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Objective: To evaluate the effects of tertiary centres for
amyotrophic lateral sclerosis (ALS) on ALS outcome and the
use of hospital facilities.
Methods: The study was based on the data of an epidemio-
logical, prospective, population-based register on ALS
(Piemonte and Valle d’Aosta Register for amyotrophic lateral
sclerosis, PARALS). The 221 patients recruited between 1995
and 1996 were prospectively followed up for outcome and
use of hospital-based services.
Results: In all, 97 patients were followed up by tertiary ALS
centres and 124 by general neurological clinics. Patients
followed up by tertiary ALS centres were found to be 4 years
younger and underwent percutaneous endoscopic gastro-
nomy and non-invasive positive-pressure ventilation more
often. Patients followed up by tertiary ALS centres were found
to have a considerably longer median survival time (1080 v
775 days), even when stratifying by age, site of onset and
respiratory function at diagnosis. In Cox multivariate
analysis, attending a tertiary ALS centre was observed to
be an independent positive prognostic factor. Moreover,
patients attending a tertiary ALS centre were admitted to
hospital less often (1.2 v 3.3) and were more frequently
admitted for planned interventions. Conversely, patients
followed up by general neurological clinics were more
frequently admitted for acute events. Also, the hospital stay
was considerably shorter for patients attending tertiary ALS
centres (5.8 v 12.4 days).
Conclusions: Improved survival was seen in patients with ALS
attending tertiary ALS centres, independently from all other
known prognostic factors, possibly through a better imple-
mentation of supportive treatments. Moreover, because of
these centres, the hospitalisation rate was markedly reduced,
thus offering a cost-effective service to patients with ALS and
to the community as a whole.

A
myotrophic lateral sclerosis (ALS) is a degenerative
disorder of the CNS, characterised by progressive
impairment of motor functions at the spinal and

bulbar level. Although no cure for ALS is known, palliative
care, including symptomatic drugs, percutaneous endoscopic
gastrostomy (PEG) and non-invasive ventilation (NIV), can
modify outcome in patients.1 Increasingly, patients with ALS
are referred to tertiary ALS clinics, where practice is based on
the interdisciplinary care paradigm.2 In contrast with studies
on other neurological disorders,3–5 only one paper6 has
explored the effect of tertiary ALS centres on patients with
ALS, reporting that patients with ALS who were followed up
by a multidisciplinary clinic had a better prognosis.

This study aims at assessing the effect of tertiary ALS
centres on outcome in patients and on the use of hospital
facilities.

METHODS
Piemonte and Valle d’Aosta Register for ALS
The Piemonte and Valle d’Aosta Register for amyotrophic
lateral sclerosis (PARALS) was established in 1995 as a
multicentre, prospective and epidemiological register for ALS
in two Italian regions.7 8 This study refers to the patients
diagnosed with ALS in the 2-year period between 1995 and
1996, prospectively followed up until 31 December 2003.

Tertiary ALS centres
At the time of the study, two tertiary ALS centres were
operational in Piemonte, Torino, and in Veruno. No location
in Piemonte and Valle d’Aosta was more than 80 miles from
one of the two centres. Both ALS centres had interdisciplin-
ary teams. Patients were seen roughly every 8 weeks. The
management of symptoms was based on the best available
evidence.1 9 PEG was proposed for a weight loss .10% or
episodes of severe choking. NIV was offered for respiratory
symptoms, when forced vital capacity (FVC) was ,50% of
that predicted or when nocturnal pulse oximetry showed
marked desaturations.10 11 Riluzole was available free of
charge from 1996 and was offered to all patients. All visits
and services were provided free of cost to the patients.

Patients were considered to be attending a tertiary ALS
centre if they were followed up for at least two visits by one of
the two ALS centres.

General neurology clinics
Piemonte and Valle d’Aosta had 26 general neurology
departments during the study period. According to the
PARALS protocol, the patients attending these clinics were
seen at least every 6 months, but they did not undergo
regular evaluations of nutritional or respiratory status, and
therefore received less attention towards the early introduc-
tion of PEG, NIV and palliative care.

Data on admissions to hospital and hospital stay
Data were prospectively collected by the PARALS, and were
compared and integrated with data obtained from the
Piemonte Hospital Discharge Database, which includes data
on all discharges from public and private hospitals in the
Piemonte region. An excellent correspondence between two
sources has been shown.12

Abbreviations: ALS, amyotrophic lateral sclerosis; FVC, forced vital
capacity; NIV, non-invasive ventilation; PARALS, Piemonte and Valle
d’Aosta Register for amyotrophic lateral sclerosis; PEG, percutaneous
endoscopic gastronomy
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Data analysis
Survival analysis was carried out with Kaplan–Meier tables,
and the differences were evaluated with the log rank test.13

Multivariate analysis was carried out with the Cox stepwise
proportional hazard model.14 Riluzole, PEG and NIV were
included as time-dependent variables.13 Patients who had a
tracheostomy were considered to be deceased at the date of
ventilation. Multivariate analyses on hospital admissions
were carried out with a stepwise linear regression model.
Values of p,0.05 were considered to be significant. All tests
were two sided. Data were statistically analysed with the SAS
or STAT Software.15

RESULTS
A total of 221 patients were diagnosed as having ALS
between 1995 and 1996, 97 (43.9%) were followed up by the
two tertiary ALS centres (70 in Torino and 27 in Veruno) and
124 (56.1%) by the general neurology clinics. Patients
attending general neurology clinics were significantly older
(65.0 (SD 10.3) v 60.8 (SD 11.7) years; p = 0.03) and
underwent major interventions less often—that is, PEG (8.8
v 32.0%; p = 0.01) and NIV (6.5 v 15.4; p = 0.04), but we
found no differences for sex, type of onset, delay in mean
diagnosis, riluzole use or tracheostomy.

Survival analysis
The median survival from onset was 10 months longer
among the patients attending a tertiary ALS centre (1080 v
775 days; p = 0.008; fig 1). A marked difference was also
found after stratification by age at onset ((60 v .60 years),
site of onset (bulbar v spinal) and respiratory impairment at
diagnosis (FVC% >80 v FVC% ,80). In Cox multivariate
analysis, not attending a tertiary ALS centre had a 1.61-fold
increased risk of death (p = 0.006; table 1).

Use of hospital-based services
During the study period, 464 hospital admissions were
recorded, corresponding to a mean of 2.2 (SD 1.0) admissions
per patient, with a significant difference between tertiary ALS
centres (mean 1.2 (SD 0.9)) and general neurology clinics
(mean 3.3 (SD 1.8); p = 0.0003). Of them, 30 patients were
never admitted to hospital during the course of the disease
(19 (19.6%) were followed up by tertiary ALS centres and 11
(8.9%) by general neurology clinics; p = 0.03). The reasons
for admission were classified as follows: confirmation of
diagnosis, planned interventions (PEG, NIV, tracheostomy),
acute events (acute respiratory failure, pneumonia, malnu-
trition and dehydration) and other reasons (fractures,
interventions not related to ALS and admissions for social

reasons). Patients followed up by tertiary ALS centres were
more frequently admitted for planned interventions, whereas
those seen by general neurology clinics were mostly admitted
for acute events and other (mainly social) reasons. In
multivariate analysis, a higher rate of admission was related
to not attending a tertiary ALS centre (p = 0.0003), age
.70 years (p = 0.003) and to being unmarried or widowed
(p = 0.006).

The mean duration of hospital stay was 10.3 (SD
27.6) days shorter in tertiary ALS centres (mean 5.8, SD
9.5) than in general neurology clinics (mean 12.4, SD 31.6;
p = 0.001). In multivariate analysis, longer hospital stay was
related to unplanned admissions (p,0.0001), complications
during the stay (p = 0.004), not attending a tertiary ALS
centre (p = 0.001), age .70 years (p = 0.006) and to being
unmarried or widowed (p = 0.01).

DISCUSSION
The last decade has witnessed a trend towards the develop-
ment of ALS clinics, based on the assumption that such
organisations improve patients’ care and quality of life. Our
data show that tertiary ALS centres have a positive effect on
all outcome measures and optimise the use of hospital-based
health services, with a consequent reduction in costs to the
healthcare system.

The two cohorts evaluated in the study showed some
differences, partly confirming previous reports.6 16 The
patients who attended tertiary ALS centres were slightly
younger, indicating that older patients are less motivated to
search for specialised care. No other demographic and clinical
differences were found. In particular, in contrast with the
Irish study,6 we observed no difference in the use of riluzole,
probably because the neurologists participating in the
PARALS were made aware of the possibility of using this
drug during the periodical register meetings. Patients
attending tertiary ALS centres underwent PEG and NIV more
frequently.

The tertiary ALS centres cohort had a markedly better
overall survival than the general neurology clinic cohort, with
a 10-month longer median survival time, paralleling the
findings from the Irish study.6 Even after stratifying for the
major prognostic factors (in particular for age and site of
onset), there was a significant advantage in all groups.
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Figure 1 Survival curves of patients with amyotrophic lateral sclerosis
(ALS) followed up by tertiary ALS centres (continuous line) and general
neurology clinics (dotted line; p = 0.0008).

Table 1 Prognostic factors according to Cox multivariate
analysis

Increased risk
of death p Value

FVC ,80% at
diagnosis

No 1 0.0004

Yes 4.11
PEG Yes 1 0.0006

No 3.38
Age groups (years) (50 1 0.004

51–60 1.40
61–70 1.95
.70 2.72

Attending a tertiary
centre for ALS

Yes 1 0.006

No 1.61
Bulbar onset No 1 0.009

Yes 1.45
Riluzole treatment Yes 1 0.05

No 1.31

The other variables that were included, but did not show significant
results, were sex, delay in diagnosis and non-invasive positive-pressure
ventilation. Riluzole treatment, percutaneous endoscopic gastronomy
(PEG) and non-invasive ventilation were included as time-dependent
variables.
ALS, amyotrophic lateral sclerosis; FVC, forced vital capacity.
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Interestingly, the greatest difference between the two cohorts
was observed in cases of spinal onset, implying that the
positive effect of tertiary ALS centres cannot be totally
ascribed to the more widespread use of PEG in their patients.6

Attending tertiary ALS centres remained a major indepen-
dent prognostic factor in multivariate analysis. Therefore, the
positive effect of tertiary ALS centres on patient outcome is
probably related to factors other than PEG and NIV, such as
the better provision of supportive care and of psychological
support, and the emphasis on nutritional and respiratory
status.1

The positive effect of tertiary ALS clinics is confirmed by
the analysis of hospital admissions. To our knowledge, this is
the first paper to analyse prospectively the use of hospital
services in ALS. Our data show that the patients attending a
tertiary ALS centre had a considerably lower number of
hospital admissions and a 50% reduction in mean length of
hospital stay than the patients who were followed up by
general neurology clinics. Moreover, nearly 75% of hospita-
lisations of the tertiary ALS centre cohort were planned
admissions, whereas acute admissions via the emergency
room were more frequent in the general neurology clinics
cohort. Therefore, attending a tertiary ALS centre either
markedly decreases the risk of acute events or improves the
home care of these events, thus reducing emergency hospital
admissions.

We found that two independent reasons for a higher
number of admissions to and a longer hospital stay were (a)
age .70 years and (b) being unmarried or widowed,
conditions that can be considered to be surrogate markers
of a lack of an adequate social network. This is strong
evidence that the support of a patient’s family should be a
major focus of the ALS team interventions.

In conclusion, tertiary ALS centres improve outcome in
patients with ALS, independently from all other known
prognostic factors, possibly through a better implementation
of supportive treatments. Furthermore, according to the data
on hospital admissions, the tertiary ALS centres succeeded in
following up their patients, mainly through clinic-based visits
and reducing unplanned admissions due to acute events. This
resulted in a remarkable decrease in costs to the health
system without worsening the positive effects on patient
outcome.
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950 Chiò , Bottacchi, Buffa, et al

www.jnnp.com


