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Objective: To evaluate sniff nasal inspiratory pressure (SNIP)
in patients with Duchenne muscular dystrophy (DMD), to
analyse the relationship SNIP and other pulmonary function
test and to verify the usefulness of SNIP in patients with
DMD.

Method: Twenty-seven patients with DMD who were able
to follow commend were studied. Among them two patients
were unable to perform maximal inspiratory pressure (MIP)
mesurement. SNIP and MIP were measured using respira-
tory pressure meter in sitting position. Forced vital capacity
(FVC) and peak cough flow (PCF) were evaluated using
spirometer and peak flow meter respectively. The relation-
ship between SNIP and other pulmonary function parame-

ters were analysed.

Results: The mean value of SNIP was -44.9 cmH;O
(41.6% predicted) and the mean value of MIP was -32.9
cmH,0 (43.9% predicted). SNIP was correlated with MIP.
When expressed absolute value, SNIP was higher than MIP
in 23 of the 25 patients with DMD. SNIP and MIP were
correlated with FVC. SNIP and MIP were correlated with
PCF as well.

Conclusion: SNIP in patients with DMD is useful method
to assess inspiratory muscle strength in addition to MIP and
more easier to perform than MIP. (J Korean Acad Rehab
Med 2006; 30: 632-638)
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Fig. 1. This figure shows instruments for measurement of inspiratory pressure. (A) MicroRPM (micromedical Ltd, Kent, UK), (B)
measurement of sniff nasal inspiratory pressure: plug-catheter system inserted into one nostril and maximal sniff through the contralateral
nostril, and (C) measurement of maximal inspiratory pressure: nose occluded and maximal inspiratory effort through the flanged mouthpiece.
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Fig. 2. This figure shows instru-
ments for measurement of forced
vital capacity and peak cough. (A)
Microspirometer for measurement
of vital capacity, and (B) ASSESS
for measurement of peak cough
flow.
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Fig. 3. (A) Correlation between sniff nasal inspiratory pressure (SNIP) and maximal inspiratory pressure (MIP) in 25 patients with
Duchenne muscular dystrophy was statistically significant (r=0.726, p<0.001). (B) Correlation between SNIP% predicted and MIP%

predicted (r=0.799, p<0.001) was statistically significant. The dotted line represents the line of equality.
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Fig. 4. Correlation between inspiratory pressure and forced vital capacity (FVC) are shown. (A) Relationship between sniff nasal inspiratory
pressure (SNIP) and FVC was statistically significant (r=0.632, p<0.001). (B) Correlation between maximal inspiratory pressure (MIP)

and FVC was statistically significant (r=0.694, p<0.001).
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Fig. 5. Correlation between inspiratory pressure and peak cough flow (PCF) are shown. (A) Relationship between sniff nasal inspiratory
pressure (SNIP) and PCF was statistically significant (r=0.507, p <0.05). (B) Correlation between maximal inspiratory pressure (MIP) and

PCF was statistically significant (r=0.616, p<0.01).



=N
@
=N
2
rot
2
gt
1o
1ok
ﬂ
é
W
o
rd
=
(o)}
for
n
o
QO
(o))

|_
w

:*2
=y

M o

R AT

o oon 2

o
r:im>r£
Ty eIt e
—-—flm_log-'l'ﬂ
& fog ey
ru%i: %
L

P2 I
aé H”
N o iﬁ
il
o}dolrrﬁ,
iﬁ o o

S SEe
o orr on

l'm _]INt
> ol
P,L
4
il
_El
Ll
s
™
i)
o
]
}01.
o ot
N
x
ok

o] X

d
oL Flr

i—“,
o i o i

o
S
o
rlot
R
[
2,
>
=
ofo
i
p

=
=
P
rE
N
N

3 wleste] RYH O SR PP Bel
AAN gas) Aol Al o)

o) 8~9%0l s Fah= HleE HAadA Ao

g ausEzddde AagRe o 5
a7t FurE e 5ES 3§72 okt

PgAE 5o gag

—1 O

2 o
1|\
_‘ N

g 10
i JX.‘i o

i

=

ok

oL:‘lﬁr&

ild

j)lJ l

T Be 3
fr o for & N b N

Y

o W 1E >

DL dor mpb At o> o > B o 4

oy JEL
-
9
Ir
o o
Fr
ol
E o
2
o
o
o
)
ro,
=
oo

gz
LY
o

i

B &2 oy
o
~
ru
S
ru
1

o
N
(e}
N
o,
ox
oy
B>
2
o

] B

ol
[N
o
X
it
Aui
&
g S
_>_
9,
, N
o>
e
o rd

o
-

ok,
Ll
o
o,

{ E &i
rr
) rlo s Ho (—)lﬁ
s AN X0
ol k2
s o [ rr
S >
)
E10{| =
-2
3
o
l° }o{v
2 o
o 4o
2
o

0
>
o,
r
01
ry
ar
[
(mt
ffu o
& o
o
X
2,
>

al

o

#E BRAE AR 3
g ¢eo) Het 483 AR
2rzEz oA §7)

o) F7150] e g5
A% NAE) el en, =

S ofsial 99 AU 29

o] ERE

o ol
o

o
®

2 e
_‘;g}l_,
B oo B
E o
_|_’>4\.
X,

e
o
m 1

N
o}
¥ -
¥°
i
4n
>
£
r
09&

o -

olr

o
o

2

XN o i
ST
wr o

o

rO ME meh N
o X, rlo oo oXt

¥ 2 fo
Ir rot Hu
Ry

Z

H

e

n:lo\r

N

ry

)

[o

o
u:E I
{o
©
=)
o
[>
=)
>4
(r
>
oo
ok
N
&2
o
oy
i
N,
2 g

7]+ % (air-leak) §lo] AAFZFA o] A= Lot ¢ A

Aol A fr&stA AHEE S
Stefanutti 5°"& FHA A= = =2
BESA Ags 7H gAtel A SNIP7F Ao & 4
T&ﬂr?ﬂﬂ Jow, F S g MESE FAISA
m] = g}o] HlS28l0 . Baustqieh B Ao s e
ro

rﬁoﬂrz-hrs‘a'ﬁoﬁz%m

3 SNIPS} Hd F71 Alolol gm ¢l
#3233 4 9Tt SNIPeF o FU)S 4
o gaE S o= E Alo

ﬁrﬂm

N
o &
=2 o.?:,""

LIRS
HAE #ES 5

5% Aolo s 2 Fol& Kol

2

T AAY F dSA
o} Ay

2

H L Al AR A = SNIPZF Ho 7]l Blsl] =2
Qe o RS T 24wy Alolo] Aol7} 3e
AAYShE 270t SNIPE 7HA Q) 4e =3 o] 93|
A5 A9 0 Aol e A% ia Bot
HE Aot} 7] 2-E sniff maneuver SO T Zo] ¢
ZA FE3 Eg F 84359 °“‘°] sniff o} A 2 o
A A T2 7] wiEo SNIPSF Ho] 7|92 T YA
T} Nava 5728 ZHEE 0] &3 AAloA Ao

]
E71¢ SAHA R sniff maneuver F<F U] =LA A3}
= Bglow, Hd F7¢ 54 et 7159 Bt
g =& sniff maneuver F¢F 71E2H AT 61%
1 Bustyh getd FAe 7S Hu)
B U= SNIPSF & sniff testE T F3H3] =
Ao AZYT W Habn 5 F5] A
Aol Sle Al A Ho §71¢¢] SNIPE T}
A AT o] g Ao A SNIP7E A F712
A &2 7Hsol o] SNIP7E A 8HelA] $&
, &R Agte] tka sk 1y E A
T AP HAA = FUAERZT AT g
SNIP7} Ho} &719ol Hls) =2 4o 5o, Ad &
719ke] 10 emH,0 W]Wro 2 Z4E F B AME
SNIPE 20 cmH,0 ©]4to]ith. Hart 579 QoA E o
A2 Z HAA A= 2 2ER T 827} x| 5E v o
10% PlRro 2 vhokth wa o] Ao 241, A%
WY AR AR WHoR gosla YA ggke
o o]2 Q&) B A9} dXEA $e At kS Ao
o whebd APE FAA A=Y FH2ERY oA F
o F7ige s 3F 2 FrPt olgw By e 27t
53 75l SNIPS] ZHo] 5F =89 Hrlo] £8o] &
& A& Aol
Stefanutti 52 =274 23S 717 A4 A &
71948 A gFn AdAo] o} SNIPS} # e Alodl=
ABBA 7} gl v, A A=Y FHAEENE £
ABTHA 28-S 7H Sl M= HAd F71Y 2 SNIP
7} BE AEEy Aol gltta Rustth £ o
1 H*Mbsé TH2EZY Folo] A SNIP 2 Hd &

o 1o H1 A lr

N ot
ol

ot
%
_t:lo
ﬁa,

=
Lﬂ‘ii

K
oo

2oy B > oo 2 g0 R B ook il oao XY
:|o

xml‘l

_L4

B Ao A HEF o] 60% o]/l T~114 Ato]e] FHA|
A3 ZAEZY Folo| T SNIP7} 60% ©]8t2 74
ol AN A F7IF TS o] FlA 60% ©lstE A
ol ATk Fr2E e FHo] HEF FARYG 27
of &FTY s whgsiti= ol AFEdA Y B}
BaEe Aaoln ) @x1o] 2711 9 X 5AHF £
S Aoltt, WA Lynn 57

o



Y 9 501 : HAIM=S ZC|AEZE| EX[o|AM Sniff Nasal Inspiratory Pressure2| 2lAH& olo| 637

8% s x52Yo 4% 1 d3H s
43 AEE IS F AS Both ol= Zo] Tadlth FZHY SAHdE Hdl F7I%tol
e 7] ol oal ErlEo] A wf o] BHIES 9 @ol o] &1 oy FAo] §o|g SNIPE AH8-3 §7I

3 o 2o #3 A% Zo] RuE 1 gtk B AR F
o) $83% HE )Tty o83 VWS FeHoR A= 2H2E RS Ao A F7]28 -2 SNIPE 34

ol
o

S T Ag A FEFe Aol aFIYEY ARG
AREIA = EIAT YA Vs E g 7 S B e =
AZ 7M1 Juta 8t93, 4 79 AT H o
Hast7] AlFtshe A7) S H A Bl 57}%611 A 31 ABZEA ABAA 5F7%F B/t 2 o3 A=z A+
JApatel| o) E3HA Hrhal ATt wEkA FAAI=E 2 @o] ALgE e Ao HEFo|A vk FHEHo] Ao Aol
O2~EZY 3219 #7]5 H7F Al SNIP9}F o} &7 1?& 4 717k AHeME S E2E Y eyt FEYAA YERE
&84S 55 299 g5 AAE B3PS o o & Flenz

al

7]

7] 9o Z10e 397 &, FYRA, G, e shel golsl BHE & Adh SNPE 1 kol Aul

A7t AGAH SR o] Fol Aok gt} Ty HAAEF & 71l mls) 2a1, A F719 3 8 5575 B7F A%
sESY BASE SEDY G A5 bR /1Y % gv] 9E JBAAES B ANA=FY DUrER

ol ARz o)A ST 5EAQ 5758 5 BN SNPE Hr) /%3 nhsiAz Frlede

o] 7} olglel 715 H S FATI= Y T st S8 & de F2 PHolEA Sl £ o] &olst

F9 B/1FS BUE Aol PPATe AAF AU o GPIN Bol o188 Ao 42u

AL D7) AN F 8B 85-90%9] F/1E B

olwAIAl Hth a2y HAALE SHAERY 452 = LI i =i

SFO FIE Aste] o] o] FIFE 22E FS

314 F3l7] ol 71 sg e AsS /HAH LA Ao ) 3AAE, UEss, 7358, 345, FEF, A5 AAA=F

3 oFa Rl EEESL HE HULAA 25 PHAT) SH2EZI M # 93 g 713 B bl W3 #4.

A el ZA7)17F o]y 3 AE )t A&EY Ho F2o & o) gk &2) 53] 2] 2003; 27: 43-48

STk Badh ol Ae A 8§ 7ES gujse g D GEF MUB U, Lals, A dey ehas

o2 7149 YA 4TS vAH 7Pnzrt 29 2394 #5715 @Ak Ao 9F o) 94 o9, tjg
o . 4 = o A& gs] 2] 1997; 21: 936-941

WA E w2 Al e 7RSS EH S e 3) Bach JR, Ishikawa Y, Kim H: Prevention of pulmonary

= Al 71323 SNIP Aol ojw] = ko] e morbidity for patients with Duchenne muscular dystrophy.

£ B3tk = SNIPY| #ave &4 SF71A S oW Chest 1997; 112: 1024-1028

< 93 7= Y E8E A A FF =23 7FsE A 4) Bach JR, Kang SW: Disorders of ventilation: weakness,

2 gusteE 942 83 meka A3 JAPHE 5 stiffness, and mobilization. Chest 2000; 117: 301-303

289 3lyl 3FERA BAo 293 940 28 A 5) Black LF, Hyatt RE: Maximal respiratory pressure: normal

oA dukAel HeAe Zguto g sl Ax A values and relationship to age and sex. Am Rev Respir Dis
Lo =a] ool e _ 1969; 99: 696-702

d Lﬁ] 7! —5_% s 4 7]-,0]-;(] %o]-_tq %ﬂ%ﬁll} g?_yﬂ- SNIP 6) Brooke MH, Fenichel GM, Griggs RC, Mendell JR, Moxley

2 AN F7IdE ¥ 271%EH SAshe 2ol 257 : ; :

R, Florence J, King WM, Pandya S, Robison J, Schierbecker
71U E A6l gosta A8AYS FHse U T2 J, et al: Duchenne muscular dystrophy: patterns of clinical
g AE7 2 des d 5 At progression and effects of supportive therapy. Neurology

B AT FHAAEY SH2ERY Ao A F7]2 1989; 39: 475-481

g2 SNIPE SA3td BE A oA &olstA HI1Ed & 7) Brooke MH, Fenichel GM, Griggs RC, Mendell JR, Moxey

ARom do] Yo AL rE 22 APH HAA= RT 3rd, Miller JP, Kaiser KK, Florence JM, Pandya S,

3 22z Ao o E7)¢e 2Ho| B3 Signore L, et al: Clinical investigation of Duchenne muscular

72‘?“’”5:_ SNIP= %_;g o] 7}-%5’]—93\1:]—_ 51_:.?_]_' 1 %)1\_0] -%IEH :g_ dyStl‘Ophy. Arch Neurol 1987; 44: 812-817

Akl WIsh S, Hoh I W ey g, oy o O Breme T Belbom A Belhes L, Yot 16, e Troyer £
_ est wall stiffness in patients with chronic respiratory muscle

At o] sle & /;31-3"—_]-3"»1-7:]]%_1-‘;_9}1:]-, A= weakness. Am Rev R:spir Dis 1983; 128: 1(?02—1(%7

TH2EZ Aol A SNIP= Hol F7]9h2 vh A = 9) Gibson GJ, Pride NB, Davis JN, Loh LC: Pulmonary

F7128e AT F de F2 Pyolds AUl mechanics in patients with respiratory muscle weakness. Am

F 4 &olste AAellA Bol o]&d AL=E A7t Rev Respir Dis 1977; 115: 389-395

10) Griggs RC, Donohoe KM, Utell MJ, Goldblatt D, Moxley RT



638 i

ok

R &ko| &5 K| - A 30 # A 6 5 2006

3rd: Evaluation of pulmonary function in neuromuscular
disease. Arch Neurol 1981; 38: 9-12

11) Hahn A, Bach JR, Delaubier A, Renardel-Irani A, Guillou C,
Rideau Y: Clinical implications of maximal respiratory pres-
sure determinations for individuals with Duchenne muscular
dystrophy. Arch Phys Med Rehabil 1997; 78: 1-6

12) Hart N, Polkey MI, Sharshar T, Falaize L, Fauroux B, Raphael
JC, Lofaso F: Limitation of sniff nasal pressure in patients
with severe neuromuscular weakness. J Neurol Neurosurg
Psychiatry 2003; 74: 1685-1687

13) Heritier F, Rahm F, Pasche P, Fitting JW: Sniff nasal in-
spiratory pressure: a noninvasive assessment of inspiratory
muscle strength. Am J Respir Crit Care Med 1994; 150:
1678-1683

14) Inkley SR, Oldenburg FC, Vignos PJ Jr: Pulmonary function
in Duchenne muscular dystrophy related to stage of disease.
Am J Med 1974; 56: 297-306

15) Kang SW, Bach JR: Maximum insufflation capacity: vital
capacity and cough flows in neuromuscular disease. Am J
Phys Med Rehabil 2000; 79: 222-227

16) Krietzer SM, Saunders NA, Tyler HR, Ingram RH Ir:
Respiratory muscle function in amyotrophic lateral sclerosis.
Am Rev Resper Dis 1978; 117: 437-447

17) Lyall RA, Donaldson N, Polkey MI, Leigh PN, Moxham J:
Respiratory muscle strength and ventilatory failure in amyo-
trophic lateral sclerosis. Brain 2001; 124: 2000-2013

18) Lynn DJ, Woda RP, Mendell JR: Respiratory dysfunction in
muscular dystrophy and other myopathy. Clin Chest Med
1994; 15: 661-674

19) McCool FD, Tzelepsis GE: Inspiratory muscle training in the
patient with neuromuscular disease. Phys Ther 1995; 75:

1006-1014

20) McDonald CM, Abresch RT, Carter GT, Fowler WM Ir,
Johnson ER, Kilmer DD, Sigford BIJ: Profiles of neuro-
muscular disease: Duchenne muscular dystrophy. Am J Phys
Med Rehabil 1995; 74(Suppl 5): S70-S92

21) Miller JM, Moxham J, Green M: The maximal sniff in the
assessment of diaphragm function in man. Clin Sci (Lond)
1985; 69: 91-96

22) Nava S, Ambrosino N, Crotti P, Fracchia C, Rampulla C:
Recruitment of some respiraory muscles during three maximal
inspiratory manoeuvres. Thorax 1993; 43: 702-707

23) Phillips MF, Quinlivan R, Edward R, Calverley P: Changes
in spirometry over time as a prognostic marker in patients with
Duchenne muscular dystrophy. Am J Respir Crit Care Med
2001; 164: 2191-2194

24) Polkey M, Green M, Moxham J: Measurement of respiratory
muscle strength. Thorax 1995; 50: 1131-1135

25) Rafferty GF, Leech S, Knight L, Moxham J, Greenough A:
Sniff nasal inspiratory pressure in children. Pediatr Pulmonol
2000; 29: 468-475

26) Rideau Y, Jankowski LW, Grellet J: Respiratory function in
the muscular dystrophies. Muscle Nerve 1981; 4: 155-164

27) Stefanutti D, Benoist M, Scheinmann P, Chaussain M, Fitting
J: Usefulness of sniff nasal inspiratory pressure in patients
with neuromuscular or skeletal disorder. Am J Respir Crit
Care Med 2000; 162: 1507-1511

28) Stefanutti D, Fitting JW: Sniff nasal inspiratory pressure:
reference values in Caucasian children. Am J Respir Crit Care
Med 1999; 159: 107-111

29) Uldry C, Fitting JW: Maximal value of sniff nasal inspiratory
pressure in healthy subjects. Thorax 1995; 50: 371-375



