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Abstract

Background: Unilateral lung hyperinflation occurring in obstructive lung disease

with asymmetric lung compliance leads to acute vital instabilities. Unilateral

lung hyperinflation is mainly due to dynamic hyperinflation, which can be

affected by compliance, tidal volume, airway resistance and respiration rate

changes.

Methods: The model was made by using two test lungs, each named lungl and

lung2. To make asymmetric lung compliance, two groups were set by

manipulating lungl compliance as ARDS lung (ARDS group) and COPD lung

(COPD group), while fixating lung2 compliance as normal lung. In addition,

control group with symmetric compliance of normal lung was set, resulting in

total 3 groups. Respiratory variables were measured above (proximal

measurement) and below (distal measurement) the model’s trachea. The model

was mechanically ventilated, while airway diameter was changed from 3 to 8 mm

serially by 1 mm interval.



Results: PEEP had statistically significant increase below ID 5 mm, and also had

statistically significant increase throughout airway diameter change in COPD

VLl Cf_-l
group versus control group and ARDS group. V. was similar to €.z in most of

VLl
the group at distal measurement, but Vi approached to value of 1 in distal

measurement of COPD group at ID 3, 4 mm.

Conclusions:  Ventilatory distribution was proportionate to lung compliance.

PEEP was statistically increased when airway cross sectional area decreased to 7.1

cm? (ID 3 mm) in ARDS group and 19.6 cm? (ID 5 mm) in control, COPD group.

COPD group alone showed statistically significant PEEP. Adequate limitation of

flow and inspiratory pause may ameliorate uneven ventilatory distribution.

Key Words: asymmetric compliance, unilateral lung hyperinflation, distribution

of ventilation, PEEP, airway obstruction
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Table 1. Comparison of V3/Vi; and C1/C.  Vi/Viz and C1/C; are similar
regardless of compliance and internal diameter except in distal measured COPD
group at diameter 3 and 4 mm. (A) Change of V\1/V|, during change of internal
diameter. Fi2 was calculated using proximally measured tidal volume and
lungl tidal volume. (B) Change of C1/Ci, during change of internal diameter.
€12 was calculated using parameters gained by additional 3 cycles of experiment,
spirometer distally placed at lung2. DL1AR; distal measured ARDS group, DL1C;
distal measured control group, DL1CO; distal measured COPD group, ID; internal
diameter. Vi1; tidal volume of lungl, €ra; static compliance of lungl, ¥ez; tidal
volume of lung2, €iz2; static compliance of lung2. *P < 0.05 versus internal

diameter 8 mm.

A
ID Vi/Viz
(mm) DL1AR DL1C DL1CO
(mean = SD) (mean = SD) (mean = SD)
3 0.10 + 0.05 1.05 + 0.16 146 + 0.18
4 0.11 + 0.03 1.01 + 0.09 3.06 + 041
5 0.12 + 0.02 1.00 + 0.07 3.72 £+ 037
6 0.12 + 0.02 0.97 + 0.09 3.78 + 047
7 0.12 + 0.02 0.96 + 0.06 3.77 £ 045
8 0.12 + 0.02 0.97 + 0.08 3.78 + 0.60
B
ID Cu/Ce2
(mm) DL1AR DL1C DL1CO
(mean) (mean) (mean)
3 0.10 1.05 1.67
4 0.12 1.03 2.74
0.12 1.02 3.08

21



0.13 1.00 3.32
0.13 1.00 3.26
0.13 1.00 3.39

Table 2. Difference of lungl volume between groups, during change of internal
diameter. Total tidal volume (proximal measured) of control group at internal
diameter 8 mm was set as 100%. DL1AR; distal measured ARDS group, DL1C;
distal measured control group, DL1CO; distal measured COPD group, ID; internal

diameter. *P < 0.05 versus internal diameter 8 mm.

ID DL1AR group DL1C group DL1CO group
(mm) (%, [mean * SDJ)

3 8 +4 49 + 4 55+ 3

4 10 £ 2 49 + 2 72 + 3

5 10 £ 2 49 + 2 77 + 2

6 11 +1 49 + 2 78 £ 3

7 11 + 1 49 + 2 78 + 2

8 11 + 2 49 + 2 78 £ 3

22



Fig. 1. Schematic diagram of the two-lung model. (A) Proximal measured
setting. (B) Distal measured setting. a; spirometer, b; filter, ¢; internal diameter

8 mm endotracheal tube, d; connector with variable internal diameter 3-8 mm, e;

breathing tube.

AR

| d |
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Fig. 2. Change of PEEP at distal measurement during change of internal diameter.
DL1AR; distal measured ARDS group, DL1C; distal measured control group,
DL1CO; distal measured COPD group, PEEP; positive end expiratory pressure, ID;
internal diameter. *P < 0.05 versus internal diameter 8 mm. Cross section area;
ID 3,456, 7 8 mmis 7.1, 126, 19.6, 28.3, 38.5, 50.3 cm? respectively. 1P <

0.05 versus control group

—s—DL1AR  :+4-DL1C =+-DL1CO

3.5 3
3.0 -
2.5

2.0 -

PEEP(cmH20)

1.5 ‘3

1.0 -

0.5 -

0.0 ] L] L] ] L] L] L] L]
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Fig. 3. Change of (P1-P2) time during change of internal diameter. P1; start
point of plateau pressure, P2: end point of plateau pressure, PAR; proximal
measured ARDS group, PC; proximal measured control group, PCO; proximal
measured COPD group, DL1AR; distal measured ARDS group, DL1C; distal
measured control group, DL1CO; distal measured COPD group, PEEP; positive
end expiratory pressure, ID; internal diameter. *P < 0.05 versus internal diameter
8 mm, 1P < 0.05 versus proximal measured in each group.
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Fig. 4. Flow-time curve. Flow limitation is observed in smaller internal
diameters. The area below the curve represents volume. Comparing internal
diameter 3 and 8 mm in both A and B, the volume shortage due to flow
limitation during inspiration is compensated during inspiratory pause, while the
volume shortage is left short in C even after the inspiratory pause. (A) Flow-
time curve of distal measured ARDS group. (B) Flow-time curve of distal
measured control group. (C) Flow-time curve of distal measured COPD group.
DL1AR; distal measured ARDS group, DL1C; distal measured control group,
DL1CO; distal measured COPD group, number represents internal diameter.
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Flow-time curve of DL1C
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