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The study on filtration efficiency of
breathing system filters for mechanical
ventilator(l1)
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Abstract

The results of previous studies carried out by Taiwan’s Institute of Occupational
Safety and Health (IOSH) indicate that breath particles are exhaled when people
cough, sneeze, or simply breathe, and that the amount of the exhaled breath particles
increases along with increases in tidal volume. IOSH research has proven that
mechanically ventilated patients also exhale particles. The highest concentrations of
particles were in the sizes of 0.3-1 um. No significant differences in exhaled particle
concentrations (0.001-0.098 particles/mL) of different sizes were found between the
pressure control mode and volume control mode of mechanical ventilation. Nor were
there any significant differences in filtration efficiency between pleated hydrophobic
filters and electrostatic filters. The particle size and concentration distributions of
exhaled bacteria in mechanically ventilated patients with different ventilators and
mode settings were evaluated using a bioaerosol sampler. The risk of infection for
healthcare workers in intensive care units was evaluated, and recommendations for
preventive measures were made.

Particle sizes and concentrations in the exhaled breath of humans vary with
respiratory activity. Previous studies focused on exhaled breath particles from healthy
individuals, and so far few studies have been carried out to evaluate the distributions
of exhaled particles and exhaled bacterial concentrations from mechanically
ventilated patients. Therefore, this study recruited mechanically ventilated patients in
the respiratory intensive care unit of a medical center in central Taiwan. The particle
size and concentration distributions of exhaled particles and bacteria from the
mechanically ventilated patients were evaluated by using an optical particle analyzer

and an eight-stage bioaerosol impactor, respectively. The indoor air quality of the



respiratory intensive care unit was also evaluated.

The results of this study indicated that the sizes of particles exhaled from
mechanically ventilated patients were mostly in the range of 0.5-3.5 um, with particle
concentrations ranging between 0.001 particles/mL and 0.949 particles/mL. The
detected rates of total bacteria and gram-positive and gram-negative bacteria from
exhaled breath were 0-28.6%, 64.3-78.6%, and 28.6-71.4%, respectively. The total
bacteria concentration in breath exhaled by mechanically ventilated patients ranged
from 0 CFU/m® to 406.3 CFU/m®, and the levels of gram-positive bacteria and
gram-negative bacteria were 177.1-562.5 CFU/m*® and 270.8-625.0 CFU/m?®
respectively. In addition, indoor carbon dioxide concentrations were found to range
between 872 ppm to 1,266 ppm. Most of the particles in the air were 1 um or smaller
in size. Bacteria in sizes of 1.1-2.09 um comprised the highest concentration in the air
of the respiratory intensive unit, and airborne bacterial concentrations ranged from
164.2 CFU/m® to 3,135.4 CFU/m°. The concentrations of airborne bacteria were
66.1-2,089.5 CFU/m*® for gram-positive bacteria and 23.5-2,089.5 CFU/m® for
gram-negative bacteria. The number of persons visiting patients was positively
associated with air temperature and bacterial concentration, and bacterial growth was
affected by air temperature. The performance of used high-efficiency particulate air
(HEPA) apparatus was the same as that of new apparatus in this study; even multiple

sterilizations of the HEPA apparatus did not affect its efficiency.
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