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INTRODUCTION: Neuromuscular diseases (NMD) are a group of rare heterogeneous disorders
that may be accompanied by respiratory muscle weakness. The simplest measurements of respi-
ratory muscle strength are maximum inspiratory pressure (PImax) and maximum expiratory pres-
sure (PEmax) of the mouth. Inspiratory muscle weakness can also be evaluated by the sniff test (sniff
nasal inspiratory pressure method). This study tested the agreements in PImax and PEmax (measured
by using a plethysmograph and portable equipment) as well as the correlations of PImax and PEmax

by using the sniff nasal inspiratory pressure method, lung function, and arterial blood gas param-
eters in subjects with NMD. METHODS: This prospective, noninterventional study measured
respiratory parameters in all the subjects with NMD who underwent measurement of maximum
respiratory pressures. RESULTS: A total of 55 subjects with NMD were included. There were no
statistically significant differences in PImax and PEmax measured by using a plethysmograph and
portable equipment. Moreover, PImax showed a good correlation with the sniff nasal inspiratory
pressure method. CONCLUSIONS: Measurements of PImax and PEmax by using portable equipment
were equivalent to those performed by using the accepted standard, plethysmography, in the
subjects with NMD. Noninvasive evaluation of the sniff test with the portable equipment correlates
with PImax, which makes this approach a good method for measuring the maximum strength of
inspiratory muscles in patients with NMD. Key words: neuromuscular diseases; maximum inspiratory
pressure; maximum expiratory pressure; sniff; sniff nasal inspiratory pressure; respiratory muscle weak-
ness. [Respir Care 2018;63(10):1223–1230. © 2018 Daedalus Enterprises]

Introduction

Neuromuscular diseases (NMD) are a group of rare het-
erogeneous disorders that affect the function of peripheral
nervous system components1 and may be accompanied by
respiratory muscle weakness.2-4 Some NMDs respond to
specific therapies, whereas others are incompletely treated.3

Early detection of respiratory muscle weakness is essential
because it may serve as an indication for diagnosis and

prognosis, and for the implementation of therapeutic strat-
egies.3,5-7 Respiratory muscle weakness, defined as the per-
sistent incapacity of respiratory muscles to perform their
mechanical functions or to generate sufficient pressure, is
a potentially life-threatening condition.8 Unlike fatigue,
however, muscle weakness is not reversible with rest.9

The simplest scientific measurements of respiratory mus-
cle strength are the maximum inspiratory pressure (PImax)
and the maximum expiratory pressure (PEmax) of the
mouth.10 In standard clinical practice, inspiratory muscle
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weakness is evaluated by measuring PImax,9 the classic
volitional test of inspiratory muscle strength,4,8,11-13 for
which there are reference values.14-17 PImax is defined as
the highest mouth pressure sustained for 1 s during a max-
imum inspiratory effort against a quasi-occlusive bar-
rier.4,13,16,17 Although PImax is simple to measure, the ma-
neuver is difficult for many patients to perform and requires
a hermetic seal around the mouthpiece.8 Thus, PImax may
be underestimated in patients with problems in the upper
airways9 and those with true muscle weakness8 because
the maneuver may not be truly maximal2,4,9,12,17-19 or facial
muscle weakness may introduce air leaks.8

Moreover, technical factors, most notably the type of
mouthpiece and the time allowed for learning the ma-
neuver, may differ among laboratories and result in dif-
ferences in measured PImax.19 One alternative is the sniff
test, which is more natural for most patients and easier
to perform.8,11-14,18,19 The sniff test has been shown to
assess diaphragm strength by measuring transdiaphrag-
matic pressure and to assess global inspiratory muscle
strength by measuring esophageal pressure.8 More re-
cently, the sniff nasal inspiratory pressure method was
proposed as a noninvasive test of inspiratory muscle
strength.20 This very simple procedure consists of a
short, sharp, voluntary inspiratory maneuver through
one or both unoccluded nostrils.9,17 Multiple tests of
respiratory muscle function increase the diagnostic pre-
cision of respiratory muscle weakness.21 In addition to
assessing respiratory muscle weakness in patients with
NMD, the lung function and arterial blood gas of such
patients should be evaluated because the results of these
tests may provide important information on disease strat-
ification and treatment.

Maximum respiratory pressures can be evaluated by us-
ing several types of equipment. Our laboratory standard
for measuring maximum respiratory pressures is the ple-
thysmograph, although portable equipment has also shown
accuracy and reproducibility.10,22 To our knowledge, no
study has evaluated the agreement between PImax and PEmax

measured with a plethysmograph and portable equipment,
particularly in subjects with NMD and different diagnoses.
This study, therefore, compared PImax and PEmax measured
with a plethysmograph and portable equipment. In addi-
tion, the correlations of these parameters with the sniff
nasal inspiratory pressure method, FVC, FEV1, total lung
capacity (TLC), PaO2

, and PaCO2
were evaluated in subjects

with NMD.

Methods

Design and Population

This prospective, noninterventional study included all
the subjects diagnosed with NMD by a neurologist who

underwent measurement of maximum respiratory pressures
(PImax, PEmax, and sniff nasal inspiratory pressure method)
in the pulmonary function testing laboratory of our insti-
tution. Patients with nasal anatomic abnormalities or ex-
cessive daytime sleepiness, or who were uncooperative in
performing the maneuvers or who could not enter the pl-
ethysmograph were excluded. Obstructive sleep apnea,
which frequently accompanies NMDs, was screened for
by using the Epworth Sleepiness Scale,23 with scores �10
considered excessive daytime sleepiness.23 All the study
subjects underwent plethysmography and maximum respi-
ratory pressure measurements while in the sitting position,
within a single testing session between 9 AM and noon. All
the subjects provided written informed consent, and the
study protocol was approved by the institutional ethics
committee of our institution. The study was performed in
the Pulmonology Department, Centro Hospitalar de Vila
Nova de Gaia e Espinho, Entidade Pública Empresarial,
Vila Nova de Gaia, Portugal.

Variables Analyzed

Anthropometric parameters included measurements of
body weight and height of each individual on a seca model
764 anthropometric mechanical scale with a stadiometer
(seca, Birmingham, United Kingdom). PImax and PEmax

were each measured on both a plethysmograph (Jaeger
Master Lab, Würzburg, Germany) and portable equipment

QUICK LOOK

Current knowledge

Neuromuscular diseases are a rare heterogeneous group
of disorders in which respiratory muscle weakness, a
life-threatening condition, can be present. In standard
clinical practice, inspiratory muscle weakness is eval-
uated by assessing maximum inspiratory pressure, the
sniff nasal inspiratory pressure method is an alternative
maneuver to maximum inspiratory pressure. There are
several types of equipment to evaluate maximum respi-
ratory pressures.

What this paper contributes to our knowledge

The maximum inspiratory pressure and maximum ex-
piratory pressure assessment in a plethysmograph and
with portable equipment were equivalent. The sniff na-
sal inspiratory pressure maneuver obtained, in a nonin-
vasive manner, was a very good measurement of the
maximum strength of the inspiratory muscles and cor-
related with the maximum inspiratory pressure mea-
surement.
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(MicroRPM, Smart Medical, Gloucestershire, United
Kingdom)), with maneuvers performed by using rigid tu-
bular mouthpieces. The PImax maneuver was performed
with the cheeks supported by both hands, followed by
measurement of residual volume, whereas PEmax was de-
termined from TLC. The maximum values measured by
following 3 valid and reproducible maneuvers of peak
pressures (difference of �5%) were included in the anal-
ysis and compared with reference values for a Mediterra-
nean population.1 Each subject performed a maximum of
10 maneuvers; if none of the maneuvers were valid, then
PImax or PEmax was considered unevaluable. The order of
testing on the plethysmograph and the portable device was
randomly determined.

The sniff nasal inspiratory pressure was measured on
the same portable device by using disposable nasal probes
and after measuring PImax and PEmax on this device. An
appropriately sized nasal probe, as verified by ensuring the
absence of air leaks during sniffs was inserted into the
nostril that seemed most clinically patent. Without previ-
ous training, the subject was asked to perform short, sharp
sniffs of maximum intensity from functional residual ca-
pacity with the mouth closed. Normal breathing was al-
lowed between trials, with at least 10 trials performed. The
highest value for each sniff nasal inspiratory pressure mea-
surement was recorded and compared with reference val-
ues.18

Pulmonary function test variables were determined by
forced spirometry in accordance with American Thoracic
Society/European Respiratory Society guidelines,24 by us-
ing Global Lung Function Initiative 2012 reference val-
ues,25 followed by measurements of static lung volumes
and airway resistance by using body plethysmography (Jae-
ger). The pulmonary function test variables analyzed were
FEV1, FVC, and TLC. Arterial blood gases (PaO2

and PaCO2
)

were measured by using an ABL90 FLEX blood gas an-
alyzer (Radiometer America, Brea, California). All exam-
inations were performed by technicians in our laboratory,
all of whom had previous training.

Statistical Analysis

Quantitative variables were reported as mean � SD.
Normality was assessed by using skewness and kurtosis
measures. PImax and PEmax measured with the plethysmo-
graph and the portable device were compared by using
paired samples Student t tests, with differences between
the 2 measurement methods reported as the mean and
corresponding 95% CIs. The levels of agreement of PImax

and PEmax measured with the plethysmograph and the por-
table device were assessed by Bland-Altman plots,26 which
show the differences between the measurements and the
average of the measurements. Agreement lines were plot-
ted by using the formula: mean difference � 1.96 � SD of

the measured differences, which yielded 95% CIs for the
mean differences and agreement lines.

Pearson correlation (r) analysis was used to test the
associations between PImax/PEmax and the respiratory vari-
ables sniff nasal inspiratory pressure, FVC, FEV1, TLC,
PaO2

, and PaCO2
. Correlation coefficients of 0–0.25, 0.25–

0.50, 0.50–0.75, 0.75–0.90, and 0.90–1.0 were consid-
ered very weak, weak, moderate, strong, and very strong,
respectively.27 All statistical analyses were performed by
using IBM SPSS Statistics version 21 (SPSS, Chicago,
Illinois) and MedCalc version 18.2.1 (MedCalc Software,
Mariakerke, Belgium). All P values were 2-tailed, with a
P value �.05 indicating statistical significance.

Sample Size Calculation

The sample size was calculated from previous data by
using PS software (version 3.1.2, Vanderbilt University,
Nashville, Tennessee). When assuming an SD of 24,9 a
minimum detectable difference between the PImax val-
ues determined by using both types of equipment with
15 cm H2O,4 a power of 90%, and a type 1 error of 0.05,
a sample size of 55 subjects was regarded as sufficient.

Results

Of the 68 subjects recruited, 13 were excluded, 8 be-
cause of their inability to enter the plethysmograph, 4 be-
cause of their inability to perform the required maneuvers,
and 1 because of nasal anatomic abnormalities. The gen-
eral characteristics of the 55 included subjects with NMD
are shown in Table 1 and their diagnoses are listed in
Table 2. Most of the subjects (60%) were men, and the
mean age of all the subjects was 55 y (range, 18–83 y).
The mean � SD FVC was 67 � 25% of predicted, with
38 subjects (69%) with an FVC of �80% of predicted.

PImax values measured with the plethysmograph
(43.1 cm H2O) and the portable device (44.6 cm H2O)
did not differ significantly, with a mean difference of
1.5 cm H2O (95% CI �13.3 to 16.3 cm H2O). In addi-
tion, PEmax values measured with the plethysmograph
(63.6 cm H2O) and the portable device (62.2 cm H2O)
did not differ significantly, with a mean difference of
�1.4 cm H2O (95% CI �23.3 to 20.5 cm H2O). The
Bland-Altman plots for PImax (Fig. 1) and PEmax (Fig. 2)
showed that the mean differences between the 2 types of
equipment did not differ significantly from zero. Most of the
data in Fig. 1 (91%) and Fig. 2 (96%) fell within the lines of
agreement. Of the 17 subjects with FVC � 80% of predicted,
only 2 had normal PImax in both measurements (plethysmo-
graph and MicroRPM); 4 had normal PEmax in both measure-
ments (plethysmograph and MicroRPM); and 3, including
the 2 with normal PImax, had normal sniff nasal inspiratory
pressure.
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The correlations of the respiratory variables sniff nasal
inspiratory pressure, FVC, FEV1, TLC, PaO2

, PaCO2
, and

PImax, and PEmax measured with the plethysmograph and
the portable device are shown in Table 3. All correlations
were significant, except for the correlations of PImax and
PEmax with PaCO2

, PaO2
, and TLC (expressed as a percent-

age of predicted). Sniff nasal inspiratory pressure showed
a strong correlation with both measurements of PImax

(P � .001 each). Moreover, moderate correlations were
observed between FVC (measured in L) and measurements
of PImax and PEmax on both types of equipment (P � .001
each).

Discussion

Assessment of respiratory muscle weakness in patients
with NMD is difficult because lung volumes near normal

Table 1. General Characteristics of the Study Population

Subjects’ Characteristics Results

Demographic data
Age, mean � SD y 55.1 � 17.5
Men, n (%) 33 (60)
Body mass index, mean � SD kg/m2 27.4 � 5.7

PFT and ABG data, mean � SD
FVC, % of predicted 67.4 � 24.9
FVC, L 2.3 � 0.9
FEV1, % of predicted 72.3 � 25.1
FEV1, L 1.9 � 0.7
TLC, % of predicted 86.4 � 18.7
TLC, L 4.6 � 1.2
PaCO2

, mm Hg 42.9 � 5.4
PaO2

, mm Hg 75.8 � 11.3
Muscle strength testing data, mean � SD cm H2O

PImax1 43.1 � 22.7
PImax2 44.6 � 27.1
PEmax1 63.6 � 30.8
PEmax2 62.2 � 31.6
SNIP test 56.3 � 29.2

N � 55.
PFT � pulmonary function test
ABG � arterial blood gas
TLC � total lung capacity
PImax1 � maximum inspiratory pressure measured with plethysmograph
PImax2 � maximum inspiratory pressure measured with MicroRPM
PEmax1 � maximum expiratory pressure measured with plethysmograph
PEmax2 � maximum expiratory pressure measured with MicroRPM
SNIP � sniff nasal inspiratory pressure

Table 2. Subjects’ Diagnoses

Diagnosis n (%)

Amyotrophic lateral sclerosis 17 (30.9)
Becker muscular dystrophy 2 (3.6)
Congenital myasthenic syndrome 3 (5.5)
Dejerine–Sottas disease 1 (1.8)
Duchenne muscular dystrophy 3 (5.5)
Facioscapulohumeral muscular dystrophy 2 (3.6)
Inclusion body myopathy 1 (1.8)
Limb-girdle muscular dystrophy 6 (10.9)
Mitochondrial myopathy 1 (1.8)
Myasthenia gravis 4 (7.3)
Myotonic dystrophy type 1 1 (1.8)
Myotonic dystrophy type 2 2 (3.6)
Pompe disease 2 (3.6)
Steinert disease 10 (18.2)
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Fig. 1. Bland-Altman plot, representing the agreement between
the portable equipment and plethysmograph for PImax. The mean
difference between the equipment for PImax was not significantly
different from zero (the value is included in the mean difference
CI), which shows a good agreement. PImax � maximum inspiratory
pressure. Solid line shows mean; dotted lines denote �1.96 SD.
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Fig. 2. Bland-Altman plot, representing the agreement between
the portable equipment and plethysmograph for PEmax. The mean
difference between the equipment for PEmax was not significantly
different from zero (the value is included in the mean difference
CI), which shows a good agreement. PEmax � maximum expiratory
pressure. Solid line shows mean; dotted lines denote �1.96 SD.
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may accompany significant muscle weakness.28 Similarly,
we found that the mean TLC was normal (86% of pre-
dicted), and that FVC and FEV1 were decreased FVC was
69% and FEV1 was 72% of predicted, respectively, whereas
the mean values of all maximum respiratory pressures,
including PImax, PEmax, and sniff nasal inspiratory pres-
sure, were decreased. PImax is the test most used in stan-
dard clinical practice test to evaluate respiratory muscle
weakness,11 although its sole use may tend to overdiag-
nose weakness.11,29

Dimitriadis et al22 showed that the evaluation of the
reproducibility of PImax and PEmax measured with the
portable device had a high intraclass correlation coef-
ficient for both. Our study also found that PImax and
PEmax were similar with the portable device and the
plethysmograph, with bias close to zero, which indi-
cated good agreement between the 2 methodologies and
proper calibration of the equipment. Thus, similar to
findings in healthy individuals,22 our results confirmed
that the difference between the methods was not clini-
cally relevant in patients with NMD and that assessing
PImax and PEmax by using the portable equipment was
reliable.

The characteristics of these methodologies, however,
differed substantially. Evaluation of maximum respiratory
pressures with the portable equipment is inexpensive, can
be performed in any place (not necessarily in a laboratory),
and by several types of health professionals (not necessar-
ily a cardiopneumology technician). In contrast, the ple-
thysmograph is approximately 40 times more expensive,
with evaluation of maximum respiratory pressures per-
formed only in a hospital and by a trained technician.

An example of both evaluations can be found in (Figs. 3
and 4). Our results indicated that the portable equipment
and our accepted standard assessment of PImax and PEmax

were equivalent, with the lack of differences in the results
obtained when using the 2 methodologies, which indicated
that the portable device was reliable and may be used at
the bedside.

The development of respiratory failure is a significant
predictor of early death,30 which indicates that the assess-

Table 3. Heat Map of Correlations Between PImax1, PImax2, PEmax1, PEmax2 and All the Other Variables

PImax1 PImax2 PEmax1 PEmax2 SNIP Test FVC (%) FVC (L) FEV1 (%) FEV1 (L) TLC (%) TLC (L) PaCO2
PaO2

PImax1 1.00 0.79 0.61 0.60 0.78 0.38 0.54 0.31 0.48 0.25 0.38 �0.32 0.29
PImax2 0.79 1.00 0.72 0.73 0.76 0.34 0.59 0.30 0.53 0.26 0.48 �0.09 �0.04
PEmax1 0.61 0.72 1.00 0.98 0.62 0.31 0.58 0.28 0.53 0.12 0.51 �0.12 0.10
PEmax2 0.60 0.73 0.98 1.00 0.60 0.34 0.57 0.32 0.51 0.18 0.52 �0.01 �0.01
SNIP test 0.78 0.76 0.62 0.60 1.00 0.35 0.49 0.31 0.46 0.22 0.31 �0.22 0.16
FVC, % 0.38 0.34 0.31 0.34 0.35 1.00 0.76 0.96 0.70 0.82 0.66 �0.50 0.22
FVC, L 0.54 0.59 0.58 0.57 0.49 0.76 1.00 0.75 0.96 0.50 0.83 �0.55 0.39
FEV1, % 0.31 0.30 0.28 0.32 0.31 0.96 0.75 1.00 0.76 0.74 0.61 �0.58 0.26
FEV, L 0.48 0.53 0.53 0.51 0.46 0.70 0.96 0.76 1.00 0.39 0.72 �0.62 0.43
TLC, % 0.25 0.26 0.12 0.18 0.22 0.82 0.50 0.74 0.39 1.00 0.66 �0.23 �0.07
TLC, L 0.38 0.48 0.51 0.52 0.31 0.66 0.83 0.61 0.72 0.66 1.00 �0.20 0.17
PaCO2

�0.32 �0.09 �0.12 �0.01 �0.22 �0.50 �0.55 �0.58 �0.62 �0.23 �0.20 1.00 �0.54
PaO2

0.29 �0.04 0.10 �0.01 0.16 0.22 0.39 0.26 0.43 �0.07 0.17 �0.54 1.00

PImax1 � maximum inspiratory pressure measured with plethysmograph
PImax2 � maximum inspiratory pressure measured with MicroRPM
PEmax1 � maximum expiratory pressure measured with plethysmograph
PEmax2 � maximum expiratory pressure measured with MicroRPM
SNIP � sniff nasal inspiratory pressure
TLC � total lung capacity

Fig. 3. Evaluation of maximum respiratory pressures in the
plethysmograph.
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ment of maximum respiratory pressures should be com-
plementary to the assessment of lung function and arterial
blood gas. Patients who no longer have the ability to un-
dergo plethysmography or spirometry, or to even be moved
to a lung function testing laboratory, especially those with
bulbar dysfunction, including some excluded from this
study, may, therefore, be evaluated at the bedside with a
simple and portable device.

PImax and the sniff nasal inspiratory pressure have
been found to be correlated in healthy individuals12,18

and in patients with COPD.31 Similarly, our study con-
firmed previous findings32 that indicated a good corre-
lation between sniff nasal inspiratory pressure and PImax

in subjects with NMD. This correlation indicated that
PImax and sniff nasal inspiratory pressure are not inter-
changeable. Rather, they are complementary and, when-
ever possible, should be measured at the same time.
Routine evaluation of both may enable sniff nasal in-
spiratory pressure to be extremely useful from the time
a patient deteriorates and cannot, for example, perform
the PImax maneuver.

Spirometry in patients with NMD is widely used to
assess respiratory muscle function. A �20% reduction in
difference of FVC measured in the upright and supine
positions is diagnostic of diaphragmatic weakness.30,33

PImax and FVC have been found to be correlated in patients
with NMD.34 Similarly, we found that FVC, measured

inliters, correlated significantly with PImax and PEmax

measured by both plethysmography and the portable
device. Although these correlations were moderate, they
reinforced the importance of assessing muscle pressures
in patients with NMD, not only as a complement of lung
function testing but also in those unable to undergo
spirometry.

Of the 17 subjects in our study with FVC � 80% of
predicted, only 2 patients had normal PImax and PEmax

measured with the plethysmograph and 4 patients had nor-
mal PImax and PEmax measured with the MicroRPM method,
and only 3 (2 with normal PImax) had normal sniff nasal
inspiratory pressure. These findings may be due to the
curvilinear relationship between FVC and respiratory mus-
cle strength, which results in substantial weakness while
FVC is within its normal range.30,35 We also observed
significant moderate correlations between FEV1 and TLC
(measured in liters) and some maximum respiratory pres-
sures, in agreement with results that show statistically sig-
nificant correlations between maximum respiratory pres-
sures and FEV1 (%) and FVC (%) in patients with
amyotrophic lateral sclerosis,36 and between PImax and
PEmax, and FEV1 (L), FVC (L), and TLC (L) in patients
with COPD.37 In contrast, a study of subjects with motor
neuron disease found no correlations of PImax and PEmax

with PaCO2
, although the sniff nasal inspiratory pressure

was negatively correlated with PaCO2
in subjects without

bulbar dysfunction only.38

This prospective study demonstrated the reliability of
measuring PImax and PEmax with portable equipment and
PImax and PEmax correlation with the sniff nasal inspira-
tory pressure in subjects with NMD. However, this study
was limited by the possible presence of nasal obstruc-
tion without clinical repercussions in assessing sniff
nasal inspiratory pressure, despite our exclusion of sub-
jects with nasal anatomic abnormalities because the lat-
ter was not evaluated by rhinoscopy; the absence of leak
in our equipment, which could interfere with the re-
corded pressures and mistakenly reflected the pressure
generated by the cheeks and the muscles of the mouth,
which is not avoided with the support of the cheeks; and
the lack of performance of a test and re-test, although
this limitation was minimized by the number of maneu-
vers performed. In addition, sniff nasal inspiratory pres-
sure assessment was performed with the contralateral
nostril open, although sniff nasal inspiratory pressure
values measured with the contralateral nostril occluded
are systematically greater9; and sleep studies were not
performed in all the subjects to exclude obstructive sleep
apnea as a cause of daytime hypercapnia, despite the
frequency of apneas and hypopneas during sleep in pa-
tients with NMD due to the combination of respiratory
muscle weakness and upper airway obstruction.5

Fig. 4. Evaluation of maximum respiratory pressures with the por-
table equipment.
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Conclusions

This study found that measuring PImax and PEmax with a
portable device was equivalent to our accepted standard
method (a plethysmograph) in subjects with NMD. In ad-
dition, the noninvasive evaluation of the sniff nasal in-
spiratory pressure with the portable equipment provided a
very good measurement of the maximum strength of the
inspiratory muscles, with the sniff nasal inspiratory pres-
sure showing good correlation with PImax. The evaluation
of maximum respiratory pressures with portable equip-
ment can be useful in the evaluation of patients with NMD
whose condition deteriorates and they lose the ability to
undergo plethysmography or spirometry, or to even go to
a laboratory. Routine assessment of sniff nasal inspiratory
pressure in patients with NMD may allow the noninvasive
monitoring of these patients who can no longer be evalu-
ated by other methods.
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