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ABSTRACT: Vital capacity (VC) and maximum mouth pressures are often used to
monitor respiratory function in motor neuron disease (MND), but require the use of a
mouthpiece. Sniff nasal inspiratory pressure (SNIP) is a simple and reliable means of
measuring inspiratory muscle strength; it does not involve the use of a mouthpiece and
might therefore be better than VC or mouth pressures for assessing patients with
bulbar disease.

SNIP, maximum inspiratory (MIP) and expiratory mouth pressure (MEP), VC and
arterial carbon dioxide tension (Pa,CO2) were measured in 59 consecutive patients
attending a specialist MND clinic. Thirty-one had bulbar involvement on clinical
grounds.

Both SNIP and VC were inversely related to Pa,CO2 in nonbulbar patients only.
Neither MIP nor MEP were related to Pa,CO2. The 10 patients with an elevated Pa,CO2

(>6 kPa) had significantly lower SNIP and VC than normocapnic patients.
Sniff nasal inspiratory pressure can be used to monitor respiratory function in

motor neuron disease. It is quick and easy for patients to perform, but otherwise
appears to offer little advantage over vital capacity measurement. Patients with bul-
bar disease are often poor at performing sniff nasal inspiratory pressure manoeuvres,
possibly because of upper airway collapse or inability to close the mouth completely
during the manoeuvre.
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Motor neuron disease (MND) is a progressive and deva-
stating neurodegenerative condition characterized by wast-
ing and weakness of affected muscle groups. The usual
cause of death is respiratory failure due to increasing res-
piratory muscle weakness [1]. Respiratory function can be
assessed via pulmonary function tests, such as measure-
ment of vital capacity (VC) or forced VC. These decline
with time and are a good method of gauging disease
progression [2, 3]. Maximal mouth inspiratory (MIP) and
expiratory pressure (MEP) have traditionally been used as
a measure of inspiratory and expiratory muscle strength.
These involve maximal efforts against an occlusion.
However the manoeuvres are dependent on patient co-
ordination and cooperation, and there is a considerable
learning effect [4]. All of these tests are more likely to be
unreliable in patients with significant bulbar disease who
often have upper airways dysfunction [5], and may ex-
perience difficulty inserting or gripping the mouthpiece.

Measurement of sniff nasal inspiratory pressure (SNIP)
is a simple, reliable and reproducible test for assessing
inspiratory muscle strength [6±8]. There is a learning
effect, but it does not require a mouthpiece and involves a
more natural manoeuvre than do measurements of VC,
MIP and MEP. The relationship between SNIP and VC
was studied and the value of SNIP measurement in pa-
tients with MND compared with measurements of VC,
MIP or MEP in predicting critical respiratory muscle
weakness as indicated by an arterial carbon dioxide
tension (Pa,CO2) >6 kPa.

Methods

Fifty-nine consecutive patients attending a weekly spe-
cialist MND clinic between May 1998 and January 1999
were studied. Verbal consent was obtained. All had pre-
viously seen a neurologist (D. Jefferson) and were diag-
nosed as having MND according to the EI Escorial criteria
[9]. The disease was categorized as bulbar or nonbulbar
on clinical grounds. Bulbar involvement was defined by a
history of dysphagia, dysarthria or drooling, with signs of
increased jaw jerk and/or wasting, fasciculation or spas-
ticity of the tongue.

Blood gas levels were measured in arterialized capillary
samples using a blood gas analyser (Ciba-Corning 840
Ciba-Corning Diagnostics, Halstead, UK). SNIP was mea-
sured using previously described methods [7]. Measure-
ments were made at functional residual capacity with the
patients seated comfortably, using a hand-held meter
(Pmax Monitor, P.K. Morgan, Rainham, UK). This was
attached to the base of a 10-mL syringe (Beckton Dick-
inson, Madrid, Spain), at the end of which an ADAM
Nasal Pillow (Puritan Bennett, Lexana, Kansas, USA)
was attached (fig. 1). The latter was inserted into the
nostril. The volume of air in the system was 15.8 mL and
the 10±90% response time for a 100-cmH2O square wave
change in pressure was 0.007 s [10]. The patients were
instructed to take a series of short sharp sniffs with the
mouth closed, each 20 s apart. The highest of five results
was recorded. Readings were taken from both nostrils.
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SNIPs were then expressed as a percentage of the
predicted value using the equation described by ULDRY

and FITTING [11].
VCwasrecordedusing awedgebellows spirometer (Vita-

lograph,MaidsMoreton,UK)with thepatientseated.Anose
clip was applied during the expiratory phase of the mano-
euvre. The highest of three results was recorded. A tight
fitting face mask (Respironics, Medic-Aid, Bognor Regis,
UK) was used in patients who were unable to insert the
mouthpiece. As with SNIP, the results were expressed as a
percentage of the predicted value [12]. Maximal mouth
pressures were measured with the patient seated using a
flanged mouthpiece, which was attached via a plastic tube
to the same hand-held meter. The plastic tube had a 22-
gauge leak to prevent glottic closure. The nose was occlu-
ded with a nose clip during the procedure. MIPs were
obtained by asking the patient to perform an inspiratory
effort from residual volume. For measurement of MEP,
the patient performed an expiratory effort from total lung
capacity with the hands pressed against the cheeks. The
highest of three results, maintained for $1 s, was recor-
ded for both MIP and MEP. As with VC, a face mask was
used in patients who had difficulty inserting the mouth-
piece. The results were expressed as a percentage of the
predicted value [13].

Statistical analysis was performed using Arcus Quick-
stat for Windows (Addison Wesley Longman, Cambridge,
UK). The Mann-Whitney U-test was used to compare
mean data in different subgroups. Spearman's rank corre-
lation coefficient (r) was used to examine the relationships
between SNIP, MIP, MEP, VC and Pa,CO2. Linear re-
gression and multivariate analysis allowed the relation-
ships between individual measurements and Pa,CO2 to be
defined. A p-value <0.05 was taken as significant.

Results

Of the 59 patients, 31 had bulbar and 28 nonbulbar dis-
ease. Their anthropometric data are shown in table 1. There
were no significant differences between the two groups in
respect of age, body mass index (BMI) and disease dura-
tion but there was a male preponderance in the nonbulbar
group.

Table 2 shows the results of vital capacity, respiratory
muscle strength and Pa,CO2 measurement. All values
other than Pa,CO2 were significantly greater in the non-
bulbar group.

Ten patients (five bulbar, five nonbulbar) had a Pa,CO2

of $6 kPa They had significantly lower SNIPs and VCs
but similar MIPs and MEPs to normocapnic patients
(table 3).

Figure 2a and b shows the relations between VC and
Pa,CO2 in nonbulbar and bulbar patients. The regression
equation for nonbulbar patients was Pa,CO2=16.34 - 2.61
lnVC, but there was no statistically significant regression
line in the bulbar group. Figure 3a and b shows the rela-
tions between SNIP and Pa,CO2. As for VC, this was only
significant in patients with nonbulbar disease, the regres-
sion equation being Pa,CO2=10.48 - 1.44 lnSNIP.

Neither MIP nor MEP were significantly related to
Pa,CO2. Receiver operating characteristic curves were const-
ructed in order to define the optimum cut-off points for
predictinghypercapnia.AVCof<49%andanSNIPof<26%
were predictive. The sensitivity (90%) and specificity
(73.5%)of thesevalueswere thesameforbothVCand SNIP.

Figure 4a and b shows the relations between SNIP and
VC in patients with nonbulbar and bulbar disease. The
regression equation in nonbulbar patients was VC=28.7
lnSNIP-28.81. In bulbar patients, it was VC=0.83SNIP+
26.99.
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Fig. 1. ± Diagram of apparatus used to record sniff nasal inspiratory
pressure.

Table 1. ± Anthropometric data in patients with bulbar and
nonbulbar disease

Bulbar Nonbulbar p-value

Subjects n 31 28 -
Age yrs 61.5�15.2 59.3�10.5 NS

Sex M/F 18/13 26/2 0.01
BMI kg.m-2 23.6�3.1 24.7�4.6 NS

Disease duration months 26.3�23.7 23.7�11.4 NS

Data are presented as mean�sd. M: male; F: female; BMI: body
mass index.

Table 2. ± Results in patients with bulbar and nonbulbar
disease

Bulbar Nonbulbar p-value

VC % pred 52.3�21 75.4�21.9 <0.001
SNIP % pred 30�14.3 46.2�24.1 0.01
MIP % pred 15.7�10.4 34.1�22.2 <0.001
MEP % pred 19.4�10.3 56.6�37.8 <0.001
Pa,CO2 kPa 5.30�1.1 5.17�1.2 NS

Data are presented as mean�SD. VC: vital capacity; SNIP: sniff
nasal inspiratory pressure; MIP: maximal inspiratory mouth
pressure; MEP: maximal expiratory mouth pressure; Pa,CO2:
arterial carbon dioxide tension.

Table 3. ± Measurements in normocapnic and hypercap-
nic patients

Pa,CO2 <6 kPa Pa,CO2 $6 kPa p-value

Subjects n 49 10 -
VC % pred 67.1�24.4 46.7�14.6 <0.05
SNIP % pred 40.8�21.3 22�9.6 0.01
MIP % pred 25.3�20.3 20.3�13.7 NS

MEP % pred 28.5�23.9 26.9�17.7 NS

Data are presented as mean�SD. Pa,CO2: arterial carbon dioxide
tension; VC: vital capacity; SNIP: sniff nasal inspiratory pres-
sure; MIP: maximal inspiratory mouth pressure; MEP: maximal
expiratory mouth pressure.

540 M.B. CHAUDRI ET AL.



Discussion

The sniff test has been used for many years during
radiographic screening of diaphragmatic movement. Meas-
urement of oesophageal and gastric pressures during sniffs
was described by MILLER et al. [14]. Recently SNIP has
been introduced as a noninvasive index of inspiratory
muscle strength, with a normal range formulated accord-
ing to age and sex.

This study demonstrates that, in patients with normal
bulbar function, SNIP is related to VC in a curvilinear
fashion. The relation between VC and respiratory muscle
strength was described by BRAUN et al. [15] in patients
with other neuromuscular disease, and attributed to the
sigmoid shape of the pressure volume curve of the res-
piratory system. A similar relation has also been observed
in MND [16±18]. SNIP measurement could therefore be
of value in detecting involvement of the respiratory
muscles at an early stage, when VC is well preserved.

The relation between VC and SNIP appeared to be
linear in the present patients with bulbar disease, and the
correlation was less close. The authors' original hypothesis
was that these patients would be better able to perform
SNIP than VC manoeuvres, and that there would be a
subgroup in whom SNIP was well preserved but VC was
spuriously low. This was not the case, and bulbar patients
were poor at performing SNIP, VC and maximum mouth
pressure manoeuvres. The fact that similar numbers of pa-
tients were hypercapnic in the bulbar and nonbulbar groups
argues against the possibility that the bulbar patients had

more severe respiratory muscle involvement as the expla-
nation for their low results. The authors feel that this
reflects the problems that they experienced in performing
the manoeuvres, mainly because of difficulty in sealing the
mouth. Other factors possibly contributing to the low
values in bulbar patients include upper airway collapse and
disco-ordinated/dyspractic contraction of the various res-
piratory and upper airway muscles during the tests, both of
which would mainly affect dynamic manoeuvres such as
the sniff test. Bulbar dysfunction, as indicated by abnor-
malities in the flow/volume loop, has previously been
noted to have either no effect on maximum mouth pres-
sures [5], or to be associated with a reduction in the values
obtained [19].

Despite these reservations, in the present patients, SNIP
was better than MIP or MEP in identifying patients with
hypercapnia. POLKEY et al. [20] showed that hypercapnia is
related to inspiratory rather than expiratory strength.
Compared to MEP or indeed VC, to which both expira-
tory and inspiratory muscles contribute, SNIP and MIP
might be expected to correlate more closely with Pa,CO2.
The present failure to demonstrate a relationship between
MIP and Pa,CO2 could be explained by the patients find-
ing the SNIP manoeuvre easier to perform, or by differ-
ences in the pattern of muscle recruitment during these
two different manoeuvres [21].

Sniff nasal inspiratory pressure monitoring is a simple
and easy alternative to vital capacity which could be used
to monitor respiratory muscle function in patients with

Pa
,C

O
2 

 k
Pa

100

9

8

7

6

5

4

3

806040200

a)

Pa
,C

O
2 

 k
Pa

80

9

8

7

6

5

4

3

0

b)

SNIP  % pred
10 20 6030 5040

Fig. 3. ± Relations between arterial carbon dioxide tension (Pa,CO2) and
sniff nasal inspiratory pressure (SNIP) in patients with: a) nonbulbar
disease (regression line: Pa,CO2=10.48-1.44lnSNIP; R2=0.49, r=-0.6,
p<0.01); and b) bulbar disease.
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Fig. 2. ± Relations between arterial carbon dioxide tension (Pa,CO2) and
vital capacity (VC) in patients with: a) nonbulbar disease (regression
line: Pa,CO2=16.34-2.61lnVC; R2=0.49, r=-0.44, p<0.05); and b) bulbar
disease (NS).

541SNIP AS A MARKER OF RESPIRATORY FUNCTION IN MND



motor neuron disease. Patients with a sniff nasal inspira-
tory pressure of <30% of the predicted value are at risk of
developing hypercapnia and should have their arterial
blood gas levels measured. Vital capacity remains the best
index of respiratory function in this disease; it is insensitive
to early respiratory muscle involvement, but, in clinical
practice, this is not a major disadvantage. Patients with
motor neuron disease being assessed in respiratory clinics
or the lung function laboratory should have both vital
capacity and sniff nasal inspiratory pressure measured.
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Fig. 4. ± Relations between vital capacity (VC) and sniff nasal inspi-
ratory pressure (SNIP) in patients with: a) nonbulbar disease (regression
line: VC=28.7lnSNIP-28.81; R2=0.68, r=0.85, p<0.001); and b) bulbar
disease (regression line: VC=0.83SNIP+26.99; R2=0.311, r=0.52,
p<0.01).
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