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Abstract

Introduction : Upper airway obstruction is caused by intrinsic or extrinsic neck

mass, and vocal cord paralysis. A recognized hazard of prolonged endotracheal

intubation is progressive airway occlusion resulting from deposition of secretions.

If the obstruction persist, lead to life threatening condition. But early diagnosis of

partial airway obstruction is very difficult due to patients are asymptomatic and

can't find abnormal radiologic lesion.

Methods : In the test lung model, lung compliances were set to normal (25

ml/cmH.O; control, C25 group) and to levels seen in chronic obstructive

pulmonary disease (40 ml/cmH,O; C40 group), acute respiratory distress

syndrome (20 ml/cmH,O; C20 group and 25 ml/cmH,O; C25 group). Set the tidal

volume 600 ml, respiratory rate 10 bpm, inspiratory pause 1sec and limit of peak

inspiratory pressure was 70 cmH,O. Ventilator (Drager Fabius GS, medical AG &

Co. Germany) by using a test lung and a series of endotracheal tube (ETT)s

ranging in size from 7.5 to 2.5 mm inner diameter of connector to simulate

progressive occlusion.




Results : Progressive ETT occlusion induced increasing peak inspiratory pressure.
C40 group was spontaneously increase inspiratory pause pressure when repeated
ventilation. Auto-PEEP presented under the condition that high compliance and
occlusion. Dynamic compliance was decreased at ID 55 mm in all groups.

Respiratory resistance was in inverse proportion to inner diameter of connector.

Conclusion : Progressive ETT occlusion did not reduce delivered tidal volumes
until occlusion was nearly complete (ID 2.5 mm). But dynamic compliance and
respiratory resistance were significant changes at ID 5.5 mm that means decrease

as 46.22 % of normal cross sectional area.

Keywords : airway obstruction, compliance, resistance, auto-PEEP

Student number : AM20095013
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O} 7|(Drager Fabius GS, medical AG & Co. KGaA 23542 Liibeck, Germany)2|
58329 9257 30 mi/cmH,091  AEH|(Test lung 190, Maquet, Germany)
Atojof 7= A Y RS AZTCL AY|E HMe V2 REQ AESF
(connectonZ LHZ 7.5 mmojlA 0.5 mm G2 2.5 mm7tX| =X 2 HHY|
A@stof FEBICt
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2
2
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Cstar = Vr/P2 (Equation 1)

Coar= BH S2&, ;2 U3 8, P2& 37|12 BEYAOL

Cdyn = Vr/Pnax (Equation 2)
Capn= SHREE, Prar2 ZCf B7|R0[04,
Row = (Pmax — P1)/V (Equation 3)




Rps = (P1—P2)/V (Equation 4)

Riotat = (Prnax — PZ)/V (Equation 5)

Raw 7|EME, V2 &7 Al 8F, Rps2 E7|4 ME, Riga> TH X0l
c}.
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Table 1. Changes in peak inspiratory airway pressure during progressive

reduction in diameter compared with group.

(All values are cmH,0)

ID (mm) C40 group C25 group C20 group C15 group
25 7003 + 098* 7028 + 074* 7036 + 074* 7018 + 083*
3.0 6204 + 417* 6875 % 076* 6897 + 075* 6932 + 077*
3.5 5830 + 584* 6671  152* 6854 + 091* 6909 + 067*
4.0 4187 + 522 5224 + 217* 5687 + 189 6589 + 184*
45 2090 + 456* 4268 + 142* 4684 + 159* 5631 = 269*
5.0 2688 + 345* 3926 + 167 4341 + 164* 5367 : 241*
5.5 2430 + 316* 3655 + 137* 4075 + 193* 5096 + 252*
6.0 2340 + 281 3566 + 164 3991 + 1.28 50.14 + 2.59*
6.5 2181 + 328 3421 + 181 3845 + 164 4876 + 240
7.0 2112 + 3.00 3344 + 167 3824 + 203 4847 + 211
7.5 2139 + 237 3340 + 146 3795 + 218 4806 : 211

Mean + SD

*p < 0.05 vs. control

22



Table 2. Pathophysiologic changes in mechanically-ventilated patients with

obstructive lung disease. (After reference 18)

Physiologic Abnormality

Mechanisms

Increased airway resistance

Dynamic hyperinflation

Patient-ventilator asynchrony

Increase in airway secretion
Increased ventilator demand

Abnormalities of gas
exchange
Cardiovascular dysfunction

Bronchoconstriction, mucosal edema, increased
secretions, loss of elastic recoil, peribronchiolar
inflammation

High minute volume, prolonged expiratory time
constants, low LE

Inadequate exhalation time, intrinsic PEEP ventilator-
nontriggering

Airway inflammation, airway edema

Hypoxemia, lung inflammation, overdistention

V/Q Mismatch, shunt, hypoventilation

Pulmonary hypertension (loss of capillary bed, hypoxic
vasoconstriction), increased RV afterload, gas exchange
abnormalities, reduced venous return, increased LV
afterload, LV failure

LE = ratio of inspiratory time to expiratory time

PEEP = positive end-expiratory pressure

V/Q = ventilation/perfusion

RV = right ventricle

LV = left ventricle

23



N

Figure 1. Schematic diagram demonstrating the circuit model. A: spirometry, B:

filter, C: E-tube (ID 8.0 mm), D: connector (ID 7.5 mm ~ 2.5 mm), E: test lung
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Figure 2. Schematic drawing of the study protocol. At first, connect ID 7.5 mm to

ventilator circuit and recording some respiratory mechanics for one minute while

the plastic flaps of test lung leave open (C40) then close the plastic flaps (C25).

Next wrap 3-rubber bands round the middle of flaps (C20) and recording for one

minute. Finally, wrap 10-rubber bands round the middle of flaps (C15). At the

end of ID 7.5 mm (the part shown in dotted arrow), change the connector for ID

7.0 mm. Then comes C15, C20, C25 and C40 in that order (the part shown in

black arrow). In a similar way, exchange the connector at intervals of 0.5 mm

untill ID 2.5 mm.
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Figure 3. Representative waveform of pressure, flow, and volume receiving
volume controlled ventilation that test lung of compliance 25 mi/cmH;O atID 7.5
mm during volume controlled ventilation. There was an inspiratory pause of 1
second before expiration. Peak inspiratory pressure (Pma.) decreases to the
plateau pressure (P1 and P2). The ratio of pressure gradients to inspiratory flow

is respiratory system resistance.
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Figure 4. Changes in tidal volume with progressive reduction in diameter of

connector. Progressive occlusion reduce delivered tidal volumes below 400 ml

when ID 2.5 mm for all groups. *p < 0.05 vs. control
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Figure 5. Airway pressure, flow, and volume waveforms from a test lung of

compliance 40 ml/cmH,0 receiving volume controlled ventilation at ID 3.0 mm.

Airway pressure and the plateau values are increases. Flow-time waveform

showing persistence to flow at end-expiration with intrinsic positive end-

expiratory pressure (auto-PEEP).
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Figure 6. Auto-PEEP (positive end expiratory pressure) are expressed as

percentage of baseline (n=15) values. It is observed more than 50 % when below

ID 5.5 mm and smaller than ID 4.0 mm, probability of auto-PEEP reached 100 %.
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Figure 7. Effect of decreasing dynamic compliance with progressive reduction in
diameter of connector. Significant cormelation between ID and dynamic
compliance was ID 5.5 mm in all groups except group of C15 (C15 was smaller

than ID 6.0 mm). *p < 0.05 vs. control
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Figure 8. Effect of decreasing static compliance with progressive reduction in
diameter of connector. Significant correlation between ID and dynamic
compliance was ID 2.5 mm in all groups except group of C40 (C40 was smaller

than ID 3.5 mm). *p < 0.05 vs. control
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Figure 9. Predicted distribution of airway resistance with progressive reduction in

diameter of connector. Significant correlation between ID and resistance was ID

5.5 in all groups except group of C15 (C15 was smaller than ID 6.0 mm). (a);

airway resisteance (b); respiratory system resistance (c); total resistance.

Regression factor ()=0.980, *p < 0.05 vs. control (purple color dot : all groups)
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