinǡ RǤǡ Chewǡ SǤ Ƭ Mitsumotoǡ (Ǥ Modafinil treatment of fatigue in patients with ALSǣ a placeboǦcontrolled studyǤ Muscle Nerve 39, ʹͻȂ͵Ͳ͵ ȋʹͲͲͻȌǤ ͻͺǤ McCluskeyǡ LǤǡ Vandrielǡ SǤǡ Elmanǡ LǤǡ Van Deerlinǡ VǤ MǤǡ Powersǡ JǤǡ Bollerǡ AǤ et alǤ ALSǦPlus syndromeǣ nonǦpyramidal features in a large ALS cohortǤ J Neurol Sci 345, ͳͳͺȂͳʹͶ ȋʹͲͳͶȌǤ ͻͻǤ Reedǡ (Ǥǡ Langleyǡ JǤǡ Stantonǡ AǤǡ (eronǡ NǤǡ Clarkeǡ ZǤǡ Judgeǡ SǤ et alǤ (eadǦUpǢ An interdisciplinaryǡ participatory and coǦdesign process informing the development of a novel head and neck support for people living with progressive neck muscle weaknessǤ J Med Eng 

Technol 39, ͶͲͶȂͶͳͲ ȋʹͲͳͶȌǤ ͳͲͲǤ Motor Neurone Disease AssociationǤ  Powered Neuro WheelchairsǤ httpǣȀȀwwwǤmndassociationǤorgȀgettingǦsupportȀwheelchairǦserviceȀpoweredǦneuroǦwheelchairs ȋʹͲͳͷȌ ͳͲͳǤ Baxterǡ SǤ KǤ Evaluating a novel cervical orthosisǡ the Sheffield Support Snoodǡ in patients with amyotrophic lateral sclerosisȀmotor neurone disease with neck weaknessǤ Amyotroph Lateral Scler Frontotemporal 

Degener Accepted for publication (2016) ͳͲʹǤ Pousada Garcíaǡ TǤǡ Groba Gonzálezǡ BǤǡ Nieto Riveroǡ LǤǡ Pereira Loureiroǡ JǤǡ Díez Villoriaǡ EǤ Ƭet alǤ Exploring the Psychosocial )mpact of Wheelchair and Contextual Factors on Quality of Life of People with Neuromuscular DisordersǤ Assist Technol 27, ʹͶȂʹͷ ȋʹͲͳͷȌǤ ͳͲ͵Ǥ Wardǡ AǤ LǤǡ (ammondǡ SǤǡ (olstenǡ SǤǡ Bravverǡ EǤ Ƭ Brooksǡ BǤ RǤ Power Wheelchair Use in Persons With Amyotrophic Lateral Sclerosisǣ Changes Over TimeǤ Assist Technol 27, ʹ͵ͺȂʹͶͷ ȋʹͲͳͷȌǤ ͳͲͶǤ Therapy BoxǤ  PredictableǤ wwwǤtherapyǦboxǤcoǤukȀpredictableǤaspx ȋʹͲͳͷȌ ͳͲͷǤ Nemours Speech Research LaboratoryǤ  Model Talker wwwǤmodeltalkerǤorg ȋʹͲͳͶȌ ͳͲǤ Millsǡ TǤǡ Bunnellǡ (Ǥ TǤ Ƭ Patelǡ RǤ Towards personalized speech synthesis for augmentative and alternative communicationǤ Augment 

Altern Commun 30, ʹʹȂʹ͵ ȋʹͲͳͶȌǤ ͳͲǤ Marchettiǡ MǤ Ƭ Priftisǡ KǤ BrainǦcomputer interfaces in amyotrophic lateral sclerosisǣ A metanalysisǤ Clin Neurophysiol 126, ͳʹͷͷȂͳʹ͵ ȋʹͲͳͷȌǤ ͳͲͺǤ Whiteheadǡ BǤǡ O̵Brienǡ MǤ RǤǡ Jackǡ BǤ AǤ Ƭ Mitchellǡ DǤ Experiences of dyingǡ death and bereavement in motor neurone diseaseǣ A qualitative studyǤ Palliat Med 26, ͵ͺȂ͵ͺ ȋʹͲͳʹȌǤ ͳͲͻǤ Baxterǡ SǤ KǤǡ Bairdǡ WǤ OǤǡ Thompsonǡ SǤǡ Bianchiǡ SǤ MǤǡ Waltersǡ SǤ JǤǡ 
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Leeǡ EǤ et alǤ The use of nonǦinvasive ventilation at end of life in patients with motor neurone diseaseǣ A qualitative exploration of family carer and health professional experiencesǤ Palliat Med 27, ͷͳȂͷʹ͵ ȋʹͲͳ͵ȌǤ ͳͳͲǤ Aounǡ SǤ MǤǡ Connorsǡ SǤ LǤǡ Priddisǡ LǤǡ Breenǡ LǤ JǤ Ƭ Colyerǡ SǤ Motor Neurone Disease family carers̵ experiences of caringǡ palliative care and bereavementǣ an exploratory qualitative studyǤ Palliat Med 26, ͺͶʹȂͺͷͲ ȋʹͲͳʹȌǤ ͳͳͳǤ The Association for Palliative Medicine of Great Britain and )relandǤ  APM position on Withdrawal of Ventilatory Support for Respiratory Failure at the Request of an Adult Patient httpǣȀȀapmonlineǤorgȀwpǦcontentȀuploadsȀʹͲͳͷȀͲͷȀWithdrawalǦofǦVentilatoryǦSuportǦforǦRespiratoryǦFailureǦͳ͵ͲǤpdf ȋʹͲͳ͵Ȍ ͳͳʹǤ Phelpsǡ KǤǡ Regenǡ EǤǡ Oliverǡ DǤǡ McDermottǡ CǤ Ƭ Faullǡ CǤ Withdrawal of ventilation at the patient̵s request in MNDǣ a retrospective exploration of the ethical and legal issues that have arisen for doctors in the UKǤ BMJ Support Palliat Care 0ǣͳǦͺ ȋʹͲͳͷȌǤ  ͳͳ͵Ǥ Motor Neurone Disease AssociationǤ  MND Just in Case kit - 

information for professionalsǤ httpǣȀȀwwwǤmndassociationǤorgȀforprofessionalsȀmndmanagementȀmndǦjustǦinǦcaseǦkitȀ ȋʹͲͳͷȌǤ ͳͳͶǤ Leicestershire and Rutland MND Supportive and Palliative Care GroupǤ  Pathway for Preparing to Withdraw NonǦ)nvasive Ventilation ȋN)VȌ in Patients with MNDǤ httpǣȀȀwwwǤmndassociationǤorgȀwpǦcontentȀuploadsȀʹͲͳͷȀͲʹȀleicestershireǦandǦrutlandǦpathwayǦandǦguidelinesǦforǦwithdrawingǦnivǤpdf ȋʹͲͳͷȌ ͳͳͷǤ Craigǡ PǤǡ Dieppeǡ PǤǡ Macintyreǡ SǤǡ Michieǡ SǤǡ Nazarethǡ )Ǥ Ƭ Petticrewǡ MǤ Developing and evaluating complex interventionsǣ the new Medical Research Council guidanceǤ BMJ 337, aͳͷͷȂaͳͷͷ ȋʹͲͲͺȌǤ ͳͳǤ Bourkeǡ SǤ CǤǡ Williamsǡ TǤ LǤǡ Bullockǡ RǤ EǤǡ Gibsonǡ GǤ JǤ Ƭ Shawǡ PǤ JǤ NonǦinvasive ventilation in motor neuron diseaseǣ current UK practiceǤ Amyotroph. Lateral Scler. Other Motor Neuron Disord. 3, ͳͶͷȂͳͶͻ ȋʹͲͲʹȌǤ ͳͳǤ Sense about ScienceǤ  I've got nothing to lose by trying it.  Weighing up 

claims about cures and treatments for medical conditionsǤ wwwǤsenseaboutscienceǤorgȀdataȀfilesȀresourcesȀͳ͵Ȁ)veǦgotǦnothingǦtoǦlose̴webǤpdf ȋʹͲͳ͵Ȍ ͳͳͺǤ Zettlerǡ PǤ JǤ Ƭ Greelyǡ (Ǥ TǤ The strange allure of state ǮrightǦtoǦtryǯ lawsǤ JAMA Intern Med 174, ͳͺͺͷȂͳͺͺ ȋʹͲͳͶȌǤ  



Table ͳǣ The management of common symptoms in ALS  
Problem Pharmacological 

treatments 

Grade of 

recomm-

endation 

Non-

pharmacological 

strategies 

Grade of 

recomm-

endation 

Respiratory 

failure 

  NonǦinvasive ventilation ʹͲ Cough augmentation  Grade A  Grade D 
Excessive 

respiratory 

secretions 

(thick) 

Carbocysteine Nebulised saline Grade DGrade D Cough augmentationHumidification of NIV Suction Reduction in dairy product intake 
Grade D Grade D Grade D None 

Excessive oral 

secretions 

(thin) 

Hyoscine patches Amitriptyline Atropine drops Glycopyrrolate Botulinum toxin ͵ 
Grade D Grade D Grade D None Grade B 

Radiotherapy ͶͲǡ Ͷͳ Pineapple juice Suction  
Grade C None Grade D 

Dry mouth Artificial saliva spraysȀtablets None Humidification of NIV None 
 Saliva stimulating tablets None    
Cramps Quinine ǡ ͺͳ Levetiracetam ͻ Grade B Grade C Physical therapyȀexercise Grade D 
Spasticity BaclofenȀ tizanidine Ȁ dantrolene Grade D Prescribed exercise Ͷ Hydrotherapy Grade B  Grade D  BenzodiazepinesIntrathecal baclofen ͷǡ  Grade DGrade C Cryotherapy Grade D 
Emotional 

lability 

SSRIs ͻͳ Dextromethorphan Ȁ quinidine ͻ͵ǡ ͻͶ Amitriptyline ͻʹ 
Grade C Grade A  Grade C 

 
Depression SSRIs Grade D   
Anxiety Benzodiazepines Grade D  
Fatigue Modafinil ͻ Grade B    SSRIsǣ selective serotonin reǦuptake inhibitorsǡ DMǣ dextromethoprhaneǡ Qǣ quinidineǡ NIVǣ nonǦinvasive ventilation Grading of recommendation proposed by the Oxford Centre for EvidencedǦbased Medicineǡ ʹͲͲͻ  wwwǤcebmǤnetȀoxfordǦcentreǦevidenceǦbasedǦmedicineǦlevelsǦevidenceǦmarchǦʹͲͲͻȀ Grade Aǣ systematic review or individual RCT with narrow confidence intervalǤ   Grade B includes systematic reviews or cohort or caseǦcontrol studies or extrapolationsȗ of level A studies Grade Cǣ caseǦseries or poor quality cohort studies or extrapolationsȗ of level A or B evidence Grade Dǣ expert opinion or inconsistent research from level Aǡ B or C evidence ȗextrapolations are where data is used in a situation that has potentially clinically important differences from the original study situation    



 



Table ʹǣ The symptoms and signs of respiratory failureǤ   
Symptoms of respiratory failure Signs of respiratory failureBreathlessness )ncreased respiratory rateOrthopnoea Shallow breathingRecurrent chest infections  Weak coughDisturbed Ȁ unǦrefreshing sleep Weak sniff Nightmares Abdominal paradox ȋinward movement of the abdomen during inspirationȌ  Daytime sleepiness Poor concentration Use of accessory muscles of respiration Poor memoryȀconfusion Reduced chest expansion on maximal inspiration (allucinations Morning headaches Fatigue Poor appetite  Cough Excessive respiratory secretions Adapted from The use of non-invasive ventilation in the management of motor neurone diseaseǡ National )nstitute for Clinical Excellence guidelinesǤ N)CE clinical guideline ͳͲͷ ȋʹͲͳͲȌͳͶǤ  



Table ͵ǣ The management of symptoms at the endǦofǦlifeǤ    
Terminal 

symptoms 

Potential options Potential first line 

treatments 

Additions & 

alternatives 

Dyspnoea Opiates Benzodiazepines Morphine ͷǦͳͲmg poȀPEGȀsc Fans Ȁ cool compresses 
  Diamorphine ʹǤͷmg sȀc NonǦinvasive ventilation 
Laryngospasm 

/ choking 

Benzodiazepines Lorazepam ͲǤͷmg poȀPEG NonǦinvasive ventilation 
  Midazolam ʹǤͷmg sȀc Suction
Respiratory 

secretions 

(yoscine butylbromide Glycopyrronium (yoscine butylbromide ʹͲmg sȀc CoughǦaugmentation devices Suction 
Terminal 

agitation 

Benzodiazepines Lorazepam ͲǤͷmg poȀPEG Midazolam ʹǤͷmg sȀc 
Pain Drug choice depends on cause Morphine ͷǦͳͲmg poȀPEGȀsc Transdermal opiate patch 
Nausea / 

vomiting 

(yoscine butylbromide (yoscine butylbromide ʹͲmg sȀc 
Ventilation 

withdrawal 

Opiates Benzodiapepines Morphine ͳͲmg sȀcMidazolam ͳͲmg sȀc Continuous sȀc infusion poǣ per oralǡ PEGǣ via gastrostomyǡ sȀcǣ subcutaneous Based on National )nstitute of Clinical Excellence N)CE guidelines NG͵ͳ ȋCare of dying adults in the last days of lifeȌǡ APM position on Withdrawal of Ventilatory Support for Respiratory Failure at the Request of an Adult Patient ͳͳ and Pathway for Preparing to Withdraw NonǦ)nvasive Ventilation ȋN)VȌ in Patients with MND ͳͶǤ 
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