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M-mode Ultrasound Assessment of Diaphragmatic Excursions in Chronic
Obstructive Pulmonary Disease : Relation to Pulmonary
Function Test and Mouth Pressure

Sung-Chul Lim, M.D., II-Gweon Jang, M.D., Hyeong-Kwan Park, M.D.,
Jun-Hwa Hwang, M.D., Yu-Ho Kang, M.D., Young-Chul Kim, M.D., Kyung-Ok Park, M.D.

Department of Internal Medicine, Chonnam University, Medical School, Kwangju, Korea

Background : Respiratory muscle interaction is further profoundly affected by a number of pathologic condi-
tions. Hyperinflation may be particularly severe in chronic obstructive pulmonary disease(COPD) patients, in
whom the functional residual capacity(FRC) often exceeds predicted total lung capacity(TLC). Hyperinflation
reduces the diaphragmatic effectiveness as a pressure generator and reduces diaphragmatic contribution to
chest wall motion. Ultrasonography has recently been shown to be a sensitive and reproducible method of as-
sessing diaphragmatic excursion. This study was performed to evaluate how differences of diaphragmatic ex-
cursion measured by ultrasonography associate with normal subjects and COPD patients.

Methods : We measured diaphragmatic excursions with ultrasonography on 28 healthy subjects(16 medical
students, 12 age-matched control) and 17 COPD patients. Ultrasonographic measurements were performed
during tidal breathing and maximal respiratory efforts approximating vital capacity breathing using Aloka
KEC-620 with 3.5 MHz transducer. Measurements were taken in the supine posture. The ultrasonographic
probe was positioned transversely in the midclavicular line below the right subcostal margin. After detecting
the right hemidiaphragm in the B-mode the ultrasound beam was then positioned so that it was approximately
paralle] to the movement of middle or posterior third of right diaphragm. Recordings in the M~mode at this po-
sition were made throughout the test. Measurements of diaphragmatic excursion on M-mode tracing were cal-
culated by the average gap in 3 times-respiration cycle. Pulmonary function test(SensorMedics 2800), maxi-
mal inspiratory(Plmax) and expiratory mouth pressure(PEmax, Vitalopower KH-101, Chest) were measured
in the seated posture.
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_ Ultrasound assessment of diaphragmatic excursions in COPD —

Results ; During the tidal breathing, diaphragmatic excursions were recorded 1.5 +0.5cm, 1.7+£0.5cm and 1.5
+0.6cm in medical students, age-matched control group and COPD patients, respectively. Diaphragm excur-
sions during maximal respiratory efforts were significantly decreased in COPD patients (3.7 +1.3cm) when
compared with medical students, age-matched control group(6.7 +1.3cm, 5.8+ 1.2cm, p<<0.05). During maxi-
mal respiratory efforts in control subjects, diaphragm excursions were correlated with FEV,, FEV1/FVC, PEF,
PIF, and height. In COPD patients, diaphragm excursions during maximal respiratory efforts were correlated
with PEmax(maximal expiratory pressure), age, and % FVC. In multiple regression analysis, the combination
of PEmax and age was an independent marker of diaphragm excursions during maximal respiratory efforts
with COPD patients.

Conclusion ; COPD subjects had smaller diaphragmatic excursions during maximal respiratory efforts than
control subjects. During maximal respiratory efforts in COPD patients, diaphragm excursions were well corre-
lated with PEmax. These results suggest that diaphragm excursions during maximal respiratory efforts with

COPD patients may be valuable at predicting the pulmonary function. (Tuberculosis and Respiratory Diseas-

es 1998, 45 : 736-745)

Key words : Diaphragmatic excursion, Ultrasonography, Chronic obstructive pulmonary disease.
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Fig. 1. U : Direction of ultrasonographic beam
D : Diaphragm S : spine
L : lung H : heart

Fig. 2. Measurement of diaphragmatic excursion

by ultrasonography.

Left : M mode scan

Right : B mode scan (healthy subject)

A point ; midpoint of diaphragm thick-
ness in inspiration for tidal breathing

B point : midpoint of diaphragm thick-
ness In expiration for tidal breathing

A-B distance : distance of diaphragmat-
ic excursion for tidal breathing

FVC, %FEV,, %FVC (percent of predicted
forced vital capacity), FEV,/FVC, o &7) s
(peak inspiratory flow, o}5} PIF), 3715
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— Ultrasound assessment of diaphragmatic excursions in COPD -

Table 1. Physical characteristics is control subjects and COPD patients.

Control A Control B COPD
(n=16) (n=12) (n=17)
Age (years) 24£0.9 64+£6 66+£7.4
Height (cm) 172+4.7 164.3+6.8 165.8+£5.1
Weight (kg) 63+£8.7 555+7.1 57.5+8.0

Control A ; healthy medical students, Control B ; age-matched control,

COPD ; chronic obstructive pulmonary disease.

Table 2. Pulmonary parameters and diaphragmatic excursions of subjects studied

Control A Control B COPD

(n=16) (n=12) (n=17)
FEV, %pred 89.0+7.1 93.3+16.4 37.7+11.1*
FVC %pred 85.6+11.4 94.3+12.5 55.1 +15.3*
FEV,/FVC % 88.6+8.3 72.5+6.7 49.6 +13.4*
Plmax (cmH0) 71.3+12.7 19.2+2.1 33.2+16.3
PEmax (cmH;0) 91.4+25.3 45.5+13.5 46.3+19.7
PIF (L/sec) 5.1+1.1 3.9+0.8 2.5+1.3*
PEF (L/sec) 8.3+2.3 5.6+1.4 3.1+1.4*
D-TV (cm) 1.5+05 1.7+0.5 1.5+0.6
D-VC (cm) 6.7+1.3 5.8+1.2 3.7+1.3*

Control A ; healthy medical students, Control B ; age-matched control,
COPD ; chronic obstructive pulmonary disease, D-TV ; diaphragmatic excursions during tidal
breathing, D-VC ; diaphragmatic excursions during maximal respiration efforts or vital capacity

breathing.
* p<0.05
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Table 8. Correlation coefficients relating diaphragmatic excursions during maximal respiratory
efforts to age and physical characteristics

Age Height Weight
(years) (cm) (kg)
Control (n=28) -0.31 0.38* 0.29
COPD (n=17) 0.57* 0.09 0.08

* p<0.05
Control=Control A+ Control B

Table 4. Correlation coefficients relating diaphragmatic excursions in maximal respiratory ef-
forts approximately vital capacity breathing to spirometers.

FEV, FVC FVC% FEV,/FVC Plmax PEmax PIF PEF
Control(n=28) 0.59** (.38 0.36 0.5* 0.38 0.43 0.45* 0.51*
COPD(n=17) 0.3 0.32 0.45* -0.06 0.54 0.87**  0.31 0.17

¢} o] FEV,, FVC, FEV,/FVC, Hd &7 &%,
Hd 7] 5 dz2Td vE 94 HAg A2
NA FeJstA Z4asEcH(p<0.05).

BAZE HAZFEA] FFHLY olFAYE 2%
g2 23S o, HAZFAE Al FllA] Aol
7} giglout AdiEFAloE THAd H2A% 8
oA 3.7£1.3cm= 9%E& 1T dxFe 5.8+1.
2cms} o9 thetale] 6.7 £1.3cm Brh fFolsh 7t
AFo] A p<0.05).

H 5 FA 47 o5 Aelet A% B AA AFA
e ARBAE Boke u d2FAAE AFH {9
A4S FAE B, A 8 Sl
v 9% 5& JATAE EYct(Table 3).

HUzFA AT olFAelet #71% A, Hd
1% 2 Hd Fr1dTe] AAFAE RS o of
zFA= FEV,, FEV,/FVC, PEF, PIF¢} #9¢
T AEEAE B, WA 2 FAelME
PEmax, %FVCe} o3 AagAE B
(Table 4).

s 3 @z} 179E& ATSe A7
9j3le] FEV,9] %FAA | wet 3972 £731%
& o FAEEY AT FA FHT oAz H

719] 5= FAE FuRAE VeilAE 9t
Plmax7} ¥717} A8 w2t Zaske 28¢e 2
o, BAHeR folstAle 4t (Table 5).
o0 IARHE AW o HAEEA 24
olgAel= HETA FEV,o] {93 &2gz
gt HhaFAldl FF4% olgA(Y)IE Y
Bl 3 4e Y=1.23xFEV,+2.542 A4k
A (Fig. 3). s HdE FrplMe A
7145 Aol Fojd dF A= Yepdon Ho

Y=1.23FEV1 + 2.54

10 .
8 r=0.61 T
p<0.01 A

D-VC (cm)

FEV1 (L)

Fig. 3. Relationship between diaphragmatic ex-
cursion during maximal respiratory ef-
forts or vital capacity breathing(D-VC)
and FEV, in normal subjects.
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Table 5. Comparison of pulmonary parameters and diaphragmatic excursions between different

stages of COPD patients.

Stage 1 Stage 11 Stage 1

(n=08) (n=6) (n=8)
FEV, %pred 54.0£3.6 41.2+5.8 27.0+3.1
FVC %pred 70.0£19.4 60.6 £12.9 45.6+8.2
FEV,/FVC % 61.0+£12.0 51.6+£8.71 42,9+13.1
Plmax (cmH0) 40.7£28.3 35.4+10.3 21.5+7.4
PEmax (cmH0) 47.1+£27.7 43.7 £20.7 475+21.6
PIF (L/sec) 40+1.8 1.9+0.6 23+1.1
PEF (L/sec) 56+1.0 2.9+0.8 24104
D-TV (cm) 2.0+£0.7 1.38+0.6 1.44+0.6
D-VC (cm) 4.3+0.7 3.7+1.5 36+1.1

Stage 1 : FEV,>50%, Stage II . <35%FEV,<50%, Stage Il : FEV,<35%

Y =0.06PEmax+0.07-3.19

[ * ///
5 . 7
’E\ 4 '-.//” . :
S P
o . =0.87
a 2 © 0 p<0.01
]

0 1 2 3 4 5 6 7
PEmax(cmH20)

Fig. 4. Relationship between diaphragmatic ex-
cursions during maximal respiratory ef-
forts or vital capacity breathing(D-VC)
and PEmax in COPD patients.

SEAG A jFA(Y)E Yehlis AR
42 Y=0.06xPEmax—+0.07xAge-3.192 A=
AcH(Fig. 4).

-

YA FA3 B2E Ure domedd] R
208 FAEE FHog, BAL Butoz gl

= 298 3FZ000 AEFA 452 7-8cm A
T $%3l1 F7= 0.5cm AE Ho| TxE 349
8oz Hof b,

AT} 7% B P d7Pe FR U &
4193} fluoroscopy? & °l&3 oyt B& Yzt
o] $-%0] BE T G IF7 AN A AY
Q1 xtoj7} AlsiA AgHEe] Hol AR fluor-
oscopys AEe] 3 §)A|o| ok A} A2 F
& So] 4 o AN 6% F=7t AT vdz
gATto] 2 oj: YA &) Yol EAHR
ESLO I = i

28u= Fubd, Fub F3, G4 4% B
28 ol ol FHde FAY &%
o Bat AFA A7l olg=HT Utk 27 HALY
AR o2y L vAGHol B Ue A
& B 4 glon, AARIAAN 22 F71%3 5
vl &%3io] AW FAE ¥z AT FY
%39] 15%-87% < F7 ¥ AL FA% 53 &
7] foJ% Au BAV} o, & e &
718 AE wole Aty $EAele FV1FIE A
4 ujd AV 9ok sidon, A ¥sld me
A $5A2E viasiug o Jebs) Bt #H9d

—~ 741 —



~ S.C. Lim, et al —

M F71% % d7 57 BaHE A
sigicy.

IR BER 7Y £58 2892 FE3 A
FAEE AL 12+7mm (7-28mm), 7+ 10+
8mm (5-17mm)AE o]Fdlgoy} Ao Lxo
AZEA B39 Fg BTk sl on, Br)oE
A%, §5, 714528 Z3¢o2W MRIZ 28 2
A Y 5 Qe LFE HAY & YE A8
AZE F A& Aolgkn sy}

Z2&592 A9 $5AE S 9 AV)E &
e AT e &9 BEAe A9 wet
FAgte] 25 AA7L hEn 3FeF 8 o
Fztel A7} wgthe Aol XFHx 9t} & Y
Azt 2ol BAZE He Aot o8 stz
wjAIEE7] skl Aol 13 F) & dx)sta gE=p
€ o] Ao dZAANA ZEFELFH ALY zlols
Z07] 9% HE FUIE st

25T o183lY I £5A 247 A
2 ged olgsigd ZAeE AHEd M ller-
Felber& ' A% J739 7|58 dolry] 931y
A #7248 FxoA B-modet} M-mode %
32 4% ¢5AEE FHs9n ZAE(EMG)
& o] 8% I4% 289 F A9 (compound mus-
cle action potentials, CMAP)& %3} 3lzj9}
12 (diaphragmatic fatigue) & A& o)m
ZETAAPH HIAEH Wo s o 43 AA
Holzkn 3ttt HoustonB'o] olshd wlaAx
& 308 ddos £& Hd P47 x&
€ ANt 3459 349 A4 8 =AY
5 @ X4 #9, 9% #9(computed tomog-
raphy), 747, 4573 Ar1dze) vmste Hgt
€ 9 4% 2231 44 §7) 2R f4% A
Abgel °d 4 okn Stk =8 HA9 Ao
A}71A}5 (magnetic stimulation) & 7Hlo 24 9=
375 53 JTE Yohd 4 Yoo, YA &5
A2E FHsh= A <o) A% $AE 7 3557
of met &7gsle] UdgA ojog Fogls ATEo)

loigiey.
McKenzie®'9& 2t} F7]Alo] Aol Zo)g}
¥ &% (zone of apposition) ] 9= s}
T frofd ddo] Jota s, Uekis'"e B4 s
4 HAdF7IAel e % 2229 (zone of
apposition) oA #Zute] =& 7.5MHz B-mode
259 &2 24 H £39 Wsle}l Hu
&7 773%+% (maximum inspiratory mouth pres-
sure, Plmax) el wte} Aute] S5} galxz o]
© 3FT80] A8 YA F95 Bohf=y 44
¥ AAbdol Boha slich. Wait$e'® 15MHz
250 HEAZ AAA Y] S48 A2 &
AEA|9 vwsle 2g5 Aale] JEwe| disiA 7]
€82, Cohn¥'?& 7Aool F2% 23z (zone

of apposition) &} &Ho)|A 2-D 2wz Yzt £

AE 2= RS AT AEA Y= Wyl
% Slon E5 olslol B9 93 Wale]
2 H75t o%) xtol7} Qe-g MuaALh

719} o] 2892 olgdle] 2+ Ao 9lolA
P7e 5o et ojolo] A Be AT
7} Aasjo] A olAE 7+ Age] W FATre)
2o e 2AR: BR) %S ROz oAz

B AT o]y ¥4s £50) EAL ulgon
Bzt B AA A4S BRte) BT L
£ 2431 o8 7|5 AAF NEST v|mate) A
HPAE Folumal s AYES} HHAL 47
871 S1slo] Al WA 2Aso PAge dglen A
B AxolA BH=e] o|FAE ZHslr] 95t
M-modet#} B-modeAt o2 A gohd & 3
Zete AF2 35S Foly FYHR B
HEAE TYNA A& 7)1S5EN H7ixke] 3
Zuto] $YFE BY do] ASAE 2Ygroz Ay
slglr}. 28 olaidt 27 e YAt A, 2
5 Zzte] 3 wE oA} e Yuis B
A7t UARE Harris®§o} A7 ojsba gAste
A, 392 A5Rse Y49 oA =
e W F7HE9} Tk o5 A EAHo e

— 742 —



— Ultrasound assessment of diaphragmatic excursions in COPD —

o7} Aee Husgct. ¥ ATME 25t
gaaz AT A4E 71Eo sl Y24 o|FA
28 2= YA FE2Ae 220 F3}
o 7R Fuky gAvto s =AL H7| g2
37cte] ANRE YR 2&uE BA g ol
PAY o|EA ) 24 o2k A Yol 7HHs)
gt 2en YAste] FrRe} FukRel olFAs
£ 3 oA &Ho] folaigd & A=
sgsiact. v7)15e FEV, FVC, %FEV, %
FVC, FEV,/FVC, PIF, PEF%& # oA 7AALS}
A, 5719 71 FALEE FA s

AR AHoE AN BFEFA 1.
S5ecm-1.7emAE, AWEFAE 5.7cm-6.7cm, T
AAHA ARR YAl H BB FAE 1.5cm, 3
YEFAelEs 3.7cmAL PZHgo] £ AoE
Uehgth g EdAE A4 d2E S
BB A YA Lo 2ol iglent 3
HEFAlE A H2AE AN FAHL
Z fofai 32T $5o| ArEE o FUck 2
2 v WA 2258 FEV.o %34
Aol we} BRaAe o Az FA A% $5A
2 Wrlel Wil fo% AauArt Ak

oM HAdlsEAel FFe olgAdE A%,
FEV, FEV,/FVC, PEF, PIF¢} f-9% 4% BA
g Bgon, WA A8 BAdME 9,
PEmax, %FVCe #9¢ JBoAE UYshiAL,
e SARMIME AU FEV,ol, w44
A A B A3 PEmaxst #rd@ 43 <
A2 AT 18 Arora? Sl ojstd v
A4 VA Bxe) AT 2o WskE WA
A4 wARo] ohd AlRle} B vimste] Bt
o FZe Lold WY VAWHY HAE A
so vl Acks BaE Qo] wAHAA sEY
oA Az FA 847 o15Aeld s a3
PEmax7} $@ & A QA ¢gog o we
A7AEs Yastels Az

AgHos PN 2z 2% P o

$78lE FEV.3 7}4 $& 28848 2o,
A WAY BAA BFe ojFARE AN
drc} #tn FEV,Roke H3719H(PEmax) 3
Fo¥ FRBAE BAFA. 22 s B
AY fA)A g4 olFAele FEV.3} /¥ 4
A7} ol 208 B8 A% o152 B4
7t W71 Wrtshe ECRE gy g2 o8
F AL AR

2 o

Al -

YAute] 5 FH & #%47 fluoroscopy = #
23 gov) 2o 2&ud <M JAe] EFAT
o} 2718 238k T80l ottt &3 AL
o AHe AvEE YA v AFHo WAz
AL glm A ¥l Avhke HE €+ A
t}. B dpdME ol3d AT &5 A U@
2&5e] AHE o4t AU s #A
& SxolN P45 58 2ARE 1 F3E sl
5 AREH v uEAt.

Aty -

A A9l 283 (JFHA 163, ol& 22¥ o
Z3 128)) 9 wAvisA w28 84 1788 dd
o2 ZAzqA s7)% AL, Ad £71% o 59
47} 2833 Ao ojF AzlE A3} v|w3}
). 2&v= Aloka Ale] KEC-620 =& ol &
son o] AeloiA el AF SN WP
he B9 S 4ER Yo 3.5MHz &&AE o
I e dmEFe olgsle] M-mode AollA HAY
IFAS HEF EF F= o IFAY 349 o
% AgE 33 Ak o HAEE e Y
#7193 Hi3 719+ ChestAle] Vitalopower KH
-101 & o)g3le 33 A8t I HAUE AU
2 o

Ao Al gAY olAEle BYEFAE 1
5cm-1.7cmE 21931 HdFFAl= 5.7cm-6.7cm

— 743 —



— S.C. Lim, et al —

& Bt} AAdelMe] HdsgAd FZet o)A
gl FEV,, FEV,/FVC, PEF, PIF, 243} §2%
FHAAE HAou UF AR GME FEV, o)
8T dZAEZ AL A

R S A A A e A ojE AR
BRI EFANNE 1.5+0.6cmz IR 823 3}
o7t fley HUE Al 3.7+1.3cmE Y=
Zoll B3 froldtA Zadol ATt DAHAA
A AT 4 g7l wel B3 o)lg A v
w3 £ d3 A3 FA I3 o] A= FEV,
o] ZAETE FHL AL Koy EAF o=
k.

s HdE Fxloe) HYaFAlY ¥4
o}t olFAE = 9%, PEmax, %FVCs}t §23 A
FEAE By s ARNANE Jisr)g
(PEmax) 3 Aol fol@t o &xtz AA=c}.
g 8
TN G Sxle] AAY olF A= A
o vjgf freJatAl s on Az r)gtal A #
& B8eAE Bk 28y g4 H38 8
AolA FAH olF A= FEV, 3} $-9)% Auias
€ 47 7 oA 289 53 349 £574
7} H71%E Hrkel EUE ey B E o]&E 4 9l
+& AT

2 1 2 #
1. Macklem PT, Gross D, Grassino A, Roussos C ;
Partitioning of inspiratory pressure swings be-
tween diaphragm and intercostal/accessary mus-
cle. J Appl Physiol 44 : 200, 1978
2. Decramer M, Jiang TX, Demedts M : Effects of
acute hyperinflation on chest wall mechanics in
dogs. J Appl Physiol 63 : 1493, 1987
3. Gilmartin JJ, Gibson GJ : Abnormalities of chest
wall motion in patients with chronic airway ob-
struction. Thorax 39 : 2641, 1984

4. Martinez FJ, Couser Ji, Celli BR : Factors influ-
encing ventilatory muscle recruitment in patients
with chronic airway obstruction. Am Rev Respir
Dis 142 : 276, 1990

5. Alexander C : Diaphragmatic movements and
the diagnosis of diaphragmatic paralysis. Clin
Radiol 17 : 79, 1966

6. Gottesman E, McCool FD : Ultrasound evalua-
tion of the paralyzed diaphragm. Am J Respir
Crit Care Med 155 : 1570, 1997

7. American thoracic society : Standards for the di-
agnosis and care of patients with chronic obstruc-
tive pulmonary disease. Am J Respir Crit Care
Med 152(suppl) : 770, 1995

8. Wade OL : Movement of the thoracic cage and
diaphragm in respiration. J Physiol 124 : 193,
1954

9. Houston JG, Morris AD, Howie CA, Reid JL,
McMillan N : Technical report : quantitative as-
sessment of hemidiaphragmatic movement. A re-
producible method using ultrasound. Clin Radiol
46 : 405, 1992

10. Simon G : Principles of chest x-ray diagnosis.
London : Butterworths, 1956

11.Cohen E, Mier A, Heywood P, Murphy K,
Boultbee J, Guz A : Excursion-volume relation
of the right hemidiaphragm measured by ultra-
sonography and respiratory airflow measure-
ments. Thorax 49 : 885, 1994

12. Davies SC, Hill AL, Holmes RB, Halliwell M,
Jackson  PC : Ultrasound
respiratory organ motion in the upper abdomen.
Br J Radiol 67 : 1096, 1994

13. M ller-Felber W, Riepl R, Reimers CD, Wagner
S, Pongratz D : Combined ultrasonographic and

neurographic examination : a new technique to

quantitation  of

evaluate phrenic nerve function. Electromyogr

~ 744 —



— Ultrasound assessment of diaphragmatic excursions in COPD —~

Clin Neurophysiol 33 : 335, 1993

14. Houston JG, Fleet M, McMillan N, Cowan MD :
Ultrasonic assessment of hemidiaphragmatic
movement . an indirect method of evaluating me-
diastinal invasion in non-small cell lung cancer.
Br J Radiol 68 : 695, 1995

15. Mills GH, Kyroussis D, Hamnegard CH, Wragg
S, Moxham J, Green M : Unilateral magnetic
stimulation of the phrenic nerve. Thorax 50 :
1162, 1995

16. McKerzie DK, Gandevia SC, Gorman RB,
Southon FCG : Dynamic changes in the zone of
apposition and diaphragm length during maximal
respiratory efforts. Thorax 49 : 634, 1994

17. Ueki J, De Bruin PF, Pride NB : In vivo assess-

ment of diaphragm contraction by ultrasound in
normal subgcts. Thorax 50 : 1157, 1995

18. Wait JL, Nahormek PA, Yost WT, Rochester
DF : Diaphragmatic thickness-lung volume rela-
tionship in vivo. J Appl Physiol 67 : 1560, 1989

19. Cohn D, Benditt JO, Eveloff S, McCool FD : Dia-
phragm thickening during inspiration. J Appl
Physiol 83(1) : 291, 1997

20. Harris RS, Giovannetti M, Kim BK. Normal ven-
tilatory movement of the right hemidiaphragm
studied by ultrasonography and pneumo-
tachography. Radiology 146 : 141, 1983

21. Arora NS, Rochester DF. COPD and human dia-
phragm muscle dimensions. Chest 91(5) : 719,
1987

— 745 —



	a: 


