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Take home message We report a systematic review that identifies factors associated with the optimal initiation and ongoing monitoring of NIV in patients with ALSǤ We make recommendations to optimise the use of NIV in ALS to improve patient outcomesǤ 



 
 

Abstract Background NonǦinvasive ventilation ȋNIVȌ prolongs survival and quality of life in amyotrophic lateral sclerosis ȋALSȌǢ howeverǡ its benefits depend upon the optimisation of both ventilation and adherenceǤ We aimed to identify factors associated with effective initiation and ongoing use of NIV in ALS to develop evidenceǦbased guidance and identify areas for further researchǤ  Methods We searched eleven electronic databases ȋJan ͳͻͻͺ Ȃ May ʹͲͳͺȌ for all types of quantitative and qualitative studiesǤ Supplementary grey literature searches were conductedǤ Records were screened against eligibility criteriaǡ data were extracted from included studies and risk of bias was assessedǤ We present findings using a narrative synthesisǤ Results We screened ʹͶ͵Ͳ unique records and included ͷʹ quantitative and ͸ qualitative papersǤ Factors reported to be associated with NIV optimisation includedǣ coǦordinated multidisciplinary careǡ place of initiationǡ selection of interfacesǡ ventilator modes and settings appropriate for the individual patientǡ and adequate secretion managementǤ The literature indicated that patients with significant bulbar dysfunction can still derive considerable benefit from NIV if their needs are metǤ Research emphasises that obstructive airway eventsǡ mask leak and uncontrolled secretions should be addressed by adjustments to the interface and machine settingsǡ and the concomitant use of cough augmentationǤ Conclusion This review highlights that NIV optimisation requires an individualised approach to respiratory management tailored to the differing needs of each patientǤ Ultimately this should lead to improved survival and quality of lifeǤ This review expands on recommendations in current international guidelines for NIV use in ALS and identifies areas for future researchǤ  



 
 

Background In patients with amyotrophic lateral sclerosis ȋALSȌȀmotor neuron disease ȋMNDȌǡ hypoventilatory respiratory failure is the most common cause of death and respiratory morbidity is related to a poorer quality of life ȋͳȌǤ NonǦinvasive ventilation ȋNIVȌ improves survival and quality of life for patients with ALS in respiratory failure by up to ͳͺ months ȋʹǡ ͵ȌǤ Howeverǡ the success of NIV is related to its optimisationǣ the quality ȋventilationȌ and quantity ȋadherenceȌ of NIV received are prognostic factors in ALS ȋͶȌǤ If ventilation is not optimised the benefits are dramatically reducedǣ the oneǦyear survival was ͹ͷΨ in ALS patients experiencing good correction of hypoxia on NIVǡ reducing to Ͷ͵Ψ in the absence of good correction ȋͶȌǤ Thereforeǡ the effectiveness of ventilation needs to be monitoredǡ with adjustments made to address any issues and compensate for further disease progressionǤ Adherence must also be optimisedǤ Patients who could tolerate NIV for four hours per day demonstrated improved survival postǦNIV initiation ȋͳͶǤʹ monthsȌ relative to those who used it for less than four hours per day ȋ͹ǤͲ monthsǡ pαͲǤͲͲʹȌ or those who declined NIV ȋͶǤ͸ monthsǡ pδͲǤͲͲͳȌ ȋͷȌǤ  NIV is a complex intervention ȋ͸Ȍǡ the success of which is influenced by the interaction of multiple serviceǡ equipmentǡ patient and carer factorsǤ These may includeǣ the service delivery model and process of NIV initiationǢ the choice of mask interfaceǡ ventilator mode and machine settingsǢ and the presence of significant bulbar dysfunctionǤ Guidelines from the National Institute for Health and Care Excellence ȋNICEȌ ȋ͹Ȍǡ European Federation of Neurological Societies ȋEFNSȌ ȋͺȌ and American Academy of Neurology ȋAANȌ ȋͻȌ for the management of NIV in ALS reflect the lack of evidence on how best to address these factors andǡ consequentlyǡ practice varies between services ȋͳͲȌǤ The aim of this systematic review was to identify factors associated with optimal NIV initiation and ongoing adherence and ventilation in ALS to develop evidenceǦbased guidance and identify areas for further researchǤ  Methods Protocol The review protocol was registered with the PROSPERO database ȋCRDͶʹͲͳͺͲͻͶ͵ͻͶȌ and was conducted in accordance with PRISMA reporting standards ȋsee Appendix ͳȌ ȋͳͳȌǤ  Search strategy Eleven electronic databases were searched ȋfrom Jan ͳͻͻͺ Ȃ May ʹͲͳͺǡ except where statedȌǣ MEDLINE via OvidSPǡ MEDLINE InǦProcess Ƭ Other NonǦIndexed Citations Ƭ Epub Ahead of Print Ƭ MEDLINE ̺ without Revisions via OvidSPǡ EMBASE via OvidSPǡ CINAHL via EBSCOǡ PsycINFO via OvidSPǡ Cochrane Database of Systematic Reviews via The Cochrane Library ȋʹͲͲͷ Ȃ May ʹͲͳͺȌǡ Database of Abstracts of Reviews of Effects via The Cochrane Library ȋͳͻͻͺ Ȃ April ʹͲͳͷǢ archive onlyȌǡ Cochrane Central Register of Controlled Trials ȋCENTRALȌ via The Cochrane Libraryǡ Health Technology Assessment Database via The Cochrane Libraryǡ Science Citation Index via Web of Science and Social Sciences Citation Index via Web of ScienceǤ  Supplementary searching techniques included handsearching of included studiesǯ reference lists and grey literature searches using OpenGrey and websites of relevant organisationsǡ including those of the Motor Neurone Disease Association ȋhttpsǣȀȀwwwǤmndassociationǤorgȌǡ NICE ȋhttpsǣȀȀwwwǤniceǤorgǤukȌ and NHS Evidence ȋhttpsǣȀȀwwwǤevidenceǤnhsǤukȌǤ  



 
 

Search terms involved a combination of MeSH subject headings ȋeǤgǤ Motor Neuron Diseaseǡ Noninvasive Ventilationǡ Artificial RespirationȌ and freeǦtext terms ȋeǤgǤ ALSǡ NIVǡ respiratory failureȌǡ with the search strategy developed and led by an information specialistǤ Searches were limited to humans and English languageǤ The search strategy for MEDLINE is provided in Appendix ʹǤ Study selection Citations retrieved from electronic database searches were uploaded to EndNote ȋVersion ͹ȌǤ Titles and abstracts were independently screened by two reviewers against the eligibility criteria ȋsee Table ͳȌǢ a third reviewer resolved any uncertaintiesǤ The level of agreement between the two reviewers regarding study inclusion was over ͻͷΨǤ Full texts were then obtainedǤ   
Table ͳǤ Study eligibility criteria 

Criterion Eligibility criteria 

Population Studies in patients with a diagnosis of ALSȀMNDǡ or their families and caregiversǡ or healthcare professionals involved in their careǤ 
Intervention Studies involving any form of longǦtermǡ domiciliary NIVǡ defined as ventilatory support administered via a removable maskȀmouthpieceǤ  
Comparator Studies with comparator and nonǦcomparator designsǤ 
Outcome Studies reporting any outcome related to the optimisation of NIV initiationǡ monitoring and ongoing care ȋeǤgǤ oxygen and carbon dioxide saturationsǡ patient adherence and quality of life metricsȌǤ 
Study design Empirical quantitativeȗ and qualitative studies published in English in the last ʹͲ yearsǤȗȗ ALSǡ amyotrophic lateral sclerosisǢ MNDǡ motor neuron diseaseǢ NIVǡ nonǦinvasive ventilation ȗ A range of quantitative studies were eligibleǡ including randomised controlled trials and other experimental designsǢ prospectiveǡ retrospective and crossǦsectional observational studiesǢ andǡ case studiesǤ  ȗȗ The review was restricted to studies published in the last ʹͲ years to ensure findings are relevant to current practice and given potential changes in prognosis during this timeframeǤ  Data extraction Data were extracted from included studies using a preǦpiloted extraction formǤ We collected data onǣ first authorǡ publication yearǡ study designǡ sample sizeǡ population characteristicsǡ data collection methodǡ outcome measuresǡ intervention characteristicsǡ theoretical underpinningǡ summary of results and main author conclusionsǤ The form was suitable for all types of quantitative study designs and was modified for qualitative studiesǤ Extraction forms for each study were completed by one reviewer and verified by a secondǡ as is recommended as an accepted minimum ȋͳʹȌǤ Multiple citations from a single study were brought together into a single extraction where possibleǡ to avoid doubleǦcounting dataǤ  



 
 

Risk of bias assessment We assessed the risk of bias using the established hierarchy of evidence and checklists for each study typeǡ where appropriateǤ For controlled studiesǡ we considered sources of potential bias as recommended by Cochrane ȋͳ͵ȌǤ For other quantitative studiesǡ we used the National Institutes of Health checklists ȋͳͶȌǤ For qualitative studiesǡ the Critical Appraisals Skills Programme checklist was used ȋͳͷȌǤ Due to significant betweenǦstudy heterogeneityǡ risk of bias was not assessed across the cumulative evidenceǤ Synthesis Study heterogeneity precluded the use of a metaǦanalysisǤ Quantitative data were synthesised using a narrative synthesis methodǤ Themes reported in qualitative studies were integrated where they related to the quantitative findingsǤ We brought together studies examining similar processes or reporting similar outcomesǡ identifying where data agreed and where it conflictedǡ and provide an indication of the volume and quality of the evidenceǤ  
 Results Study selection Of ʹͶ͵Ͳ records screenedǡ ʹʹͳ documents were assessed at fullǦtext level for eligibilityǡ and ͷͺ studies ȋͷʹ quantitative and ͸ qualitativeȌ were included in the review ȋsee Figure ͳȌǤ  Study characteristics The included studies involved a range of ͳ Ȃ Ͷ͹Ͷ participants ȋmeanǣ ͹ͲǤ͸ͻȌǤ Five studies used an experimental designǣ two randomised controlled trials ȋRCTȌ ȋ͵ǡ ͳ͸Ȍǡ two randomised crossover studies ȋͳ͹ǡ ͳͺȌ and one quasiǦrandomised controlled trial ȋͳͻȌǤ The remaining quantitative studies were observationalǣ ͳ͵ prospectiveǡ ͳ͸ retrospectiveǡ seven crossǦsectional and ͳͳ case studiesǤ Six qualitative studies were also includedǤ See Appendix ͵ for the characteristics of included studiesǤ The included RCTs were found to be at a low risk of biasǡ while the other three experimental designs had a higher risk of biasǡ due to issues includingǣ unclear random allocation method and reporting biasǤ The observational studies were all considered to be at higher risk of biasǡ although some provided more robust evidence than othersǢ for exampleǡ seven included studies used a prospective design with sample size greater than ͵Ͳ and adequate control for confounding variables ȋʹͲȂʹ͸ȌǤ Completed quality assessments for individual studies are available as Appendix ͶǤ        



 
 

Figure ͳǤ PRISMA flow chart illustrating the study selection process                              ȗ The majority of those excluded on study design were conference abstracts ȋnαͺͲȌ for which no full text could be obtainedǤ  
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Service factors that influence NIV optimisation 
Service delivery model Eight studies investigated the effects of a multidisciplinary team approach to ALS care on NIV usageǣ one prospective ȋʹ͹Ȍǡ one retrospective ȋʹͺȌ and six crossǦsectional studies ȋʹͻȂ͵ͶȌǤ Evidence was found in all for a positive effect of multidisciplinary care on outcomes related to NIV usageǡ including access to NIVǡ patient acceptance and adherenceǤ A prospective Italian study in ͵͹ patients evaluated a complex intervention during the initial adaptation to NIVǡ involving a patient education sessionǡ intensive inpatient monitoringǡ and followǦup with adjustments made as necessary ȋʹ͹ȌǤ Adherence above four hours per night was achieved in all ͵͹ patients at discharge after a mean inpatient stay of ͳʹ άʹ daysǤ At oneǦyearǡ ͵ͷ of ͵͹ ȋͻͷΨȌ patients remained NIVǦadherentǤ A retrospective beforeǦandǦafter study in ͹͹ participants observed an increase in NIV acceptance following the addition of a respiratory therapist to the ALS clinic ȋͷͶΨ to ͺʹΨǡ pαͲǤͲͲ͹Ȍ ȋʹͺȌǤ Adherence above four hours per day also increased ȋʹʹΨ to ͹͵Ψǡ pαͲǤͲʹ͹ȌǤ Both studies failed to adequately control for confounding variablesǤ In an epidemiological study of ʹͷͻ patients in Italyǡ NIV was more frequently initiated within tertiary ALS centres than general neurology clinics from ͳͻͻͷȂʹͲͲͶ ȋ͵͹ǤʹΨ vsǤ ͺǤͺΨǡ pαͲǤͲͲͲͳȌ ȋʹͻȌǤ SeventyǦsix Italian respiratory centres were surveyed in another studyǣ ͻͲΨ used a multidisciplinary approachǡ involving close coǦoperation between respiratory and neurology physiciansǡ physiotherapists and psychologists ȋ͵ͳȌǤ HighǦreferring centres more frequently reported good collaboration with neurologists than lowǦreferring centres ȋͶͷΨ vsǤ ʹ͵Ψǡ pαͲǤͲͶȌǤ Response rates below ͷͲΨ increase the risk of bias hereǤ A survey of ͳͳ Canadian ALS specialists cited effective coǦordination between respiratory and neurology services and the availability of respiratory specialists as contributors to good NIV adherence ȋ͵ͲȌǤ A UK audit described the utility of joint respiratory and palliative multidisciplinary clinics for monitoring respiratory functionǡ commencing NIV and discussing endǦofǦlife care in six patients ȋ͵ͶȌǤ  
Place of initiation Five studies examined the effects of place of NIV initiationǣ one RCT ȋͳ͸Ȍǡ one prospective beforeǦandǦafter study ȋʹ͸Ȍǡ two crossǦsectional studies ȋ͵Ͷǡ ͵ͷȌ and one qualitative study ȋ͵͸ȌǤ Two studies evaluated a day case ȋoutpatientȌ model of initiation ȋͳ͸ǡ ʹ͸ȌǤ An Italian RCT compared initiation as a day case ȋnαʹͷȌ versus an overnight inpatient ȋnαʹͷȌ ȋͳ͸ȌǤ Similar rates of NIV adherence were observed during initiation ȋ͹͸Ψ vsǤ ͺͲΨǡ pαͲǤ͹͵͵Ȍ and at three months ȋ͸ͺΨ vsǤ ͹͸Ψǡ pαͲǤͷʹͻȌǤ Patient and healthcare professional satisfactionǡ respiratory function changes and symptom control were similar in both groupsǤ An Australian centre compared a multiǦday inpatient initiation ȋnαͳ͹Ȍ to a day case initiation ȋnαͳʹȌ in a prospective beforeǦandǦafter study ȋʹ͸ȌǤ ǮSuitable patientsǯ were initiated as outpatientsǡ highlighting a possible selection biasǤ Median waiting time for NIV initiation fell from ͵Ͳ to ͳ͵Ǥͷ days ȋpδͲǤͲͶȌǡ and adverse events ȋdeath or acute admission with respiratory failureȌ declined from four out of ͳ͹ ȋʹͶΨȌ to Ͳ out of ͳʹ ȋͲΨȌǡ while daytime arterial COʹ levels were equivalentǤ Median postǦinitiation survival was extended from ʹ͹ͺ to ͷͺͲ days ȋhazard ratioǣ ͲǤͶͳǡ pαͲǤͲͶȌǤ An international survey of ͳͺ͸ ALS clinicians found that patients are admitted to hospital for initiation more often in Europe than the USA ȋͳ͸Ȁ͵ͻ ȏͶͳǤͲΨȐ vsǤ ͲȀͷ͹ ȏͲΨȐǡ pδͲǤͲͲͳȌ ȋ͵ͷȌǤ Howeverǡ a UK audit described successful home initiation in six patients with the support of a specialist respiratory nurse ȋ͵ͶȌǤ A qualitative study reported patient anxiety regarding hospital admissionǢ this was a major barrier for one patient who eventually accepted a trial of NIV as a day case ȋ͵͸ȌǤ 



 
 

 Equipment factors that influence NIV optimisation 
Interface Sixteen studies examined the effect of the interface on NIV optimisationǣ one RCT ȋ͵Ȍǡ one randomised crossover trial ȋͳͺȌǡ three prospective cohorts ȋʹʹǡ ͵͹ǡ ͵ͺȌǡ four retrospective cohorts ȋͶǡ ͵ ͻȂͶͳȌǡ one crossǦsectional survey ȋ͵ͲȌǡ four case reports ȋͶʹȂͶͷȌ and two qualitative studies ȋͶ͸ǡ Ͷ͹ȌǤ Interface intolerance was associated with poor adherence in two prospective studies ȋʹʹǡ ͵͹Ȍǡ one crossǦsectional ȋ͵ͲȌ and one case report ȋͶͶȌǤ Commonly reported problems in two qualitative studies included reluctance to use the mask in companyǡ interference with eating and communicationǡ pressure soresǡ dry mouthǡ mask leak and claustrophobiaǡ which may contribute to poor adherence ȋͶ͸ǡ Ͷ͹ȌǤ Six studies identified interfaceǦrelated causes for ineffective ventilationǣ mask leak in four studies ȋͶǡ ͳͺǡ ͵ͺǡ ͶͳȌ and obstructive sleep apnoea ȋOSAȌ in two ȋ͵ͻǡ ͶʹȌǤ A retrospective analysis identified mask leak as a leading source of persistent nocturnal desaturations in ͷ͵Ψ of cases in ͺʹ patients studied ȋͶȌǤ Optimisation of mask fitting successfully minimised leak in this study and a case report ȋͶǡ ͶͷȌǤ In a retrospective cohortǡ NIVǦassociated OSA was present in ͳͻ of ͻ͵ ȋʹͲǤͶΨȌ patients using oronasal masks ȋ͵ͻȌǤ A case report also described OSA induced by an oronasal mask ȋͶʹȌǤ Both studies reported changing to a nasal mask with a chin strap to eliminate obstructive eventsǤ One higherǦquality RCT ȋ͵Ȍǡ one retrospective cohort ȋͶͲȌ and a case report ȋͶ͵Ȍ highlighted the value of daytime mouthpiece ventilationǡ which facilitates adjuvant cough augmentation to expectorate secretionsǡ although this requires adequate bulbar function ȋ͵ǡ ͶͲǡ Ͷ͵ȌǤ   
Ventilator typeǡ mode and settings Eighteen studies assessed the effect of ventilator typeǡ mode or settings on NIV optimisationǣ one randomised crossover trial ȋͳ͹Ȍǡ two prospective ȋ͵͹ǡ ͵ͺȌǡ six retrospective ȋʹǡ Ͷǡ ͵ͻǡ Ͷͳǡ Ͷͺǡ ͶͻȌǡ six case reports ȋͶʹǡ Ͷͷǡ ͷͲȂͷ͵Ȍ and three qualitative studies ȋͶ͸ǡ ͷͶǡ ͷͷȌǤ A retrospective multicentre cohort with adequate control for confounding variables reported effective ventilation at oneǦmonth in Ͷͷ of ͸ʹ ȋ͹ʹǤ͸ΨȌ patients using volumeǦpreset ȋVolǦNIVȌ systems compared with ͶͲ of ͺʹ ȋͶͺǤͺΨȌ patients using pressureǦpreset ȋPresǦNIVȌ systems ȋpδͲǤͲͲͳȌ ȋʹȌǤ Howeverǡ there were no survival differences between the two groups ȋpαͲǤͷ͵͵ȌǤ In a retrospective study of ʹ͹ͳ patientsǡ average volumeǦassured pressure support ȋAVAPSȌ ventilation produced greater average tidal volumes than PresǦNIV ȋ͵ͻͲ vsǤ ͵ͷ͸mLǡ pαͲǤͲͲ͹Ȍ with similar usage ȋ͸Ǥͷ vsǤ ͸Ǥ͸hȀdayǡ pαͲǤ͹Ͳ͵Ȍ ȋͶͻȌǤ These findings are limited by the possibility of selection bias and the use of surrogate outcomes for ventilation ȋlung volumesȌ rather than alveolar gasesǤ Three studies reported the effects of switching from PresǦNIV to VolǦNIV or viceǦversaǤ Switching from PresǦNIV to VolǦNIV resolved OSA in one patient in a large retrospective study ȋͶͺȌ and improved ventilation in another case ȋͶͶȌǤ A case series described a switch from VolǦNIV to PresǦNIV ȋin the case of increased leakȌ and viceǦversa ȋin the case of increased secretionsȌǡ which corrected hypoxia and hypercapniaǡ and improved symptomsǡ respectively ȋͷͳȌǤ   The need to make decisions on a caseǦbyǦcase basis was also demonstrated in a randomised crossover trial of spontaneous ȋSȌ and spontaneousȀtimed ȋSTȌ NIV modes in ͳ͵ patients ȋͳ͹ȌǤ The ST mode provided more effective ventilation overall in terms of mean overnight oxygen saturations ȋͺ͹Ψ vsǤ ͺ͵Ψǡ pδͲǤͲͷȌ and time spent with an overnight transcutaneous COʹ εͷͷ mmHg ȋͲΨ vsǤ ʹͲΨǡ pδͲǤͲͷȌǢ howeverǡ four patients ȋwho could not be predicted from baseline characteristicsȌ displayed better ventilation outcomes on the S modeǤ Survival effects were not assessedǡ while the risk of bias was considered high due to the small sample size and nonǦ



 
 

reporting of randomisation processesǤ  Two prospective studies from the same centre described intolerance of the ST mode in seven out of ͵ͷ ȋʹͲΨȌ patients ȋfive with bulbar involvementȌ ȋ͵͹Ȍ and six out of ʹʹ ȋʹ͹ΨȌ patients ȋfour with bulbar involvementȌ ȋ͵ͺȌǡ respectivelyǡ which improved upon switching to the S mode in all casesǤ   LowǦquality evidence from three case reports suggested poor NIV adherence due to airǦswallowing ȋͷ͵Ȍǡ excessively high airway pressures on PresǦNIV machines ȋͷͲȌ and target tidal volumes on VolǦNIV systems ȋͶͷȌǤ In the latter caseǡ adherence improved when target tidal volumes were reduced from ͺmlȀkg to ͸mlȀkgǤ Three qualitative studies linked discomfort associated with air pressure to reduced adherence ȋͶ͸ǡ ͷͶǡ ͷͷȌǤ Converselyǡ insufficient ventilation settings were associated with poor ventilation in ͵ͶǤ͹Ψ patients in one retrospective study ȋͶͳȌǤ Three studies reported the benefit of increasing ventilator support to improve ventilationǡ by increasing inspiratory positive airway pressure ȋIPAPȌ in a retrospective cohort ȋͶȌ and case report ȋͶͷȌ and increasing target tidal volumes in another case report ȋͷͳȌǤ Increasing expiratory positive airway pressure ȋEPAPȌ helped to eliminate OSA in three retrospective studies ȋͶǡ ͵ͻǡ ͶͺȌǤ Other successful measures found to improve ventilation are reported in Table ʹǤ  A flow chart summary can be found in Appendix ͷǤ   
Table ʹǤ Troubleshootingǣ NIV problems and solutions 

Problem Solution Level of evidence 

Obstructive airway 

events 

Increase EPAP Three retrospective studies ȋͶǡ ͵ͻǡ ͶͺȌ Switch to an autoǦtitrating mode of NIV Two retrospective studies ȋ͵ͻǡ ͶͺȌ Switch from an oronasal mask to a nasal mask with a chin strap One retrospective study ȋ͵ͻȌ and one case report ȋͶʹȌ  Reduce inspiratory time and reduce IPAP One case report ȋͶʹȌ 
 Switch from PresǦNIV to VolǦNIV One retrospective study ȋͶͺȌ 
Mask leak Optimise mask fitting One retrospective study ȋͶȌ and one case report ȋͶͷȌ  
 Switch from VolǦNIV to PresǦNIV One case report ȋͷͳȌ 
Hypoventilation Increase IPAP ȋPresǦNIV machinesȌ One retrospective study ȋͶȌ and one case report ȋͶͷȌ  Increase target tidal volumes ȋVolǦNIV machinesȌ One case report ȋͷͳȌ 
 Switch from PresǦNIV to VolǦNIV One case report ȋͶͶȌ 



 
 

AutoǦtriggering 

patientǦventilator 

asynchrony 

Trial an increase in minimum inspiratory timeȗ 
One case report ȋͷʹȌ 

Excess respiratory 

secretions 

Use adjuvant coughǦassist devices    Switch from PresǦNIV to VolǦNIV 

Three retrospective studies ȋͷ͸ȂͷͺȌ and two case reports ȋͶ͵ǡ ͶͶȌ  One case report ȋͷͳȌ 
Excess oropharyngeal 

secretions 

Subcutaneous glycopyrrolate infusion One case report ȋͷͻȌ 
EPAPǡ expiratory positive airway pressureǢ IPAPǡ inspiratory positive airway pressureǢ PresǦNIVǡ pressureǦpreset nonǦinvasive ventilationǢ VolǦNIVǡ volumeǦpreset nonǦinvasive ventilation ȗ Only after first ensuring that the mask and tubing are free from condensationǡ that unintentional leak is minimisedǡ and that appropriate trigger and cycle sensitivities are setǤ Minimum inspiratory times may not be adaptable on some ventilatorsǤ   
Adjuvant therapies Seven studies described the use of adjuvant interventionsǣ two prospective ȋʹ͹ǡ ͸ͲȌǡ two retrospective ȋͶͺǡ ͸ͳȌ and three case studies ȋͶͶǡ ͷͲǡ ͸ʹȌǤ MusicǦassisted relaxation was beneficial in supporting NIV transition within the first week in a prospective feasibility study of ͳͷ patients ȋ͸ͲȌǢ howeverǡ risk of bias was deemed high due to methodological flaws in participant selectionǡ outcome measurement and statistical analysisǤ Successful use of a portable handǦheld ventilator ȋPhilips ǮVitabreathǯȌ in three patients was reported in a case seriesǡ although the authors indicated that patients may struggle with the pressure differences compared to their usual ventilators ȋ͸ʹȌǤ Two studies examined the use of  mandibular advancement devices in treating OSA and improving NIV adherenceǣ one case report described its successful use ȋͷͲȌ while a retrospective study found no benefit ȋͶͺȌǤ   Secretion management Nine studies examined the impact of controlling secretions on NIV optimisationǣ two prospective ȋʹͶǡ ʹ͹Ȍǡ three retrospective ȋͷ͸ȂͷͺȌǡ three case reports ȋͶ͵ǡ ͶͶǡ ͷͻȌ and one qualitative study ȋͶ͸ȌǤ An association between excess oropharyngeal or airway secretions and poor adherence was found in two prospective studies ȋʹͶǡ ʹ͹Ȍ and one case report ȋͷͻȌǤ One prospective study found that an absence of airway secretions was predictive of good adherence ȋodds ratioǣ ͳͳǤͷ ȏͳǤ͵ȂͻͺǤͶȐȌǡ while the case report described an improvement in NIV usage ȋfrom δͳh to ͸ȂͺhȀnightȌ following treatment with a subcutaneous glycopyrrolate infusion ȋͷͻȌǤ  Five studies highlighted the role of cough augmentation in the active management of secretionsǣ three retrospective studies ȋͷ͸ȂͷͺȌ and two case reports ȋͶ͵ǡ ͶͶȌǤ A retrospective analysis of Ͷ͹Ͷ patients found a significant improvement in survival between NIV users who also used daily coughǦassist compared to those using NIV alone ȋmedianǣ ʹͷǤ͹͵ months vsǤ ͳͷǤͲͲ monthsǡ pδͲǤͲͲͳȌ ȋͷͺȌǤ Combined use of NIV and coughǦassist was successful in avoiding tracheostomy in 



 
 

two retrospective studies of ͳͲͳ patients each ȋͷ͸ǡ ͷ͹Ȍ and resolving Ͷ͵ out of ͹ͺ ȋͷͷΨȌ desaturation episodes ȋͷ͹ȌǤ   Efficacy monitoring  
Monitoring ventilation Two retrospective studies reported that effective ventilation predicted survival ȋͶǡ ͶͺȌǡ while another retrospective study did not find the effectiveness of NIV to be a prognostic factor ȋʹȌǤ In one studyǡ only ͶͲ of ͅ ʹ ȋͶͻΨȌ patients were effectively ventilated at oneǦmonth ȋͶȌǤ Importantlyǡ oneǦyear survival was ͹ͷΨ in those effectively ventilated at oneǦmonthǡ declining to Ͷ͵Ψ in those ineffectively ventilated ȋpαͲǤͲͲʹȌǤ Remedial measures at oneǦ and threeǦmonths corrected ventilation by month six in ͳʹ ȋͶ͵ΨȌ patients and oneǦyear mortality in this subgroup was similar to those effectively ventilated at oneǦmonth ȋfour deaths vsǤ threeǡ pαͲǤͳ͵ȌǤ In ͳ͸ ȋͷ͹ΨȌ patients NIV was still inadequate at month six despite corrective measuresǤ OneǦyear mortality in this subgroup was significantly higher than in those effectively ventilated at oneǦmonth ȋseven deaths vsǤ threeǡ pαͲǤͲͲʹȌǤ Another study found ineffective ventilation in ͹͵ of ͳ͹ͻ ȋͶͳΨȌ patients at oneǦmonthǡ due to OSA in Ͷͻ cases ȋ͸͹ΨȌ ȋͶͺȌǤ Individuals adequately ventilated at oneǦmonthǡ and those for whom OSA was successfully eliminated within the first monthǡ experienced greater median survival ȋʹ͸ ȏͳ͵ȂͶͷȐ months and ʹͻ ȏʹͲȂͷ͵Ȑ monthsǡ respectivelyȌ than those who were inadequately ventilated at oneǦmonth due to uncorrected obstructive events ȋͳͶ ȏ͹Ȃʹ͹Ȑ monthsǡ pδͲǤͲͷȌ or other causes ȋͳʹ ȏ͸Ȃʹ͵Ȑ monthsǡ pδͲǤͲͷȌǤ  Two retrospective studies investigated the need for longitudinal adaptations to machine settings with disease progression ȋʹǡ ͸ͳȌǤ TwentyǦeight out of ͵͸ ȋ͹ͺΨȌ patients required at least one upward change in pressure settings ȋ͸ͳȌǤ In a twoǦcentre comparisonǡ ventilator setting changes were required more frequently in ͺʹ patients using pressureǦpreset ȋPresǦNIVȌ than ͸ʹ using volumeǦpreset ȋVolǦNIVȌ machinesǣ ͷͳΨ vsǤ ͳͶΨ ȋpδͲǤͲͲͳȌ ȋʹȌǤ Of those ineffectively ventilated in the first monthǡ effective ventilation was achieved after the first modification in ͹ͻΨ of the VolǦNIV group and ͵ͳΨ of the PresǦNIV group ȋpδͲǤͲͲͳȌǤ 
Monitoring adherence Survival correlated with hours of NIV use in three papersǣ one prospective cohort ȋʹͳȌ and two retrospective cohorts ȋͷǡ ͷͺȌǤ Seventeen studies reported NIV adherence ratesǣ nine prospective ȋʹͲȂʹͶǡ ʹ͹ǡ ͵͹ǡ ͵ͺǡ ͸͵Ȍǡ seven retrospective ȋʹǡ Ͷǡ ʹͺǡ Ͷͺǡ Ͷͻǡ ͸ͳǡ ͸ͶȌ and one crossǦsectional study ȋʹͻȌǤ The proportion of patients achieving at least four hours of use per day ranged from Ͷ͸ȂͳͲͲΨǤ  
Telemonitoring The costs of a home telemonitoring system were analysed in a quasiǦrandomised controlled trial of ͵ͻ patientsǡ observing a ͷͷΨ reduction in average total costs in patients with the telemonitoring system ȋ̀ͺͻͲͺǤ͸ ά ͸ͷͷʹǤ͹Ȍ versus those on standard care ȋ̀ͳͻ͸͸ͶǤͻ ά ͷʹͷ͸ǤͷȌ due to reduced healthcare utilisation ȋͳͻȌǤ Howeverǡ this reduction did not reach statistical significance ȋpαͲǤͲͷͺȌǤ The impact of the telemonitoring system on NIV efficacy or survival was not assessedǤ This trial was judged to be at high risk of bias due to a nonǦrandom allocation method and potential reporting biasǤ  



 
 

 Patient and carer factors that influence NIV optimisation 
Bulbar dysfunction TwentyǦthree studies investigated the effects of bulbar impairment on NIV optimisationǣ two RCTs ȋ͵ǡ ͳ͸Ȍǡ ten prospective cohorts ȋʹͲȂʹͷǡ ͵͹ǡ ͵ͺǡ ͸͵ǡ ͸ͷȌǡ six retrospective cohorts ȋͶͲǡ ͷ͸Ȃͷͺǡ ͸Ͷǡ ͸͸Ȍǡ two crossǦsectional studies ȋʹͻǡ ͵ͲȌ and three case reports ȋͶ͵ǡ ͶͶǡ ͸͹ȌǤ Nineteen studies found an association between bulbar impairment and poorer adherence or ventilationǡ while four studies ȋincluding one RCTȌ identified no such associationǤ In this RCTǡ bulbarǦonset disease predicted greater NIV adherence ȋͳ͸ȌǢ howeverǡ another RCT reported an average use per day of ͻǤ͵ hours in the more preserved bulbar function subgroup versus ͵Ǥͺ hours in those with poor bulbar function ȋ͵ȌǤ In two prospective studies of ͹ͳ and ͹͵ participants with adequate control for confounding variablesǡ those with more severe bulbar impairment had an increased risk of poor adherenceǣ sixǦfold in one ȋodds ratioǣ ͸ǤͲͻ ȏͳǤͳͺǡ ͵ͳǤͷʹȐȌ ȋʹͳȌ and eightǦfold in another ȋodds ratioǣ ͺǤͷ ȏͳǤ͸ǡ Ͷ͸ǤʹȐȌ ȋʹͶȌǤ In the latter trialǡ bulbarǦpredominant patients were reported to need more intensive and prolonged monitoring at NIV onset to maximise adherence ȋʹͶȌǤ In spite of thisǡ one prospective cohort reported oneǦyear adherence above four hours per day in ͵ͷ out of ͵͹ ȋͻͷΨȌ patients who had undergone an intensive education and adaptation programme at initiation despite nine presenting severe bulbar involvement at initiation and ʹ͵ mildǦmoderate impairment ȋʹ͹ȌǤ  Eighteen studies investigated survival or quality of life outcomes in patients with bulbar dysfunction using NIVǤ Fourteen studies found that bulbar patients derived some benefit from NIVǣ two RCTs ȋ͵ǡ ͳ͸Ȍǡ six prospective ȋʹͲǡ ʹͳǡ ʹ͹ǡ ͵͹ǡ ͵ͺǡ ͸ͷȌǡ five retrospective ȋͷǡ Ͷͳǡ ͷͺǡ ͸Ͷǡ ͸ͺȌ and one crossǦsectional study ȋʹͻȌǤ Four studies reported no benefitǣ three retrospective ȋͶͲǡ ͷ͸ǡ ͷ͹Ȍ and one case study ȋ͸͹ȌǤ Generallyǡ the gains derived in bulbar patients were reduced compared with nonǦbulbar patientsǡ as reflected in an RCT where a subgroup with poorer bulbar function experienced no survival gain despite some quality of life benefits ȋ͵ȌǤ Howeverǡ the trial was not powered for this subgroup analysisǤ Perhaps surprisinglyǡ one retrospective study observed a median survival benefit from NIV of ͳ͵ months in all ʹͳͻ patientsǡ increasing to ͳͻ months in ͷͺ with bulbarǦonset disease ȋ͸ͺȌǤ 
Patient and carer perceptions The effect of patient and carer perceptions on the optimisation of NIV was examined in four qualitative studiesǡ involving between five and ͵͹ participants ȋͶ͸ǡ Ͷ͹ǡ ͷͶǡ ͸ͻȌǤ Adaptation to NIV takes time for many patientsǡ beginning with familiarisation with the equipment ȋ͸ͻȌǤ Some patients highlighted the importance of an initial trial period to gauge the positive effects of NIV ȋ͸ͻȌǤ Determination and perseverance were required to optimise adherenceǡ while accessible inǦperson or telephone support might be beneficial in overcoming early obstacles ȋͶ͸ȌǤ Carers reported a lack of confidence in adjusting the machine ȋͶ͸Ȍǡ which lessened with increased familiarity ȋͶ͹ȌǤ Sleep disturbance may occur in patients and carers due to the machine noise and having to make adjustments to the system ȋͶ͸ǡ ͷͶȌǤ A positive coping style and perceived need to engage with the treatment was related to better adherenceǡ while feelings of hopelessness were associated with poor adherence ȋͷͶȌǤ Hopelessness was observed to be modifiable and improvements positively influenced patientsǯ attitudes to NIVǤ  



 
 

Discussion  This review has highlighted the importance of optimising both adherence and ventilation to gain the full benefit from NIV for patients with ALSǤ Patients must receive effective routine servicesǡ which should also be highly adaptable and coǦordinated to support the most complex patients who require the greatest clinical inputǤ We recommend that services should adopt a coǦordinatedǡ multidisciplinary approach aligned with current guidelines ȋ͹ȂͻȌǡ but go further to recommend the need for specific professionals ȋincluding respiratory specialistsȌ to be involved early and throughout the disease course to optimise adherence and ventilationǤ This will allow barriers to successful NIV use to be addressed prior to NIV initiationǤ The key benefits of this setǦup in optimising NIV use may be one explanation for why multidisciplinary care is associated with improved survival compared to nonǦspecialist services ȋ͵ʹǡ ͹ͲȂ͹͵ȌǤ  Current guidelines make no reference to place of initiationǡ leading to practice variation ȋ͹ȂͻȌǤ Outpatient or domiciliary initiation may promote acclimatisationǡ minimise patient anxiety and reduce delays in commencing NIVǤ In patients with chronic respiratory failureǡ outpatient ȋ͹ͶȌ and domiciliary initiation ȋ͹ͷȌ have been comparable to inpatient models in terms of adherence and ventilation and more costǦeffectiveǤ The American Academy for Sleep Medicine also suggest that inpatient initiation can be difficult to justify both medically and financially ȋ͹͸ȌǤ The Medical Research Council advise that complex interventions such as NIV work best if tailored and evaluated according to local circumstances rather than being completely standardised ȋ͸ȌǤ Thereforeǡ we recommend that outpatient ȋand perhaps homeȌ initiation should be considered as an effective alternative to inpatient initiationǢ howeverǡ there should be means for more complex patients ȋeǤgǤ those with significant bulbar impairmentȌ to receive greater attentionǡ which could involve an inpatient stay and more intensive monitoring to optimise efficacyǤ  We have highlighted the importance of the mask interface in NIV success and recommend that interface selection and fitting should be optimised to minimise leak and maximise comfortǤ This might involve offering a variety of interfaces and providing alternatives as necessaryǤ Particular interfaces will have key benefits in certain scenariosǢ for instanceǡ switching from an oronasal mask to a nasal mask with a chin strap to address obstructive events and the use of a mouthpiece in patients with adequate bulbar function to allow for daytime use and adjuvant cough augmentationǤ A recent review highlighted the broad range of airway clearance techniques availableǡ which may be adapted according to individual patient requirements ȋ͹͹ȌǤ Secretion management via cough augmentation and various pharmacological methods should be optimised alongside NIVǤ  It remains unclear which initial ventilator typesǡ modes and settings are optimal but what is very clear is that setting adjustments are often required to achieve successǤ Ventilator choice may be restricted within certain health servicesǡ while the potentially damaging effects of using a spontaneous mode in patients with progressive respiratory muscle weakness must be considered ȋ͹͸ȌǤ Effective ventilation is likely to confer a survival advantageǡ so we recommend this should be a goal in the first few months postǦinitiation whilst maintaining the balance between effective adherenceǡ ventilation and comfortǤ To achieve thisǡ and in contrast with published guidanceǡ which suggests reviewing patients every two to three months ȋ͹ȂͻȌǡ we recommend reviewing patients in the first few days and weeks to screen for and identify causes of poor efficacy and adjust NIV settings accordingly as adjustments appear to prolong survival ȋͶǡ ͶͺȌǤ Particular attention should be paid to patients at higher risk of difficultiesǤ Clinicians should be vigilant in their assessment of the optimal interface and NIV settings over timeǡ as they will likely need 



 
 

altering due to evolving bulbar dysfunction and gradual weakening of the respiratory musclesǤ The most appropriate tests to monitor ventilation remain unclearǤ A working group of ten European ventilation specialists recommended that more complex tests ȋeǤgǤ polysomnographyȌ could have utility in titrating parametersǡ troubleshooting for problems and monitoring efficacy in more complex patientsǡ but simple oximetry and ventilatorǦrecorded data may suffice in most cases ȋ͹ͺȌǢ this would free up resources to focus on those with the most barriers to successǤ An RCT in patients using positive airway pressure for OSA found that use of a telemonitoring system that allowed clinicians to identify problems and make adjustments to the settings remotely significantly improved adherence versus those using standard care ȋ͹ͻȌǤ A ʹͲͳ͸ systematic review recommended that further evidence is needed to demonstrate the value of telemonitoring in ALS ȋͺͲȌǤ  Currently there is a reluctance among some clinicians to offer NIV to patients with significant bulbar impairment ȋͳͲȌ and current guidelines suggest that these patients should only receive a trial of NIV if they are likely to benefit from an improvement in sleepǦrelated symptoms ȋ͹Ȍǡ or should instead be offered tracheostomyǦassisted ventilation or palliative care ȋͺȌǤ Whilst patients with bulbar dysfunction face greater barriers to NIV successǡ the evidence suggests that they may gain both symptom and survival benefit that could be at least equal to that of nonǦbulbar patientsǤ This benefit depends on strategies to promote effective useǢ for exampleǡ attention to secretion managementǡ interface optimisationǡ adequate initial acclimatisation and ongoing active management with vigilant monitoring and adjustments made as necessaryǤ These complex patients derive the greatest benefit from a multidisciplinary approach ȋ͹ͳȌǤ  Qualitative studies highlighted the need to identify and address the barriers to acceptance and adaptation of the patient and carer to life with NIVǤ Howeverǡ there is a lack of evidence on interventions to support patients and carersǤ An ongoing RCT in patients with chronic obstructive pulmonary disease is evaluating the effects of counsellingǡ relaxationǡ mindfulnessǦbased exercises and neuropsychological rehabilitation on NIV acceptance and adherence ȋͺͳȌǤ One included study suggested that an educational programme can have a significant impact on adherence ȋʹ͹Ȍǡ while another proposed offering psychological interventions where adherence is suboptimal ȋͷͷȌǤ  Strengths and limitations of this review This is a systematic examination of the evidence exploring the optimisation of NIV use in ALSǤ Due to the breadth of the reviewǡ reporting has been unable to examine each paper in depthǤ Studies identified were largely observational with a paucity of randomised controlled trialsǤ Thereforeǡ any conclusions drawn from this review must be interpreted in light of the limited highǦquality evidence availableǤ Furthermoreǡ any evidence must be considered in the context of individual patient and service needsǤ RCT evidence is likely to remain rare in this patient group due to ethical issues and clinical heterogeneityǤ Nonethelessǡ the review findings may be used to inform the development of guidelines for optimising the ALS patient care pathway and highlight areas that warrant further research ȋsee Table ͵ȌǤ   Conclusion There is a substantial body of evidence related to the optimal care of ALS patients on NIVǡ considering serviceǡ equipmentǡ patient and carer factorsǤ Factors optimising care for all patients includeǣ effectively coǦordinated multidisciplinary careǢ careful selection of interfacesǡ ventilator modes and settings appropriate for the individual patientǢ adequate secretion controlǢ and 
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Table ͵Ǥ EvidenceǦbased recommendations 

Optimising factor Recommendations for practice Level of evidence Recommendations for research 
Multidisciplinary 
care 

The use of multidisciplinary clinics leads to greater NIV uptakeǤ  Eight studiesǣ  Ǧ One prospective cohort ȋʹ͹Ȍ Ǧ One retrospective beforeǦandǦafter study ȋʹͺȌ Ǧ Three crossǦsectional surveys ȋ͵Ͳǡ ͵ͳǡ ͵͵Ȍ Ǧ Two epidemiological studies ȋʹͻǡ ͵ʹȌ Ǧ One audit ȋ͵ͶȌ  

To further characterise the impact of multidisciplinary care and the role of respiratory and speech therapy specialists in certain patients ȋeǤgǤ those with severe bulbar impairmentȌǤ 
 The involvement of respiratory specialists promotes good adherenceǤ   Three studiesǣ  Ǧ One retrospective beforeǦandǦafter study ȋʹͺȌ Ǧ One crossǦsectional survey ȋ͵ͲȌ Ǧ One audit ȋ͵ͶȌ   Effective coǦordination between neurology and respiratory services leads to good usageǤ   Two crossǦsectional surveys ȋ͵Ͳǡ ͵ͳȌ 
Place of initiation Outpatient initiation of NIV is likely to be an effectiveǡ costǦeffective and acceptable alternative to inpatient initiationǤ  Two studiesǣ  Ǧ One RCT ȋͳ͸Ȍ Ǧ One prospective beforeǦandǦafter study ȋʹ͸Ȍ  

To strengthen the evidence for the comparative efficacy of domiciliary versus hospital inpatient and outpatient initiationǡ and explore patient preferenceǤ   To assess the feasibility of managing the complexities of NIV initiation in a single outpatient sessionǤ     

 Initiation at home may be an effective way for patients to acclimatise to the ventilator and interfaceǤ   
One audit ȋ͵ͶȌ 

 More complex patients ȋeǤgǤ those with severe bulbar impairmentȌ might require greater attentionǡ which could involve an inpatient stay and more intensive monitoring in the initial phases to optimise efficacyǤ   
Expert opinionǤȗ 



 
 

Interface Interface selection and fitting should be aimed at optimising adherence by maximising comfort to prevent interfaceǦrelated intoleranceǤ    Interface selection and fitting should also be aimed at optimising ventilation with a particular focus on minimising unintentional air leakǤ    

Six studiesǣ Ǧ Two prospective cohorts ȋʹʹǡ ͵͹Ȍ Ǧ One crossǦsectional survey ȋ͵ͲȌ Ǧ One case report ȋͶͶȌ Ǧ Two qualitative studies ȋͶ͸ǡ Ͷ͹Ȍ  Four studiesǣ Ǧ One randomised crossover trial ȋͳͺȌ Ǧ One prospective cohort ȋ͵ͺȌ Ǧ Two retrospective cohorts ȋͶǡ ͵ͻȌ   

To explore the effect of different interfaces on patient adherence and the effectiveness of ventilationǤ   To investigate the optimal interface for patients with bulbar andȀor facial muscle weaknessǤ 

 Particular interfaces should be available to trial in certain scenariosǡ for exampleǣ Ǧ A mouthpiece for patients with adequate bulbar function to allow for convenient daytime ventilation and adjuvant cough augmentationǤ    Ǧ Switching from an oronasal mask to a nasal mask with a chin strap in the presence of obstructive events on NIVǤ  

  Three studiesǣ  Ǧ One RCT ȋ͵Ȍ Ǧ One retrospective cohort ȋͶͲȌ Ǧ One case report ȋͶ͵Ȍ  Two studiesǣ  Ǧ One retrospective ȋ͵ͻȌ Ǧ One case report ȋͶʹȌ  
Machine typeǡ 
mode and settings 

The choice of NIV machineǡ mode and settings should be adjusted according to the clinical scenarioǢ if an individual patient demonstrates poor ventilation or adherence not related to the interfaceǡ consider changingǣ  
 Ǧ Machine settings ȋsee Table ʹȌ   Ǧ Machine mode     

      Six studiesǣ Ǧ Three retrospective studies ȋͶǡ ͵ͻǡ ͶͺȌ Ǧ Three case reports ȋͶͷǡ ͷͳǡ ͷʹȌ  Three studiesǣ Ǧ One randomised crossover trial ȋͳ͹Ȍ Ǧ Two prospective cohorts ȋ͵͹ǡ ͵ͺȌ  

To compare the efficacy of the different NIV machine types ȋpressureǡ volumeǡ AVAPSȌ and modes ȋspontaneousǡ timedǡ STȌǤ   To explore the potential utility of continuous positive airway pressure ȋCPAPȌ therapy in ALS patients with coexisting OSAǤ   To further validate the accuracy of data provided by ventilator software ȋeǤgǤ tidal volumesǡ leakȌǤ   



 
 

Ǧ Machine typeǤ   Three studiesǣ Ǧ One retrospective ȋͶͺȌ Ǧ Two case reports ȋͶͶǡ ͷͳȌ  
 
  

Secretion 
management 

CoughǦassist machines for airway secretion clearance should be combined with NIV to maximise survival and quality of life benefitsǤ   
Five studiesǣ Ǧ Three retrospective cohorts ȋͷ͸ȂͷͺȌ   Ǧ Two case reports ȋͶ͵ǡ ͶͶȌ To compare the effectiveness and costǦeffectiveness of the various manual and mechanical airway clearance techniques that may be used in ALSǤ  Ensure optimal oropharyngeal secretion control prior to and during NIV use to promote effective ventilation and good adherenceǡ through the use of various pharmacological and nonǦpharmacological methodsǤ   
Four studiesǣ  Ǧ Two prospective cohorts ȋʹͳǡ ʹͶȌ Ǧ One case report ȋͷͻȌ Ǧ One qualitative study ȋͶ͸Ȍ  

 

Monitoring Close monitoring of all patients in the first few days and weeks postǦinitiationǤ   Additional provision for those at higher risk of difficulties ȋeǤgǤ patients with severe bulbar impairmentȌǤ   Monitoring to identify poor adherence and ineffective ventilation and the implementation of corrective measures that could extend survivalǤ   

Expert opinionǤ   Expert opinionǤ     Two retrospective studies ȋͶǡ ͶͺȌ 

To explore a large scaleǡ multidisciplinary initiation programme involving educationǡ adaptive measures and monitoringǤ   To explore the most clinicallyǦ and costǦeffective methods for monitoring the effectiveness of NIVǤ  To explore the best methods for monitoring patients who are deteriorating on NIVǤ   To further investigate the potential utility of telemonitoring of NIV in ALS and resolve the issues with current systems ȋeǤgǤ system specificationǡ preǦdetermined alerts and the delivery of a patientǦspecific action planȌ   

 Vigilant assessment of the optimal interface and NIV settings over time in the context of evolving bulbar dysfunction and gradual weakening of the respiratory musclesǤ   
Two retrospective studies ȋʹǡ ͸ͳȌ 

Patient and carer 
perceptions 

Attention should be paid to psychosocial aspects of care for all patients initiating NIV and their caregiversǤ  
Expert opinionǤ  To explore the effects of different psychological interventions on NIV acceptance and adherence in ALSǤ   



 
 

   Psychological interventions may be helpful where adherence is suboptimalǤ   One qualitative study ȋͷͷȌ  
Bulbar impairment  Patients with significant bulbar dysfunction can still derive significant benefit from NIV if their needs are metǤ       Measures that should be taken to promote effective NIV use in these patients includeǣ Ǧ Multidisciplinary care Ǧ Effective secretion management  Ǧ Optimisation of interface selection and fitting    Ǧ Initial adaptationǡ which might involve more intensive inpatient initiation procedures than for those with better bulbar function                       Ǧ Vigilant monitoring and troubleshooting                                                    Ǧ Proactive managementǡ including attention to the appropriate interface and machine settings over time 

ͳͶ studiesǣ Ǧ Two RCTs ȋ͵ǡ ͳ͸Ȍ Ǧ Six prospective cohorts ȋʹͲǡ ʹͳǡ ʹ͹ǡ ͵͹ǡ ͵ͺǡ ͸ͷȌ Ǧ Five retrospective cohorts ȋͷǡ Ͷͳǡ ͷͺǡ ͸Ͷǡ ͸ͺȌ Ǧ One crossǦsectional study ȋʹͻȌ  Expert opinionǤ   

To further examine the effect of these recommended measures on the efficacy of NIV in patients with significant bulbar dysfunctionǤ  

ALSǡ amyotrophic lateral sclerosisǢ AVAPSǡ average volumeǦassured pressure supportǢ NIVǡ nonǦinvasive ventilationǢ OSAǡ obstructive sleep apnoeaǢ RCTǡ randomised controlled trialǢ STǡ spontaneousǦtimed ȋmodeȌ  ȗ  Expert opinionǣ Conclusions drawn by the review authors in their interpretation of the evidenceǤ Some of these conclusions are reflected in the discussion sections of included studiesǤ 
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ϱ͘  

ϮϮ͘  MĂƌƚŝŶĞǌ D͕ SĂŶĐŚŽ J͕ SĞƌǀĞƌĂ E͕ MĂƌŝŶ J͘ TŽůĞƌĂŶĐĞ ŽĨ VŽůƵŵĞ CŽŶƚƌŽů NŽŶŝŶǀĂƐŝǀĞ 
VĞŶƚŝůĂƚŝŽŶ ŝŶ SƵďũĞĐƚƐ WŝƚŚ AŵǇŽƚƌŽƉŚŝĐ LĂƚĞƌĂů SĐůĞƌŽƐŝƐ͘ RĞƐƉŝƌ CĂƌĞ͘ ϮϬϭϱ͖ϲϬ;ϭϮͿ͗ϭϳϲϱʹϳϭ͘  

Ϯϯ͘  MƵƐƚĨĂ N͕ WĂůƐŚ E͕ BƌǇĂŶƚ V͕ LǇĂůů RA͕ AĚĚŝŶŐƚŽŶͲHĂůů J͕ GŽůĚƐƚĞŝŶ LH͕ Ğƚ Ăů͘ TŚĞ ĞĨĨĞĐƚ ŽĨ 
ŶŽŶŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŽŶ ALS ƉĂƚŝĞŶƚƐ ĂŶĚ ƚŚĞŝƌ ĐĂƌĞŐŝǀĞƌƐ͘ NĞƵƌŽůŽŐǇ͘ ϮϬϬϲ͖ϲϲ;ϴͿ͗ϭϮϭϭʹϳ͘  

Ϯϰ͘  VĂŶĚĞŶďĞƌŐŚĞ N͕ VĂůůĞƚ AͲE͕ PĞƚŝƚũĞĂŶ T͕ LĞ CĂŵ P͕ PĞǇƐƐŽŶ S͕ GƵĞƌŝŶ C͕ Ğƚ Ăů͘ AďƐĞŶĐĞ ŽĨ 
ĂŝƌǁĂǇ ƐĞĐƌĞƚŝŽŶ ĂĐĐƵŵƵůĂƚŝŽŶ ƉƌĞĚŝĐƚƐ ƚŽůĞƌĂŶĐĞ ŽĨ ŶŽŶŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ƐƵďũĞĐƚƐ ǁŝƚŚ 
ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ RĞƐƉŝƌ CĂƌĞ͘ ϮϬϭϯ͖ϱϴ;ϵͿ͗ϭϰϮϰʹϯϮ͘  

Ϯϱ͘  SĞƌǀĞƌĂ E͕ SĂŶĐŚŽ J͕ BĂŹƵůƐ P͕ MĂƌşŶ J͘ BƵůďĂƌ ŝŵƉĂŝƌŵĞŶƚ ƐĐŽƌĞ ƉƌĞĚŝĐƚƐ ŶŽŶŝŶǀĂƐŝǀĞ ǀŽůƵŵĞͲ
ĐǇĐůĞĚ ǀĞŶƚŝůĂƚŝŽŶ ĨĂŝůƵƌĞ ĚƵƌŝŶŐ ĂŶ ĂĐƵƚĞ ůŽǁĞƌ ƌĞƐƉŝƌĂƚŽƌǇ ƚƌĂĐƚ ŝŶĨĞĐƚŝŽŶ ŝŶ ALS͘ J NĞƵƌŽů SĐŝ͘ 
ϮϬϭϱ͖ϯϱϴ;ϭʹϮͿ͗ϴϳʹϵϭ͘  

Ϯϲ͘  SŚĞĞƌƐ N͕ BĞƌůŽǁŝƚǌ DJ͕ RĂƵƚĞůĂ L͕ BĂƚĐŚĞůĚĞƌ I͕ HŽƉŬŝŶƐŽŶ K͕ HŽǁĂƌĚ ME͘ IŵƉƌŽǀĞĚ ƐƵƌǀŝǀĂů 
ǁŝƚŚ ĂŶ ĂŵďƵůĂƚŽƌǇ ŵŽĚĞů ŽĨ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŵƉůĞŵĞŶƚĂƚŝŽŶ ŝŶ ŵŽƚŽƌ ŶĞƵƌŽŶ 
ĚŝƐĞĂƐĞ͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ FƌŽŶƚ DĞŐĞŶĞƌ͘ ϮϬϭϰ͖ϭϱ;ϯʹϰͿ͗ϭϴϬʹϰ͘  

Ϯϳ͘  VŽůĂŶƚŝ P͕ CŝďĞůůĂ F͕ SĂƌǀă M͕ CŝĐĐŽ D DĞ͕ SƉĂŶĞǀĞůůŽ A͕ MŽƌĂ G͕ Ğƚ Ăů͘ PƌĞĚŝĐƚŽƌƐ ŽĨ ŶŽŶͲ
ŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ƚŽůĞƌĂŶĐĞ ŝŶ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ J NĞƵƌŽů SĐŝ͘ ϮϬϭϭ͖ϯϬϯ;ϭʹ
ϮͿ͗ϭϭϰʹϴ͘  

Ϯϴ͘  KĂƌĞƵƐ SA͕ KĂŐĞďĞŝŶ S͕ RƵĚŶŝĐŬŝ SA͘ TŚĞ ŝŵƉŽƌƚĂŶĐĞ ŽĨ Ă ƌĞƐƉŝƌĂƚŽƌǇ ƚŚĞƌĂƉŝƐƚ ŝŶ ƚŚĞ ALS 
ĐůŝŶŝĐ͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ͘ ϮϬϬϴ͖ϵ;ϯͿ͗ϭϳϯʹϲ͘  

Ϯϵ͘  CŚŝŽ A͕ CĂůǀŽ A͕ MŽŐůŝĂ C͕ GĂŵŶĂ F͕ MĂƚƚĞŝ A͕ MĂǌǌŝŶŝ L͕ Ğƚ Ăů͘ NŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ 
ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͗ Ă ϭϬ ǇĞĂƌ ƉŽƉƵůĂƚŝŽŶ ďĂƐĞĚ ƐƚƵĚǇ͘ J NĞƵƌŽů NĞƵƌŽƐƵƌŐ 
PƐǇĐŚŝĂƚƌǇ͘ ϮϬϭϮ͖ϴϯ;ϰͿ͗ϯϳϳʹϴϭ͘  



 
 

ϯϬ͘  RŝƚƐŵĂ BR͕ BĞƌŐĞƌ MJ͕ CŚĂƌůĂŶĚ DA͕ KŚŽƵƌǇ MA͕ PŚŝůůŝƉƐ JT͕ QƵŽŶ MJ͕ Ğƚ Ăů͘ NIPPV͗ 
ƉƌĞǀĂůĞŶĐĞ͕ ĂƉƉƌŽĂĐŚ ĂŶĚ ďĂƌƌŝĞƌƐ ƚŽ ƵƐĞ Ăƚ CĂŶĂĚŝĂŶ ALS ĐĞŶƚƌĞƐ͘ CĂŶ J NĞƵƌŽů SĐŝ͘ 
ϮϬϭϬ͖ϯϳ;ϭͿ͗ϱϰʹϲϬ͘  

ϯϭ͘  VŝƚĂĐĐĂ M͕ VŝĂŶĞůůŽ A͘ RĞƐƉŝƌĂƚŽƌǇ ŽƵƚĐŽŵĞƐ ŽĨ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͗ ĂŶ 
IƚĂůŝĂŶ ŶĂƚŝŽŶǁŝĚĞ ƐƵƌǀĞǇ͘ RĞƐƉŝƌ CĂƌĞ͘ ϮϬϭϯ͖ϱϴ;ϵͿ͗ϭϰϯϯʹϰϭ͘  

ϯϮ͘  CŚŝž A͕ BŽƚƚĂĐĐŚŝ E͕ BƵĨĨĂ C͕ MƵƚĂŶŝ R͕ MŽƌĂ G͕ PARALS͘ PŽƐŝƚŝǀĞ ĞĨĨĞĐƚƐ ŽĨ ƚĞƌƚŝĂƌǇ ĐĞŶƚƌĞƐ ĨŽƌ 
ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ ŽŶ ŽƵƚĐŽŵĞ ĂŶĚ ƵƐĞ ŽĨ ŚŽƐƉŝƚĂů ĨĂĐŝůŝƚŝĞƐ͘ J NĞƵƌŽů NĞƵƌŽƐƵƌŐ 
PƐǇĐŚŝĂƚƌǇ͘ ϮϬϬϲ͖ϳϳ;ϴͿ͗ϵϰϴʹϱϬ͘  

ϯϯ͘  CŚŝŽ A͕ SŝůĂŶŝ V͘ AŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ ĐĂƌĞ ŝŶ IƚĂůǇ͗ Ă ŶĂƚŝŽŶǁŝĚĞ ƐƚƵĚǇ ŝŶ ŶĞƵƌŽůŽŐŝĐĂů 
ĐĞŶƚĞƌƐ͘ J NĞƵƌŽů SĐŝ͘ ϮϬϬϭ͖ϭϵϭ;ϭʹϮͿ͗ϭϰϱʹϱϬ͘  

ϯϰ͘  NŝǆŽŶ I͕ PŽƉŬŝĞǁŝĐǌ F͕ BĂŶĞƌũĞĞ S͕ VŝŶĐĞŶƚͲSŵŝƚŚ L͕ OůŝǀĞƌ D͘ UƐŝŶŐ Ă ũŽŝŶƚ ĂƉƉƌŽĂĐŚ ƚŽ ŶŽŶͲ
ŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ŵŽƚŽƌ ŶĞƵƌŽŶĞ ĚŝƐĞĂƐĞ͘ EƵƌ J PĂůůŝĂƚ CĂƌĞ͘ ϮϬϭϱ͖ϮϮ͗ϭϴϮʹϰ͘  

ϯϱ͘  HĞŝŵĂŶͲPĂƚƚĞƌƐŽŶ TD͕ CƵĚŬŽǁŝĐǌ ME͕ DĞ CĂƌǀĂůŚŽ M͕ GĞŶŐĞ A͕ HĂƌĚŝŵĂŶ O͕ JĂĐŬƐŽŶ CE͕ Ğƚ 
Ăů͘ UŶĚĞƌƐƚĂŶĚŝŶŐ ƚŚĞ ƵƐĞ ŽĨ NIV ŝŶ ALS͗ ƌĞƐƵůƚƐ ŽĨ ĂŶ ŝŶƚĞƌŶĂƚŝŽŶĂů ALS ƐƉĞĐŝĂůŝƐƚ ƐƵƌǀĞǇ͘ 
AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ FƌŽŶƚ DĞŐĞŶĞƌ͘ ϮϬϭϴ͖ϭϵ;ϱʹϲͿ͗ϯϯϭʹϰϭ͘  

ϯϲ͘  MĂƌƚŝŶ NH͕ LĂǁƌĞŶĐĞ V͕ MƵƌƌĂǇ J͕ JĂŶƐƐĞŶ A͕ HŝŐŐŝŶƐŽŶ I͕ LǇĂůů R͕ Ğƚ Ăů͘ DĞĐŝƐŝŽŶ MĂŬŝŶŐ AďŽƵƚ 
GĂƐƚƌŽƐƚŽŵǇ ĂŶĚ NŽŶŝŶǀĂƐŝǀĞ VĞŶƚŝůĂƚŝŽŶ ŝŶ AŵǇŽƚƌŽƉŚŝĐ LĂƚĞƌĂů SĐůĞƌŽƐŝƐ͘ QƵĂů HĞĂůƚŚ RĞƐ͘ 
ϮϬϭϲ͖Ϯϲ;ϭϬͿ͗ϭϯϲϲʹϴϭ͘  

ϯϳ͘  VƌŝũƐĞŶ B͕ BƵǇƐĞ B͕ BĞůŐĞ C͕ RŽďďĞƌĞĐŚƚ W͕ VĂŶ DĂŵŵĞ P͕ DĞĐƌĂŵĞƌ M͕ Ğƚ Ăů͘ NŽŶŝŶǀĂƐŝǀĞ 
ǀĞŶƚŝůĂƚŝŽŶ ŝŵƉƌŽǀĞƐ ƐůĞĞƉ ŝŶ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͗ A ƉƌŽƐƉĞĐƚŝǀĞ ƉŽůǇƐŽŵŶŽŐƌĂƉŚŝĐ 
ƐƚƵĚǇ͘ J CůŝŶ SůĞĞƉ MĞĚ͘ ϮϬϭϱ͖ϭϭ;ϱͿ͗ϱϱϵʹϲϲ͘  

ϯϴ͘  VƌŝũƐĞŶ B͕ TĞƐƚĞůŵĂŶƐ D͕ BĞůŐĞ C͕ VĂŶƉĞĞ G͕ VĂŶ DĂŵŵĞ P͕ BƵǇƐĞ B͘ PĂƚŝĞŶƚͲǀĞŶƚŝůĂƚŽƌ 
ĂƐǇŶĐŚƌŽŶǇ͕ ůĞĂŬƐ ĂŶĚ ƐůĞĞƉ ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů 
SĐůĞƌ FƌŽŶƚŽƚĞŵƉŽƌĂů DĞŐĞŶĞƌ͘ ϮϬϭϲ͖ϭϳ;ϱʹϲͿ͗ϯϰϯʹϱϬ͘  

ϯϵ͘  SĐŚĞůůŚĂƐ V͕ GůĂƚǌ C͕ BĞĞĐŬĞŶ I͕ OŬĞŐǁŽ A͕ HĞŝĚďƌĞĚĞƌ A͕ YŽƵŶŐ P͕ Ğƚ Ăů͘ UƉƉĞƌ ĂŝƌǁĂǇ 
ŽďƐƚƌƵĐƚŝŽŶ ŝŶĚƵĐĞĚ ďǇ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ƵƐŝŶŐ ĂŶ ŽƌŽŶĂƐĂů ŝŶƚĞƌĨĂĐĞ͘ SůĞĞƉ BƌĞĂƚŚ͘ 
ϮϬϭϴ͖ϮϮ;ϯͿ͗ϳϴϭʹϴ͘  

ϰϬ͘  BĞĚĂƌĚ MͲE͕ MĐKŝŵ DA͘ DĂǇƚŝŵĞ MŽƵƚŚƉŝĞĐĞ ĨŽƌ CŽŶƚŝŶƵŽƵƐ NŽŶŝŶǀĂƐŝǀĞ VĞŶƚŝůĂƚŝŽŶ ŝŶ 
IŶĚŝǀŝĚƵĂůƐ WŝƚŚ AŵǇŽƚƌŽƉŚŝĐ LĂƚĞƌĂů SĐůĞƌŽƐŝƐ͘ RĞƐƉŝƌ CĂƌĞ͘ ϮϬϭϲ͖ϲϭ;ϭϬͿ͗ϭϯϰϭʹϴ͘  

ϰϭ͘  BŽĞŶƚĞƌƚ M͕ BƌĞŶƐĐŚĞŝĚƚ I͕ GůĂƚǌ C͕ YŽƵŶŐ P͘ EĨĨĞĐƚƐ ŽĨ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŽŶ ŽďũĞĐƚŝǀĞ 
ƐůĞĞƉ ĂŶĚ ŶŽĐƚƵƌŶĂů ƌĞƐƉŝƌĂƚŝŽŶ ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ J NĞƵƌŽů͘ 
ϮϬϭϱ͖ϮϲϮ;ϵͿ͗ϮϬϳϯʹϴϮ͘  

ϰϮ͘  VƌŝũƐĞŶ B͕ BƵǇƐĞ B͕ BĞůŐĞ C͕ TĞƐƚĞůŵĂŶƐ D͘ UƉƉĞƌ ĂŝƌǁĂǇ ŽďƐƚƌƵĐƚŝŽŶ ĚƵƌŝŶŐ ŶŽŶŝŶǀĂƐŝǀĞ 
ǀĞŶƚŝůĂƚŝŽŶ ŝŶĚƵĐĞĚ ďǇ ƚŚĞ ƵƐĞ ŽĨ ĂŶ ŽƌŽŶĂƐĂů ŵĂƐŬ͘ J CůŝŶ SůĞĞƉ MĞĚ͘ ϮϬϭϰ͖ϭϬ;ϵͿ͗ϭϬϯϯʹϱ͘  

ϰϯ͘  AŐƌĂĨŝŽƚŝƐ M͕ PĂƉĂŶŝŬŽůĂŽƵ G͕ HŽƐƉŝƚĂů G͕ TƌǇĨŽŶ S͕ HŽƐƉŝƚĂů G͕ OďƐƚƌƵĐƚŝǀĞ C͕ Ğƚ Ăů͘ 
NŽŶŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ǀŝĂ ŵŽƵƚŚƉŝĞĐĞ ŝŶ Ă ƉĂƚŝĞŶƚ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͗ A 
ŵĞƚŚŽĚ ƚŽ ĂǀŽŝĚ ƚƌĂĐŚĞŽƐƚŽŵǇ ĂŶĚ ŝŵƉƌŽǀĞ ĐŽƵŐŚ ĞĨĨŝĐĂĐǇ͘ PŶĞƵŵŽŶ͘ ϮϬϭϳ͖ϯϬ;ϮͿ͗ϯϭʹϱ͘  

ϰϰ͘  BĞůĐŚŝŽƌ I͕ GŽŶĐĂůǀĞƐ MR͕ WŝŶĐŬ JC͘ CŽŶƚŝŶƵŽƵƐ ŶŽŶŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ĚĞůŝǀĞƌĞĚ ďǇ Ă ŶŽǀĞů 
ƚŽƚĂů ĨĂĐĞ ŵĂƐŬ͗ Ă ĐĂƐĞ ƐĞƌŝĞƐ ƌĞƉŽƌƚ͘ RĞƐƉŝƌ CĂƌĞ͘ ϮϬϭϮ͖ϱϳ;ϯͿ͗ϰϰϵʹϱϯ͘  

ϰϱ͘  DŝĂǌͲAďĂĚ M͕ BƌŽǁŶ JE͘ UƐĞ ŽĨ ǀŽůƵŵĞͲƚĂƌŐĞƚĞĚ ŶŽŶͲŝŶǀĂƐŝǀĞ ďŝůĞǀĞů ƉŽƐŝƚŝǀĞ ĂŝƌǁĂǇ ƉƌĞƐƐƵƌĞ 
ǀĞŶƚŝůĂƚŝŽŶ ŝŶ Ă ƉĂƚŝĞŶƚ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͕͘ J BƌĂƐ PŶĞƵŵŽů͘ ϮϬϭϰ͖ϰϬ;ϰͿ͗ϰϰϯʹϳ͘  

ϰϲ͘  BĂǆƚĞƌ SK͕ BĂŝƌĚ WO͕ TŚŽŵƉƐŽŶ S͕ BŝĂŶĐŚŝ SM͕ WĂůƚĞƌƐ SJ͕ LĞĞ E͕ Ğƚ Ăů͘ TŚĞ ŝŶŝƚŝĂƚŝŽŶ ŽĨ ŶŽŶͲ



 
 

ŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ĨŽƌ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ŵŽƚŽƌ ŶĞƵƌŽŶ ĚŝƐĞĂƐĞ͗ ƉĂƚŝĞŶƚ ĂŶĚ ĐĂƌĞƌ ƉĞƌĐĞƉƚŝŽŶƐ ŽĨ 
ŽďƐƚĂĐůĞƐ ĂŶĚ ŽƵƚĐŽŵĞƐ͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ FƌŽŶƚŽƚĞŵƉŽƌĂů DĞŐĞŶĞƌ͘ ϮϬϭϯ͖ϭϰ;ϮͿ͗ϭϬϱʹ
ϭϬ͘  

ϰϳ͘  SƵŶĚůŝŶŐ IͲM͕ EŬŵĂŶ SͲL͕ WĞŝŶďĞƌŐ J͕ KůĞĨďĞĐŬ B͘ PĂƚŝĞŶƚƐ͛ ǁŝƚŚ ALS ĂŶĚ ĐĂƌĞŐŝǀĞƌƐ͛ 
ĞǆƉĞƌŝĞŶĐĞƐ ŽĨ ŶŽŶͲŝŶǀĂƐŝǀĞ ŚŽŵĞ ǀĞŶƚŝůĂƚŝŽŶ͘ AĚǀ PŚǇƐŝŽƚŚĞƌ͘ ϮϬϬϵ͖ϭϭ;ϯͿ͗ϭϭϰʹϮϬ͘  

ϰϴ͘  GĞŽƌŐĞƐ M͕ AƚƚĂůŝ V͕ GŽůŵĂƌĚ JL͕ MŽƌĠůŽƚͲPĂŶǌŝŶŝ C͕ CƌĞǀŝĞƌͲBƵĐŚŵĂŶ L͕ CŽůůĞƚ JM͕ Ğƚ Ăů͘ 
RĞĚƵĐĞĚ ƐƵƌǀŝǀĂů ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ALS ǁŝƚŚ ƵƉƉĞƌ ĂŝƌǁĂǇ ŽďƐƚƌƵĐƚŝǀĞ ĞǀĞŶƚƐ ŽŶ ŶŽŶͲŝŶǀĂƐŝǀĞ 
ǀĞŶƚŝůĂƚŝŽŶ͘ J NĞƵƌŽů NĞƵƌŽƐƵƌŐ PƐǇĐŚŝĂƚƌǇ͘ ϮϬϭϲ͖ϴϳ;ϭϬͿ͗ϭϬϰϱʹϱϬ͘  

ϰϵ͘  NŝĐŚŽůƐŽŶ TT͕ SŵŝƚŚ SB͕ SŝĚĚŝƋƵĞ T͕ SƵĨŝƚ R͕ AũƌŽƵĚͲDƌŝƐƐ S͕ CŽůĞŵĂŶ JM͕ Ğƚ Ăů͘ RĞƐƉŝƌĂƚŽƌǇ 
PĂƚƚĞƌŶ ĂŶĚ TŝĚĂů VŽůƵŵĞƐ DŝĨĨĞƌ ĨŽƌ PƌĞƐƐƵƌĞ SƵƉƉŽƌƚ ĂŶĚ VŽůƵŵĞͲĂƐƐƵƌĞĚ PƌĞƐƐƵƌĞ SƵƉƉŽƌƚ 
ŝŶ AŵǇŽƚƌŽƉŚŝĐ LĂƚĞƌĂů SĐůĞƌŽƐŝƐ͘ AŶŶ Aŵ TŚŽƌĂĐ SŽĐ͘ ϮϬϭϳ͖ϭϰ;ϳͿ͗ϭϭϯϵʹϰϲ͘  

ϱϬ͘  VĞůĚŚƵŝƐ SKB͕ DŽĨĨ MHJ͕ SƚĞŐĞŶŐĂ B͕ NŝĞƵǁĞŶŚƵŝƐ JA͕ WŝũŬƐƚƌĂ PJ͘ OƌĂů ĂƉƉůŝĂŶĐĞ ƚŽ ĂƐƐŝƐƚ 
ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ Ă ƉĂƚŝĞŶƚ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ SůĞĞƉ BƌĞĂƚŚ͘ 
ϮϬϭϱ͖ϭϵ;ϭͿ͗ϲϭʹϯ͘  

ϱϭ͘  PĂƌŬ D͘ AƉƉůŝĐĂƚŝŽŶ ŽĨ ĚŝĨĨĞƌĞŶƚ ǀĞŶƚŝůĂƚŽƌ ŵŽĚĞƐ ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů 
ƐĐůĞƌŽƐŝƐ ĂĐĐŽƌĚŝŶŐ ƚŽ ĐĞƌƚĂŝŶ ĐůŝŶŝĐĂů ƐŝƚƵĂƚŝŽŶƐ͗ A CĂƐĞ RĞƉŽƌƚ͘ MĞĚŝĐŝŶĞ ;BĂůƚŝŵŽƌĞͿ͘ 
ϮϬϭϳ͖ϵϲ;ϯϰͿ͗Ğϳϴϵϵ͘  

ϱϮ͘  HĂŶŶĂŶ LM͕ RĂƵƚĞůĂ L͕ WŝůƐŽŶ DL͕ BĞƌůŽǁŝƚǌ DJ͕ HŽǁĂƌĚ ME͘ AůƚĞƌŝŶŐ ǀĞŶƚŝůĂƚŽƌ ŝŶƐƉŝƌĂƚŽƌǇ 
ƚŝŵĞ ĐĂŶ ƌĞĚƵĐĞ ĂƵƚŽĐǇĐůŝŶŐ ĚƵƌŝŶŐ ƐůĞĞƉ͘ SůĞĞƉ MĞĚ͘ ϮϬϭϱ͖ϭϲ;ϭϬͿ͗ϭϯϬϭʹϯ͘  

ϱϯ͘  YĂŵĂĚĂ S͕ NŝƐŚŝŵŝǇĂ J͕ KƵƌŽŬĂǁĂ K͕ YƵĂƐĂ T͕ MĂƐĂŬĂ A͘ BŝůĞǀĞů ŶĂƐĂů ƉŽƐŝƚŝǀĞ ĂŝƌǁĂǇ ƉƌĞƐƐƵƌĞ 
ĂŶĚ ďĂůůŽŽŶŝŶŐ ŽĨ ƚŚĞ ƐƚŽŵĂĐŚ͘ CŚĞƐƚ͘ ϮϬϬϭ͖ϭϭϵ;ϲͿ͗ϭϵϲϱʹϲ͘  

ϱϰ͘  AŶĚŽ H͕ CŚĂŬƌĂďĂƌƚŝ B͕ AŶŐƵƐ RM͕ CŽƵƐŝŶƐ R͕ TŚŽƌŶƚŽŶ EW͕ YŽƵŶŐ CA͘ EǆƉĞƌŝĞŶĐĞ ŽĨ ůŽŶŐͲ
ƚĞƌŵ ƵƐĞ ŽĨ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ŵŽƚŽƌ ŶĞƵƌŽŶ ĚŝƐĞĂƐĞ͗ ĂŶ ŝŶƚĞƌƉƌĞƚĂƚŝǀĞ 
ƉŚĞŶŽŵĞŶŽůŽŐŝĐĂů ĂŶĂůǇƐŝƐ͘ BMJ SƵƉƉŽƌƚ PĂůůŝĂƚ CĂƌĞ͘ ϮϬϭϰ͖ϰ;ϭͿ͗ϱϬʹϲ͘  

ϱϱ͘  AŶĚŽ H͕ WŝůůŝĂŵƐ C͕ AŶŐƵƐ RM͕ TŚŽƌŶƚŽŶ EW͕ CŚĂŬƌĂďĂƌƚŝ B͕ CŽƵƐŝŶƐ R͕ Ğƚ Ăů͘ WŚǇ ĚŽŶ͛ƚ ƚŚĞǇ 
ĂĐĐĞƉƚ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ͍͗ ŝŶƐŝŐŚƚ ŝŶƚŽ ƚŚĞ ŝŶƚĞƌƉĞƌƐŽŶĂů ƉĞƌƐƉĞĐƚŝǀĞƐ ŽĨ ƉĂƚŝĞŶƚƐ ǁŝƚŚ 
ŵŽƚŽƌ ŶĞƵƌŽŶĞ ĚŝƐĞĂƐĞ͘ Bƌ J HĞĂůƚŚ PƐǇĐŚŽů͘ ϮϬϭϱ͖ϮϬ;ϮͿ͗ϯϰϭʹϱϵ͘  

ϱϲ͘  BĂĐŚ JR͘ AŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͗ ƉƌŽůŽŶŐĂƚŝŽŶ ŽĨ ůŝĨĞ ďǇ ŶŽŶŝŶǀĂƐŝǀĞ ƌĞƐƉŝƌĂƚŽƌǇ ĂŝĚƐ͘ 
CŚĞƐƚ͘ ϮϬϬϮ͖ϭϮϮ;ϭͿ͗ϵϮʹϴ͘  

ϱϳ͘  BĂĐŚ JR͕ BŝĂŶĐŚŝ C͕ AƵĨŝĞƌŽ E͘ OǆŝŵĞƚƌǇ ĂŶĚ ŝŶĚŝĐĂƚŝŽŶƐ ĨŽƌ ƚƌĂĐŚĞŽƚŽŵǇ ĨŽƌ ĂŵǇŽƚƌŽƉŚŝĐ 
ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ CŚĞƐƚ͘ ϮϬϬϰ͖ϭϮϲ;ϱͿ͗ϭϱϬϮʹϳ͘  

ϱϴ͘  KŚĂŵĂŶŬĂƌ N͕ CŽĂŶ G͕ WĞĂǀĞƌ B͕ MŝƚĐŚĞůů CS͘ AƐƐŽĐŝĂƚŝǀĞ IŶĐƌĞĂƐĞƐ ŝŶ AŵǇŽƚƌŽƉŚŝĐ LĂƚĞƌĂů 
SĐůĞƌŽƐŝƐ SƵƌǀŝǀĂů DƵƌĂƚŝŽŶ WŝƚŚ NŽŶͲŝŶǀĂƐŝǀĞ VĞŶƚŝůĂƚŝŽŶ IŶŝƚŝĂƚŝŽŶ ĂŶĚ UƐĂŐĞ PƌŽƚŽĐŽůƐ͘ 
FƌŽŶƚ NĞƵƌŽů͘ ϮϬϭϴ͖ϵ͗ϱϳϴ͘  

ϱϵ͘  CŽŽƉĞƌͲKŶŽĐŬ J͕ AŚŵĞĚǌĂŝ SH͕ SŚĂǁ P͘ TŚĞ ƵƐĞ ŽĨ ƐƵďĐƵƚĂŶĞŽƵƐ ŐůǇĐŽƉǇƌƌŽůĂƚĞ ŝŶ ƚŚĞ 
ŵĂŶĂŐĞŵĞŶƚ ŽĨ ƐŝĂůŽƌƌŚŽĞĂ ĂŶĚ ĨĂĐŝůŝƚĂƚŝŶŐ ƚŚĞ ƵƐĞ ŽĨ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ 
ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ͘ ϮϬϭϭ͖ϭϮ;ϲͿ͗ϰϲϰʹϱ͘  

ϲϬ͘  TĂŵƉůŝŶ J͕ BĂŬĞƌ F͕ DĂǀŝĞƐ R͕ BĂũŽ E͕ BŽůŐĞƌ K͕ SŚĞĞƌƐ N͕ Ğƚ Ăů͘ EǆƉůŽƌŝŶŐ ƚŚĞ ĨĞĂƐŝďŝůŝƚǇ ŽĨ Ă 
ŵƵƐŝĐͲĂƐƐŝƐƚĞĚ ƌĞůĂǆĂƚŝŽŶ ŝŶƚĞƌǀĞŶƚŝŽŶ ƚŽ ĂƐƐŝƐƚ ǁŝƚŚ ƚŚĞ ŝŶŝƚŝĂƚŝŽŶ ŽĨ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ 
ŝŶ ƉĞŽƉůĞ ǁŝƚŚ MŽƚŽƌ NĞƵƌŽŶ DŝƐĞĂƐĞ͘ MƵƐŝĐ MĞĚ͘ ϮϬϭϳ͖ϵ͗ϴϲʹϵϳ͘  

ϲϭ͘  GƌƵŝƐ KL͕ BƌŽǁŶ DL͕ LŝƐĂďĞƚŚ LD͕ ZĞďĂƌĂŚ VA͕ CŚĞƌǀŝŶ RD͕ FĞůĚŵĂŶ EL͘ LŽŶŐŝƚƵĚŝŶĂů 
ĂƐƐĞƐƐŵĞŶƚ ŽĨ ŶŽŶŝŶǀĂƐŝǀĞ ƉŽƐŝƚŝǀĞ ƉƌĞƐƐƵƌĞ ǀĞŶƚŝůĂƚŝŽŶ ĂĚũƵƐƚŵĞŶƚƐ ŝŶ ALS ƉĂƚŝĞŶƚƐ͘ J NĞƵƌŽů 
SĐŝ͘ ϮϬϬϲ͖Ϯϰϳ;ϭͿ͗ϱϵʹϲϯ͘  



 
 

ϲϮ͘  OůŝǀĞƌ D͕ BĂŶĞƌũĞĞ S͕ VŝŶĐĞŶƚͲSŵŝƚŚ L͕ KŝŶĚƌĞĚ J͕ MĂƌƚŝŶ K͘ TŚĞ ƵƐĞ ŽĨ Ă ŚĂŶĚ ŚĞůĚ ǀĞŶƚŝůĂƚŽƌ ƚŽ 
ƐƵƉƉůĞŵĞŶƚ NIV ĨŽƌ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ALSͬMND ǁŝƚŚ ƌĞƐƉŝƌĂƚŽƌǇ ŝŶƐƵĨĨŝĐŝĞŶĐǇ͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů 
SĐůĞƌ FƌŽŶƚŽƚĞŵƉŽƌĂů DĞŐĞŶĞƌ͘ ϮϬϭϴ͖ϭϵ;ϯʹϰͿ͗ϯϭϯʹϰ͘  

ϲϯ͘  BƵƚǌ M͕ WŽůůŝŶƐŬǇ KH͕ WŝĞĚĞŵƵƚŚͲCĂƚƌŝŶĞƐĐƵ U͕ SƉĞƌĨĞůĚ A͕ WŝŶƚĞƌ S͕ MĞŚƌŬĞŶƐ HH͕ Ğƚ Ăů͘ 
LŽŶŐŝƚƵĚŝŶĂů ĞĨĨĞĐƚƐ ŽĨ ŶŽŶŝŶǀĂƐŝǀĞ ƉŽƐŝƚŝǀĞͲƉƌĞƐƐƵƌĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ 
ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͘ Aŵ J PŚǇƐ MĞĚ RĞŚĂďŝů͘ ϮϬϬϯ͖ϴϮ;ϴͿ͗ϱϵϳʹϲϬϰ͘  

ϲϰ͘  FĂƌƌĞƌŽ E͕ PƌĂƚƐ E͕ PŽǀĞĚĂŶŽ M͕ MĂƌƚŝŶĞǌͲMĂƚŽƐ JA͕ MĂŶƌĞƐĂ F͕ EƐĐĂƌƌĂďŝůů J͘ SƵƌǀŝǀĂů ŝŶ 
ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ ǁŝƚŚ ŚŽŵĞ ŵĞĐŚĂŶŝĐĂů ǀĞŶƚŝůĂƚŝŽŶ͗ ƚŚĞ ŝŵƉĂĐƚ ŽĨ ƐǇƐƚĞŵĂƚŝĐ 
ƌĞƐƉŝƌĂƚŽƌǇ ĂƐƐĞƐƐŵĞŶƚ ĂŶĚ ďƵůďĂƌ ŝŶǀŽůǀĞŵĞŶƚ͘ CŚĞƐƚ͘ ϮϬϬϱ͖ϭϮϳ;ϲͿ͗ϮϭϯϮʹϴ͘  

ϲϱ͘  BŽƵƌŬĞ SC͕ BƵůůŽĐŬ RE͕ WŝůůŝĂŵƐ TL͕ SŚĂǁ PJ͕ GŝďƐŽŶ GJ͘ NŽŶŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ALS͗ 
ŝŶĚŝĐĂƚŝŽŶƐ ĂŶĚ ĞĨĨĞĐƚ ŽŶ ƋƵĂůŝƚǇ ŽĨ ůŝĨĞ͘ NĞƵƌŽůŽŐǇ͘ ϮϬϬϯ͖ϲϭ;ϮͿ͗ϭϳϭʹϳ͘  

ϲϲ͘  JĂĐŬƐŽŶ CE͕ LŽǀŝƚƚ S͕ GŽǁĚĂ N͕ AŶĚĞƌƐŽŶ F͕ MŝůůĞƌ RG͘ FĂĐƚŽƌƐ ĐŽƌƌĞůĂƚĞĚ ǁŝƚŚ NPPV ƵƐĞ ŝŶ 
ALS͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ͘ ϮϬϬϲ͖ϳ;ϮͿ͗ϴϬʹϱ͘  

ϲϳ͘  DĞ VŝƚŽ EL͕ SƵĂƌĞǌ AA͕ MŽŶƚĞŝƌŽ SG͘ TŚĞ ƵƐĞ ŽĨ ĨƵůůͲƐĞƚƚŝŶŐ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ƚŚĞ 
ŚŽŵĞ ĐĂƌĞ ŽĨ ƉĞŽƉůĞ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐͲŵŽƚŽƌ ŶĞƵƌŽŶ ĚŝƐĞĂƐĞ ǁŝƚŚ ĞŶĚͲƐƚĂŐĞ 
ƌĞƐƉŝƌĂƚŽƌǇ ŵƵƐĐůĞ ĨĂŝůƵƌĞ͗ Ă ĐĂƐĞ ƐĞƌŝĞƐ͘ J MĞĚ CĂƐĞ RĞƉ͘ ϮϬϭϮ͖ϲ͗ϰϮ͘  

ϲϴ͘  BĞƌůŽǁŝƚǌ DJ͕ HŽǁĂƌĚ ME͕ Jƌ JFF͕ HŽŽƌŶ S VĂŶĚĞƌ͕ DŽŶŽŐŚƵĞ FJO͕ WĞƐƚůĂŬĞ J͕ Ğƚ Ăů͘ IĚĞŶƚŝĨǇŝŶŐ 
ǁŚŽ ǁŝůů ďĞŶĞĨŝƚ ĨƌŽŵ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ ͬ ŵŽƚŽƌ 
ŶĞƵƌŽŶĞ ĚŝƐĞĂƐĞ ŝŶ Ă ĐůŝŶŝĐĂů ĐŽŚŽƌƚ͘ J NĞƵƌŽů NĞƵƌŽƐƵƌŐ PƐǇĐŚŝĂƚƌǇ͘ ϮϬϭϱ͖ϴϳ͗ϭʹϳ͘  

ϲϵ͘  LĞŵŽŝŐŶĂŶ J͕ EůůƐ C͘ AŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ ĂŶĚ ĂƐƐŝƐƚĞĚ ǀĞŶƚŝůĂƚŝŽŶ͗ ŚŽǁ ƉĂƚŝĞŶƚƐ 
ĚĞĐŝĚĞ͘ PĂůůŝĂƚ SƵƉƉŽƌƚ CĂƌĞ͘ ϮϬϭϬ͖ϴ;ϮͿ͗ϮϬϳʹϭϯ͘  

ϳϬ͘  AƌŝĚĞŐďĞ T͕ KĂŶĚůĞƌ R͕ WĂůƚĞƌƐ SJ͕ WĂůƐŚ T͕ SŚĂǁ PJ͕ MĐDĞƌŵŽƚƚ CJ͘ TŚĞ ŶĂƚƵƌĂů ŚŝƐƚŽƌǇ ŽĨ 
ŵŽƚŽƌ ŶĞƵƌŽŶ ĚŝƐĞĂƐĞ͗ AƐƐĞƐƐŝŶŐ ƚŚĞ ŝŵƉĂĐƚ ŽĨ ƐƉĞĐŝĂůŝƐƚ ĐĂƌĞ͘ AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ FƌŽŶƚ 
DĞŐĞŶĞƌ͘ ϮϬϭϯ͖ϭϰ;ϭͿ͗ϭϯʹϵ͘  

ϳϭ͘  TƌĂǇŶŽƌ BJ͕ AůĞǆĂŶĚĞƌ M͕ CŽƌƌ B͕ FƌŽƐƚ E͕ HĂƌĚŝŵĂŶ O͘ EĨĨĞĐƚ ŽĨ Ă ŵƵůƚŝĚŝƐĐŝƉůŝŶĂƌǇ 
ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ ;ALSͿ ĐůŝŶŝĐ ŽŶ ALS ƐƵƌǀŝǀĂů͗ Ă ƉŽƉƵůĂƚŝŽŶ ďĂƐĞĚ ƐƚƵĚǇ͕ ϭϵϵϲʹ
ϮϬϬϬ͘ J NĞƵƌŽů NĞƵƌŽƐƵƌŐ PƐǇĐŚŝĂƚƌǇ͘ ϮϬϬϯ͖ϳϰ;ϵͿ͗ϭϮϱϴʹϲϭ͘  

ϳϮ͘  RŽŽŶĞǇ J͕ BǇƌŶĞ S͕ HĞǀĞƌŝŶ M͕ TŽďŝŶ K͕ DŝĐŬ A͕ DŽŶĂŐŚǇ C͕ Ğƚ Ăů͘ A ŵƵůƚŝĚŝƐĐŝƉůŝŶĂƌǇ ĐůŝŶŝĐ 
ĂƉƉƌŽĂĐŚ ŝŵƉƌŽǀĞƐ ƐƵƌǀŝǀĂů ŝŶ ALS͗ Ă ĐŽŵƉĂƌĂƚŝǀĞ ƐƚƵĚǇ ŽĨ ALS ŝŶ IƌĞůĂŶĚ ĂŶĚ NŽƌƚŚĞƌŶ 
IƌĞůĂŶĚ͘ J NĞƵƌŽů NĞƵƌŽƐƵƌŐ ΘĂŵƉ͖ĂŵƉ͖ PƐǇĐŚŝĂƚƌǇ͘ ϮϬϭϱ͖ϴϲ;ϱͿ͗ϰϵϲʹϱϬϭ͘  

ϳϯ͘  RŽĚƌşŐƵĞǌ ĚĞ RŝǀĞƌĂ FJ͕ OƌĞũĂ GƵĞǀĂƌĂ C͕ SĂŶǌ GĂůůĞŐŽ I͕ SĂŶ JŽƐĠ VĂůŝĞŶƚĞ B͕ SĂŶƚŝĂŐŽ 
RĞĐƵĞƌĚĂ A͕ GſŵĞǌ MĞŶĚŝĞƚĂ MA͕ Ğƚ Ăů͘ OƵƚĐŽŵĞ ŽĨ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů 
ƐĐůĞƌŽƐŝƐ ĂƚƚĞŶĚŝŶŐ ŝŶ Ă ŵƵůƚŝĚŝƐĐŝƉůŝŶĂƌǇ ĐĂƌĞ ƵŶŝƚ͘ NĞƵƌŽůŽŐşĂ͘ ϮϬϭϭ͖Ϯϲ;ϴͿ͗ϰϱϱʹϲϬ͘  

ϳϰ͘  CŚĂƚǁŝŶ M͕ NŝĐŬŽů AH͕ MŽƌƌĞůů MJ͕ PŽůŬĞǇ MI͕ SŝŵŽŶĚƐ AK͘ RĂŶĚŽŵŝƐĞĚ ƚƌŝĂů ŽĨ ŝŶƉĂƚŝĞŶƚ 
ǀĞƌƐƵƐ ŽƵƚƉĂƚŝĞŶƚ ŝŶŝƚŝĂƚŝŽŶ ŽĨ ŚŽŵĞ ŵĞĐŚĂŶŝĐĂů ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ ŶŽĐƚƵƌŶĂů 
ŚǇƉŽǀĞŶƚŝůĂƚŝŽŶ͘ RĞƐƉŝƌ MĞĚ͘ ϮϬϬϴ͖ϭϬϮ;ϭϭͿ͗ϭϱϮϴʹϯϱ͘  

ϳϱ͘  HĂǌĞŶďĞƌŐ A͕ KĞƌƐƚũĞŶƐ HAM͕ PƌŝŶƐ SCL͕ VĞƌŵĞƵůĞŶ KM͕ WŝũŬƐƚƌĂ PJ͘ IŶŝƚŝĂƚŝŽŶ ŽĨ ŚŽŵĞ 
ŵĞĐŚĂŶŝĐĂů ǀĞŶƚŝůĂƚŝŽŶ Ăƚ ŚŽŵĞ͗ A ƌĂŶĚŽŵŝƐĞĚ ĐŽŶƚƌŽůůĞĚ ƚƌŝĂů ŽĨ ĞĨĨŝĐĂĐǇ͕ ĨĞĂƐŝďŝůŝƚǇ ĂŶĚ 
ĐŽƐƚƐ͘ RĞƐƉŝƌ MĞĚ͘ ϮϬϭϰ͖ϭϬϴ;ϵͿ͗ϭϯϴϳʹϵϱ͘  

ϳϲ͘  BĞƌƌǇ RB͕ CŚĞĚŝĂŬ A͕ BƌŽǁŶ LK͕ FŝŶĚĞƌ J͕ GŽǌĂů D͕ IďĞƌ C͕ Ğƚ Ăů͘ BĞƐƚ ĐůŝŶŝĐĂů ƉƌĂĐƚŝĐĞƐ ĨŽƌ ƚŚĞ 
ƐůĞĞƉ ĐĞŶƚĞƌ ĂĚũƵƐƚŵĞŶƚ ŽĨ ŶŽŶŝŶǀĂƐŝǀĞ ƉŽƐŝƚŝǀĞ ƉƌĞƐƐƵƌĞ ǀĞŶƚŝůĂƚŝŽŶ ;NPPVͿ ŝŶ ƐƚĂďůĞ ĐŚƌŽŶŝĐ 
ĂůǀĞŽůĂƌ ŚǇƉŽǀĞŶƚŝůĂƚŝŽŶ ƐǇŶĚƌŽŵĞƐ͘ J CůŝŶ SůĞĞƉ MĞĚ͘ ϮϬϭϬ͖ϲ;ϱͿ͗ϰϵϭʹϱϬϵ͘  

ϳϳ͘  CŚĂƚǁŝŶ M͕ TŽƵƐƐĂŝŶƚ M͕ GŽŶĕĂůǀĞƐ MR͕ SŚĞĞƌƐ N͕ MĞůůŝĞƐ U͕ GŽŶǌĂůĞƐͲBĞƌŵĞũŽ J͕ Ğƚ Ăů͘ 



 
 

AŝƌǁĂǇ ĐůĞĂƌĂŶĐĞ ƚĞĐŚŶŝƋƵĞƐ ŝŶ ŶĞƵƌŽŵƵƐĐƵůĂƌ ĚŝƐŽƌĚĞƌƐ͗ A ƐƚĂƚĞ ŽĨ ƚŚĞ Ăƌƚ ƌĞǀŝĞǁ͘ RĞƐƉŝƌ 
MĞĚ ΀IŶƚĞƌŶĞƚ΁͘ ϮϬϭϴ͖ϭϯϲ͗ϵϴʹϭϭϬ͘ AǀĂŝůĂďůĞ ĨƌŽŵ͗ 
ŚƚƚƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϭϲͬũ͘ƌŵĞĚ͘ϮϬϭϴ͘Ϭϭ͘ϬϭϮ 

ϳϴ͘  JĂŶƐƐĞŶƐ JͲP͕ BŽƌĞů JͲC͕ PĠƉŝŶ JͲL͘ NŽĐƚƵƌŶĂů ŵŽŶŝƚŽƌŝŶŐ ŽĨ ŚŽŵĞ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ͗ ƚŚĞ 
ĐŽŶƚƌŝďƵƚŝŽŶ ŽĨ ƐŝŵƉůĞ ƚŽŽůƐ ƐƵĐŚ ĂƐ ƉƵůƐĞ ŽǆŝŵĞƚƌǇ͕ ĐĂƉŶŽŐƌĂƉŚǇ͕ ďƵŝůƚͲŝŶ ǀĞŶƚŝůĂƚŽƌ ƐŽĨƚǁĂƌĞ 
ĂŶĚ ĂƵƚŽŶŽŵŝĐ ŵĂƌŬĞƌƐ ŽĨ ƐůĞĞƉ ĨƌĂŐŵĞŶƚĂƚŝŽŶ͘ TŚŽƌĂǆ͘ ϮϬϭϭ MĂǇ ϭ͖ϲϲ;ϱͿ͗ϰϯϴʹϰϱ͘  

ϳϵ͘  FŽǆ N͕ HŝƌƐĐŚͲAůůĞŶ AJ͕ GŽŽĚĨĞůůŽǁ E͕ WĞŶŶĞƌ J͕ FůĞĞƚŚĂŵ J͕ RǇĂŶ CF͕ Ğƚ Ăů͘ TŚĞ ŝŵƉĂĐƚ ŽĨ Ă 
ƚĞůĞŵĞĚŝĐŝŶĞ ŵŽŶŝƚŽƌŝŶŐ ƐǇƐƚĞŵ ŽŶ ƉŽƐŝƚŝǀĞ ĂŝƌǁĂǇ ƉƌĞƐƐƵƌĞ ĂĚŚĞƌĞŶĐĞ ŝŶ ƉĂƚŝĞŶƚƐ ǁŝƚŚ 
ŽďƐƚƌƵĐƚŝǀĞ ƐůĞĞƉ ĂƉŶĞĂ͗ Ă ƌĂŶĚŽŵŝǌĞĚ ĐŽŶƚƌŽůůĞĚ ƚƌŝĂů͘ SůĞĞƉ͘ ϮϬϭϮ͖ϯϱ;ϰͿ͗ϰϳϳʹϴϭ͘  

ϴϬ͘  HŽďƐŽŶ E V͕ BĂŝƌĚ WO͕ CŽŽƉĞƌ CL͕ MĂǁƐŽŶ S͕ SŚĂǁ PJ͕ MĐĚĞƌŵŽƚƚ CJ͘ UƐŝŶŐ ƚĞĐŚŶŽůŽŐǇ ƚŽ 
ŝŵƉƌŽǀĞ ĂĐĐĞƐƐ ƚŽ ƐƉĞĐŝĂůŝƐƚ ĐĂƌĞ ŝŶ ĂŵǇŽƚƌŽƉŚŝĐ ůĂƚĞƌĂů ƐĐůĞƌŽƐŝƐ͗ A ƐǇƐƚĞŵĂƚŝĐ ƌĞǀŝĞǁ͘ 
AŵǇŽƚƌŽƉŚ LĂƚĞƌĂů SĐůĞƌ FƌŽŶƚŽƚĞŵƉŽƌĂů DĞŐĞŶĞƌ͘ ϮϬϭϲ͖ϭϳ;ϱʹϲͿ͗ϯϭϯʹϮϰ͘  

ϴϭ͘  VŽůƉĂƚŽ E͕ BĂŶĨŝ P͕ PĂŐŶŝŶŝ F͘ A ƉƐǇĐŚŽůŽŐŝĐĂů ŝŶƚĞƌǀĞŶƚŝŽŶ ƚŽ ƉƌŽŵŽƚĞ ĂĐĐĞƉƚĂŶĐĞ ĂŶĚ 
ĂĚŚĞƌĞŶĐĞ ƚŽ ŶŽŶͲŝŶǀĂƐŝǀĞ ǀĞŶƚŝůĂƚŝŽŶ ŝŶ ƉĞŽƉůĞ ǁŝƚŚ ĐŚƌŽŶŝĐ ŽďƐƚƌƵĐƚŝǀĞ ƉƵůŵŽŶĂƌǇ ĚŝƐĞĂƐĞ͗ 
ƐƚƵĚǇ ƉƌŽƚŽĐŽů ŽĨ Ă ƌĂŶĚŽŵŝƐĞĚ ĐŽŶƚƌŽůůĞĚ ƚƌŝĂů͘ TƌŝĂůƐ͘ ϮϬϭϳ͖ϭϴ;ϭͿ͗ϱϵ͘  

 


