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Clinical characteristics and course of dying in patients with

amyotrophic lateral sclerosis withdrawing from long-term

ventilation
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ROBERT MEYER1, SUSANNE SPITTEL1, CHRISTOPH MÜNCH1 & THOMAS MEYER1

1Charité – Universitätsmedizin Berlin, Department of Neurology, Outpatient Clinic for ALS and other Motor

Neuron Disorders, Berlin and 2Charité – Universitätsmedizin Berlin, Department of Infectious Diseases and

Pulmonary Medicine, Berlin, Germany

Abstract

Non-invasive ventilation (NIV) or tracheotomy with invasive ventilation (TIV) are treatment options in ALS. However, a
proportion of patients receiving long-term ventilation decide to have it withdrawn. The objective of this study was to
analyse the clinical characteristics and palliative approaches in ALS patients withdrawing from long-term ventilation
(WLTV). In a cohort study, two different palliative concepts in WLTV were studied: (1) augmented symptom control
(ASC; sedation not intended) in patients with ventilator-free tolerance; (2) continuous deep sedation (CDS; sedation
intended) in patients without ventilator-free tolerance. Results showed that WLTV was realised in 49 ALS patients
(NIV¼ 13; TIV¼ 36). Mean daily ventilation was 23.4 h. The ALS Functional Rating Scale (ALSFRS-R) was low (5.6 of
48). Forty-one per cent of patients (n¼ 20) presented with ophthalmoplegia. ASC was performed in 20 patients, CDS in
29 patients. The mean time to death following disconnection was 32 (0.3–164) h during ASC and 0.3 (0.2–0.6) h in CDS.
In conclusion, a low ALSFRS-R, high incidence of ophthalmoplegia and extended ventilator dependency were found
before WLTV. The presence or absence of ventilator-free tolerance determined the approach to the management of
symptoms, the setting for immediate end-of-life care and the course of dying in WLTV.

Key words: Amyotrophic lateral sclerosis, motor neuron disease, palliative care, withdrawing from ventilation, course of dying,
augmented symptom control, sedation, end-of-life care

Introduction

Non-invasive ventilation (NIV) is the standard of

care in ALS while tracheotomy with invasive venti-

lation (TIV) is realised in a smaller number of ALS

patients (1–3). In some countries including

Germany, the frequency of TIV is on the increase;

in our hospital, it is 8% (4–6). The underlying

reasons for the steady rise in life-prolonging treat-

ment with NIV or TIV are improved home ventila-

tion, availability of electronic communication

systems and the availability of online participatory

activities (7,8). Both forms of long-term ventilation

can be associated with a substantial psychosocial

strain for the patients and caregivers resulting in the

wish of the patient to withdraw from ventilation

therapy (9–11). Typical factors contributing to the

withdrawal of long-term ventilation (WLTV) are

the burden of care, social deprivation or loss of the

ability to communicate through an ALS-related

ophthalmoplegia and locked-in syndrome (11–14).

Despite the increasing frequency of WLTV, there

are still very few systematic investigations on the

limitation or discontinuation of ventilation therapy

in ALS patients (14–16). Although there is variabil-

ity among cases, WLTV is likely to lead to breath-

lessness and distress, which should be anticipated

and managed proactively. For symptom manage-

ment, two different groups of symptom control in

WLTV have been distinguished: the ‘sedation’
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group refers to those patients who are highly

dependent on NIV or TIV and may become

distressed within minutes of WLTV. These patients

will require continuous deep sedation (CDS) before

WLTV. The ‘augmented symptom control’ (ASC)

group refers to patients who can tolerate longer

periods of time without ventilation support. In this

group, patients require medication that allows them

to remain calm and comfortable without being

deeply sedated. Only recently, the Association for

Palliative Medicine of Great Britain and Ireland

published a comprehensive professional guideline

for WLTV elaborating on the concepts of sedation

and ASC (17). The present cohort study summar-

izes the experience of WLTV in 49 ALS patients.

Here, the clinical characteristics of ALS patients

before WLTV, our experiences with the two

approaches of palliation (ASC and CDS) and the

determinants of the dying process are presented.

Methods

Study design and participants

We performed a cohort study in a referral centre for

patients with ALS in Berlin (Germany). The study

patients fulfilled the diagnostic criteria for ALS. All

patients were receiving long-term ventilation

through NIV or TIV. Prior to WLTV, in all patients

a minimum of two clinicians trained in assessing the

patient’s decision making capacity were involved.

Furthermore, for all patients feedback was obtained

from the multi-professional team and the family

regarding the consistency of the patients’ wishes. In

one case, a psychiatrist was consulted additionally to

exclude a mental health disorder affecting the

decision-making capacity. In all patients including

those with loss of the ability to communicate

(tetraplegia in conjunction with ophthalmoplegia;

n¼ 7), an advance directive had been obtained

specifying the individual criteria and timing of

WLTV. In principle, prior to WLTV two case

conferences had been held (at least four weeks

apart) attended by the patient, the patient’s rela-

tives, friends, carers or other persons authorized by

the patient. For the end-of-life decision conferences,

the multidisciplinary ALS outpatient clinic team

and representatives of the home care team were

gathered. Persons authorized by the patient were

offered to be present during WLTV including

‘rooming-in’ for longer courses of WLTV (mostly

relevant in ASC).

The present study is an observational study about

factors that are associated with a WLTV. The inves-

tigation includes a cohort study on two different

approaches to palliative care. The determinants of the

palliative approach and the process of dying are

analysed. The study covers the time-period of

September 2002 to June 2015. Data from 2002 to

2007 are analysed retrospectively; prospective ana-

lysis began in 2008. In the retrospective portion,

patients were included who were already studied for

other aspects (16).

Data obtained

Baseline data and the neurological status were

systematically documented. ALS severity was cap-

tured using the ALS Functional Rating Scale

(ALSFRS-R) (19). The type of ventilation (NIV,

TIV), the duration of ventilation (months), the daily

time of ventilation (hours) and the presence of

ventilator-free breathing tolerance (minutes or

hours) were documented. The duration of the

process of dying was defined as the time between

the disconnection from the ventilator (or the removal

of the ventilation mask from the face) until asystolia.

Protocol approvals and registrations

The study protocol was approved by the Medical

Ethics Committee of the Charité. According to their

published ethical standards and guidelines, obtain-

ment of a signed patient information and informed

consent form was not required because reports were

anonymized and there was no study intervention.

Data analysis

We determined the significant difference in the

distribution of factors between patients cohorts

using the Mann-Whitney U-test (age, disease dur-

ation, ALSFRS-R, ventilation time per day, dur-

ation of long-term ventilation, time to death after

disconnection). A �2 test was used to analyse the

significance in the distribution of gender. To deter-

mine the significant differences in ALS-related

ophthalmoplegia a Fisher’s exact test was used. All

tests were two-tailed.

Results

Clinical characteristics

The clinical characteristics, the mode of ventilation

and the course of dying are summarized in Table I.

Approaches of palliation by medication

WLTV may lead to distressing symptoms that

require anticipatory and timely treatment with

appropriate doses of medications such as opioids

and sedatives. The medication was intended to

avoid or alleviate symptoms of discomfort or dis-

tress. The choice of medication for palliation of

symptoms during WLTV was dependent on the

severity and timing of symptoms anticipated upon

removal of the mask or disconnection of the venti-

lator. Two different patient groups were distin-

guished (17). One group of patients showed

54 D. Kettemann et al.



incomplete dependence on NIV or TIV with some

ventilation-free breathing tolerance. In these

patients a gradual increase of distress – if any –

was anticipated. In this group medication for an

augmented symptom control (ASC) was sufficient

to avoid or ameliorate symptoms. Another group of

patients showed complete dependence on NIV or

TIV with no ventilation-free breathing tolerance. It

was anticipated that removal of the mask or discon-

nection of the ventilator would lead to an immediate

and high-grade distress. To avoid acute and severe

distress a continuous deep sedation (CDS) was

required.

Prior to WLTV, there was a decision between

treatment regimens of ASC or CDS. The decision

to use either ASC or CDS depended on whether or

not patients had any ventilator-free breathing tol-

erance. The patients and the home care team were

asked about ventilator-free breathing tolerance and

anticipated distress while specifically differentiating

between residual, minimal and lack of spontaneous

breathing. In some individual cases, a trial discon-

nection was made, to determine the ventilation-free

breathing tolerance. If ventilation-free time was

verified, one could assume that ASC would be

sufficient to avoid or alleviate WLTV-related symp-

toms. In the absence of ventilation-free breathing

tolerance, it was assumed that CDS is required for

the palliation of symptoms.

Augmented symptom control (ASC)

ASC was chosen in the presence of ventilation-free

tolerance in NIV or TIV and an anticipated low

degree of dyspnoea. To control possible symptoms

such as distress, dyspnoea, anxiety or agitation,

benzodiazepines (preferably lorazepam) or

morphines were administered. Sedation was

accepted although not intended. The use of ASC

is summarized in Figure 1.

Continuous deep sedation (CDS)

CDS was elected in the absence of ventilation-free

breathing tolerance. CDS was initiated before dis-

connection from the ventilator and realised with

intravenous injections of morphines and propofol.

Central venous access was used as peripheral venous

punctures and ports were complicated or impossible

to achieve due to the vasculature characteristics in

this patient group. Patients choosing CDS had

mostly endured a long disease course beyond the

natural history of ALS. In these patients, we often

found skin changes, lymphatic oedema and reduced

venous visibility which hampered peripheral venous

targeting. Sedation was not only accepted but

intended to achieve the objective of shielding

patients from dyspnoea and other distressing symp-

toms arising from acute deoxygenation. The use of

CDS is summarized in Figure 1.

Table I. Clinical characteristics and course of dying in ALS patients withdrawing from long-term ventilation.

Non-invasive

ventilation

(NIV)

Tracheotomy

with invasive

ventilation

(TIV) p-value

Augmented

symptom

control (ASC)

Continuous

deep sedation

(CDS) p-value Total patients

Number of patients 13 36 n.s. 20 29 n.s. 49

Age (in years) Mean: 62,9

R: 48-77

SD: 8.51

Mean: 60,6

R: 35-84

SD: 13.26

Mean: 63.15

R: 39-84

SD: 12.17

Mean: 60.7

R: 42-76

SD: 11.45

Mean: 61.75

R: 39-84

SD: 11.69

Gender (M/F) 9/4 20/16 n.s. 13/7 16/13 n.s. 29/20

Disease duration (in years) Mean: 4.67

R: 1.1-16

SD: 3.89

Mean: 5.65

R: 1-17.3

SD: 3.93

n.s. Mean: 4.56

R: 1.1-16

SD: 3.84

Mean: 5.97

R: 1-17.3

SD: 3.91

n.s. Mean: 5.39

R: 1-17.3

SD: 3.90

ALS Functional Rating

Scale (ALSFRS-R)

Mean: 12.8

R: 0-21

SD: 6.49

Mean: 3.01

R: 0-25

SD: 5.93

p50.05 Mean: 8.4

R: 0-19

SD: 7.34

Mean: 3.70

R: 0-25

SD: 6.94

p50.05 Mean: 5.59

R: 0-25

SD: 7.37

Ophthalmoplegia 1 (7.7%)

Incomplete: 1

complete: 0

19 (52.7%)

Incomplete: 12

Complete: 7

p50.05 4 (20%)

Incomplete: 3

Complete: 1

16 (55.2%)

Incomplete: 10

Complete: 6

p50.05 20 (40.8%)

Incomplete: 13

Complete: 7

Ventilation time per day (in

hours)

Mean: 22.63

R: 17-24

SD: 2.29

Mean: 23.59

R: 12-24

SD: 2.01

n.s. Mean: 22.36

R: 12-24

SD: 3.18

Mean: 24

R: 24-24

SD: 0

p50.05 Mean: 23.37

R: 12-24

SD: 2.09

Duration of long-term

ventilation (in months)

Mean: 14.1

R: 0.02-53

SD: 15.06

Mean: 33.95

R: 0.02-150

SD: 33.7

p50.05 Mean: 18.2

R: 0.02-62

SD: 20.53

Mean: 36,1

R: 0.7-150

SD: 35.2

p50.05 Mean: 29

R: 0.02-150

SD: 31.3

Time to death after dis-

connection (in hours)

Mean: 23.07

R: 0.31-164

SD: 44.5

Mean: 9.59

R: 0.15-99

SD: 22.09

p50.05 Mean: 32.36

R: 0.33-164

SD: 40.84

Mean: 0.31

R: 0.15-0.63

SD: 0.12

p50.05 Mean: 13.26

R: 0.15-164

SD: 30.1

M: male; F: female; R: range; SD: standard deviation.
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Change of palliative concepts during WLTV

A switch of the previously planned medication

regimen was necessary for two patients during the

course of WLTV. One patient with TIV and

anticipated high-grade distress (planned for CDS),

showed unexpectedly residual spontaneous breath-

ing while under sedation with propofol. In this case,

sedation with propofol was tapered off and eventually

stopped. During the tapering off, the patient was

closely monitored for any clinical signs of dyspnoea

or other distress. ASC using lorazepam and mor-

phine proved sufficient to achieve symptom control.

Another patient with intermittent NIV anticipated

low-grade distress and planned ASC, but experi-

enced the beginning of dyspnoea, which made CDS

necessary to prevent distress and to control symp-

toms completely. In both cases, the unexpected

necessity to alleviate symptoms was recognised

instantly. Thus, unnecessary suffering from uncon-

trolled symptoms could be prevented (most particu-

larly in the patient switching from ASC to CDS).

Symptom control

Adequate symptom control was defined as absence or

alleviation of symptoms that may be related to the

withdrawal of ventilation support. Target symptoms

were distress or breathlessness including nasal flar-

ing, sweating, increase in pulse rate or increase in

respiratory rate (17). The degree of sedation (in

CDS) was confirmed by a reduced level of con-

sciousness with no response to voice or pain stimulus.

In most patients, primary symptom control was

achieved. However, in some patients myoclonus

(n¼ 6) was observed. Distress (n¼ 4) or dyspnoea

(n¼ 1) was reported in a smaller subgroup of

patients. However, in all patients symptoms were

prevented or alleviated through titration of

medication or by changing the palliative concept

(planned ASC; switched to CDS).

Process of dying

With ASC, the mean time to death (time from

disconnection to asystole) lasted 32.36 h (0.33–

164 h). With CDS, the mean dying phase was much

shorter and showed a mean latency to death of

0.31 h (0.15–0.63 h). The difference in the time-

course of dying between ASC and CDS was highly

significant (p50.05).

Discussion

The results show that WLTV is not realised early in

ALS ventilation therapy. The patients’ wish for

WLTV emerges more than one year into NIV.

Apparently, WLTV in NIV occurs most frequently

at a time when the treatment option of mask

ventilation has been ‘exhausted’ and the decision

between change to palliative care at the end of life

and TIV may be needed to be taken. In patients with

TIV, WLTV happens significantly later (mean 34

months after initiation of TIV). However, in some

cases the decision for WLTV can arise a few days

after the initiation of ventilation therapy or after

several years of NIV or TIV (in this study, up to 12.5

years). Therefore, the ventilation period seems to be

an uncertain factor in the decision for or against

WLTV. Also, no clear pattern could be deduced

from the patients’ age, gender and duration of

disease.

Patients’ decisions for WLTV tend to arise in the

setting of a more gradual decline in function that

leads to a persistently unacceptable quality of life

(17). We found that patients who pursue WLTV

have high ventilator dependency. It is well conceiv-

able that WLTV in NIV was chosen in the face of

Figure 1. Modes of ventilation and palliative approaches in patients with ALS withdrawing from long-term ventilation.

n: number of patients; Total: total number of patients in studied cohort; NIV: non-invasive ventilation; TIV: tracheotomy with
invasive ventilation; ASC: augmented symptom control; CDS: continuous deep sedation.
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the high burden associated with continuous NIV.

Despite the high mean ventilation time, some

patients opted for WLTV while still being on NIV

for relatively short intervals (12 h/day). The reasons

why individual patients chose certain points in time

and situations to have WLTV initiated needs further

research.

Forty-one per cent of patients before WLTV had

complete or partial ophthalmoplegia. This is strik-

ing, since eye movement disorder is a very rare event

during the natural course of ALS (22). In this study,

most of the patients with ophthalmoplegia (except

one patient who had received NIV for 53 months)

were invasively ventilated. Our observation corres-

ponds to previous studies that ophthalmoplegia and

locked-in syndrome may occur beyond the natural

history of ALS during long-term ventilation (15,23).

Ophthalmoplegia leads to a loss of the use of eye-

controlled communication systems and thus to a

further restriction of patient autonomy. Therefore,

we discuss that ALS-related ophthalmoplegia is an

important turning point in the patient’s decision-

making process and may represent one of several

factors associated with WLTV in ALS.

In the literature on WLTV in ALS, the focus had

been on patients with TIV (15,18). Only recently,

systematic data on WLTV in both NIV and TIV

have been obtained (11,17). Rather than capturing

the whole range of palliative concepts, our study

compared ASC and CDS as being two distinct

palliative approaches in WLTV (17). For symptom

control in patients with ventilation-free tolerance

and mild anticipated symptoms after disconnection

from the ventilator, ASC appears sufficient. The

limitation with ASC is that not all patients, i.e. those

without ventilation-free tolerance and with severe

anticipated symptoms following disconnection, are

actually suited to this approach. In these patients,

CDS provides sufficient symptom control. The

downside is the degree of invasiveness with this

method (once a placement of central venous access

is necessary) and the short latency to death (given

that CDS is mostly performed in patients without

ventilation-free tolerance). Thus, CDS may be

perceived as distinct from a natural course of

dying. A systematic survey of ethics and legal

issues among physicians in the UK revealed

anxieties about the ethics related to the use of

medication in WLTV (11). Some respondents (all

experienced with WLTV in ALS) were concerned

that they were not seen to hasten the patient’s death

with sedative medication (11). Independent of the

method’s limitations (invasiveness and potential

misperception), CDS is not ‘routinely’ used in all

patients who decided for WLTV. CDS may be an

overtreatment in patients who do not require a deep

level of sedation for the control of WLTV related

symptoms. In principle, it is conceivable that

patients who show ventilator-free tolerance (qual-

ifying for ASC) may wish to receive CDS in order to

‘escape’ from the more prolonged dying process by

an immediate loss of consciousness in CDS.

Interestingly, none of the patients with ventilator-

free tolerance (n¼ 20; suggested for ASC) endorsed

the alternative treatment option of CDS.

We found that ASC and CDS are equally

relevant palliative concepts in WLTV (Figure 1).

As expected, CDS was the predominant palliative

pathway for patients withdrawing from TIV. In

contrast, ASC was sufficient in most of the patients

with NIV. Nonetheless, CDS was performed in

three NIV patients to control symptoms during

WLTV. Our findings substantiate that the prime

issue when choosing between ASC or CDS is not

the actual withdrawal of NIV or TIV but rather if

there is ventilator-free breathing tolerance before

WLTV. Whenever possible (given ventilator-free

tolerance) we assume that ASC is favourable over

CDS. ASC may be seen as closer to the natural

process of dying as the patient slowly deteriorates

over 32 h. This may be less stressful for families and

professionals, although it may also be considered by

some as an unnecessary prolongation of the dying

process. In contrast, CDS may be seen as less

stressful as the process of dying occurs over a matter

of only minutes, although this again may be seen by

some as a source of stress as they fear they have

caused the death through an active act, which may

feel like euthanasia (11). Both perspectives are

reasonable and require systematic research and

elucidation.

The distinction between ASC and CDS was of

psychosocial relevance as these concepts stood for

different clinical settings and expectations held by

patients, relatives, physicians and nursing staff. ASC

implied overnight hospital care (dying process of

more than one day), whereas CDS meant a very

short hospital stay for a few hours (course of dying

of less than 1 h). Before starting WLTV, both the

patient and the relatives present should be informed

of the possibility of having to switch palliative

concepts during WLTV (i.e. from ASC to CDS or

vice versa). Another aspect that needs to be

communicated is the strict distinction between

CDS and euthanasia. The placement of a central

venous catheter, deep sedation and the short dying

phase may create the impression of being an ‘active’

intervention (11,18). This stresses the importance

that patients, their families and health care profes-

sionals involved in WLTV should be advised that

WLTV differs morally and legally from euthanasia

or physician-assisted suicide. CDS should be per-

ceived as sedation for the imminently dying patient,

which is administered with the intent of relieving

symptoms, not of hastening death (24,25).

This study has several limitations. Some of them

are related to the mixed retrospective-prospective

design. The reasons of the patients for stopping

ventilation, the validation of quality of death and the

judgement of the procedure by relatives cannot be
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explored retrospectively. Therefore, this study was

not designed to systematically capture the psycho-

logical impact in WLTV. Previous reports addressed

the psychological strain of WLTV making fur-

ther studies on the quality of death and other

psychological aspects in WLTV highly desirable

(9,12,15,18).

In WLTV, the use of midazolam and opioids is

the ‘standard of care’ for symptom control.

However, there is increasing experience on the use

of propofol in palliative sedation (26). In our setting

we used propofol for medication in CDS (not in

ASC). In this situation propofol allowed the depth

of sedation to be easily controlled from minute to

minute (27). We are aware that our preference for

propofol was one of several factors in the consider-

able variations of how WLTV is performed. A

multicentre, ideally international and transcultural,

study on different palliative approaches is needed to

address the limitations of this study and the many

unanswered questions in WLTV.

In ALS, with the decision for WLTV, the patient

may define his or her own date of death. The

experiences of the patient before the WLTV and of

the family and healthcare professionals before and

after the WLTV, is mostly unknown. The emotional

and psychosocial experience close to death is a field

of research that has been little explored. WLTV

among ALS patients opens an access to this

important issue (28,29).
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