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Abstract: High frequency oscillatory ventilation has limited
possibility of monitoring of intrapulmonary parameters. We
have measured tidal volume during high frequency
oscillatory ventilation by external monitor. The experimental
circuit consisted of ventilator 3100 with its patient circuit,
lung simulator 5600i and monitor Florian for measuring of
tidal volume. Tidal volume was measured for different values
of alveolar compliance that were set on the lung simulator.
Measurement was repeated for ventilatory frequencies 3, 5,
7 and 10 Hz. Ventilatory parameters were held constant
during the experiment. We have found that change of
alveolar compliance has minimal effect on the delivered tidal
volume.

Keywords: High frequency oscillatory ventilation,
alveolar compliance, tidal volume

Introduction

Artificial lung ventilation can be a cause of ventilator
induced lung injury because of barotrauma or
overdistension. Present regimens of artificial lung
ventilation use inversed pressure compared with
spontaneous breathing where a negative pressure causes
the inspirium. The modern trend is to minimize the
ventilatory pressures and therefore protective ventilatory
regimens are introduced.

High frequency oscillatory ventilation (HFOV) is non-
conventional regimen of artificial lung ventilation.
Frequency 5-15 Hz and small tidal volumes
1-2 mL/kg are used during HFOV. HFOV theoretically
meets the strategy of protective ventilatory regimen.

It was shown that normocapnic HFOV affects differently
pulmonary and extrapulmonary form of ARDS [1]. These
forms of ARDS differ in mechanical properties of the
respiratory system [2, 3].

The results from simulations that were conducted on the
mathematical model of the respiratory system show that
airway resistance substantially affects the impedance of
the respiratory system and tidal volume whereas the effect
of the alveolar compliance is very small in HFOV [4].
HFOV is used mainly as a rescue therapy. It is not still
clear what type of patients has a benefit from the use of
HFOV although it has been permanently studied. It is
generally accepted that HFOV should not be used in
patients with diseases like chronic obstructive pulmonary
disease that are characterized mainly by obstruction of the
airways or asthma [5, 6].

Figure 1: Complete ventilator circuit with high frequency
oscillatory ventilator 3100, monitor Florian and lung
simulator 5600i.

Aim of the study is to evaluate by an experimental
measurement dependence of tidal volume during HFOV on
the alveolar compliance for different ventilatory frequencies.

Methods
We used ventilator 3100 (Sensormedics, USA) as a high
frequency oscillatory ventilator. Monitor Florian

(Acutronic Medical Systems, Switzerland) was used for
measuring of tidal volume V, in the ventilatory circuit.
Respiratory system was modelled by lung simulator 5600i
(Michigan Instruments, USA). Experimental setting is
depicted in Fig. 1.

Two resistors RpS included in the model were used to
simulate the airway resistance during whole experiment.
Mean airway pressure (MAP) was maintained at
12 cmH,0, inspirium/expirium ratio was 1:1 and
amplitude of pressure oscillations AP was 40 c¢cmH,O.
These parameters were held constant during whole
experiment.

Different frequencies were set up on the ventilator during
the measurement 3, 5, 7 and 10 Hz. Compliance was
differing across the frequencies: 0.1, 0.075, 0.05, 0.025
and 0.01 L/cmH,O. Endotracheal tube with internal
diameter 9 mm was placed between the ventilator and the
simulator.



Results

Values of tidal volume are summarized in Tab. 1 for
different ventilatory frequencies corresponding to HFOV
and for different values of alveolar compliance.

Table 1: Tidal volume and pressure amplitude for
different ventilatory frequencies and different levels of
alveolar compliance.

Frequency | Compliance | Tidal volume
(Hz) (L/ecmH,0) V, (mL)

0.1 145
0.075 144
3 0.050 144
0.025 145
0.010 145

0.1 95

0.075 94

5 0.050 94
0.025 95

0.010 99

0.1 71

0.075 72

7 0.050 73
0.025 73

0.010 74

0.1 45

0.075 46

10 0.050 46
0.025 47

0.010 49

Discussion

The results of the conducted experiment suggest that
change of the alveolar compliance has very small effect
upon the delivered tidal volume during all frequencies
corresponding to HFOV usage. Minimum effect was
observed at all ventilatory frequencies 3, 5, 7 and 10 Hz.
The results are in concordance with the simulations
conducted on the mathematical model that was designed
according to the anatomy of the lungs [4]. It was shown
that compliance of alveoli has only slight effect upon the
impedance of the respiratory system. The effect of
alveolar compliance upon the impedance of the
respiratory system is depicted in Fig. 2. It means that
alveolar compliance has also small effect upon the tidal
volume at pressure-controlled regimens of artificial lung
ventilation at frequencies that correspond to use of
HFOV.

Some studies show that patients with severe ARDS have
benefit from use of HFOV [7]. These patients have
decreased alveolar compliance in many cases and HFOV
seems to be able to ventilate adequately lung with similar
settings as for the healthy lung.
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Figure 2: Dependence of lung impedance on the
ventilatory frequency for HFOV simulated for normal and
decreased alveolar compliance.
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