Amyotrophic Lateral Sclerosis and Frontotemporal
Degeneration

ISSN: (Print) (Online) Journal homepage: informahealthcare.com/journals/iafd20

Taylor & Francis

Taylor & Francis Group

Dying from ALS in Sweden: clinical status, setting,
and symptoms

Stefan Sennfalt, UIf Klappe, Sebastian Thams, Kristin Samuelsson,
Rayomand Press, Fang Fang & Caroline Ingre

To cite this article: Stefan Sennfalt, UIf Klappe, Sebastian Thams, Kristin Samuelsson,
Rayomand Press, Fang Fang & Caroline Ingre (2023) Dying from ALS in Sweden: clinical status,
setting, and symptoms, Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration,
24:3-4,237-245, DOI: 10.1080/21678421.2022.2096411

To link to this article: https://doi.org/10.1080/21678421.2022.2096411

8 © 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

A
h View supplementary material &

@ Published online: 11 Jul 2022.

N\
CJ/ Submit your article to this journal &

||I| Article views: 1700

A
h View related articles &'

View Crossmark data &'

@ Citing articles: 1 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journallnformation?journalCode=iafd20


https://informahealthcare.com/action/journalInformation?journalCode=iafd20
https://informahealthcare.com/journals/iafd20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1080/21678421.2022.2096411
https://doi.org/10.1080/21678421.2022.2096411
https://informahealthcare.com/doi/suppl/10.1080/21678421.2022.2096411
https://informahealthcare.com/doi/suppl/10.1080/21678421.2022.2096411
https://informahealthcare.com/action/authorSubmission?journalCode=iafd20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iafd20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1080/21678421.2022.2096411?src=pdf
https://informahealthcare.com/doi/mlt/10.1080/21678421.2022.2096411?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2022.2096411&domain=pdf&date_stamp=11 Jul 2022
http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2022.2096411&domain=pdf&date_stamp=11 Jul 2022
https://informahealthcare.com/doi/citedby/10.1080/21678421.2022.2096411?src=pdf
https://informahealthcare.com/doi/citedby/10.1080/21678421.2022.2096411?src=pdf

Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 2023; 24: 237-245 Taylor & Francis

Taylor & Francis Group

8 OPEN ACCESS ‘ W) Check for updates

RESEARCH ARTICLE
Dying from ALS in Sweden: clinical status, setting, and symptoms
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! Department of Neurology, Karolinska University Hospital, Stockholm, Sweden, *Department of Clinical
Neuroscience, Karolinska Institutet, Stockholm, Sweden, and >Unit of Integrative Epidemiology, Institute of
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden

Abstract

Objectives This retrospective cohort study aims to provide a comprehensive account of death in Swedish patients with
ALS, including clinical status preceding death, the death setting, as well as symptoms. Methods: The study presents
detailed information on a cohort of patients with ALS from Stockholm, Sweden, deceased in 2018-2020. In addition,
selected information is presented on a larger complementary cohort of ALS patients from all regions of Sweden deceased
in 2011-2020. Data were obtained from patient medical records, the Swedish Motor Neuron Disease Quality Registry,
and the Swedish Quality Registry of Palliative Care. Results: Ninety-three patients were included in the main cohort and
2224 patients in the complementary cohort. In the main cohort, there was a slow decline in weight and motor function
during the 12 months preceding death. Most (93.4%) anticipated/prolonged deaths occurred in a palliative care unit, at
home, or in an assisted living facility while 44.8% of precipitous deaths occurred in a hospital ward. Next of kin or
health care staff were present at death for most patients (78.7%). In the final week of life, 41.1% experienced at least
one symptom (either pain, anxiety, confusion, or dyspnea) that was only partially relieved or not at all. Conclusion: The
majority of patients died in their own homes or at a palliative unit in the presence of next of kin and most symptoms
were adequately managed. This paper might be used in educating patients, next of kin as well as health professionals,
decreasing uncertainty surrounding the end of life.

Keywords: ALS, death, palliation

Introduction uncertainly about what to expect and many fear a
distressing death. Common symptoms at the end
of life are dyspnea, anxiety, pain, insomnia, and
restlessness (7-9), but research shows that many
patients die peacefully (7,8). The majority of
patients with ALS die in their own home or at a

palliative unit (7-9), which has been associated

Although the clinical course in Amyotrophic
Lateral Sclerosis (ALS) is highly variable, the dis-
ease usually generalizes to widespread motor dys-
function eventually resulting in feeding difficulties,
respiratory failure, and death (1). There is cur-

rently no effective treatment for ALS and the
expected survival from onset is short, ~2—4 years
(2). Given the rapid progression and fatal outcome
of the disease, a major preoccupation among
patients is the circumstances surrounding the end
of life (3). Depression is common in the first year
after diagnosis (4), and up to half of the patient
population consider hastening their death (5,6).
Much of the patient's anxiety is driven by

with increased well-being (10-12), but a substan-
tial proportion of patients [one in four in one
study (13)], more often male and/or unmarried,
die in an acute care facility. The cause of death
most frequently reported in medical records is
respiratory failure (7,14), and at autopsy: aspir-
ation/pneumonia, and heart failure (15,16).

The details surrounding death in patients with
ALS differ greatly between countries and are
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poorly delineated for Swedish patients. This paper
aims to provide a comprehensive account of vari-
ous important aspects of death in a cohort of ALS
patients from Stockholm, Sweden, including clin-
ical status preceding death, the death setting (place
of death, persons present at the death, etc.) as well
as symptoms at the end of life.

Methods
Study population

We performed a retrospective study with detailed
information in a cohort of 93 patients as well as
information on selected variables of interest in a
large complementary cohort (n=2224). All patients
had a diagnosis of probable, possible, or definite
ALS, according to the El Escorial criteria (17).

The main cohort includes 93 patients diagnosed
in 2016 and forward at the ALS Clinical Research
Center (ALS CRC) at the Karolinska University
Hospital in Stockholm, Sweden, and deceased in
2018-2020. The ALS CRC provides multidiscip-
linary ALS care and is the only tertiary center for
ALS patients in the Stockholm region with a popu-
lation of ~2 million inhabitants. The number of
patients registered in the Swedish Motor Neuron
Disease Quality Registry (SMNDR) fulfilling the
inclusion criteria was 147. However, the main
cohort only includes patients registered in both the
SMNDR and the Swedish Quality Registry of
Palliative Care (SRPC). Thus, since the SMNDR
has almost complete coverage of Stockholm ALS
patients, the coverage of this study is estimated to
be 63% (93/147). A comparison of key characteris-
tics in the main cohort and those only registered in
the SMNDR showed no significant differences
(Supplementary Table 1), and the main cohort was
therefore  considered representative of the
Stockholm ALS population.

To explore the representativeness of the findings
to a larger population, as well as factors associated
with symptoms at the end of life, a larger group of
patients with ALS (#=2224) that died during
2011-2020 in any region of Sweden were also
included. Results from this cohort are only described
in the section on symptoms at the end of life. Data
on these patients were obtained only from the SRPC
and were thus limited to a few variables: sex, age,
symptoms at the end of life, place of death, and per-
sons present at death. The distribution of these vari-
ables was compared to that of the main cohort and
revealed significant differences only for the place of
death (Supplementary Table 2).

The study was approved by the ethics review
board in Stockholm, Sweden (DNRs 2017/1895-
31/1 and 2022-00306-02), and information was
collected on an opt-out basis.

Data

Three data sources were used: the SMNDR, the
SRPC, and patient medical records. The SMNDR
was established in 2015 and recruits Swedish
motor neuron disease (MND) patients at the time
of diagnosis with prospective collection of informa-
tion on clinical measures and quality of life out-
comes. As of 2017, this registry had 99% coverage
of all MND patients in Stockholm (18). The SRPC
contributes to research and development of pallia-
tive care in Sweden since 2005. The registry is
based on a 30-item end-of-life questionnaire that
covers the last week of life and is completed by the
responsible staff after the death of a patient. The
registry primarily includes anticipated deaths and
was estimated to cover about 60% of all Swedish
deaths in 2020 (19). A large portion of the Swedish
ALS patients is connected to palliative care services
as the disease progresses (to assist in supportive
care) and are thus included in the SRPC.

For the main cohort, all baseline variables had
complete information, except for occupation (missing
data in nine patients). For place of death and cause
of death, there was missing data in three patients
and in four patients for the variable persons present
at death. For symptoms at the end of life, there was
missing data in 14-17 patients depending on the
specific symptom. For the large complementary
cohort, data was complete except for persons present
at death (missing data in 28 patients) and symptoms
at the end of life (missing data in 233-428 patients
depending on the specific symptom).

Measures and definitions

Comorbidity. Several comorbid conditions present
at the time of ALS diagnosis were reported based on
clinical relevance. Some conditions were reported
separately, i.e. hypertension, diabetes mellitus,
chronic obstructive pulmonary disease (COPD), and
osteoarthritis. Others were grouped because of low
prevalence or similar clinical characteristics, i.e.
depression/anxiety, ischemic heart disease/heart fail-
ure. Patients were classified as multimorbid if having
three or more documented conditions.

Clinical status. Functional impairment was
assessed by the revised ALS Functional Rating
Scale (ALSFRS-R) (20), and nutritional status by
body mass index (BMI).

Clinical phenotype at onset. Onset phenotype
was defined based on the predominant symptom
at the time of presentation: spinal (lower extremity
or upper extremity) or bulbar onset.

Precipitous vs. anticipated death. A precipitous
death was defined as an acute event (e.g. infection,
sudden cardiac arrest, etc.) or a rapid (a few days)
and unexpected clinical worsening resulting in
death, as opposed to death as the culmination of a
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slow decline (the anticipated clinical course
of ALS).

Symptoms at the end of life. Defined as symp-
toms reported in the week preceding death.

Statistical analyses

Categorical variables were summarized as propor-
tions (percent) and bivariate analyses were per-
formed using the * test to assess for statistical
significance of differences between groups.
Continuous variables were reported as the median
with interquartile range (IQR), or the 25th-75th
percentile (in the event of skewed distribution),
and the student’s z-test was used to assess for dif-
ferences between groups. The statistical signifi-
cance level was set to p < 0.05.

Patients with missing values were dropped
from the analyses except for ALSFRS-R and BMI.
Patients were scheduled for follow-up and evalu-
ation of ALSFRS-R and BMI status every three
months. Missing values for a specific month were
extrapolated from values available at previous and
later time points, e.g. 18 — ? — 20 — 18 — 19 — 20.
However, when there was no neighboring value,
missing data were left blank. The mean value from
all registrations in each consecutive 3-month
period (1-3, 4-6, 7-9, and 10-12) was first calcu-
lated individually for each patient (there were fre-
quently multiple registrations during each period).
We then reported the median values for the group.

Table 1. Patient characteristics of the main cohort.
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Results

Results are primarily presented from the main
cohort. Results from the complementary cohort
are only presented in the section on symptoms at
the end of life. In the sections describing cohort
characteristics and clinical status preceding death,
patients were grouped based on the clinical pheno-
type at onset: bulbar (n=49, 52.7%) or spinal
(n=44, 47.3%). However, at the time of death,
the disease tended to have generalized to involve
the bulbar area as well as the extremities, making
this grouping less relevant. Thus, for the sections
describing the place of death, persons present at
death, cause of death, and symptoms at the end of
life, patients were instead grouped based on whether
their death was anticipated (61 of 90 patients
[67.8%]) or precipitous (29 of 90 patients [32.2%]).

Cohort characteristics

Opverall, sex distribution was essentially equal, but
male patients predominated in the bulbar onset
group (57.1%) (Table 1). Most patients were
retired (75.3%) and a third (32.3%) were reported
to have multimorbidity. The median age at death
was 72 (66-76, 25th—75th percentile). Differences
in characteristics between bulbar and spinal onset
patients were non-significant apart from the preva-
lence of inactive malignancy.

Clinical starus preceding death (the last 12 months)

Figure 1(A,B) shows a steady decline in ALSFRS-
R during the 12 months preceding death. In both

Onset phenotype

Total Bulbar Spinal

n=93 n=49 (52.7%) n=44 (47.3%)
Sex (male), n (%) 49 (52.7) 28 (57.1) 21 (47.7)
Age at death (median [25th—75th percentile]) 72 (66-76) 70 (65-76) 72 (69-76)
Comorbidity, 7 (%)

Malignancy 0 (0) 0 (0) 0 (0)
Active 0 (0) 0 (0) 0 (0)
Inactive* 5(5.4) 0 (0) 5(11.4)

COPD 5 (5.4) 2 (4.1) 3 (6.8)

Previous stroke 8 (8.6) 4 (8.2) 4 (9.1)

Depression/anxiety 9 (9.7) 6 (12.2) 3 (6.8)

Diabetes mellitus 7 (7.5) 6 (12.2) 1(2.3)

Hypertension 58 (62.4) 31 (63.3) 27 (61.4)

Ischemic heart disease/heart failure 8 (8.6) 6 (12.2) 2 (4.5)

Osteoarthritis 14 (15.1) 7 (14.3) 7 (15.9)

Rheumatic disease 2 (2.2) 1 (2.0) 1 (2.3)

Degenerative spinal disease 6 (6.5) 3 (6.1) 3 (6.8)

Multimorbidity, 7 (%) 30 (32.3) 16 (32.7) 14 (31.8)
Retired, 7 (%) 70 (75.3) 36 (73.5) 34 (77.3)
Family history, n (%)

ALS 4 (4.3) 2 (4.1) 2 (4.5)

ALS with confirmed C9orf72 mutation 0 (0) 0 (0) 0 (0)

FTD 1 (1.1 1 (2.0) 0 (0)

COPD: chronic obstructive pulmonary disease; FTD: frontotemporal dementia.
*Statistically significant, p < 0.05.
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Figure 1. (A-D) ALSFRS-R and BMI 12 months preceding death in ALS. The box plots display the longitudinal decline in ALSFRS-
R (A,B) and BMI (C,D) per three months during the 12 months preceding death in ALS patients with bulbar (A,C) vs. spinal (B,D)
onset. The right axis shows the percentage of patients on non-invasive ventilation (NIV) or with gastrostomy as indicated by the

red line.

the bulbar and spinal onset groups, the median
score was ~20 in the last three months of life, but
bulbar onset patients tended to have lower scores
throughout the preceding 12 months (starting out
at a median of 28 wvs. 33 in the spinal onset
group). The figures also show the gradual increase
of patients on regular non-invasive ventilation
(NIV), reaching about 50% at the time of death in
both groups.

Also, during the 12 months preceding death,
patients steadily lost weight as shown in Figure
1(C,D). However, the change was relatively mod-
est at a group level: from a median BMI slightly
above 22 to ~20 in 12 months. There was little
difference between groups, although patients with
bulbar onset had a slightly higher BMI overall.
The percentage of patients with gastrostomy
increased to ~65% at the time of death in
both groups.

Place of death

As for the permanent place of residency, most
patients (58 [64.4%]) were living at home with a
partner or another relative, 17 patients (18.9%)
were living at home alone, whereas 15 patients
(16.7%) were in assisted living. However, in the
immediate period preceding death, there was a
substantial flow of patients from their permanent
place of residency to other locations (their place of
death) which is illustrated in Figure 2. In the

anticipated death group, most patients, 57.4%,
died in a palliative care unit which compares to
only 27.6% of patients with a precipitous death.
Conversely, death in a hospital ward was more
common among patients with a precipitous death
compared to those with an anticipated death:
44.8% vs. 6.6% (18.9% in total). However, the
proportion of deaths in their own home was simi-
lar between the two groups: 21.3% in those with
an anticipated death and 20.7% in those with a
precipitous death.

Persons present ar death

Next of kin were present at death for most
patients: 51 (57.3%) (Table 2). In 19 patients
(21.3%) only health care staff were present.
Nineteen patients (21.3%) died alone, and this
proportion was larger for those with a precipitous
death: 32.1% compared to 16.4% among those
with an anticipated death.

Cause of death

In the anticipated death group, 32 patients
(52.5%) died of respiratory failure and 29 patients
(47.5%) died of multiorgan failure whereas in the
precipitous death group, over a third of patients
(11 [37.9%]) died of unknown causes and the
majority (16 [55.2%]) died of respiratory failure

(Table 2). Out of all deaths from respiratory
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B Flow of patients with a precipitous death
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Figure 2. (A,B) Flow of ALS patients from their permanent place of residency to the place of death. Shown separately for patients with

an anticipated (A) vs. precipitous (B) death.

Table 2. Cause of death, time to death, and persons present at death in ALS patients.

Total Anticipated Precipitous
n=90 n=061 (67.8%) n=29 (32.2%)
Age at death (median [25th—75th percentile]) 72 (66-76) 72 (67-78) 71 (65-75)
Cause of death, n (%)*
Cardiac arrest 2 (2.2) 0 (0) 2 (6.9)
Multiorgan failure 29 (32.2) 29 (47.5) 0 (0)
Respiratory failure 48 (53.3) 32 (52.5) 16 (55.2)
Unknown cause 11 (12.2) 0 (0) 11 (37.9)
Patients dying of respiratory failure and having pneumonia* 11 (12.2) 4 (6.6) 7 (24.1)
Time from onset to death (months, median [IQR]) 28 (17) 32 (23) 24 (18)
Persons present at death, n (%)
Nobody 19 (21.3) 10 (16.4) 9 (32.1)
Next of kin * health care staff 51 (57.3) 38 (52.3) 13 (46.4)
Health care staff only 19 (21.3) 13 (21.3) 6 (21.4)

IQR: interquartile range.

Reported separately for those with an anticipated vs. precipitous death. Data were missing for 3 patients.

*Statistically significant, p < 0.05.

failure, 11 out of 48 cases were associated with
pneumonia. In those with a precipitous death, this
ratio was seven out of 16 cases.

Time to death

Overall, the median time from disease onset to
death was 28 (IQR 17) months: 32 months (IQR
23) for the anticipated death group and 24 months
(IQR 18) for the precipitous death group, although
this difference was not statistically significant
(Table 2). A “no resuscitation order” was placed
in 85 patients (94.4%), at a median of 3.4 months
(IQR 6.7) before death.

Symptoms at the end of life

Many patients suffered from various symptoms in
the week before death. For most patients, these

could be managed effectively but in a substantial
proportion, the symptoms were only partially
relieved or not at all (Figure 3). For those with an
anticipated death (in the main cohort), this pro-
portion was 28.6% for anxiety, 29.8% for dyspnea,
6.9% for pain, 22.4% for excessive bronchial
secretions, and 8.8% for confusion. There was a
trend toward less symptoms in patients with a pre-
cipitous death, but the only statistically significant
difference was seen for the number of patients
experiencing pain. In total, 41.1% of the main
cohort patients experienced at least one symptom
(either pain, anxiety, confusion, or dyspnea) that
was only partially relieved or not at all.

To further explore the extent of symptoms at
the end of life and associated factors, these were
also examined in a large complementary cohort
(n=2224). The overall distribution of symptoms
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Figure 3. (A-C) Symptoms at the end of life in ALS patients. End of life is defined as the week preceding death. Shown separately for
patients of the main cohort with an anticipated (A) vs. precipitous (B) death, as well as for patients from a large complementary cohort
with either an anticipated or a precipitous death (unknown status) (C). EBS: excessive bronchial secretions.

was similar as compared to the main cohort
(Figure 3). When comparing patients with symp-
toms (either dyspnea, anxiety, pain, or confusion)
that were only partially relieved or not at all
(n="785 [49.3%]) to those with no symptoms or
symptoms that were completely relieved (z=807
[50.7%]), there were significant differences for sex
and place of death (Table 3). The high symptom
burden group had a larger proportion of males
(54.0% wvs. 48.4%) and a larger proportion dying
in a hospital ward (26.6% vs. 17.0%). There were
no statistically significant differences for persons
present at death.

Since the study period coincided with the out-
break of the COVID-19 pandemic we compared
the place of death, cause of death, and persons
present at death in the years 2018, 2019, and
2020 (Supplementary Table 3). There were no
statistically significant differences.

Discussion

In ALS, a major preoccupation for both patients
and next of kin early on is the circumstances sur-
rounding the end of life (3), but previous research
shows that many patients die peacefully (7,8).
Indeed, in our main cohort, for each of the specific
symptoms reported in the last week in life, over
70% of patients either had no symptoms or symp-
toms that were completely relieved. The results
were confirmed in a larger complementary cohort,
where these proportions were well over 60%.
There was a trend toward more symptoms in those
with a prolonged death, but statistically significant
only for the number of patients experiencing pain.
The lower symptom burden in patients with a pre-
cipitous death might be explained by them being
in a better general clinical condition in the week
preceding death (which is the period when symp-
toms were reported in this study).
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Table 3. Comparison of key variables in patients with low vs. high symptom burden in a complementary cohort of 2224 patients

with ALS.
Total Low symptom burden High symptom burden
n=1592 n=2807 (50.7%) n="785 (49.3%)
Sex (male), n (%)* 814 (51.1) 390 (48.3) 424 (54.0)
Age at death (25th—75th percentile) 72 (65-78) 72 (66-79) 72 (65-78)
Place of death, n (%)*
Own home 511 (32.1) 272 (33.7) 239 (30.4)
Palliative care unit 355 (22.3) 197 (24.4) 158 (20.1)
Assisted living 362 (22.7) 193 (23.9) 169 (21.5)
Hospital ward 346 (21.7) 137 (17.0) 209 (26.6)
Other 18 (1.1) 8 (1.0) 10 (1.3)
Persons present at death, » (%)S
Nobody 209 (13.1) 96 (11.9) 113 (14.4)
Next of kin + health care staff 1073 (67.4) 558 (69.1) 535 (65.6)
Health care staff only 299 (18.8) 148 (18.3) 151 (19.2)

A high symptom burden is defined as patients with any symptom (either dyspnea, anxiety, pain, or confusion) that was only partially
relieved or not at all. In 632 patients, there were missing data in any of the symptom variables and these individuals were excluded

from the analysis.
*Statistically significant, p < 0.05.
$11 additional patients missing.

Most patients died in their own homes or in a
palliative care unit in the presence of next of kin.
The proportion of deaths in a hospital ward, which
is preferably avoided, was 18.9% in total in our
main cohort (44.8% of those with a precipitous
death and 6.6% of those with a prolonged death),
compared to 39% in the general population dying
of any cause (19). There was a greater symptom
burden in those dying in a hospital ward.
However, an increase in symptoms might be the
reason for admission and not the result of differen-
ces in treatment.

Although the majority of patients in our study
did not seem to suffer from many distressing
symptoms, a large proportion (41.1% in the main
cohort and 49.7% in the complementary cohort)
experienced at least one symptom (either pain,
anxiety, confusion, or dyspnea) that was only par-
tially relieved or not at all. Moreover, a substantial
proportion (21.3% in the main cohort and 13.1%
in the complementary cohort) died alone. This
might indicate an unmet need for support. Health
care professionals have an important role in sup-
porting patients at all stages of the disease, and the
multidisciplinary team has been shown to extend
survival and improve quality of life (21).
Eventually, terminal care in a palliative care unit
or at home (with health care support) is recom-
mended as it has been shown to improve quality of
life (10-12). An essential part of the support is
educating patients and next of kin on the expected
disease course and since the end of life is a major
preoccupation for many, this topic must be
addressed early to decrease anxiety and uncer-
tainty. Importantly, clinical worsening might hap-
pen unexpectedly, further empathizing the
importance of an early discussion of end-of-life
expectations and wishes.

Finally, it is important to note that death is a
very subjective experience that is not well-captured
by quantitative measures at a group level, which
may not truly reflect the experiences of patients
and next of kin. Thus, using our data to make any
statement regarding the “quality of death” for the
individual patient is problematic.

Strengths and limitations

This study is a comprehensive description of death
in ALS, including rich information on patient
characteristics, longitudinal clinical data as well as
details on the death setting and symptoms at the
end of life. Although limited by a small cohort size
(as frequently occurs in rare diseases such as
ALS), a major strength is the inclusion of a com-
plementary cohort to verify the results in a much
larger sample.

There are several important limitations regard-
ing the data on symptoms. (1) Symptom burden
was reported by health care professionals and not
the patients themselves or their next of kin. (2)
The SRPC does not specify whether the symptoms
persisted despite maximal treatment or if they
were inadequately treated. (3) Variations in
reported symptom burden might be the result of
varying oversight/documentation by health care
providers in different settings.

Generalizabiliry

The description of the main cohort of 93 patients
was based on data from two high-quality registers:
the SMNDR and the SRPC, and the coverage was
estimated to be 63%. Since the SRPC mostly
includes anticipated deaths, the number of precipi-
tous deaths was probably underestimated.
However, a comparison of key characteristics in
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the main cohort versus those only registered in the
SMNDR showed no significant differences
(Supplementary Table 1). This indicates that our
study population and findings are representative of
the Stockholm region. Also, we performed a com-
parison of the main cohort and the large comple-
mentary cohort of ALS patients from all regions of
Sweden (Supplementary Table 2). This analysis
showed significant differences only for the place of
death, which would suggest that the main cohort is
also relatively representative of Sweden as a whole.
However, the differing years of inclusion
(2018-2020 vs. 2011-2020) and a small set of var-
iables makes it difficult to draw any conclusions.
Whether the results are generalizable to countries
other than Sweden remains to be determined.

Selection bias

Only patients diagnosed in 2016 forward were
included in the SMNDR and thus in the main
cohort. Therefore, some patients with long survival
might have been excluded. Previous research has
shown that the median time from onset to diagno-
sis is ~1 year (22,23). To be included in our
study, this effectively limits the longest survival
time to about 3 years from diagnosis for patients
deceased in early 2018. This should only affect a
small number of individuals, as survival in ALS
patients is 2-4 years on average from onset (2)
and the annual number of deaths was relatively
evenly distributed in 2018-2020. However, this
might have skewed the cohort to more rapid pro-
gressors, explaining the higher-than-expected pro-
portion of bulbar patients [who are more likely to
have a rapid disease progression (2)].

Conclusions

Most patients experienced few distressing symp-
toms in the week preceding death, although, in a
substantial proportion, symptoms were not
adequately managed. This emphasizes the import-
ance of providing support at all stages of ALS and
particularly at the end of life. An essential compo-
nent is preparing the patients and next of kin for
what death might be like and what to expect, pref-
erably early in the disease course, and we hope
that this paper might prove helpful in this commu-
nication. Also, we would like to encourage more
education of health professionals in addressing
these topics and more research exploring various
aspects of end of life in ALS.
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