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Effect of Air Humidity on Inspissation of Endotracheal Tube Secretions
Toru Hirokawa, Hideki Miyao, Toshikazu Takada, Taro Kawazoe (Department of Anesthesiology, Saitama Medical
Center, Saitama Medical School, Kamoda, Kawagoe, Saitama 350-8550, Japan)

Although humidifiers are used in ventilator circuits to supply water vapor to the patient’s airway, tracheal tube
secretions are often inspissated. Theoretically, the humidifier actually deprives the upper airway of water unless the
delivered gas contains more water vapor than 44 mg H,O/1, the point saturated water vapor at body temperature.
The purpose of this study was to measure the amount of “deprived water” in the upper airway using a tracheal
model. Two different types of humidifier (one with and one without a heating wire) were used, and the appropriate
humidifier settings required to prevent dry secretions in the artificial airway were determined.

Methods: A tracheal model was made from a corrugated breathing tube, into which cylindrical filter paper
containing water was inserted. Samples of air from two different humidifiers (one with and one without a heating
wire incorporated into the inspiratory portion of the breathing circuit) were passed through the tracheal model for
10 minutes. The tracheal model was warmed to 37 degrees. The gas flowed at a rate of 30 liters per minute in a
constant unidirectional flow. The amount of absorbed water was measured by weighing the tracheal model before
and after each trial. Sixteen settings for the humidifier with the heating wire and 5 settings for the humidifier without
the heating wire were tested. The relative humidity and temperature of each gas were measured using a hygrometer,
and the absolute humidity was calculated.

Results: The amount of deprived water ranged from -0.03 g to 0.93 g when the humidifier containing the heating
wire was used and from 0.05 g to 0.6 g when the humidifier without the heating wire was used. Relative humidity was
the main factor in preventing the tracheal model from drying out, while absolute humidity was a secondary factor.

Discussion and Conclusion: Even the newest humidifiers presently in use deprived the tracheal model of
water during most operating conditions. The present findings suggest that humidifiers, that do or do not contain a
heating wire should be set near the maximum level of humidity. The levels necessary to prevent upper airways from
producing dry secretions were above 45 mg H,0/1 of absolute humidity, which is significantly higher than the ISO
standard (above 33 mg H,0/1), and 100 % relative humidity.
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Fig. 1. Scheme of the experimental setup.
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Fig. 2. Scheme of temperature control mechanism.
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Fig. 3. Hygrometer temperature, relative humidity and

absolute humidity in various set up of MR 730.
Tn : Set of the circuit temprature dial, Sn : Set of the chamber
control dial.
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Fig. 4. Deprivation of water in various set up of MR 730.
Tn : Set of the circuit temprature dial, Sn :  Set of the chamber
control dial.
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