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Introduction

In the last decade, ALS clinical researchers have
searched for new surrogate outcome measures that
are objective and sensitive to change, with a particular
view towards reduction of sample size and study

Amyotrophic lateral sclerosis: early
predictors of prolonged survival

Abstract Objective In order to
define the predictors of prolonged
survival available at the time of
first examination we performed a
historical cohort study of amyo-
trophis sclerosis (ALS) patients
referred to our ALS Clinic over the
last 20 years. Methods In a group
of 1034 patients with the diagnosis
of definite or probable ALS the
effects of individual prognostic
factors on tracheostomy-free sur-
vival were assessed with the Kap-
lan-Meier life-table method. The
prognostic value of each factor
was estimated using univariate
and multivariate Cox proportional
hazard analyses. Results The
median survival time was
3.45 years, (95%CI 3.27-3.74).
Both the univariate and multivar-
iate Cox models indicated that
younger age, limb site of onset,
longer diagnostic delay, lower
Appel ALS score (AALSS) at first
examination, lower AALSS-rate of
change between first symptom and
first exam (preslope), and higher

baseline forced vital capacity
(FVC) were associated with longer
survival. In addition, four factors:
age, diagnostic delay, baseline
FVC and AALSS preslope have
been identified as independent
predictors of survival in our
patient population. Conclusions
The identification of younger age,
limb site of onset and longer
diagnostic delay as predictors of
prolonged survival in ALS clinic
population supports the findings
of several, earlier studies that were
based on smaller groups of pa-
tients. More significantly, several
additional variables assessed at the
first examination predict longer
survival: lower baseline AALSS,
lower AALSS- preslope and higher
baseline FVC. All of these param-
eters are of value in patient man-
agement and in clinical trial
development.
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duration [2, 25, 33]. Nevertheless, survival remains
still the most commonly used outcome measure in
ALS trials. Reported median lengths of survival in

ALS patients vary from 2 to 4 years [8, 9, 13, 15, 25,
29]. Moreover, survival in ALS is known to vary
among individuals and is considered to be difficult to
predict in individual cases [24].



A variety of prognostic factors have been associ-
ated with prolonged survival in ALS in previous
studies. The most consistently reported of them are
younger age, limb site of symptom onset, and longer
time from first symptom to diagnosis [8, 9, 12, 13, 15,
19, 20, 25, 34]. In addition, some investigators have
reported male gender as a favorable prognostic factor
[6, 8, 13]. Several reports have suggested that disease
specific measures using different clinical scoring
systems (i.e., ALSFRS, Appel Score) taken repeatedly
during the early course of disease or even at the time
of diagnosis may act as independent covariates of
survival [9, 12, 15, 19, 25, 33]. However, given the
different study designs (i.e., prospective or retro-
spective) and patient selection methods (i.e., referral
vs. population-based series), the results of those
studies sometimes conflicted and led to some uncer-
tainty regarding potential prognostic factors in ALS
[9, 13].

The evaluation of early prognostic variables and
the understanding of “at first exam” factors related to
survival may impact on the selection of patient co-
horts for clinical trails and identify practical indica-
tors that clinicians might use in the management of
ALS patients. Thus, in order to estimate the influence
of potential prognostic factors which are available at
the time of the first examination on survival in ALS,
we performed a historical cohort study of ALS pa-
tients, who were referred to our MDA-ALS Clinic in
Houston, Texas. Moreover, we also sought to validate
the Appel ALS score (AALSS), an ALS scoring system
routinely used in our clinic, as an early and inde-
pendent predictor of survival.

Methods

In our ALS Database we identified 1034 patients who fulfilled the
diagnostic criteria for definite or probable ALS according to El
Escorial/Airlie House criteria [5, 32] and who have regularly been
followed at our ALS Clinic over a time period of more than
20 years. Demographic, clinical, laboratory, and EMG assessment
data are collected at the first clinic visit or within a few days of that
visit. Quantitative evaluations of disease progression using total
Appel ALS score are performed at each follow-up clinic visit at
approximately three-month intervals. During follow-up, major
interventions such as percutaneous endoscopic gastrostomy (PEG),
noninvasive ventilation (NIV), and tracheostomy are recorded.
The details of the AALS score, which is routinely used in our
clinic to provide an assessment of rates of progression and efficacy
of therapies, are described elsewhere [1, 36]. In summary, the
AALSS is based on an assessment of different categories of motor
and respiratory function and includes both quantitative and func-
tional components. It is composed of five subscores which range
from 6 (normal) to 30-36 (complete loss of function). The sub-
scores are quantified measures of (I) muscle strength, (II) bulbar
function, (III) respiratory function, (IV) leg function, and (V) arm
function. A total score of 30 points is normal; 164 points indicates
maximal dysfunction. The AALS score assigns a weight to each
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region, giving the respective scores equal weight in the total score.
Therefore, the total AALS score is an index of clinical severity,
irrespective of the principal sites of involvement [22, 23]. The inter-
observer variability (3%) and test-retest correlation (r* = 0.99) of
the total AALS score document reproducibility, and the measures
are sensitive to changes in function from very early to very late
disease stages [1]. In addition to the total AALS score at the time of
first exam, a rate of AALSS change between first symptom and first
examination (AALSS preslope) has been derived by subtracting 30
(i.e., normal function) from the total score exhibited at the first
examination and dividing by the number of months reported to
have passed since the first symptom [15]. First symptoms were
confirmed by the family or other observers, whenever possible.
Percent-predicted forced vital capacity (%FVC) was performed as
recommended for ALS clinical trials using standard techniques and
expressed as a percentage of the expected value [4]. FVC was
examined at the time of first examination and at each follow-up
visit (in general, every 3 months). FS-FE time was calculated from
first symptom (FS) until the date of the first examination (FE).
Survival, which was the outcome parameter in this study, was de-
fined as the number of months from symptom onset until death
from any cause or tracheostomy for institution of permanent
mechanical ventilation. Patients who remained alive without tra-
cheostomy were censored at the time of the last known follow-up.
The effects of individual prognostic factors on survival were as-
sessed with Kaplan-Meier life-table methods. Log rank test was
used to assess equality of outcome functions. The prognostic value
of each factor of interest was expressed interms of a hazard ratio
(HR), which may be interpreted as a relative risk. The hazard ratio
represents the mortality risk per time interval in the presence of a
specific factor, relative to the risk in the absence of this factor.
Crude hazard ratios were estimated by univariate analyses and
adjusted hazard ratios by multivariate analyses using a propor-
tional hazards regression model to correct for simultaneously
effective covariables [11]. Patient characteristics subjected to uni-
variate analyses were age, gender, site of symptom onset, clinical
features at diagnosis, FS-FE time, disease stage at the time of the
first clinic presentation (first AALSS and first FVC), and the rate at
which the disease had progressed prior to first examination (AALSS
preslope).

Given the importance of well-established prognostic factors,
such as older age at onset, female gender, and bulbar site of onset
HR and 95% CI for all variables significant in univariate analysis
were adjusted for age, sex and site of onset (model 1). Finally, to
identify the independent covariates of survival in our population
we included all significant or clinically meaningful variables in the
same Cox model (model 2). A p value of < 0.05 was considered
significant. All statistical analyses were done using the SPSS v.
11.5.1 (SPSS, Chicago, IL) program.

Results
Demographics

The study cohort consisted of 1034 patients. Men
composed 66.4% of the study population, while
women were 33.6% of the group (1.9:1 ratio). The
mean age at the time of disease onset was 54.1 years
(SD 13.2), ranging from 19.8 to 84.8 years. On
average, males were older (57.6 years) at disease
onset than females (52.4 years). 171 patients (16.5%)
exhibited primary bulbar symptoms, whereas the
other 863 subjects described limb-onset disease. Of
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the 863 patients with limb onset, 443 (51%) exhib-
ited their first symptoms in the lower limbs and 327
in the upper limbs. The remaining 93 patients re-
ported both lower and upper limb symptoms at
onset or were unable to provide this specific infor-
mation. In addition, there was a strong tendency to
report first symptoms in the distal portions of the
affected limb (n = 623, 72%) compared with proxi-
mal portions (n = 83). The remaining 157 patients
presented with both distal and proximal symptoms
or this specific information could not be obtained.
The average time from first symptom to first
examination (FS-FE time) was 16.3 months (SD
12.3). The study patients were seen an average of 4.7
visits (SD 5.3) with a mean time between consecutive
visits of 2.58 months (SD 1.7). The mean FVC at the
time of the first examination was 82.9% (SD 20.9),
mean baseline total AALS 63.3 points (SD 18.9) and
the mean AALS preslope 2.68 points/month (SD 1.9).
Riluzole (50 mg twice daily) was given to 430
(41.6%) patients. During the disease course, 275
patients (26.6%) underwent percutaneous endo-
scopic gastrostomy (PEG) and 128 (12.4%) were
placed on noninvasive ventilation (NIV).

Survival analysis

As of November 2004, 576 (55.7%) of the 1034 ana-
lyzed patients had died (n = 477) or had tracheos-
tomy (n = 99). Survival varied considerably between
individuals and ranged from 2 months up to
11.5 years. The median tracheostomy-free survival
time of the 1034 patients was 3.45 years (95% CI 3.27-
3.74, mean 4.32 years). The 3-year survival rate from
symptom onset was 59% (95%CI 56.4-63.3) and the
5-year survival rate was 28% (95% CI 25.3-32.7)
(Figure 1).

Prognostic factors

As shown by Kaplan-Meier plots (Figures 2-7) and
log-rank tests, survival differed significantly across
categories of many factors. Univariate analyses iden-
tified all of the analyzed covariates except for gender
and some clinical features at diagnosis (first symptom
proximal vs. distal and first symptom in lower vs. in
upper limb) (Table 1). The evaluation of effect mod-
ification in the multivariable Cox models after
adjusting for established survival factors like age,
gender, and site of disease onset (model 1), indicated
that younger age, limb site of onset, longer FS-FE
time, lower baseline AALSS, lower AALSS preslope,
and higher baseline FVC were associated with longer
survival (Table 1).

1.0

08

0.6

Probability of freedom from event
04

02
1

0.0

0 2 4 6 8 10
Years

Fig. 1 Kaplan-Meier curve describing survival in the population of 1034 ALS
patients
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Fig. 2 Kaplan-Meier plots of survival probabilities according to age: patient
population divided into three groups

The final multivariate analysis, which analyzed all
relevant demographic and clinical covariates along
with therapies, in the single Cox model simultaneously
(model 2), eliminated site of disease onset and baseline
AALS score as independent covariates of survival in
our ALS clinic population. However, age at the time of
symptom presentation, FS-FE time, baseline FVC va-
lue and AALSS preslope remained independently and
significantly associated with survival (Table 2).

Age

Age was identified as a strong and independent pre-
dictor of survival in our group. Younger age at the
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Table 1 Prognostic factors in ALS: univariate and multivariate analysis. Model 1 adjusted for age, sex and site of onset. FS = first symptom. FS-FE time = time

between first symptom and first examination. HR = hazard risk

category Unadjusted HR (95%(Cl) p-value Model 1adjusted HR (95% Cl) p-value
Age (years) < 40 1.00 1.00

40-70 2.65 (2.04-3.43) < 0.001 2.70 (2.08-3.50) <0.001
> 70 3.86 (2.77-5.39) < 0.001 3.79 (2.70-5.30) < 0.001
Male 1.00

Female 1.01 (0.84-1.20) 0.9 - -
Limb onset 1.00 1.00

Bulbar onset 1.54 (1.25-1.89) <0.001 1.47 (1.17-1.81) <0.001
FS proximal 1.00 -

FS distal 1.08 (0.82-1.47) 0.6 =

FS lower extremities 1.00

FS upper extremities 1.15 (0.95-1.39) 0.1 - -
FS-FE time > 12 mts. 1.00 1.00

< 12 mts. 2.02 (1.71-2.38) <0.001 2.28 (1.93-2.70) <0.001
15TAALS < 60 pts. 1.00 1.00

> 60 pts. 1.51 (1.28-1.77) <0.001 1.37 (1.15-1.62) <0.001
preslope < 3 pts/mt. 1.00 1.00

3-6 pts/mt. 2.68 (2.21-3.25) <0.001 3.04 (2.50-3.70) <0.001
6-9 pts/mt. 5.63 (3.98-7.97) <0.001 6.42 (4.50-9.16) <0.001

> 9 pts/mt. 22.17 (12.30-39-95) <0.001 25.05 (13.8-45.31) <0.001
1st FVC (%) > 85% 1.00 1.00

65-85% 1.85 (1.47-2.33) <0.001 172 (1.37-2.17) <0.001

< 65% 2.38(1.92-2.94) <0.001 2.08 (1.69-2.56) <0.001
time of Symptom onset was a strong favorable prog- Table 2 Multivariate  analysis  (n = 1023). Al  variables  analyzed
nostic factor. Prognosis worsened with older age simultaneously in single Cox proportional hazards model
groups: patients who exhibited thg first symptom at Category Model 2, HR, (95%Cl) p-value
an age of 40 or younger had a median survival time of
6.01 years (95% CI 4.67-7.34), compared with Age at onset, years 1.04 (1.03-1.05) <0.001
3.23 years (95% CI 3.03-3.43) for patients with onset E;"Eg’t,s'te of °"t5het (1)'3; Eggé‘:}-;g; 3‘301

~ 0 : -FE time, months .97 (0.96-0. <0.
between 40-70 and 2.85 years (95% CI 2.47-3.23) for g cu"eie on oredicted) 0.99 (0.98-0.99) <0.001
patients above 70 years (Figure 2). In the youngest Baseline AALSS 1.00 (0.99-1.01) 0.4
group, 60% survived at least 5 years, whereas only 8% AALSS preslope 130 (1.21-139) <0.001
of the eldest patients reached this endpoint. In the ,Ff,i:\l,m;:e use E"evef vs. evefg (1)17); Egzg—ég;; 8«306
: : . : . t erapy (never vs. ever b .60-0. y

univariate analysis, patients in the age group between PEG therapy (never vs. ever) 0.79 (0.66-0.95) e

40-70 years had a 2.65-fold increased risk of death or
tracheostomy compared with patients younger than
40 years (p < 0.001). This effect was even stronger for
the group of eldest patients who were characterized by
a 3.86-fold increased risk of death in comparison with
the group of youngest patients. More importantly, age
at onset remained significantly associated with sur-
vival in the multivariate model 1 (HR 2.70 and HR
3.79, p < 0.001) after adjustment for significant or
clinically meaningful variables (Table 1). In addition,
statistical model 2 indicated younger age at onset as
independent prognostic factor in our population
(Table 2).

Gender

The difference in survival between females and males
was not significant. Gender was not a predictor for
survival (figure not shown, Table 1).

Site of onset and clinical features at diagnosis

Patients with limb symptoms at onset survived
remarkably longer than bulbar onset patients
(3.74 years vs. 2.80 years, p < 0.001), (Figure 3).
Furthermore, the presence of bulbar symptoms at
onset increased the risk of death in both univariate
and multivariate analyses (HR 1.54 and HR 1.47)
(Table 1). Our final multivariate model (model 2)
eliminated ,however, the site of onset as an indepen-
dent covariate of survival in the studied patient
population (Table 2).

There was no significant difference in survival
between initial proximal and initial distal limb
involvement (p = 0.6), but a trend toward longer
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Fig. 3 Kaplan-Meier plots of survival probabilities according to site of
symptom onset: patient population divided into two groups

survival in those with lower limb onset was seen
(p = 0.1) (Kaplan-Meier plots not shown). The uni-
variate analyses eliminated these additional clinical
features as risk factors for survival (Table 1).

First symptom (FS)-First examination (FE) delay
(disease duration at first examination)

Patients whose first examination was longer than
12 months after first symptom survived longer
(4.04 years, 95% CI 3.75-4.32) compared with patients
who were first examined within 12 months after the
onset of symptoms (2.61 years,95% CI 2.38-2.84, log-
rank p < 0.001) (Figure 4). In the univariate analysis,
patients with a shorter time to first examination
(< 12 months) had a 2.02-fold increased risk of death
or tracheostomy compared to patients with a longer
FS-FE delay (> 12 months), (Table 1). Most impor-
tantly, in all performed multivariate models FS-FE
delay remained significantly and independently asso-
ciated with survival (Table 1 and 2).

Disease stage at the time of the first examination

We investigated the association between total AALS
score at baseline and survival by comparing patients
with total AALS score below and above 60 points. A
60-point level was chosen because it is indicative of a
clinically evident impairment in a patient’s clinical
status and ability to perform Activities of Daily Liv-
ing. The median survival time for patients with
baseline total AALS score below 60 points was
3.94 years (95% CI 3.57-4.31), compared with
3.02 years (95% CI 2.80-3.23, log-rank p < 0.001) for
those with baseline AALSS above 60 points (Figure 5).
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Fig. 4 Kaplan-Meier plots of survival probabilities according to FS-FE delay
(time between first symptom and diagnosis): patient population divided into
two group

The baseline FVC also predicted survival in our
ALS patient cohort, when divided into three arbitrary
FVC subgroups. The median survival of ALS patients
with baseline FVC > 85% was 4.12 years (95% CI
3.80-4.44), 3.34 years (95% CI 2.94-3.74) in those with
FVC 65-85% and 2.72 years (95% CI 2.46-2.98, log-
rank p < 0.001) in those with FVC < 65%, (Figure 6).

Overall, both baseline AALS score and baseline
FVC were identified as predictors of survival in uni-
variate and in multivariate Cox model 1 (Table 1). Of
note, in contrast to baseline AALSS, baseline FVC was
also identified as an independent prognostic factor in
our final statistical model (Table 2).

Rate of disease progression prior to the first
examination

We also analyzed the correlation of the rate of change
in total AALS score prior to diagnosis (preslope) with
death or tracheostomy for four arbitrary subsets of
patients with preslope value of < 3, 3-6, 6-9 an-
d > 9 points/month. Patients with slower disease
progression between first symptom and first exami-
nation (i.e.,, lower preslopes) survived remarkably
longer than patients characterized by higher AALSS
preslopes (log-rank p < 0.001), (Figure 7). All pa-
tients in the lowest preslope group ( <3 AALSS
points/month) survived at least 1 year after first
symptom, compared with only 40% of patients in the
group with highest preslopes. Moreover, 35% of pa-
tients in the lowest preslope group survived at least
5 years, whereas none of the patients in the highest
preslope group reached this endpoint. In addition,
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Fig. 5 Kaplan-Meier plots of survival probabilities according to baseline AALSS
value: patient population divided into two groups
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Fig. 6 Kaplan-Meier plots of survival probabilities according to baseline
percent-predicted FVC value: patient population divided into three groups

higher AALS score preslope was shown to act as a
significant and independent predictor of survival in
our population and to increase risk of death or tra-
cheostomy in both univariate and multivariate models
(Table 1 and 2).

Discussion
We have used our database to estimate survival in one

of the largest ALS cohorts ever investigated and have
identified several predictors of prolonged survival
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Fig. 7 Kaplan-Meier plots of survival probabilities according to pre-examina-
tion slope of AALSS: patient population divided into four groups

which are available at the time of the first examination.
We validated the following factors: younger age, limb
onset of the disease, longer delay before first exami-
nation, lower initial AALS score, higher initial percent-
predicted FVC, and lower AALSS preslope. All of these
factors remained significantly associated with survival
after controlling for confounding variables such as
age, gender and site of onset. In addition, age at
symptom onset, FS-FE delay, baseline FVC and AALSS
preslope have been shown to be independent predic-
tors of survival in our database population.

The significantly better survival in younger pa-
tients in our study is in accordance with previous
results [8, 9, 12, 13, 15, 19, 20, 23, 24, 25, 30, 31, 33,
34]. The mechanism underlying this phenomenon is
unknown. Younger patients may compensate better
for declining motor function and older patients may
have fewer motor neurons to compensate. But such
explanations provide little insights as to the mecha-
nisms involved.

In the present series, no association between gender
and prognosis was found. This finding agrees with the
vast majority of previous studies [10, 19, 24, 25, 28, 31,
35]. However, some investigators reported signifi-
cantly shorter survival for women than men, even after
adjustment for previously established outcome cova-
riates [6, 8, 13].

Most previous studies have reported that disease
onset in the limbs rather than in the bulbar muscles
was predictive of longer survival time [8, 13, 19, 20,
23, 24, 25, 31]. Bulbar-onset patients may have
shortened survival from earlier involvement of
respiratory muscles, a higher rate of respiratory
complications, malnutrition, and dehydration [24].
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However, some investigators failed to confirm this or
found no prognostic value after correcting for well
established prognostic factors like age [14, 15, 16]. In
our study, an association between site of onset and
survival has been shown. Even after adjustment for
several well-established prognostic factors (e.g., age),
survival was shorter for patients presenting with
bulbar symptoms than patients exhibiting limb
symptoms first. However, we failed to confirm an
independent effect of the site of onset on the survival
when analyzing this factor in the same statistical
model with all others variables. This finding is con-
sistent with our previous results [15] with one
important exception: in the present series based on
the multivariate model 1 bulbar onset is associated
with shorter survival even after controlling for age at
onset as a potentially confounding factor. We at-
tempted to investigate limb onset more extensively by
creating several subcategories for the extremity re-
lated sites: proximal versus distal, first symptom in
upper extremity versus lower extremity. However,
there was no statistically significant correlation
between those factors and survival.

The delay between symptom onset and first
examination was a robust predictor of survival in our
study, as in others [12, 13, 15, 31]. This delay was
negatively related to hazard, i.e., positively related to
length of survival—in other words, the longer the
delay, the longer the survival. Of note, in our enlarged
database the previously reported relationship between
FS-FE delay and the AALSS preslope supports the
hypothesis that the time between first symptom and
first clinical examination may be a measure of the rate
of disease progression [15]. The more rapidly a pa-
tient initially deteriorates (higher AALSS preslope),
the shorter the delay before the first symptom and
first examination. These results suggest that fast
progressing patients tend to seek medical care earlier,
whereas those with slower disease progression are
referred later or adapt to first symptoms for a longer
time before they visit a tertiary care facility [15, 23,
24].

Can survival be accurately predicted by clinical
measures at the first examination? AALSS preslope
reflects the rate at which the disease had progressed
prior to first examination, whereas the initial total
AALS score, and the initial FVC may serve as indices
of disease stage at the time of first exam. Based on our
data, all three of these factors were shown to be sig-
nificant predictors of survival even after adjustment
for several potentially confounding variables and may
constitute prognostic signposts in the early stages of
the disease course. The slopes of the total AALS score,
derived for each patient with three or more exams
(post-diagnosis slopes) have previously been identi-
fied as significant covariates of survival [15]. Of note,

our present study, performed with a larger number of
patients, validates the AALSS preslope as significant
and independent covariate of survival. The relation-
ship between the preslope and the post-diagnosis
slopes is not a good one, however [15]. Thus, pre-
dicting survival based on the preslope is probably not
as accurate as utilizing the post-diagnosis slopes.
However, the preslope based on a single measure-
ment, is readily obtained at the time of the first
examination, and provides a clinically meaningful
measurement.

A higher initial FVC was also associated with
longer survival both in univariate and multivariate
statistical models; and was a significant and inde-
pendent predictor of survival. The percent-predicted
FVC has been previously shown to be a predictor of
survival in ALS in several clinical trials [3, 12, 20, 27,
31, 33]. However, unlike previous referral cohort -
based studies that reported a correlation between the
rate of decline in pulmonary function, either defined
as the slope of a pulmonary score [15, 30] or the slope
of FVC decline [9, 25], we show that even a single FVC
measurement value obtained at an initial visit may
serve as a good predictor of survival in the ALS clinic
population.

There are clearly potential limitations of the
widespread applicability of our study. First, during
the 20-year observation period, different diagnostic
criteria have been used. In our experience, however,
the diagnostic and clinical features of patients diag-
nosed as “typical ALS” (this term was in use in our
database prior to the publication of El Escorial criteria
in 1994) correspond very well with the features of
patients diagnosed as definite or probable ALS after
1994). Second, since our database did not allow the
inclusion of patients with possible or suspected ALS
into the analysis, we focused on the group of patients
with definite or probable ALS. It is well known, that
some patients often did not satisfy the diagnosis of
definite or probable ALS at the first visit but they
might have fulfilled the criteria afterwards. Thus, this
selectivity in patients may be a limitation of our
study. In addition, nearly all of the patients in our
database cohort have been referred by primary care
physicians or neurologists, and the interpretation of
our data should be made in light of this nonrandom
enrollment. Moreover, it is possible that clinic-based
series may present a somewhat distorted picture of
the ALS population because of the special character-
istics of patients that seek care at tertiary centers. A
referral cohort tends to have younger patients and
may also be weighted toward specific clinical features.
Another potential limitation of our study is the
inclusion of patients who were being evaluated for
possible entry into therapeutic trials, resulting in a
bias against participation in the clinic by patients with



atypical disease presentations. Those factors, along
with the access to optimal medical treatment in an
academic institution, may result in a relatively better
prognosis in patients seen in a referral center [17, 23].

In addition, we did not find a significant and
independent effect of riluzole therapy in our patient
population. PEG and NIV-use (analyzed as categorical
variable ever vs. never) during the disease course was
associated with increased risk of death or tracheos-
tomy, which may suggest that these interventions may
be view as markers of advanced disease and were
probably performed late in disease course in severely
impaired patients. These findings are consistent with
several previous reports [7, 18, 26]. However, our
database was not sufficient to analyze the timing of
the intervention and to perform survival analyses
from the point of PEG or NIV initiation. We were also
not able to address the compliance issue for those
therapies (i.e., comparing the NIV effect in NIV users
who tolerated this intervention well with those who
cannot tolerate it and discontinued treatment).

The identification of younger age, limb site of onset
and longer FS-FE delay as predictors of prolonged
survival in an ALS clinic population supports the
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