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The Changes of Breathing Pattern Observed During Maximal Exercise Testing in

the Patients with Chronic Airflow Obstruction : the Correlation Between the
Change of Inspiratory Duty Cycle and the Degree of Airflow Obstruction

Kye Young Lee, M.D., Young Koo Jee, M.D., and Keun Youl Kim, M.D.

Department of Internal Medicine, College of Medicine, Dankook University,
Chunan, Korea

Backgroud: Normal humans meet the increased ventilatory need during exercise initially by the increase of
tidal volume (TV) and later by the increase of respiratory frequency (Rf). And the inspiratory duty cycle (Ti/
Ttot) is also increased more than 50% for the compensation of the decrease of respiratory cycle provoked by
the increase of respiratory frequency. The patients with chronic airflow obstruction show rapid and shallow
breathing pattern during exercise because of the decreased ventilatory capacity and the increased dead space
ventilation. However, the studies about the change of inspiratory duty cycle are only a few and there is no liter-
ature about the relationship between the change of inspiratory duty cycle and the degree of airflow obstruction.
Methods : The subjects were the twelve patients with chronic airflow obstruction (CAQ) and ten normal peo-
ple. The incremental exercise test was done. The increase of work load was 10 W in CAO group and 25 W in
normal control group. The analysis of the results was done by the comparison of the parameters such as min-
ute ventilation (VE), TV, Rf, physiologic dead space (Vd/Vt), and inspiratory duty cycle between the two
groups. Each parameters were compared after transformation into % control duration base that means divid-
ing the total exercise time into five fractons and % control duration data were obtained at rest, 20%, 40%, 60
%, 80%, and max. Statistical analysis was done by repeated measure ANOVA using SAS program.

Results : The changes of VE and TV were significantly different between two groups while the change of Rf
was not significant. The decrease of Vd/Vt was significantly low in CAO group. Ti/Ttot was markedly in-
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creased from 38.4 + 3.0% at rest to 48.6 + 4.5% at max in normal control group while Ti/Ttot showed little
change from 40.5 + 2.2% at rest to 42.6 + 3.5% at max. And the change of inspiratory duty cycle showed
highly good correlation with the degree of airflow obstruction (FEV1%). (r=0.8151, p < 0.05)

Conclusions : The increase of Ti/Ttot during exercise observed in normal humans is absent in the patients
with CAQ and the change of Ti/Ttot is well correlated with the degree of airflow obstruction.

Key words : Exercise, Breathing pattern, Chronic airflow obstruction (COPD), Inspiratory duty cycle (Ti/

Ttot)
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Table 1. Demographic data of cases and controls

Control CAO

Age (years) 274 + 4.1 59.7 £ 9.1

Height (cm) 1732 £ 45 166.3 + 5.8

Weight (kg) 70.3 + 5.6 64.1 £ 92
BSA (m?) 1.82 + 0.08 1.72 £ 0.13
FVC (L) 4.85 £ 041 301 £0.54
(%pred) 99.0 £ 5.5 81.9 + 15.6
FEV1 (L) 4.01 £ 0.39 1.43 + 047
(%pred) 982 + 798 49.5 £ 18.9
FEV1/FVC(%) 84.1 £ 6.6 47.1 £ 11.7
FEF25-75% (L) 443 £ 1.02 0.59 £ 0.30
(%pred) 90.7 £ 203 18.2 £ 109

DLCO (ml/min/Hg) - 13.3+ 39

(%pred) - 56.7+92

PaCO, (mmHg) - 40.1 £ 5.7
Pa0, (mmHg) - 822 + 128

CAQ : chronic airflow obstruction group
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Table 2. Maximal exercise data.

Control CAO
Control CAO
Wmax (W) 190 + 19 69 £ 24
VO2max (ml/min) 2104 + 341 924 + 231
(%pred) 738 + 84 56.7 +17.2
VO02/kgmax (ml/kg/min) 302 £ 43 15.6 + 3.8
VCO2max (ml/min) 2873 £ 421 1098 + 336
AT*(detection rate, %) 83.3% 76.5%
(ml/min) 1157 + 300 610 £ 112
(% of VO2max) 559 £ 11.1 35.6 + 8.5
V02/ WR (ml/min/W) 1.2 £ 1.6 128 £ 5.5
HRmax (beats/min) 164.8 + 12.5 119.1 £ 222
max O2—pulse (ml/beat) 114 + 3.8 7.8 £ 1.7
VEmax (L/min) 69.4 £ 139 36.2+112
BR (L/min) 26.6 + 13.0 13.4 £ 107
HRR (beats/min) 273 £ 13.0 52.0+£212
*AT : detemined by V —slpoe method
CAO : chronic airflow obstruction group
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F ou]& 52.0 + 21.2beats/min, Hf Al¥bAkA
(max O,—pulse) 7.8 £ 1.7ml/beat2A] A4} tj
279 FFuE 26.6 = 13.0L/min, Auty oy
€ 27.3 £ 13.0beats/min, Htj Au¥AkA (max O,
—pulse) 11.4 £ 3.8ml/beat Br} $2J%k xjol& B
Ack(p < 0.05).
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Fig. 1. The comparison of the fractional changes
in the parameters of exercise testing
from rest to maximum exercise between
normal control group and chronic airflow
obstruction group.
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Fig. 2. The comparison of the changes in minute
ventilation(VE) between normal control
group and chronic airflow obstruction
group.
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Fig. 3. The comparison of the changes in tidal
volume(TV) between normal control
group and chronic airflow obstruction
group.

30 A O control
O CAO

p>0.05

Rf (/min)

L}
et 20 40 (1) 80 -
% Control duration

Fig. 4. The comparison of the changes in breath-
ing frequency(Rf) between normal con-
trol group and chronic airflow obstuction
group.
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Fig. 5. The comparison of the changes in physio-
logic dead space ratio(VD/VT) between
normal control group and chronic airflow
obstruction group.
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Fig. 6. The comparison of the changes in inspira-
tory duty ratio(Ti/Tot) between normal
control group and chronic airflow obstruc-
tion group.
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Fig. 7. The correlation between the degree of air-
flow obstruction(FEV1%) and the
change of inspiratory duty ratio(dTi/
Ttot)
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