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Introduction

Amyotrophic lateral sclerosis (ALS) is a dev-
astating progressive neurodegenerative disorder
characterized by degeneration of both upper and
lower motor neurons [1]. Lower motor neurons in-
volved include anterior horn cells in the spinal
cord and cranial nerve homologues in the brain-
stem, while upper motor neuron degeneration oc-
curs in motor cortex neurons and their descending
tracts (corticospinal). Depending on the predomi-
nant neuron groups involved, several patterns of
disease may be evident in the early stages, such as
predominantly bulbar or limb muscle involvement
or both [2]. Limb muscle and /or bulbar muscle
weakness and dysfunction is progressive, culmi-
nating in the later stages with progressive respira-
tory muscle weakness and eventually ventilatory
failure, which is the most common cause of death.
The average life expectancy has been increasing
with the use of respiratory interventions such as
tracheostomy in addition to noninvasive and inva-
sive ventilatory support. Despite this however, the
current life expectancy remains less than 5 years in
80%, from the time of diagnosis and less than 3
years in 50% of patients [3-5].

Since patients with ALS often do not have respi-
ratory complaints upon their initial presentation, pul-
monary function testing is commonly obtained at the
time of respiratory symptom onset or when a clear
diagnosis is firmly established in the absence of
symptoms, which is the usual scenario. In one study
for example, only 11% of patients exhibited pul-
monary symptoms at the time of the initial diagnosis
of ALS [6]. There is some controversy in the litera-
ture as to whether patients presenting with predomi-
nant bulbar disease, have worse subclinical respira-
tory muscle involvement, than do those presenting
with predominantly limb muscle weakness [6-9].
Impairment in pulmonary function tests in the ab-
sence of symptoms may be of value in predicting
subsequent disease course and prognosis. The aim of
this study was thus to examine possible differences
in spirometry, lung volumes and diffusing capacity
between patient groups with predominantly bulbar
or limb muscle presentations, tested on initial diag-
nosis or with first onset of pulmonary symptoms.

Methods

This study was conducted at Cedars-Sinai
Medical Center in Los Angeles, California. The
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Background. Amyotrophic Lateral Sclerosis (ALS) is
a progressive neurodegenerative disorder affecting both
the upper and lower motor neurons. Deteriorating pul-
monary function as a reflection of progressive respiratory
muscle weakness is a common feature, accounting for the
majority of deaths. The aim of the study was to describe a
trend in initial pulmonary function tests (PFT) of Amy-
otrophic Lateral Sclerosis (ALS) patients, in addition, dif-
ferentiating between the types of disease onset, bulbar,
limb muscle, and a combination.

Methods. Initial PFT were gathered from 32 consecutive
patients in our clinic with the diagnosis of ALS, they were
categorized by the type of disease onset. Values obtained
were referenced to the 95% confidence limits for normality.

Results. There was evidence of significant reductions
in both the FEV1 (64.7% predicted) and FVC (61.2%),
with preservation of the FEV1/FVC (81.7%). The MVV
was significantly reduced(43%). Total lung capacity was
93.2%, the residual volumes was increased at 145.7%.
Subgroup analysis failed to show significant differences
between types of disease onset. In the bulbar onset group
(versus the limb group) there was a trend for the MVV to
be further reduced (p=0.15) and the RV to be higher
(157.4% versus 135.9%, P=0.24).

Conclusions. ALS is a devastating disease that invari-
ably leads to respiratory failure. Abnormal spirometric
variables such as the FVC and MVV, likely reflect inspi-
ratory muscle weakness and increased RV likely reflect
expiratory muscle weakness. The type of disease onset did
not result in a different pattern of PFT abnormalities.
Monaldi Arch Chest Dis 2012; 77: 3-4, 129-133.
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protocol was approved by the Cedars Sinai Institu-
tional Review Board, approval number PR00020196.
A chart review of initial pulmonary function test-
ing for patients with known ALS from our clinic
was retrospectively analyzed.

Pulmonary function tests (PFTs) were gathered
from 32 consecutive patients in our pulmonary
clinic with an established diagnosis of ALS. These
patients were typically referred for pulmonary
function testing and pulmonary evaluation once
the diagnosis was established or when they had de-
veloped early respiratory complaints. PFTs were
commonly followed to document progression of
disease, however for the purposes of this study, on-
ly those initial tests for each patient were included
in our data set.

The data included in the analysis were: forced
vital capacity (FVC), forced expired volume in one
second (FEV1), the ratio of FEV1/FVC, maximum
voluntary ventilation (MVV), total lung capacity
(TLC), residual volume (RV), and diffusing capac-
ity (DLCO). Means and standard deviations were
determined for each parameter. The prediction
equations utilized were as follows:

FVC: (male) = 0.119*height (inches) 
– 0.022*age (years) – 2.815
(female) = 0.093*height (inches) 
– 0.022*age (years) – 1.924

FEV1: (male) = 0.085*height (inches) 
– 0.031*age (years) – 0.879
(female) = 0.027*height (inches) 
– 0.027*age (years) – 0.525

MVV: (male) = 3.39*height (inches) 
– 1.26*age (years) – 21.40
(female) = 2.05*height (inches) 
– 0.57*age  (years) – 5.50

RV: (male) = 0.049*height (inches) 
+ 0.012*age (years) – 2.240
(female) = 0.081*height (inches) 
+ 0.009*age (years) – 3.900

DLCO: (male) = 0.148*height (inches) 
– 0.229*age(years) + 12.911
(female) = 0.407*height (inches) 
– 0.111*age (years) + 2.24

The data was then further categorized by the
clinical type of onset of disease: namely, pre-
dominantly bulbar disease, predominantly limb
muscle weakness, or a combination of both man-
ifestations. This information was extracted from
chart review of the patient’s initial neurologic
evaluation. The mean values for each component
of the pulmonary testing were used to compare
the subtypes in terms of their initial onset of dis-
ease. In our cohort of patients, PFTs were or-
dered mostly following respiratory symptom on-
set, and thus these initial PFTs were used to sig-
nify their pulmonary function at that time for the
entire cohort as well as the subtypes specified
above.

Statistical Analysis

Numerical variables were summarized by
Mean ± SD. Differences across the groups were
assessed by ANOVA and the Kruskal-Wallis test.
Categorical variables were summarized by fre-
quency and percent. Differences across the groups
were assessed by the Fisher exact test. The 0.05
significance level was used for all significance
tests. SAS version 9.1.3 (SAS Institute, Cary,
North Carolina) was used for all statistical calcula-
tions.

Results

Demographic Data

Demographic details on gender, age at disease
onset and body weight, are depicted in table 1. For
all patients and the subgroups, there was a male
predominance, and no significant difference in age
or body weights.

Patient Cohort PFTs

From the global analysis derived from the
mean values of all 32 patients, there were several
notable observations. There was evidence of re-
duction in both the FEV1 (64.7 ± 24.5%) and FVC
(61.2 ± 21.1%) with normal FEV1/FVC ratio (81.7
± 10.5%). The total lung capacity remained normal
(93.2 ± 16.6%), however the residual volume was
markedly increased (145.7 ± 40.2%). The DLCO
was mildly reduced (71.5 ± 18.5%), but proved to
be appropriate with correction for the alveolar vol-
ume.

Subgroup PFT Analysis

The Subgroup data are depicted in table 2 and
figure 1. Analysis across the subgroups revealed
reduced FVC and FEV1 throughout, with a ten-
dency for lower values in the bulbar group.
FEV1/FVC ratio was normal in all subgroups.
While this suggests a restrictive ventilatory defect,
the total lung capacity was found to be normal in
all subgroups, the MVV was reduced in all sub-
groups. There was a trend towards more signifi-
cant MVV reduction in the bulbar onset group, but
this did not reach statistical significance (p=0.15
versus the limb group). The RV (percent predicted)
was also noted to be higher among the bulbar on-
set patients when compared to the limb onset pa-
tients (157.4% predicted versus 135.9% predicted
respectively), but again failed to achieve statistical
significance (p=0.24). For other parameters, val-
ues were similar across the groups.

Discussion

Amyotrophic lateral sclerosis is a devastating
disease of progressive paralysis and ultimately res-
piratory failure leading to death, as highlighted in
the introduction [4, 5, 10]. Pulmonary function
testing has been evaluated in this patient popula-
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tion in the past with the most characteristic
changes being reduction in the FVC [11]. Our
study is in keeping with several others, in that sig-
nificant decrements in spirometric values can be
present early on in the disease process, often when
patients exhibit no respiratory complaints [12].
Our study sought to further characterize whether
patients presenting with predominantly bulbar dis-
ease, predominantly limb muscle weakness, or a
combination of both manifestations exhibit differ-
ences in commonly performed PFTs.

Demographics

The mean ages of our subjects were slightly
higher than reported previously [8, 9, 12, 13]. Our
cohort showed a male predominance (68.8%, male
to female ratio of 2.2:1) as reported in other stud-
ies [5, 12,13]. In a study evaluating 1034 patients
with ALS [13], the male to female ratio was 1.9:1,
only 16.6% presented with primary bulbar fea-
tures. By contrast, in the present study, the per-
centage of patients with predominantly bulbar on-
set was higher (37.5%) similar to several other re-
ports [6-8].

Pulmonary Function Studies

Spirometry: The most notable findings for the
entire cohort were a reduction in FEV1 and FVC
with a preserved FEV1/FVC ratio, and a reduced
MVV. A reduction in FEV1 and FVC with pre-
served FEV1/FVC ratio suggests a restrictive ven-
tilatory defect, however was not confirmed by a
significant reduction in TLC, in our study. Prior
studies in which only spirometry was employed,
may have over called a true restrictive defect by
ATS criteria. It is also of interest that while the
FEV1/FVC ratio was within normal limits for the
group as a whole, the variances were wide, sever-
al patients did show elevated ratios. While this ap-
parent increased recoil would not be expected with
pure inspiratory muscle weakness, the presence of
possible recurrent aspiration with interstitial
changes and/or hypoventilation-induced micro at-
electasis may well explain such findings. A re-
duced MVV has been associated with reduced res-
piratory muscle strength, this may have been re-
sponsible for the reduced MVV that was noted.

Lung Volumes: TLC for the cohort of patients
fell within the normal 95% confidence limits. Thus
a restrictive ventilatory defect was not by defini-
tion evident in these patients. Note as the TLC was
measured by helium dilution in half the patients,
TLC was underestimated which further under-
scores the absence of a restrictive ventilatory de-
fect (see table 2). The significant elevation in RV
is notable, and goes along with concomitant expi-
ratory muscle weakness with inability to generate
a normal ERV. Expiratory muscle weakness goes
along with generalized skeletal muscle involve-
ment in patients with ALS. The clinical signifi-
cance is a poor cough ability which may predis-
pose to retained secretions, atelectasis and hypo-
static pneumonia [5].

Diffusing Capacity: The DLCO was slightly
reduced in this cohort of patients. Again, variances
were wide precluding making strong inferences on
the mechanism/s for the group as a whole. Howev-
er, one wonders whether microatelectasis with re-
duction in surface area in part played a role in
some instances. Of note, DLCO/VA fell within
normal confidence limits.

Bulbar Onset versus Limb Muscle Onset

What is the impact of bulbar vs. limb muscle
onset as it pertains to lung function tests [6-9]? In
one study, FVC was lower in the bulbar group
compared to the limb onset patients [9], while no
differences were reported for these subgroups by
Talakad and coworkers [6]. In 2 other studies,
maximum inspiratory (PI max) and expiratory
(PE max) mouth pressures were significantly
lower in the bulbar patients [8], while FVC was
predictive in the bulbar onset group of subse-
quent respiratory insufficiency, but not in the
spinal-onset group [7].

In the present study, spirometric parameters
were generally similar across the groups. There
was a trend however for the MVV to be further re-
duced and the RV to be further augmented in the
bulbar onset group (see table 2). While it should be
noted that these differences did not reach statistical
significance, one wonders whether this reflects the
low n per group along with the wide variances not-
ed. Thus our data tends to support a greater impact
on PFTs in the bulbar patients, as reported by oth-

Table 1. - Demographic data of ALS patients

All Patients Bulbar Limb Combined P value

Male (Female) 22 (10) 7 (5) 8 (4) 7 (1)

Male (Female) % 68.8 (31.2) 58.3 (41.7) 66.7 (33.3) 87.5 (12.5) 0.5

Weight (lbs) ± SD 156.0 ± 35.6 150.6 ± 37.7 160.3 ± 33.2 157.5 ± 39.3 0.80

Age (years) ± SD 60.1 ± 12.3 59.1 ± 12.5 61.2 ± 11.4 59.9 ± 14.6 0.92

Data is presented as means ± standard deviations. P-values were calculated using the Anova P test for numerical variables and
Fisher exact test for categorical variables.
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Table 2. - Comparison of pulmonary function tests between types of onset of ALS

Para-meters Bulbar onset Limb onset Combined onset
(% predicted ± SD) (% predicted ± SD) (% predicted ± SD)

FVC (L) 59.5 ± 18.2 63.8 ± 20.6 60.0 ± 27.6

FEV1 (L) 63.3 ± 23.3 69.7 ± 24.0 59.5 ± 28.6

FEV1/FVC 83.1 ± 12.7 83.2 ± 4.5 77.5 ± 13.2

MVV (L) 39.8 ± 7.2 49.0 ± 20.1 42.3 ± 21.7

TLC (L) 94.5 ± 8.0 90.6 ± 18.3 95.7 ± 25.0

RV (L) 157.4 ±43.7 135.9 ±35.2 144.0 ± 45.0

DLCO (ml CO/min/mmHg) 70.8 ± 15.6 74.2 ± 23.6 68.3 ± 15.9

DLCO/VA (CO/min/mmHg) 107.4 ± 29.7 113.0 ± 22.1 93.7 ± 19.7

FRC (L) 127.3 ± 35.3 120.5 ± 33.3 121.8 ± 32.4

Plethysmography 136.0 ± 42.0 121.2 ± 22.3 159.5 ± 16.3

Helium dilution 114.3 ± 20.5 119.8 ± 42.6 103.0 ± 15.6

Abbreviations: Forced Vital Capacity (FVC); Forced Expiratory Volume in 1 second (FEV1); Maximal Voluntary Ventilation
(MVV); Total Lung Capacity (TLC); Residual Volume (RV); Diffusing Capacity for Carbon Monoxide (DLCO); Alveolar
Volume (VA); Functional Residual Capacity (FRC).

ers in the literature [6-8]. One cause for concern in
making inferences for the bulbar patients, is the
fact that their bulbar involvement may preclude
these patients from keeping a tight mouth seal dur-
ing pulmonary function maneuvers, which may al-
ter their reliability.

Clinical Implications

Of major importance is the fact that in our se-
ries and that of others, PFTs performed early in the
natural history of ALS are
commonly abnormal, even
in patients in whom pul-
monary symptoms are ab-
sent [6, 12]. Further, simple
tests as the measurement of
the FVC may have prognos-
tic implications. For exam-
ple, at disease onset, patients
with a FVC < 75% of pre-
dicted had a median survival
of 2.9 years, compared to
median survival of 4.08
years in those ALS patients
with FVC > 75% of predict-
ed at baseline [13]. FVC can
also be used to follow the
progress of disease. Expira-
tory muscle weakness ap-
pears to be an early phenom-
enon along with aberrations
in spirometry in patients
with ALS regardless of pre-
sentation. Development of a

true restrictive ventilatory defect appears to be a
later phenomenon as inspiratory muscle weakness
progresses.

What other simple tests can also be employed?
Sitting and supine FVC as measures of possible di-
aphragm weakness are examples. In one study,
supine FVC was more predictive of 2 year survival
than sitting FVC [14], in addition, inspiratory and
expiratory mouth pressures can be employed. In
this regard, Mendoza et al [15] reported that MIP,
was more sensitive than FVC in predicting a

Fig. 1. - Comparison of percent predicted values for the components of pulmonary function testing.
Abbreviations: Forced Vital Capacity (FVC); Forced Expiratory Volume in 1 second (FEV1); Maxi-
mal Voluntary Ventilation (MVV); Total Lung Capacity (TLC); Residual Volume (RV); Diffusing
Capacity for Carbon Monoxide (DLCO); Alveolar Volume (VA).
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threshold to consider non-invasive ventilation in
the course of disease and reach this threshold 4-6.5
months earlier than the FVC threshold.

To conclude, our data reinforce early changes
in PFTs at disease onset. Reduction in spirometric
variable as described above and increment in RV
are distinctive and of importance regarding current
disease status and subsequent progression. The
PFT aberrations are similar regardless of the clini-
cal mode of disease presentation. Bulbar onset,
however, may portend greater inspiratory and ex-
piratory muscle weakness. Careful and serial fol-
low up is mandatory as the disease progresses de-
spite the use of agents such as the glutamate an-
tagonist, riluzole [16], in patients in whom the di-
agnosis of ALS has not been considered or con-
firmed, a PFT pattern as described above may be
useful in suggesting the presence of this devastat-
ing disease process.
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