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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., I-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
parallel 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(PEmagyz, Vitalopower KH-101, Chest) were measured
in the seated posture.

— 736 —



~ 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 PEmgx(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 1898, 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, & 7] §8
(peak inspiratory flow, ©]&} PIF), ] 374
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Table 1. Physical characteristics is control subjects and COPD patients.

Control A Control B COPD
(n=186) (n=12) (n=17)
Age (years) 24+0.9 64 +6 66+7.4
Height (cm) 17247 164.3+6.8 165.8+5.1
Weight (kg) 63+8.7 55.5+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+114 94.3+12.5 55.1 +15.3*
FEV,/FVC % 88.6£8.3 72.5+6.7 49.6 +13.4*
Plmax (emH,0) 71.3+12.7 19.2+2.1 33.2+16.3
PEmax (cmH,0) 91.4+25.3 455+13.5 46.3+19.7
PIF (L/sec) bl+11 3.9+£0.8 25+1.3*
PEF (L/sep) 8.3+£2.3 56+1.4 3.1+1.4%
D-TV {(cm) 1.5+05 1.7+0.5 1.5+0.6
D-VC (em) 6.7+1.3 58+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 3. 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 PEmaex PIF PEF
Control(n=28) 0.59** (.38 0.36 0.5* 0.38 0.43 0.45* 0.51*%
COPD(n=17) 03 0.32 0.45* -0.06 0.54 0.87**  0.31 0.17

¢} o] FEV,, FVC, FEV,/FVC, Hd &7 §,
A 37] #3F2 Uz vE 94 444 HEs
oA el s (p<0.05).

BAEEY HAQZEA AR ol5AE 2%
B2 FA3EE o, FA3EANE A TolA o]
7} giglev AdzFAlde wAddgA HAg 84
oA 3.7£13cmE AFL T =7 58+1.
2cme} o7} 3ol 6.7 £1.3cm B} o5k
439 JAH(p<0.05).

HAZFA A olF A A% & A ASFA
200 ABBAE HGEE o 2T E AT {9
T AT WAE 2o, A4 A28 B4
= g8y & HuHAE nyck(Table 3).
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o AREAE BYn, B9 A48 8o e
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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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— Ultrasound assessment of diaphragmatic excursions in COPD —

Table 5. Comparison of pulmonary parameters and diaphragmatic excursions between different
stages of COPD patients.

Stage 1 Stage 11 Stage I

(n=08) {(n=6) (n=38)
FEV, %pred 54.0£3.6 41.2+5.8 27.0+£3.1
FVC %pred 70.0£194 60.6+£12.9 45.6+8.2
FEV,/FVC % 61.0+12.0 51.6+8.71 42.9+13.1
Plmax (emH;0) 40.7+28.3 354+10.3 21.5+74
PEmax (cmH,0) 47.1+27.7 43.7£20.7 47.5+21.6
PIF (L/sec) 4.0+1.8 1.9+0.6 23+11
PEF (L/sec) 5.6+1.0 2.9+0.8 24+04
D-TV (c¢m) 2.0£0.7 1.38+0.6 1.4440.6
D-VC (¢m) 43+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 . .
E 4 /’../‘/‘ . .
3 /,’/ .
o 3 T . r=0.87
c': 2 g vt * e p<001

1

0

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.
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