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Abstract
Background—A small proportion of patients with ALS survive more than five years. The
frequency of five year or longer survival with ALS in a United States population is unknown but
may provide a baseline for studies that employ survival as a primary endpoint of analysis.

Methods—All persons diagnosed with ALS in Olmsted County between 1925 and 2004 were
studied for demographic and clinical features. Longer term survivors were defined as patients who
lived five years or longer, tracheostomy-free, following symptomatic onset.

Results—94 patients (mean survival from symptomatic onset 2.95 years (95% CI 2.54–3.35), mean
survival from diagnosis 1.89 years, (95% CI 1.54–2.24)) were diagnosed with ALS. Five-year or
longer survivors accounted for 14% of the population of patients (95% CI 7.9%–22.8%). The
frequency of five year or longer survivors did not change over time. Mean survival of these
individuals was 7.04 years (95% CI 6.14–7.94 years; range 5.11–9.35 years). They had a significantly
longer mean time to diagnosis (1.77 years, 95% CI 0.95–2.58 years) as compared to less than five
year survivors (0.94 years, 95% CI 0.75–1.13 years) (p=0.02) but could not be reliably identified at
the time of diagnosis by age, sex, clinical presentation, or El Escorial category.

Conclusion—Patients surviving more than five years following the symptomatic onset of ALS
account for 14% of the total ALS population. This frequency has not changed over time. Patients
with five year or longer survival are clinically similar to the total population ALS population in terms
of age, gender, presentation, and site of onset but have a longer time from symptomatic onset to
diagnosis.
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Background
It has long been recognized that some patients with amyotrophic lateral sclerosis (ALS) have
a protracted course of illness. In his initial description of ALS, Jean-Martin Charcot (1874)
wrote (tr): “Death follows in 2 or 3 years, on average, from the onset of bulbar symptoms. This
is the rule but there are a few anomalies.”1 Nearly 70 years later, Swank and Putnam2 (1943)
characterized presentations of ALS in which an unexpectedly long survival could occur,
concluding that at least five percent of patients with ALS have a “prolonged” survival.
Mulder3 (1976) concurred, and found that “many” patients with ALS (20%) live more than
five years from symptom onset, and may even “regress,” but otherwise have a disease clinically
indistinct from those who do not. In 2003, a collected case series of 30 patients with the
diagnosis of ALS who survived 10 years or more was presented.4 At times, the term “benign
ALS” has been used to describe these select patients.5

Establishing the frequency and characteristics of longer term survivors of ALS in a United
States population may be useful for clinical studies which employ survival as a primary
endpoint of analysis, allowing assessment of how many patients in a given population would
live five years or more at baseline. In Olmsted County, neurologists have been recording cases
of ALS since 1925, data which have been used to estimate prevalence and incidence of ALS
in the general population. Here, we identify individuals with ALS who have survived
unexpectedly longer than the average. Their clinical characteristics, symptomatic
presentations, and overall survival times are analyzed. We also determine whether the rate of
five year or more survival in a longitudinally-extensive population study has changed over
time.

Methods
Patients with ALS, diagnosed between 1 Jan 1925 and 30 Jun 2004, were identified through
the Rochester Epidemiology Project. All persons living in Olmsted County (population 133
154 in 2004) for at least one year before the diagnosis of ALS were included. All were followed
until the time of death and diagnosed by a neurologist. For any given three year-interval, more
than 98 percent of the residents of Olmsted County appear in the Rochester Epidemiology
Project database. The date of censoring for this analysis was 30 June 2009.

Longer term survivors with ALS (LTS) were defined here as people living more than five years
of tracheostomy-free life following symptomatic onset of (a) progressive weakness (spastic or
flaccid) and/or (b) bulbar symptoms. Bulbar onset was defined as the first signs or symptoms
of dysarthria and/or dysphagia, not related to other causes. Amyotrophic lateral sclerosis
encompassed the presentations of upper motor neuron-onset illness (primary lateral sclerosis
(PLS)), lower motor neuron-onset illness (progressive muscular atrophy), and progressive
bulbar palsy. In this database, patients with PLS presentations were included only if they
eventually developed lower motor neuron signs. El Escorial diagnostic criteria (1994)6 were
used, retrospectively where necessary, to separate patients into suspected, possible, probable,
or definite ALS at the time of diagnosis.

Statistical comparisons of means were conducted using two-sample t-tests, while two-sample
continuity-corrected Z-tests were used to compare proportions; all tests of hypothesis were
performed under two-sided alternatives.7,8 Confidence intervals for means were obtained by
inverting one-sample two-sided t-tests, while confidence intervals for all proportions were
constructed using the score interval along with Yates’ continuity correction.7,8 Estimates of
the survival curve were obtained using the Kaplan-Meier estimator9 (here equivalent to the
empirical cumulative distribution function in view of the absence of censored observations).
When studying the relationship between proportions of interest and multiple predictors, logistic
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linear regression models were employed.7 The programming language R© version 2.8.1 (R
Foundation for Statistical Computing, Vienna, Austria)10 was used to perform all statistical
computations.

The Institutional Review Board approved this study.

Results
A total of 94 patients (51 men; mean survival from symptomatic onset 2.95 years (95% CI
2.54–3.35 years), mean survival from diagnosis 1.89 years, 95% CI 1.54–2.24 years) were
identified of whom 13 (13.8%, 95% CI 7.9%–22.8%; 8 men) survived five years or more
following disease onset (Figure 1). The mean survival among LTS was 7.04 years (95% CI
6.14–7.94 years), and ranged from 5.11 to 9.35 years. The mean time from symptomatic onset
to diagnosis for the entire population was 1.06 years (95% CI 0.86–1.26 years). LTS had a
significantly longer mean time from symptomatic onset to diagnosis of 1.77 years (95% CI
0.95 to 2.58 years) as compared to non-LTS of 0.94 years (95% CI 0.75–1.13 years) (p=0.02).
There were 6 patients who survived five years or longer from the time of diagnosis (6/94,
6.38%; 95% CI 2.38–13.38). All long term survivors identified in the study period have now
died.

Bulbar symptoms were present in 30 percent of patients at onset (28 out of 92 patients with
information about bulbar symptoms at onset; 95% CI 21.27–40.90%). Bulbar symptoms were
less likely to be the initial presentation of LTS (2/13) as compared to non-LTS (26/79 = 33%),
though this difference was deemed not to be statistically significant (p=0.34). Age at diagnosis,
calendar year of disease onset, and sex did not influence the frequency of long term survival
in ALS, as verified by logistic linear regression models. Six patients (6%) had a family history
of ALS in a primary relative but no LTS had a known positive family history of ALS.

Presentation at the time of initial evaluation, among LTS, was lower motor neuron in 5, upper
motor neuron in 1, and combined lower and upper motor neuron in 7. In 3 patients, the "flail
limb" syndrome was the phenotypic presentation of ALS while in 2, bulbar palsy was the initial
presentation (Table 1). El Escorial category at the time of first evaluation was available in the
81 patients who had an EMG. Patients were categorized as definite (0/13 LTS, 9/68 non-LTS),
probable (7/13 LTS, 23/68 non-LTS), possible (0/13 LTS, 8/68 non-LTS), and suspected (1/13
LTS, 13/68 non-LTS). Some patients did not meet criteria for even the suspected category at
first evaluation (5/13 LTS, 15/68 non-LTS). In some patients, precise information was
unavailable to accurately ascribe an El Escorial category, retrospectively, for the time of first
evaluation (0/13 LTS, 9/68 non-LTS).

Comparisons based on a dichotomization of year of diagnosis to pre- and post-1964 suggested
that neither the proportion of LTS (p=0.45) nor mean survival (p=0.26) varied over time.
Dichotomization at the observed median year of diagnosis (1983) yielded similar results.
Conclusions were also similar using other categorizations of year of diagnosis as well as using
year of diagnosis as a continuous variable and adjusting for other potential confounders in a
logistic regression model. In 13 patients, ALS was diagnosed before the advent of
electromyography (EMG) and nerve conduction studies. There were no LTS in this group of
early patients who did not undergo electrophysiologic evaluation.

An additional analysis was made in patients who presented with limb-only symptoms. Disease
course was separated into (a) time from limb symptom onset to time of bulbar symptom onset
and (b) time of bulbar symptom onset to death. The proportions of LTS and non-LTS who
developed bulbar symptoms following limb onset were not significantly different. LTS had
longer mean disease duration from both limb onset to bulbar onset and from bulbar onset to
death as compared to non-LTS. Mean duration between limb onset and bulbar onset was 4.64
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years in LTS (95% CI 2.93–6.35) compared to 1.33 years in non-LTS (95% CI 0.97–1.69)
(p=0.04). Mean duration between bulbar onset and death was 2.28 years in LTS (95% CI 0.95–
3.62) compared to 0.90 years in non-LTS (95% CI 0.70–1.10) (p=0.002).

No patient surviving five years or longer took riluzole, although four LTS were diagnosed after
the drug became available. Overall, less than 10% of eligible patients took riluzole in Olmsted
County. Similarly, no LTS had a tracheostomy placed.

Discussion
Patients surviving more than five years following the symptomatic onset of ALS account for
14% of the total ALS population. The frequency of five year or longer survivors has not changed
over time. Patients with five year or longer survival are clinically similar to the total population
of patients with ALS in terms of age, gender, and site of onset. There is a longer time to
diagnosis in LTS and this diagnostic latency is particularly important in identifying potential
LTS of ALS. LTS had increased survival, both before and after bulbar symptom onset,
compared to non-LTS, in this same population.

The absolute duration of long term survival is also notable. Over the observation period of
nearly a century, we identified 13 patients surviving five years or more in Olmsted County.
All died within 10 years of onset. This differs from other reports in which a significant
proportion of patients with ALS have been found to live well beyond 10 years.4,11–13 In a
recent review of five other population-based studies of ALS patients, it was found that 5 to 10
percent of ALS patients survived longer than 10 years in all other databases.14 Notably, this
population-based study only includes patients with PLS if they develop lower motor neuron
features prior to death. Because patients with PLS are recognized to have prolonged survival
compared to patients with combined UMN and LMN features, and other studies include
patients with PLS presentations with and without evolution to combined features, this may at
least partially explain why no patients in this database have lived more than 10 years. Given
the few patients who choose to try riluzole (which was licensed for use in 1996), and none
were our LTS, we are unable to ascertain whether this drug has had any impact on the frequency
of longer survival.

Reported population-based 5-year survival rates, from symptomatic onset of ALS, vary widely
from 7% (Denmark)15, 15% (France),16 and 28% (Scotland)17. In Turin, Italy, 5-year survival
from diagnosis was reported to be 28%11 while in western Washington state, U.S.A., it was
just 7%.18 In a non-population-based U.S. study, 5-year survivorship was estimated at 39.4%
19, likely representing length and referral biases. Although our sample size is not large, the
current analysis is population-based with no patients lost to follow up over the entire
observation period.

Previous investigators have isolated variables associated with prolonged survival, including
upper motor neuron features at onset,4,13 non-bulbar presentation15–18, male sex16,18 and
younger age.4, 13, 16,18 LTS in Olmsted County were not significantly younger than non-LTS
in this cohort, and only one LTS received the initial diagnosis of PLS. A “flail limb syndrome”
has been described as prognostically favorable.19 Three LTS had a presentation consistent with
a single limb “flail limb” phenotype. Two patients (15%) living five years or more from
symptomatic onset presented with bulbar symptoms. This finding confirms previous studies
that identified few patients with bulbar onset among LTS.4,11,13

Overall, 14 percent of patients with the diagnosis of ALS live five years or more following
symptomatic onset in Olmsted County. These patients have a longer time to diagnosis but
otherwise cannot be reliably identified at the time of initial presentation, by clinical features
or through El Escorial criteria. In spite of availability of advanced care for ALS patients in
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recent decades, long term survival does not seem to have changed in frequency over the study
observation period of 85 years.
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Figure 1.
Survival function for all individuals with ALS in Olmsted County (1925–2004)
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