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Abstract: Non-invasive ventilation (NIV) has become an important cornerstone of symptomatic
treatment in amyotrophic lateral sclerosis (ALS), improving survival and quality of life.

In this review, we summarize the most important recent developments and insights, including
evidence of efficacy, indication criteria and time of initiation, ventilation parameters and
adaptation strategies, treatment of complicating factors, transition from NIV to invasive
ventilation, termination of NIV and end-of-life management. Recent publications have
questioned former conventions and guideline recommendations, especially with regard to
timing and prognostic factors; therefore, a fresh look and re-evaluation of current evidence is

needed.
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Introduction

Amyotrophic lateral sclerosis (ALS) is character-
ized by degeneration of upper and lower motor
neurons, leading to progressive paresis of all vol-
untarily innervated muscles and therefore affect-
ing mobility, communication, swallowing, and
breathing. Death occurs after a mean survival of
2-5years,! usually due to respiratory failure.

Affected respiratory muscles include most nota-
bly the diaphragm, but also auxiliary respiratory
muscles of the thorax and abdomen, as well as
bulbar muscles which support the upper airways.
Respiratory insufficiency develops slowly and
leads to increased carbon dioxide partial pressure
(pCO,) in the blood; usually, first, at night during
sleep; later, during the day as well. Hypercapnia
causes compromising clinical symptoms such as
sleep disturbances, daytime fatigue, cognitive
impairment, and depression. In later stages, dysp-
nea and orthopnea may appear.

Non-invasive ventilation (NIV) refers to the
administration of ventilatory support through the
upper airways without using invasive artificial air-
ways like endotracheal tubes or tracheostomy. It
is performed using a compact breathing device
with a nasal or full-face mask. It is easy to handle

and can be used at home, initially usually at night.
Because of its flexible and non-invasive nature, it
is usually well accepted by patients and carers.
NIV uses room air, since administration of pure
oxygen reduces the respiratory drive in patients
with neuromuscular diseases and therefore might
induce carbon dioxide narcosis.

The aim of NIV is to compensate diaphragm
weakness, alleviate hypercapnic symptoms and
improve patients’ general condition and quality of
life. Since respiratory insufficiency limits survival,
NIV also prolongs life considerably in ALS. In
view of its non-invasiveness and good tolerability,
NIV is regarded as an essential therapeutic com-
ponent in ALS.

In this review, we aim at providing a comprehen-
sive and up-to-date summary of the current evi-
dence of all NIV-related issues in ALS, including
evidence of efficacy, indication criteria, ventila-
tion parameters, treatment of complicating fac-
tors, and termination of NIV. In order to provide
reliable recommendations, we performed an
extensive literature search of all available medical
reference systems, including MEDLINE (since
January 1966), Cochrane Central/Cochrane
Neuromuscular Disease Group Specialized
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Register, Cochrane Library, EMBASE (since
January 1980), AMED (since January 1985),
CINAHL plus (since January 1938), LILACS
(since January 1982), OVID HealthSTAR (since
January 1975), ClinicalTrials.gov (since January
1997), and International Clinical Trials Search
Portal (since November 2004). We considered
all clinical trials up to the date of our last search
(1 May 2019) addressing the issue of NIV ther-
apy in ALS without any further limitation, but
focused on randomized controlled trials (RCTs)
and recent studies within the last 5years that
affect current guideline recommendations. In
this context, we also reviewed international
guidelines including the European Federation of
Neurological Societies (EFNS), the American
Academy of Neurology, the German Society
of Neurology (Deutsche Gesellschaft fir
Neurologie), and the UK National Institute for
Health and Care Excellence (NICE). In case of
lack of evidence, we gave recommendations
based on our own experience.

Effects on survival and quality of life

NIV has been shown to prolong survival and
improve quality of life in ALS. Since genuine pla-
cebo-controlled studies are ethically problematic
today, evidence largely relies on RCT's performed
more than 10years ago. A pivotal study in 2006
by Bourke ez al. showed that survival of patients
with NIV was prolonged by 7months in patients
without severe bulbar symptoms.2 However, the
comparatively low number of subjects (n = 41)
and lack of blinding have to be considered a limi-
tation of the study as pointed out in a recent
Cochrane Review that identified the abovemen-
tioned study as the only relevant RCT.? Also, as
diagnostic, technical, and healthcare conditions
for ventilated patients have improved significantly
over the last 12years, it can be hypothesized that
the benefit might be larger today. Accordingly,
more recent retrospective studies with larger
numbers of patients (n = 929, n = 114, n = 140)
found survival benefits of 13 months,* 11 months,>
and 15.5months,% respectively. In these studies,
patients who refused NIV were taken as the con-
trol group. It has also been shown that NIV delays
deterioration of respiratory function.”

Bourke and colleagues also found that quality of
life, as measured by a general and a sleep-depend-
ent scale, improved in patients with NIV.2 The
positive effect on blood-gas parameters, quality of

life, and hypercapnia-associated symptoms was
reproduced convincingly in several subsequent
studies. Polysomnographic studies showed an
improvement of oxygen saturation, pCO,, and
apnea-hypopnea-index,%? leading to reduced
daytime fatigue and depression,!® as well as
improved sleep and quality of life.%!! Patients
may notice improvements already after the first
night of NIV usage,® and continued therapy
promises long-lasting positive effects over several
months,!%12 although they weaken over time.!3

Importantly, while Bourke ez al. found improve-
ment of sleep-related quality of life in all patients,
they failed to demonstrate a life-prolonging effect
in patients with pronounced bulbar involvement.?
Although it is unanimously accepted that NIV
therapy is more complicated in bulbar patients
due to hypersalivation and other aggravating fac-
tors (see below), more recent studies have shown
that bulbar patients might have a prolonged sur-
vival as well.

Indication criteria and timing of NIV

initiation

It is generally accepted that NIV should be
applied at the latest, when clinical symptoms of
respiratory insufficiency are evident. However,
recent studies investigated whether initiation of
NIV at an earlier stage of the disease might result
in greater benefits. In this context, a great vari-
ety of additional diagnostic measures such as
forced vital capacity (FVC), slow vital capacity
(SVCQ), sniff nasal inspiratory pressure (SNIP),
peak cough flow (PCF), maximum inspiratory
(MIP) and expiratory pressure (MEP), invasive
arterial-blood-gas analysis, non-invasive oximetry,
capnometry, and phrenic nerve conduction!4
were suggested to improve diagnosis of early res-
piratory decline. A recent survey among 186 ALS
specialists!> showed that FVC was the most impor-
tant parameter for US practitioners to decide
whether NIV was indicated, while European phy-
sicians considered the occurrence of orthopnea
and dyspnea as most important. Accordingly, a
recent French study showed that 90% of patients
were symptomatic at NIV initiation.!® In the US,
NIV prescription is also heavily influenced by
insurance and financial constraints.!>

The advantages of spirometric parameters are
that they are easy to apply and correlate well
with clinical decline in ALS.!'” FVC and SVC
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correlate strongly and decline similarly during
disease progression.!8 However, when FVC or
SVC are used as the main indication criterion
for NIV, one must keep in mind that results of
bulbar patients who lack facial strength can be
inaccurate when a mouthpiece is used.!® Also,
FVC and SVC are late markers of respiratory
decline and may be normal, although nocturnal
hypoventilation is already present.2? Recently,
the measurement of diaphragm compound mus-
cle action potential (CMAP) to phrenic nerve
stimulation has been reported as a reliable
method that is easy to apply. One study showed
that CMAPs correlated with other respiratory
parameters and were a sensitive marker of res-
piratory function.?!

The EFNS guidelines recommend initiating NIV
when at least one respiratory clinical symptom or
one of the following criteria is present: FVC <
80%, SNIP < 40cm H,O, significant nocturnal
desaturation, or pCO, > 45mmHg (morning
blood-gas measurements). However, a recent pla-
cebo-controlled study in 54 patients showed that
patients with earlier NIV initiation (FVC > 80%)
showed a slower subsequent decline of FVC com-
pared with placebo.?2 In this study, the patients of
the placebo group received ventilation with a very
low inspiratory pressure of 3cm H,O. Similarly, a
very recent retrospective study in 194 patients
found an improved survival for patients with early
NIV initiation.?3

Therefore, it can be concluded that the proposed
EFNS criteria, which were based on expert opin-
ions rather than evidence, might not describe the
optimal timing. Although recent studies suggest
an earlier NIV initiation, they still do not provide
an optimal time frame defined by diagnostic
measures; therefore, additional clinical trials are
needed to address these issues. Taking into
account recent findings, it seems advisable to ini-
tiate NIV as soon as any abnormalities in respira-
tory diagnostics are evident. In our own experience
and as suggested by several studies, nightly cap-
nometry?* or polygraphy?> may serve as very sen-
sitive diagnostic tools for detecting early
respiratory decline. However, the potential issue
of lacking compliance and adherence to NIV in
asymptomatic patients must be considered and
should be investigated in future studies.

Regarding respiratory monitoring before, as well
as after, NIV adaptation, the EFNS guidelines

recommend using FVC on a regular basis, as it is
easy to apply and universally available,2® while
SNIP is recommended for bulbar patients. The
NICE guidelines recommend that a healthcare
professional with appropriate competencies
should perform respiratory function tests (oxy-
gen saturation, FVC, and SNIP/MIP) every
2-3months and arterial-blood-gas analysis in
case of desaturation. In case of sleep-related res-
piratory symptoms, a nocturnal oximetry or lim-
ited sleep study is advocated.

In our own experience, a thorough anamnesis
regarding respiratory symptoms already offers
quite reliable information about the respiratory
status and whether additional diagnostic meas-
ures are needed. We recommend conducting a
nocturnal capnometry in case of potential hyper-
capnia-associated symptoms. Additionally, oxy-
gen saturation, FVC, and SNIP/MIP may serve
as screening and monitoring tests which are easy
to apply in an outpatient setting about every
3months. Additional diagnostic measures at
home rarely add any relevant information and are
not routinely done.

NIV adaptation

Ventilation masks

The important question about which masks should
be used has been completely neglected in clinical
studies so far. Nasal masks can be problematic in
bulbar patients, since ventilation air might escape
due to incomplete closure of the mouth, especially
at night during sleep. On the other hand, nasal
masks are generally better tolerated and allow eas-
ier communication compared with full-face masks
covering mouth and nose. Both types of mask can
lead to facial pressure ulcers, which may limit their
application, and necessitate the use of total full-
face masks that cover the whole face but have the
disadvantage of greater dead space and leakage.
One study showed that facial pressure ulcers can-
not be prevented by protective patches.?’” In
patients with functioning mouth muscles, daytime
mouthpiece ventilation may be beneficial due to
the reduced risk of facial pressure ulcers as well as
enhanced speech and swallowing.28

Evidence regarding the efficacy of different masks
for NIV in ALS is completely missing. In our
own experience, a combination of full-face-mask
ventilation during the night and nasal-mask
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ventilation during the day offers an acceptable
approach for most patients; however, blood-gas
parameters should be controlled in regular inter-
vals, since nasal-mask ventilation during the day
might be insufficient in later stages of the
disease.

Ventilation parameters

Few studies so far have investigated the effect of
different ventilation modes and parameters on
blood gases, clinical symptoms, and survival.
Ventilation parameters should be comfortable for
the patient to ensure an acceptable quality of life,
as well as sufficient compliance. At the same time,
they should mimic physiological breathing. In our
experience, stepwise adaptation of pressure values,
breathing rate, and other parameters, according to
the continuous feedback of the patient about his or
her breathing comfort, is advisable. One study
found no effect of pressure- wversus volume-
controlled ventilation on survival.?® Assisted pres-
sure-controlled ventilation (aPCV) is most com-
monly used in clinical practice, which forces a
controlled breathing rhythm, but allows the patient
to trigger additional breaths at any time. In addi-
tion, modern ventilation devices allow the defini-
tion of a target tidal volume and automatically
adapt the inspiratory pressure accordingly within a
predefined range. The defined target tidal volume
should be chosen according to physiological values
which equal 400-600ml in most patients (corre-
sponding to 8 ml/kg body weight). Tidal volumes
and required inspiratory pressures usually provide
a reliable overview about the ventilatory situation
of each patient, although ventilation devices may
display inaccurate data.3?

In contrast to obstructive lung diseases, ALS
patients do not usually require high inspiratory
pressures, nor positive end expiratory pressure
(PEEP). The only study investigating the effect of
PEEP in 25 ALS patients found that a PEEP of
4cm H,O was associated with a worse quality of
sleep compared with Ocm H,0.3! Although evi-
dence is generally low, it can be concluded that
PEEP should be avoided when possible, although
it might be necessary in the case of pneumonia or
other pulmonary complications.

Since respiratory function declines over time,
blood-gas parameters should be checked regularly,
and ventilation parameters must be adapted
accordingly. It has been shown that adapting NIV

parameters may reduce nocturnal desaturations,
obstructive events, and improve prognosis.32-33

Duration of NIV usage

So far, there are no studies investigating how often
and how long NIV should be used in the early
stages of respiratory insufficiency. In clinical prac-
tice, ventilation times are based upon individual
needs, clinical symptoms, and diagnostic parame-
ters, as described above. In our experience and
according to the NICE guidelines, short phases of
ventilation during the day under supervision of a
specialized physician or therapist in hospital may
help the patient to get used to the unfamiliar situ-
ation. However, recently, it has been shown that
NIV can potentially be successfully adapted in a
specialized outpatient setting as well.34

Since early intermittent hypercapnia usually first
occurs at night, the establishment of a night-time
ventilation is generally regarded as a reasonable
therapeutic objective in early stages of respiratory
insufficiency. However, complicating factors such
as hypersalivation, cognitive deficits, or panic
attacks may prevent extensive ventilation times,
especially in oligosymptomatic patients who do
not feel the need of ventilation. In this context, it
is crucial to inform the patient in detail about the
long-term benefits of early NIV as outlined above,
as well as establishing an optimal symptomatic
treatment of NIV-impeding factors. In later stages
of the disease, ventilation times naturally increase
due to clinical worsening to the point of 24 h ven-
tilation.3> Regular monitoring of clinical symp-
toms and blood gases may help estimate whether
current ventilation times are sufficient or if the
patient should be advised to increase NIV usage.

Context factors

Neurobehavioral and cognitive symptoms

Although motor symptoms dominate the clinical
picture, ALS is a multisystem degeneration, and
nonmotor symptoms like cognitive impairment,
psychiatric disorders, extrapyramidal, sensory,
and autonomic symptoms are increasingly recog-
nized.?® The pathogenetic and clinical overlap
between ALS and frontotemporal dementia
(FTD) has been firmly established since the dis-
covery of p-TDP43 in 2006.37 Although only
5-10% of ALS patients develop frontotemporal
dementia,?® about 30% of patients show
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neurobehavioral and cognitive abnormalities
resembling FTD but do not fulfill diagnostic cri-
teria.?® Importantly, a recent study has shown
that such deficits do not significantly influence
the patients’ decisions regarding life-prolonging
measures.40

However, although they still might benefit from
NIV, it has been shown that patients with severe
neurobehavioral abnormalities have reduced com-
pliance and survival.41:42 NIV adaption in these
patients is time consuming and requires a special-
ized multidisciplinary team; in some cases of
advanced FTD it might not be possible at all. Since
there is no effective treatment of frontotemporal
deficits and since severe behavioral or cognitive defi-
cits interfere with NIV adaptation and tolerance, it
can be hypothesized that NIV in such patients
should generally be applied as early as possible.

Some patients are prone to panic attacks under
mask ventilation which can be treated with small
amounts of opioids or benzodiazepines. The
EFNS guidelines suggest treating anxiety with
sublingual lorazepam or tablets in a dosage of
0.5mg two or three times daily.?¢ Since opioids
and benzodiazepines may reduce a patient’s res-
piratory drive, they should be applied with care.
On the other hand, they may help to improve
NIV tolerance and efficacy; therefore, the positive
long-term effects generally outweigh the short-
term concerns in our experience. Information
about the functionality of the device, as well as
the presence of a family member, a therapist, or
physician may be helpful during the acclimatiza-
tion phase.

Hypersalivation

Hypersalivation hinders mask ventilation, reduces
compliance® and worsens prognosis after NIV ini-
tiation.*3%* Although the pilot study by Bourke
and colleagues could not prove a survival benefit
of NIV for patients with severe bulbar involve-
ment,2 more recent studies contradict this early
result.® Regarding the diverging results, optimal
treatment of NIV limiting symptoms in bulbar
patients appears to be a crucial aspect, and it has
been shown that such patients particularly benefit
from a specialized multidisciplinary setting in
hospital.%>

The level of evidence regarding symptomatic
treatment of sialorrhea in ALS is generally low.

The EFNS guidelines recommend amitriptyline,
oral or transdermal hyoscine, or sublingual atro-
pine drops, while the NICE guidelines addition-
ally mention glycopyrrolate, especially for patients
with cognitive impairment, because of fewer cen-
tral nervous side effects. Injection of botulinum
toxin B in the parotid and submandibular glands
has been shown to improve hypersalivation in
about 80% of patients*® and is usually applied
when patients do not respond sufficiently to
anticholinergic drugs. In our experience, NIV tol-
erance can be increased considerably in patients
with hypersalivation when all available measures
are considered.

Some authors recommend radiation therapy of
salivary glands?’ in patients who do not respond
sufficiently to medicamentous treatment, but
randomized controlled studies are missing.

Viscous bronchial secretions

Thin saliva has to be distinguished from viscous
bronchial secretions that affect patients with
weakened coughing and may lead to panic attacks
and suffocation sensations under NIV. The
EFNS and NICE guidelines recommend nebuliz-
ers with saline, anticholinergic bronchodilators,
or furosemide,2¢ as well as humidification of room
and ventilation air in order to reduce or dilute the
mucus. Other treatment options include muco-
lytics like N-acetylcysteine and beta-receptor
antagonists like propranolol. However, the level
of evidence for mucolytic drugs is generally low,
and such agents may be even harmful in patients
who cannot effectively eliminate secretions.
Therefore, in our experience, mucolytics should
only be used in combination with mechanical
insufflation—exsufflation (MI-E; ‘cough-assist’)
devices.

Such devices have been shown to improve res-
piratory outcome parameters in ALS,449 while
the addition of high-frequency oscillation does
not yield any additional benefit.5° Bulbar patients
may not generate effective PCF levels under
MI-E due to collapse of the upper airways during
exsufflation.’® One small randomized controlled
study in 40 patients found no differences regard-
ing incidence of chest infections, quality of life,
and survival between MI-E and application of a
breath-stacking technique using a lung-volume
recruitment bag,52 suggesting the latter as a low-
cost alternative. MI-E may be combined with
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physiotherapeutic expiration and inspiration
maneuvers, such as manually assisted cough or
air stacking. Several studies have shown that PCF
can be improved by these measures.>3:54

In our experience, cough-assist devices should be
used in patients with severe, tenacious secretions
in order to free the upper airways before each
ventilation session. This way, it is possible to
increase the ventilation comfort and to extend
ventilation times. Furthermore, in our experi-
ence, early education of patients and caregivers
regarding airway-clearing techniques has positive
effects.

Sleep apnea

Although it has been neglected in the literature
for many years, sleep apnea is a common phe-
nomenon in ALS and an important context factor
of ventilation. A recent retrospective study in 250
nonventilated ALS patients found an incidence of
sleep apnea of 45.6%, often combined with noc-
turnal hypercapnia, especially in male patients.>>
Although the pathophysiological background has
not been completely understood, it is hypothe-
sized that weakened laryngeal and pharyngeal
muscles collapse and obstruct the upper airways.
Recently, in a retrospective study of 179 patients,
it has been shown that such obstructive events
can lead to insufficient nocturnal ventilation,
even under NIV, as reflected by recurring desatu-
rations, and that patients with obstructive events
have a shorter survival.?? In that study, obstruc-
tive events were partly induced by NIV use.
Accordingly, another retrospective study in a
smaller group of patients found that an increased
apnea/hypopnea index was associated with worse
prognosis.>®

The findings above highlight the importance of
detecting sleep apnea in ALS by appropriate diag-
nostic measures. Anamnesis, nocturnal capnom-
etry and oximetry, morning blood gases, and
SNIP>7 are diagnostic tools that are easy to apply
and may point to sleep apnea and trigger further
polygraphic diagnostics.

Although prospective studies are absent, current
evidence suggests intensifying NIV at night in
case of sleep apnea and modification of ventila-
tion parameters to prevent upper airway obstruc-
tion. In asymptomatic ALS patients with sleep
apnea and without NIV, initiation of NIV seems

justified, based on existing literature. In our expe-
rience, continuous positive airway pressure
should be avoided because respiratory muscles
may exhaust during further disease progression.

Percutaneous endoscopic gastrostomy and
radiologically inserted gastrostomy

Because of progressive weight loss and risk of
aspiration due to bulbar involvement, insertion of
a percutaneous endoscopic gastrostomy (PEG) is
a standard procedure in patients with ALS and
may interfere with NIV adaptation. PEG inser-
tion had formerly been regarded risky in patients
with FVC <50%,%® and it has been shown that
hypercapnia was associated with a worse progno-
sis after PEG placement.>®

However, recent studies have shown that PEG
placement can be safely performed, even in patients
with severe respiratory insufficiency.0-02 In this
context, new mask systems have proven beneficial
which feature openings for gastrostomy devices and
allow PEG insertion under NIV.¢3%%¢ Therefore,
intubation, which carries the risk that the patient
cannot be extubated afterwards, can be avoided.
One study showed that PEG was safe in high-risk
patients who underwent insertion with reduced
sedation and the option of nasal non-invasive venti-
lation in a semirecumbent position.®! Mechanically
assisted coughing as described above has also been
reported beneficial.® Those recent findings also
imply that in patients with low FVC and indication
for PEG, NIV should be adapted first, and PEG
should be inserted later, after stabilization of the
respiratory situation under NIV.

In recent years, radiologically inserted gastros-
tomy (RIG; also, percutaneous radiologic gastros-
tomy) has been identified as an alternative,
well-tolerated method, which can also be executed
using local anesthesia and NIV. A meta-analysis
showed that both methods were equally safe.55

Diaphragm pacing

Electrical diaphragm stimulation (diaphragm
pacing system, DPS) refers to the endoscopic
placement of several electrodes at branches of the
phrenic nerve in the diaphragm, which was sup-
posed to cause a training effect, delay atrophy of
the diaphragm, as well as the need of NIV, and
therefore prolong survival in ALS. Although sup-
portive data have never been published, the
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procedure was approved by the US Food and
Drug Administration; since then, DPS has been
applied to many ALS patients in the US and in
Europe and has usually been combined with NIV.

However, in 2015, a British study showed that
patients with NIV and DPS had shorter median
survival [—11.5months; 95% confidence interval
8.3—13.6 months] than patients with NIV alone.%%
Later, this result was confirmed by a French study
which showed that DPS did not delay the need of
NIV as compared with sham stimulation and was
associated with shorter survival.” They also
showed that >50% of patients suffered from seri-
ous adverse events related to the procedure.
Therefore, DPS alone or in combination with
NIV is not regarded as a valid therapy option in
ALS anymore.

Complications

When adapted successfully, NIV is generally well
tolerated, as it improves respiratory symptoms
and quality of life as described above. Although
systematic data are missing, it is generally assumed
that NIV might lower the incidence of respiratory
complications such as atelectasis and pneumonia
due to an improved ventilation of the lung.
However, respiratory complications may still
occur and demand that NIV parameters and times
of usage must be adapted until specific treatment
measures take effect. For example, it might be
necessary to increase inspiratory pressure oOr
PEEP, or to prolong ventilation times in the case
of pneumonia. In severe cases or if antibiotic
treatment fails, the respiratory situation might no
longer be compensated by NIV and invasive ven-
tilation (IV) might need to be considered.

Termination of NIV

Although theoretically, NIV can be stopped at any
time, it is rarely desired because the disease is chron-
ically progressive, and NIV alleviates respiratory
symptoms and improves quality of life. Therefore,
termination of NIV is usually connected with either
transition to IV (see transition to invasive ventila-
tion) or palliative treatment and termination of life-
prolonging measures (see end-of-life management).

Transition to invasive ventilation
There is no universally accepted guideline regard-
ing indication criteria and the exact time when IV

should be considered. Because of its invasiveness
and extreme demands of care, it is usually
regarded as a late option for patients who can no
longer be stabilized by NIV, or who do not toler-
ate it. However, in cases of severe bulbar involve-
ment with massive secretion problems, IV may be
considered earlier.

Survival can be prolonged considerably by IV,68
which implies that patients experience far
advanced stages of disease up to complete paraly-
sis and locked-in syndrome. Many patients reject
IV because they do not feel that quality of life is
acceptable under such conditions. It has also
been shown that patients who used NIV for more
than 6months were more likely to refuse
tracheostomy.>

Decision making regarding life-prolonging
measures in ALS is a continuous process, and
patients’ decisions may change over time.
Patients’ attitudes toward initiation and termi-
nation of life-prolonging measures also largely
depend on cultural background.®® In this con-
text, it is very important that patients are
informed in detail about the consequences of IV
at a time when they are conscious and the res-
piratory situation is still stable because it has
been shown that family members,’® as well as
inexperienced physicians,”! often underestimate
quality of life of ALS patients and therefore can-
not reliably estimate his or her own will. A recent
study showed that the timing of end-of-life dis-
cussions varies greatly.35

End-of-life management

Patients should be informed that death usually
occurs peacefully as a result of carbon dioxide
narcosis and that fear of suffocation is unfounded,>8
although dyspnea may occur if respiratory
complications like pneumonia arise which may
require hospitalization and appropriate treat-
ment. Symptomatic treatment with opioids, ben-
zodiazepines, and oxygen can sometimes be
required to avoid or reduce dyspnea and anxiety.26
Physicians experienced in palliative care are usu-
ally able to adequately manage the terminal phase
of ALS in an outpatient setting. However, the
option to be treated at home largely depends on
the availability of adequate care facilities. During
the terminal phase of the disease, NIV is usually
continued in order to avoid situations of severe
dyspnea.
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Ventilation-dependent patients who decide to
abruptly discontinue NIV or IV treatment should
usually be diagnosed and treated in a hospital set-
ting and should be supported by experienced spe-
cialists. Diagnostic procedures have to include
diagnosis and differential diagnosis of depression
that occurs independently from physical disability.”?
In patients who do not tolerate ventilation-free
intervals, continuous deep sedation is required.”

An advance directive may help to avoid unwanted
measures. It should be as specific as possible and
include the patient’s attitude toward NIV, IV,
and PEG. Patients should be informed about the
legal issues regarding withdrawal from life-pro-
longing measures, and assistance in formulating
the advance directive should be offered.?® If ter-
mination of IV is legal in the patient’s country,
the advance directive should include whether
ventilation should be terminated under certain
circumstances. Many patients define the state of
complete locked-in syndrome with inability to
move their eyes as the time to terminate life-pro-
longing measures.”?

Discussion and conclusion

It has been established for many years that NIV
improves survival and quality of life for patients
with ALS and respiratory insufficiency. Recent
studies have broadened the spectrum of patients
who might benefit from NIV, including patients
with severe bulbar involvement. Furthermore, sev-
eral studies suggest that NIV should be initiated
earlier, as suggested by current guidelines, and that
NIV can improve survival and respiratory decline
even in asymptomatic patients with an FVC >
80%. In this context, the question, which diagnos-
tics offer the highest sensitivity for detection of
early respiratory insufficiency, is important. Recent
studies using nocturnal capnometry and polygra-
phy have revealed that many patients even with
normal FVC suffer from sleep disturbances related
to recurrent oxygen desaturations and hypercap-
nia. In this context, the important role of sleep
apnea in ALS has been increasingly recognized.
These findings imply that respiratory diagnostics
should be performed even in asymptomatic
patients, and that NIV should be initiated as soon
as early pathologic changes appear. Therefore,
randomized controlled studies are needed.

Recent studies have also highlighted the impor-
tance of different context factors in terms of

successfully establishing NIV. Consequently,
hypersalivation, as well as viscous bronchial
secretions must be treated to facilitate effective
ventilation. In this context, several recent stud-
ies have addressed the therapeutic option of
MI-E. Although positive experiences are fre-
quently reported, high-level evidence is still
missing. The same applies to other sympto-
matic non-invasive therapies of hypersalivation
and bronchial secretions in ALS.

NIV in patients with neurobehavioral abnormali-
ties represents a challenge and should be per-
formed in a specialized, multidisciplinary setting.
Although it has been shown that such patients
have a worse compliance and prognosis, current
evidence does not allow the conclusion that NIV
is not indicated in these cases.

It has been firmly established by several inde-
pendent studies that PEG can be safely performed
under NIV even in patients with severe respira-
tory insufficiency (FVC < 50%). In this situation,
NIV should be established prior to PEG, and
PEG placement should be performed under NIV,
using special ventilation masks and minimal seda-
tion. This is an important finding, since several
textbooks and guidelines still mention FVC <
50% as a contraindicatory criterion. Recent stud-
ies suggest that RIG is an important, well-toler-
ated alternative to PEG.

A possible additional benefit of diaphragm pacing
for respiratory-affected ALS patients with or
without NIV has been refuted by two independ-
ent RCTs.

Evidence regarding optimal parameter settings,
ventilation masks, and time intervals of NIV
usage is still largely missing, and current prac-
tice largely relies on local expertise and experi-
ence as described above. The proper timing of
transition from NIV to IV has been neglected
by current literature so far. However, the
importance of early and comprehensive patient
information about life-prolonging measures
and their implications, as well as the presence
of a specialized multidisciplinary team is gener-
ally accepted.

Table 1 summarizes the most important guideline
recommendations and the respective develop-
ments based on the most important studies within
the last 5 years.
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