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Abstract

Objective: Sniff nasal inspiratory pressure (SNIP), a useful tool for the assessment of diaphragm function in patients with
Amyotrophic Lateral Sclerosis (ALS), is usually performed together with lung function tests. The aim of this study was
to evaluate whether SNIP results are influenced by the order of performance of the tests. Methods: 103 consecutive
patients (65% males, 80% spinal onset) were recruited. The highest value of up to 10 sniffs, was recorded before
(SNIPTO) and after (SNIPT1) the assessment of lung function, peak cough (PCF), and peak expiratory flow (PEF).
Results: Mean and median values were respectively 31.10 and 26.00 cm H,O for SNIPTO and 28.93 and 25.00 cm H,O
for SNIPT1 (p<0.001). The median value of (SNIPT1 — SNIPTO0)/SNIPT0% was —7.10. Patients showing post lung
function SNIP values above the median were included in Group 1 (51%), the others in group 2 (49%). Group 2 showed
more severe baseline ventilatory restriction and reduction in PCF than Group 1. Positive direct relationships were found
between SNIPTO and SNIPT1 (coefficient f=0.95, p < 0.001), and forced vital capacity and forced expiratory volume
at one second. Conclusions: 50/103(49%) patients with ALS show a significant reduction in SNIP when assessed shortly
after the performance of lung function tests. These patients suffer from more severe ventilatory restriction than patients
not showing the reduction. Our findings suggest standardizing the order of respiratory tests during the follow up in order
to avoid to misestimate the real strength of inspiratory muscles.

Keywords: Amyotrophic lateral sclerosis, respiratory muscle, motoneuron disease, neuromuscular disease, lung function tests

Introduction

Amyotrophic lateral sclerosis (ALS) is a rare, pro-
gressive, and fatal motoneuron disease with 2—4
years average timeframe between symptom onset
and death, although 5-10% of patients may sur-
vive longer (1). Respiratory muscles become
weaker and patients progressively develop noctur-
nal hypoventilation and hypercapnic respiratory
failure (2,3). Death is usually related to complica-
tions such as acute respiratory failure and lower
respiratory tract infections (4—6). Close clinical

and functional follow-up is crucial: guidelines sug-
gest a four-monthly multidisciplinary check with
particular care for the respiratory system (1). The
recommended respiratory monitoring consists in
the assessment of lung and respiratory muscle
function, as well as of cough efficiency (7,8).

The assessment of sniff nasal inspiratory pres-
sure (SNIP), a method to measure inspiratory
muscle strength, has been proposed as an alterna-
tive to or a complement of maximal static inspira-
tory pressures (9,10). The pressures generated
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during these two maneuvers are the result of dif-
ferent complex interactions between several muscle
groups since these efforts produce different mecha-
nisms of activity of inspiratory and expiratory
muscles. The SNIP test and the maximal static
inspiratory pressure when performed with the
Mueller maneuver, should be used primarily to
assess inspiratory muscle reserve (11).

In patients with ALS, SNIP value has been
considered as an important predictive factor of
sleep-disordered breathing and need of tracheot-
omy, and although SNIP used alone is not consid-
ered an adequate indication for NIV, it has shown
the steepest decline prior to NIV indication
(7,8,11-14). Therefore, appropriate monitoring of
the time course of SNIP has clinical relevance: as
a result, we must warrant good repeatability of the
used tests.

A study in patients with neuromuscular dis-
eases other than ALS showed that the performance
and results of SNIP can improve with learning and
that 10 or more maneuvers should be performed
in these patients to reach the maximal result (15).
In clinical practice, SNIP is usually performed in
the same session of lung and other respiratory
muscle function tests. However, in patients with
ALS, the performance of these tests may be chal-
lenging, potentially leading to fatigue or even
exhaustion, eventually influencing the performance
of the next volitional tests such as SNIP.
Therefore, we hypothesized that the order of the
performance of SNIP prior to (SNIP Time 0, TO)
or after lung function tests (SNIP Time 1, T1)
would influence its results.

Methods
Study population

This prospective study was conducted from
January to June 2017 in the Respiratory and Sleep
Disorders Unit, University Hospital, Bari, Italy, in
103 patients with a confirmed diagnosis of ALS
according to the revised El Escorial criteria
(16,17) as part of their four-monthly respiratory
follow up. All patients provided written consent to
the collection and the scientific use of data. The
study was approved by the local Ethic Committee:
(no. 5974, 12 June 2019).

Study protocol

One-hundred and three consecutive patients were
included in this study and underwent all tests in
the same following order: baseline SNIP (SNIP
TO0), lung function tests (Spirometry: flow/volume
curve), Peak cough flow (PCF), Peak expiratory
flow (PEF), post-tests SNIP (SNIP T1).

Measurements

The SNIP test was performed in the sitting pos-
ition (9,10) by means of a Micro RPM-
Respiratory Pressure Meter connected to PUMA
software (Carefusion Germany 234 GmbH
Customer Service & Support International,
Hoechberg, Germany). The test was performed
during a quick and maximal inspiratory effort with
closed mouth via a probe inserted in one nostril.
The other nostril was occluded by either the sub-
ject or the operator depending on the motor ability
of each subject. In our center, the SNIP closed
maneuver was opted for as a more useful test to
rule out inspiratory muscle weakness (18). The
size of the probe was the closest to the subject’s
nostril among three options (small, medium,
large), and connected to a pressure sensor, data
being analyzed by specific software. After each
maneuver, a visual feedback with the pressure level
achieved was visualized on the computer screen by
both the subject and the operator in order to
motivate patients to their best effort. Patients were
controlled by the same operator who set the time
between efforts with clear and loud commands,
and continuous encouragement to the greatest
effort. Maximal inspiratory maneuvers started at
the end of a normal expiration. The highest value
from at least 8 to 10 maneuvers was recorded.

Lung function tests were performed according
to the ERS/ATS Task Force (19). Dynamic vol-
umes were assessed by means of a spirometer
(Master Screen PFT system powered by Sentry
Suite Carefusion, 234 GmbH Leibnizstrasse 7
Hoechberg Germany). Predictive values were those
of Quanjer et al. (20). A forced vital capacity
(FVC) <80% of predicted was considered as rep-
resentative of a restrictive ventilatory pulmonary
defect in presence of normal Forced expiratory
volume in one second (FEV1)/Forced Expiratory
Capacity (FVC) ratio (21).

PEF and PCF were performed according to the
ERS/ATS guidelines (9,10). The voluntary cough
was usually initiated at the end of a normal expir-
ation, and 3 to 5 repeated maneuvers were per-
formed for each subject with encouragement and
visual feedback. The best value was then reported.

There was no resting time within the same test
session (i.e. between each repeated SNIP maneu-
ver). The few minutes necessary for the organiza-
tion, elapsed between different tests within each
patient’s session.

Statistical analysis

Changes in the post to pre lung function SNIP are
shown as % of baseline values: (SNIP T1-SNIP
TO0)/SNIP T0% Median value and interquartile
ranges (IQR) of all (SNIPT1 — SNIPTO)/
SNIPT0% values were calculated. Patients
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Table 1. Demographic, anthropometric  clinical and

physiological characteristics of all subjects.

Variable

Age (years) 65.3%+10.9
Males (%) 65.6

BMI (Kg/m?) 25.5+4
Non smokers, 7z (%) 60 (58.2)
Smokers, n (%) 14 (13.6)
Former smokers, n (%) 26 (25.2)
Disease Length, months [IQR]* 43.0 [67.5]
Bulbar onset (%) 19.4
Spinal onset (%) 80.5

No NIV (%) 73.7
NIV (%) 26.2
FEV, (% pred.) 72.3126.3
FVC (% pred.) 70.7126.2
FEV,/FVC (%) 79.1+x11.9
No restriction (%) 35.9
Restriction (%) 64.1
PEF (L/min) 278.31139.9
PCF (L/min) 244.61£125.6
SNIPTO (cm H,0) 31.1%£17.1
SNIPT1 (cmH,0) 28.9+£16.9
Worseners, n (%) 50 (49%)
Stables, n (%) 53 (51%)

pH 7.4%0.03

Paco> (mmHg) 41.9+6.7
P.o2 (mmHg) 80.1x11.8
Sa02 (%) 95.9+1.7

Values are shown as meanZSD respectively for normal
distributed numeric variables or as median [interquartile
range] for non-normal distributed numeric variables (*), and
with % for categorical ones. Abbreviations. BMI: Body Mass
Index; NIV: noninvasive ventilation; P,co,: arterial carbon
dioxide tension; P,o,: arterial oxygen tension; PCF: peak
cough flow; PEF: peak expiratory flow; S,0,: arterial oxygen
saturation; SNIP: Sniff nasal inspiratory pressure.

showing an increase in SNIP post lung function
and those with values greater than the median val-
ues of (SNIPT1 — SNIPTO0)/SNIPT0% were
included in Group 1. The others showing values
lower than the median values of (SNIPT1 -
SNIPTO0)/SNIPT0% were included in Group 2.

Statistical analyses were performed using the R
statistical environment, in detail the packages
“stats,” “fBasics,” “car” (22-24). Each variable
was reviewed via the Shapiro-Wilk test and graph-
ical evaluations to confirm normal distribution.
As a result, all quantitative variables but the
length of disease were considered as normally dis-
tributed. Descriptive statistics are presented as
mean t standard deviation (SD) and/or median
and interquartile range for normally distributed
and non-normally distributed continuous variables
respectively, whereas categorical variables are indi-
cated with frequency (%) (Table 1).

Student t-test and Mann-Whitney’s U test were
performed to assess statistical significance between
groups, Comparison among SNIP TO and
SNIPT1 was made via t-test for paired groups.
Differences between groups of categorical variables

were assessed by a Pearson y° test or Fisher’s
Exact test according to the relative frequencies.
Plots and graphs were realized using the R package
“graph.” Bland Altman plot was realized with
package “BlandAltmanleh” and
“ggplot2” (25,26).

Receiver—operating characteristic (ROC) curves
were performed using the R package “pROC”
(22). “pROC” was also used to assess the power
of the obtained ROC curves, to evaluate values of
Area Under Curve (AUC), sensitivity, and specifi-
city and to compare ROC curves. An AUC > 0.9
defined a high diagnostic accuracy, a value
between 0.7 and 0.9 defined a moderate level of
accuracy, whereas a lower AUC indicates a low
diagnostic accuracy.

Results of univariate models with regression
analyses are shown as regression coefficients § with
their 95% confidence intervals. A p value <0.05
was considered as statistically significant.

Results

The characteristics of patients in the study are
shown in Table 1. Mean SNIPTO was significantly
higher than SNIPT1. Demographic, anthropomet-
ric clinical and physiological characteristics of
patients according to Groups are shown in
Table 2.

ROC curves were analyzed looking for a precise
cut off, and the AUC Delta SNIP% was found at
0.591 (95% confidence interval: 0.47-0.70). Then,
median and quartiles (IQR) assessment has been
performed, finding quartiles at —0.65, —7.10, and
16.32. Therefore, the median value of (SNIPT1 —
SNIPTO0)/SNIPT0% was found at —7.10. As
shown in Figures 1 and 2, 53 out of 103 (51%) of
patients showed a value post lung function test
(SNIPT1 — SNIPTO0)/SNIPT0% above than
median and allocated in group 1, while 50 out of
103 (49%) of patients showed a post lung function
test (SNIPT1 — SNIPTO0)/SNIPT0% below than
median and allocated in group 2. Dynamic vol-
umes, PCF, and PEF were significantly lower in
Group?2 (Table 2).

Weak direct relationships were found between
SNIP TO and SNIP T1, and between both FVC
and FEVI1, and SNIPTO, and SNIPT1 but not
(SNIPT1 — SNIPTO0)/SNIPT0% (Table 3).

Discussion

This study has shown that 50 out of 103 (49%)
patients with ALS (group 2) show a significant
reduction in SNIP when assessed shortly after the
performance of lung function tests. These patients
suffer from more severe ventilatory restriction as
indicated by lower dynamic volumes with normal
FEV1/FVC ratio, as compared with the other
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Table 2. Demographic, anthropometric

clinical and physiological characteristics of subjects according

to Groups.

(SNIPT1 — SNIPTO0)/SNIPT0%
Variable Group 1 (n=53) Group 2 (n=50) p Value
Age (years) 65.27+10.22 65.42+11.69 0.94
Male, n (%) 37 (37.4) 28 (28.3) 0.04
Female, n (%) 13 (12.1) 22 (22.2)
BMI (Kg/m?) 26.5+5.3 25.3+3.7 0.65
Non smokers, 7 (%) 26 (26) 34 (34) 0.25
Smokers, n (%) 9 (8) 6 (6)
Former smokers, n (%) 18 (15) 10 (10)
Disease Length, months [IQR]* 43.5 [51.0] 42.0 [71.0] 0.48
Bulbar onset, 7 (%) 11 (10.7) 9 (8.7) 0.51
Spinal onset, 7 (%) 42 (40.8) 41 (39.8)
No NIV, n (%) 41 (39.8) 35 (34.0) 0.50
NIV n (%) 12 (11.7) 15 (14.6)
FEV, (% pred.) 78.4+24.4 66.5+27.1 0.02
FVC (% pred.) 76.2+25.2 65.4+26.4 0.04
FEV,/FVC (%) 80.1x11.3 78.2+12.6 0.44
No restriction, 7 (%) 23 (22.3) 14 (13.6) 0.10
Restriction, 7 (%) 30 (29.1) 36 (35)
PEF (I/min) 308.6+127.7 247.9%146.4 0.04
PCF (L/min) 276.1+125.1 211.8%+118.9 0.01
pH 7.44+0.02 7.44+0.03 0.91
P,coz (mmHg) 41.5+5.8 42.4*7.6 0.51
P.o2 (mmHg) 82.2+11.1 78.1+12.3 0.09
Hcos- 28.5%+3.3 28.5%t3.1 0.96
S.02 (%) 96.2t1.5 95.7+1.9 0.17

Group 1= (SNIPT1 — SNIPTO0)/SNIPTO % above the median. Group2 = (SNIPT1 — SNIPTO0)/SNIPTO0 %

below the median. Values are shown as mean* SD for normal distributed numeric variables or as median
[inter-quartile range] for non-normal distributed numeric variables (*), and with % for categorical ones. p
Values are adjusted for multiple comparison via Bonferroni correction for non categorical variables.
Abbreviations. BMI: Body Mass Index; NIV: non-invasive ventilation; P,co,: arterial carbon dioxide
tension; P,o,: arterial oxygen tension; PCF: peak cough flow; PEF: peak expiratory flow; S,0,: arterial

oxygen saturation SNIP: sniff nasal inspiratory pressure.*
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Figure 1. Frequency of representation of (SNIPT1 — SNIPTO0)/
SNIPT0% among all patients.

patients (group 1). Therefore the same order of
performance of respiratory muscle and lung func-
tion tests should be maintained during the first
evaluation and the follow-up visits. To the best of

our knowledge, this is the first study to explore
this issue.

Sniff nasal inspiratory pressure is a reprodu-
cible test over time in healthy people (27).
However, reliability has not been assessed in ALS
patients. As compared with FVC, SNIP provides
more accurate prognostic information on mortality
and indication of non-invasive ventilation (NIV) in
patients with ALS (7,8). Despite its usefulness,
this test is not widely performed on a routine basis
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Table 3. Correlation between SNIP results and dynamic volumes among all patients.

FVC (coefficient f) r FEV1 (coefficient f) P
SNIPTO 0.46 <0.001 0.42 <0.001.
SNIPT1 0.45 <0.001 0.42 <0.001
(SNIPT1 — SNIPTO0)/SNIPT0% —0.03 0.67 —0.05 0.428

(8,28). A nationwide survey of current Dutch
practice reported that SNIP was performed only
by 13% of teams assessed, as compared to 72%
for FVC and 31-28% of maximal inspiratory and
expiratory pressure (29). SNIP was reported as
more sensitive than maximal static respiratory
pressures in evaluating the diaphragm
strength (11,30,31).

In order to exclude any difference in learning
effect, in our study the highest value of at least
8-10 maneuvers were recorded each time, how-
ever, in almost half of patients, there was a signifi-
cant drop in SNIP performed after lung function
tests. This result suggests performing the lung
function and respiratory muscle tests in the same
order in each visit along with a follow up to avoid
overestimating a reduction in SNIP value.

Rather interestingly FEV1, FVC as well as
PCF were significantly lower in Group 2
(Table 2). This observation may indicate that ALS
patients with more advanced disease, at least in
terms of more severe ventilator restriction require
greater attention to the order of assessments dur-
ing follow up.

The results of this study may have clinical
implications. Respiratory muscle weakness often
starts as nocturnal hypoventilation during sleep,
and symptoms can be treated with NIV, which
improves survival and quality of life in selected
patients (32-34). Initiation of NIV is usually based
on daytime tests of respiratory muscle and lung
function, FVC being the most frequently used test
in these patients (35,36). Peak cough flow esti-
mates cough efficacy and airway clearance and
may help decisions regarding cough augmentation
via the use of Cough Assist dedicated machines
but its role in predicting the need for NIV is not
yet fully clarified (37). The use of SNIP decline
has also been suggested as part of routine care in
patients with ALS as a sensitive tool to evaluate
the diaphragm strength and to avoid non-timely
initiation of NIV (7,8,12-14,38,39). As a conse-
quence, we need to ensure that any observed
decline over time in SNIP value is actually due to
a reduction in respiratory muscle force and pro-
gression of the disease and not to differences in
the timing of performing the maneuver.
Furthermore, a recent study evaluated the SNIP
test in ALS and Primary Lateral Sclerosis (PLS)
patients via the occluded vs non-occluded meas-
urement mode over a period of 6 years. Results
showed that there was an average decline of 0

tol0Ocm H20 over 3 months period, but some
increases were also observed mainly in spinal onset
ALS patients (40). This is in line with our results.
The authors speculated that could have been
related to temporary nasal congestion. However, it
could have also been related to the timing in the
SNIP performance with respect to other respira-
tory tests. As a consequence, patients could have
resulted in less or more tired by the performance
of the spirometry, resulting in higher or lower
SNIP values. Hence, our results indicate that the
same order of test performance should be applied
to all ALS patients, and it is particularly important
in patients with more advanced disease. Therefore,
the standardization of maneuver is warranted,
including the order of performance of tests in dif-
ferent sessions during the follow up over time.

Conclusions

This study has shown that 50 out of 103 (49%)
patients with ALS show a significant reduction in
SNIP when assessed shortly after the performance
of lung function tests. These patients suffer from
more severe ventilatory restriction as compared
with patients who do not show such reduction.
Our findings suggest standardizing the order of
respiratory tests during the follow up of these
patients in order to avoid misestimating the real
strength of inspiratory muscle function.

Aknowledgments

The authors would like to thank Prof. Fiorito for
the English revision.

Declaration of Interest

The authors report no conflicts of interest. The
authors alone are responsible for the content and
writing of this article.

ORCID

Paola Pierucci
0201-0486
Nicolino Ambrosino
0002-5331-1393
Annalisa Carlucci
7474-1467
Giovanna Elisiana Carpagnano
0000-0001-7931-4704

http://orcid.org/0000-0002-
http://orcid.org/0000-
http://orcid.org/0000-0001-

http://orcid.org/



6

Pierluigi Carratu

P. Pierucci et al.

http://orcid.org/0000-0003-

2208-6215

Silvano Dragonieri

http://orcid.org/0000-0003-

1563-6864

Giancarlo Logroscino

http://orcid.org/0000-

0003-0423-3242

Isabella Laura Simone

http://orcid.org/0000-

0002-7429-3091

Onofrio Resta

http://orcid.org/0000-0003-

2208-6215

References

1.

10.

11.

12.

13.

14.

15.

Andersen PM, Abrahams S, Borasio GD, de Carvalho M,
Chio A, Van Damme P, et al. EFNS guidelines on the
clinical management of amyotrophic lateral sclerosis
(MALS)-revised report of an EFNS task force. Eur J
Neurol. 2012;19:360-75.

Bourke SC. Respiratory involvement in neuromuscular
disease. Clin Med. 2014;14:72-5.

Bourke SC, Gibson GJ. Sleep and breathing in
neuromuscular disease. Eur Respir J. 2002;19:1194-201.
Spataro R, Lo Re M, Piccoli T, Piccoli F, La Bella V.
Causes and place of death in Italian patients with
amyotrophic lateral sclerosis. Acta Neurol Scand. 2010;
122:217-23.

Gil J, Funalot B, Verschueren A, Danel-Brunaud V, Camu
W, Vandenberghe N, et al. Causes of death amongst
French patients with amyotrophic lateral sclerosis: a
prospective study. Eur J Neurol. 2008;15:1245-51.

Corcia P, Pradat PF, Salachas F, Bruneteau G, Forestier
N, Seilhean D, et al. Causes of death in a post-mortem
series of ALS patients. Amyotroph Lateral Scler. 2008;9:
59-62.

Enache I, Pistea C, Fleury M, Schaeffer M, Oswald-
Mammosser M, Echaniz-LLaguna A, et al. Ability of
pulmonary function predict death in
amyotrophic lateral sclerosis patients. Amyotroph Lateral
Scler Frontotemporal Degener. 2017;18:511-8.

Tilanus TBM, Groothuis JT, TenBroek-Pastoor JMC, Feuth
TB, Heijdra YF, Slenders JPL, et al. The predictive value of
respiratory function tests for non-invasive ventilation in
amyotrophic lateral sclerosis. Respir Res. 2017;18:144.

decline to

. ATS/ERS. Statement on respiratory muscle testing. Am J

Respir Crit Care Med 2002;166:518-624.

Laveneziana P, Albuquerque A, Aliverti A, Babb T,
Barreiro E, Dres M, et al. ERS Statement on respiratory
muscle testing at rest and during Exercise. Eur Respir J.
2019;53:1801214.

Nava S, Ambrosino N, Crotti P, Fracchia C, Rampulla C.
Recruitment of some respiratory muscles during three
maximal inspiratory manoeuvres. Thorax 1993;48:702-7.
Carratu P, Cassano A, Gadaleta F, Tedone M,
Dongiovanni S, Fanfulla F, et al. Association between low
sniff nasal-inspiratory pressure (SNIP) and sleep
disordered breathing in amyotrophic lateral sclerosis:
Preliminary results. Am Lateral Scler.2011;12:458-63.
Capozzo R, Quaranta VN, Pellegrini F, Fontana A,
Copetti M, Carratu P, et al. Sniff nasal inspiratory
pressure as a prognostic factor of tracheostomy or death in
amyotrophic lateral sclerosis. J] Neurol. 2015;262:593-603.
Quaranta VN, Carratu P, Damiani MF, Dragonieri S,
Capozzolo A, Cassano A, et al. The prognostic role of
obstructive sleep apnea at the onset of amyotrophic lateral
sclerosis. Neurodegener Dis. 2017;17:14-21.

Lofaso F, Nicot F, Lejaille M, Falaize L, Louis A, Clement
A, et al. Sniff nasal inspiratory pressure: what is the optimal
number of sniffs? Eur Respir J. 2006;27:980-2.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Brooks BR. El Escorial World Federation of Neurology
criteria for the diagnosis of amyotrophic lateral sclerosis.
Subcommittee on Motor Neuron Diseases/Amyotrophic
Lateral Sclerosis of the World Federation of Neurology
Research Group on Neuromuscular Diseases and the El
Escorial “Clinical limits of amyotrophic lateral sclerosis”
workshop contributors. J Neurol. 1994;124:96-107.
Carvalho MD, Swash M. Awaji diagnostic algorithm
increases sensitivity of El Escorial criteria for ALS
diagnosis. Amyotroph Lateral Scler. 2009;10:53-7.
Kaminska M, Noel F, Petrof BJ. Optimal method for
assessment  of  respiratory muscle strength in
neuromuscular disorders using sniff nasal inspiratory
pressure (SNIP). PLoS One. 2017;12:e0177723.

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi
R, Coates A, et al. Standardisation of spirometry. Eur
Respir J. 2005;26:319-38.

Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL,
Culver BH, et al. ERS Global Lung Function Initiative.
Multi-ethnic reference values for spirometry for the 3-95-yr
age range: the global lung function 2012 equations. Eur
Respir J. 2012; 40:1324-43.

Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F,
Casaburi R, et al. Interpretative strategies for lung
function tests. Eur Respir J. 2005;26:948-68.

Simon Urbanek, Martyn Plummer et al. The R Foundation
for Statistical Computing. Producer name: Institute for
Statistics and Mathematics Wirtschaftsuniversitat Wien
Welthandelsplatz 1 1020 Vienna, Austria.

Fox J, Weisberg S, An R. Companion to applied
regression. Thousand Oaks, CA: Sage; 2011.

Robin X, Turck N, Hainard A, Tiberti N, Lisacek F,
Sanchez JC, et al. pROC: an open-source package for R
and S+to analyze and compare ROC curves. BMC
Bioinformatics. 2011;12:77.

Bland JM, Altman DG. Statistical methods for assessing
agreement between two methods of clinical measurement.
Lancet. 1986;327:307-10.

H. Wickham ggplot2: elegant graphics for data analysis.
New York, NY: Springer-Verlag; 2016.

Maillard JO, Burdet L, van Melle G, Fitting JW.
Reproducibility of twitch mouth pressure, sniff nasal
inspiratory pressure, and maximal inspiratory pressure.
Eur Respir J. 1998;11:901-5.

Tilanus TBM, Groothuis JT, Ten Broek-Pastoor JMC,
Doorduin J, van Engelen BGM, Kampelmacher M]J, et al.
Respiratory assessment of ALS patients: a nationwide
survey of current Dutch practice. J Neuromuscul Dis.
2018;5:431-8.

Morgan RK, McNally S, Alexander M, Conroy R,
Hardiman O, Costello RW. Use of sniff nasal-inspiratory
force to predict survival in amyotrophic lateral sclerosis.
Am J Respir Crit Care Med. 2005;171:269-74.

Laroche CM, Mier AK, Moxham J, Green M. The value
of sniff esophageal pressures in the assessment of global
inspiratory muscle strength. Am Rev Respir Dis. 1988;
138:598-603.

Mier-Jedrzejowicz A, Brophy C, Moxham J, Green M.
Assessment of diaphragm weakness. Am Rev Respir Dis.
1988;137:877-83.

Vitacca M, Montini A, Lunetta C, Banfi P, Bertella E, De
Mattia E, et al. Impact of an early respiratory care
programme with non-invasive ventilation adaptation in
patients with amyotrophic lateral sclerosis. Eur J Neurol.
2018;25:556—e33.

Crimi C, Pierucci P, Carlucci A, Cortegiani A, Gregoretti
C.Long-Term Ventilation in Neuromuscular Patients:
Review of Concerns, Beliefs, and Ethical Dilemmas.
Respiration; International Review of Thoracic Diseases
Respiration. 2019;97:185-96. doi:10.1159/000495941
30677752


https://doi.org/10.1159/00049594130677752
https://doi.org/10.1159/00049594130677752

34.

35.

36.

37.

Mamnraining the performance of lung function and SNIP tests in patients with amyotrophic lateral sclerosis 7

Bourke SC, Tomlinson M, Williams TL, Bullock RE,
Shaw PJ, Gibson GJ. Effects of non-invasive ventilation on
survival and quality of life in patients with amyotrophic
lateral sclerosis: a randomized controlled trial. Lancet
Neurol. 2006;5:140-7.

O’Neill CL, Williams TL, Peel ET, McDermott CJ, Shaw
PJ, Gibson GJ, et al. Non-invasive ventilation in motor
neuron disease: an update of current UK practice.
J Neurol Neurosurg Psychiatry. 2012;83:371-6.

Banfi P, Pierucci P, Volpato Eet al. Daytime noninvasive
ventilatory support for patients with ventilatory pump failure:
a narrative review. Multidiscip Respir Med. 2019;14:38.
Published 2019 Nov 30. doi:10.1186/540248-019-0202-7.
Sancho J, Servera E, Banuls P, Marin J. Effectiveness of
assisted and unassisted cough capacity in amyotrophic
lateral sclerosis patients. Amyotroph Lateral Scler
Frontotemporal Degener. 2017;18:498-504.

38.

39.

40.

Caruso P, Albuquerque AL, Santana PV, Cardenas LZ,
Ferreira JG, Prina E, et al. Diagnostic methods to assess
inspiratory and expiratory muscle strength. ] Bras
Pneumol. 2015;41:110-23.

Miller RG, Jackson CE, Kasarskis EJ, England ]D,
Forshew D, Johnston W, et al. Practice parameter update:
the care of the patient with amyotrophic lateral sclerosis:
drug, nutritional, and respiratory therapies (an evidence-
based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology.
Neurology 2009;73:1218-26.

Murray D, Rooney J, Campion A, Fenton L, Hammond
M, Heverin M, et al. Longitudinal analysis of sniff nasal
inspiratory pressure assessed using occluded and un-
occluded measurement techniques in amyotrophic lateral
sclerosis and primary lateral sclerosis. Amyotroph Lateral
Scler Frontotemporal Degener. 2019;20:481-9.


https://doi.org/10.1186/s40248-019-0202-7

	Abstract
	Introduction
	Methods
	Study population
	Study protocol
	Measurements
	Statistical analysis

	Results
	Discussion
	Conclusions
	Aknowledgments
	Declaration of Interest
	References


