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Abstract

Background: The use of evaluation tools such as the manovacuometer and respirometer is frequent and
disinfection is usually limited to the external surfaces, which is insufficient and raises concerns because of the
potential spread of infectious diseases. Hydrophobic heat and moisture exchangers (HME) are used in mechanical
ventilation and have microbiological filters, which can possibly reduce contamination, increasing the safety of
related procedures. It is unknown, however, if the addition of an exchanger affects the measurements obtained.
Aim of this study was to verify if the use of an HME interferes in maximal inspiratory and expiratory pressures
assessed using the manovacuometer and vital capacity evaluated using the respirometer in healthy adults.

Methods: A controlled transversal trial was carried out. Twenty healthy young adults were included in the study.
Vital capacity by respirometer and, maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were
assessed with and without the use of HME.

Results: No significant difference was found between the values pre and post HME use in vital capacity measurements:
(3878.8 ± 202.2 mL vs. 3925.5 ± 206.0 mL, p= 0.116) and the respiratory muscle strength measurements: MIP (−99.0 ± 8.9
vs −95.5 ± 9.0 cm H2O, p = 0.149) and MEP (92.5 ± 7.5 vs 92.5 ± 7.7 cm H2O, p = 1.0) respectively.

Conclusion: We conclude that the use of HME does not modify the lung volumes or respiratory muscle strength, and
can be used in order to reduce the occurrence of pulmonary infection.

Keywords: Heat and moisture exchanger, Respirometer, Maximum inspiratory pressure, Maximum expiratory pressure,
Manovacuometer

Background
Respiratory muscle weakness may be present in patients
with dyspnea, respiratory failure, malnourishment, or de-
bility, in neuromuscular diseases such as Guillain-Barre
syndrome, myasthenia gravis, amyotrophic lateral scler-
osis, stroke, poliomyelitis, or in multisystem diseases
such as polymyositis and sarcoidosis [1, 2]. Assessment
of lung volumes and respiratory muscle strength has a

low cost and can be easily obtained using the respirom-
eter and manovacuometer , respectively [3].
These measurements are routinely used to monitor

patients with acute conditions, at risk of rapid loss of
diaphragm strength as well as to follow the progress of
patients with chronic diseases and to detect muscle
weakness in undiagnosed patients [1, 2, 4].
Vital capacity (VC), defined as the maximum amount

of air that can be exhaled after a maximum inhalation, is
an indispensable measurement for the diagnosis of pul-
monary mechanical limitation as well as for assessment
of pulmonary reexpansion therapy applied to patients
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after cardiac surgery. The normal value of the VC is
from 65 to 75 mL/kg, however, there may be variations
regarding ethnicity, age, gender, height and weight. It
has been described that VC lower than 25 ml/Kg can
predispose atelectasis, hypoxemia and inefficient cough,
so the evaluation of pulmonary volumes and capacities
is essential to characterize pulmonary mechanical limita-
tion and restrictive pattern in some patients [5].
The manovacuometer, according to the manufacturer

manual, is cleaned only externally, and it is believed that
this aspect has a potential to increase the incidence of
infections, since no device is used for filtering exhaled
air and the air inspired by the.patient. This potential
seems to be more relevant in intensive care unit (ICU)
patients, since some of the risk factors for nosocomial
pneumonia include long ICU stay, prior exposure to an-
tibiotics and other drugs, invasive procedures and expos-
ure to equipment, devices, hands, air, contaminated
water and solutions [6].
Heat and moisture exchangers (HME) are disposable

devices that are inserted between the endotracheal tube
and the Y-piece of the mechanical ventilator [6–8]. HME
recover heat and moisture during exhalation and return
a portion of the heat and humidity during the following
inspiration [9–13]; they are more efficient when used
with low tidal volumes [13] and do not cause relevant
increases in resistance [14]. There are 3 types of HME:
hygroscopic, hydrophobic, and combined (hygroscopic-
hydrophobic) [6]. Hydrophobic HME has a larger sur-
face area, because of pleating of the material [10]; it has
a substance covering the filter that prevents water exo-
dus during exhalation, and serves as an efficient micro-
biologic filter as well [15].
The aim of the present study was to evaluate if the use

of the hydrophobic HME interferes in the lung volumes,
maximal inspiratory pressure (MIP) and maximal expira-
tory pressure (MEP) obtained using the respirometer
and manovacuometry in healthy adults. The hypothesis
is that using the HME coupled to these devices do not
modify the values of muscle force and lung volumes,
allowing them to be used in clinical practice.

Methods
This was a prospective, randomized by envelope, de-
scriptive study in a convenience sample comprising 20
healthy volunteers. The study included volunteers aged
between 18 and 40 years old, both sexes, who agreed to
provide written informed consent. The exclusion criteria
were: presence of respiratory disease; recent abdominal
or thoracic surgery; myopathies; acute middle ear prob-
lems; subjects refusing to provide written informed con-
sent. All volunteers received information about their
participation in the project and provided written in-
formed consent, agreeing to take part in the study. This

study was approved by the Committee on Ethics and Re-
search of our institution (protocol number: 45/10).

Respiratory muscle strength
The participants performed MIP and MEP using a man-
ometer (Ger-AR® - São Paulo, Brazil) (Fig. 1a) and ac-
cording to previously reported techniques [16]. The
maneuvers were performed at rest. Attached to the man-
ometer, a 1 mm hole in diameter was used to dissipate
possible additional pressures caused by the facial mus-
cles and the oropharynx [17]. To prevent air leakage, a
nose clip was used and the patient was instructed to
make proper adjustment of the lips around the flanged
mouthpiece. To measure the MIP, the patient was
instructed to perform a maximal inspiration, from the
residual volume, and for the MEP, was guided to make a
maximal expiration from total lung capacity. To
minimize the use of accessory facial muscles, one of the
investigators manually contained both cheeks during the
MEP assessment. Participants were required to maintain
pressure levels for at least one second and the best
measure of three maneuvers was recorded with one-
minute rest between each maneuver. Verbal encourage-
ment was provided in all measurements.
The same evaluation procedure of MIP and MEP was

repeated, but now using an HME (Model BB100MFS,
Pall Corporation - Cornwall, United Kingdom) between
the disposable flanged mouthpiece and the manovacu-
ometer (Fig. 1b). This HME has hydrophobic character-
istics and an ability to filter out 99 % of bacteria and
viruses; it weighs 44 g, has a dead space of 90 mL and
resistance of approximately 2.5 cm H2O/L/s [18].
The highest value recorded was used for analysis, and

then compared with the corresponding value obtained
without the HME for the same subject, both for MIP
and MEP.

Respirometer
Vital capacity was evaluated with a respirometer. The in-
dividuals were placed in a sitting position with thorax in
a vertical way in approximately 90°. A respirometer
(Model 00–295, Anesthesia Associates, Inc. - San Mar-
cos, California, USA) was used with a 10 cm-long tra-
chea, connected between the respirometer and a flanged
mouthpiece (Fig. 1c). A nasal clip was used to avoid air
escape by the nose. Then, the patients performed a quiet
breathing for one minute to measure MV. Thereafter,
the patients performed a deep inspiration until total pul-
monary capacity followed by continuous and slow expir-
ation until residual volume [5].
The same evaluation procedure of vital capacity was

repeated, but now using an HME (Model BB100MFS,
Pall Corporation - Cornwall, United Kingdom) between
the disposable flanged mouthpiece and the respirometer
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(Fig. 1d). The highest value recorded was used for ana-
lysis, and then compared with the corresponding value
obtained without the HME for the same subject.

Data analysis
All statistical analysis was made using SigmaPlot version
11.0 (Systat Software, Inc. - San Jose, California, USA). All
data represent means ± standard error (S.E.). Statistical
significance of difference between groups was determined
by Paired t-test. P< 0.05 was considered significant.

Results
Anthropometric characteristics
A total of twenty healthy subjects were selected, accord-
ing to the above-cited inclusion criteria. Anthropometric
characteristics and pulmonary function of the sample
are described in Table 1.

Inspiratory and expiratory muscle strength
The values of the MIP evaluated in the conventional
manner (MIP conventional: −99 ± 8.9 cm H2O) or asso-
ciated with HME (MIP HME: −95.5 ± 9.0 cm H2O).
There were no differences between conventional and
HME maneuvers (p = 0.149; Fig. 2a).
The values of the MEP evaluated in the conventional

manner (MEP conventional: 92.5 ± 7.5 cm H2O) or asso-
ciated with HME (MEP HME: 92.5 ± 7.7 cm H2O).

There were no differences between conventional and
HME maneuvers (p = 1.0; Fig. 2b).

Vital capacity
The values of the VC evaluated in the conventional
manner (VC conventional: 3878.8 ± 202.2 mL) or associ-
ated with HME (VC HME: 3925.5 ± 206.0 mL). There
were no differences between conventional and HME ma-
neuvers (p = 0.116; Fig. 3).

Discussion
We evaluated respiratory pressures and VC with and
without the addition of an HME. Our results showed
that, in our sample, there were no statistically significant
differences between these two maneuvers, especially re-
garding MEP. This finding indicates that the above
mentioned potential influence of the presence of the
HME over respiratory pressures and VC is negligible.

Fig. 1 Photographs of the dispositives: a Manovacuometer used in a conventional way. b Manovacuometer and HME employed. c Respirometer
used in a conventional way. d Respirometer and HME employed. Legend: (1) Manovacuometer; (2) Trachea; (3) Disposable mouthpiece; (4) HME
and (5) Respirometer

Table 1 Anthropometric characteristics of healthy sujects

Characteristics Data

Gender (M/F) 4/16

Age (years) 22.9 ± 2.8

Weight (kg) 58.8 ± 8.2

Height (m) 1.62 ± 0.08

BMI (kg/m2) 22.7 ± 1,7
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Our data point to the possibility of using HME in fu-
ture studies when respiratory pressures and VC are
assessed using the manovacuometer or respirometer.
The respiratory tract contains a nearly ideal envir-

onment for microbes, since they are warm, humid
and dark. Several liters of air move into and from
the lungs every minute, with the potential for carry-
ing large numbers of microorganisms. Many of the
patients encountered by the respiratory therapist
have compromised host defenses against infection,
and in the case of mechanically ventilated patient
the respiratory therapist regularly bypasses these de-
fenses. Therefore , a primary issue in respiratory
care is to prevent the introduction of infection. Al-
though the majority of nosocomial pneumonia cases
arises from microaspiration, respiratory care equip-
ment itself is a well-documented source of such in-
fection [19].

Efficient bacterial filtration, by means of using a hydro-
phobic HME, can be important, especially in immuno-
compromised patients infected or in the ICU and can
help protect the patient from cross bacterial contamin-
ation [20].
We chose to use the hydrophobic HME BB100MFS

due to a previous study that linked the use of HME with
decreasing nosocomial infection in patients on mechan-
ical ventilation [18]. However, despite showing a reduc-
tion of infection, there are no reports on how its use can
influence the values of respiratory pressures or VC.
Theoretically, as the filter volume is relatively large,

the aspirated gas volume would change the basal lung
volume or the conformation of the diaphragm during
MIP measurements, which in turn would affect the ac-
curacy of measurements. An increase in respiratory
workload due to filter resistance could lead to the under-
estimation of MEP and MIP because of various reasons
such as respiratory muscle fatigue, but in the present
study the 90 mL of the death space and resistance of ap-
proximately 2.5 cm H2O/L/s of the HME doesn’t affect
the lung volumes and respiratory pressures [1, 2, 14].
The determinants of resistive pressure include not

only the airway, but also the entire breathing circuit
used including HME [21]. The resistance to gas flow
along an HME increases with the density of the material,
with increased flow and the duration of use [15] and
[22] in the mechanical ventilation, as the usage time of
the HME water will be absorbed by the filter and the re-
sistance increases according to the prolonged use [23].
In this study, we used the HME only for measures of re-
spiratory muscle strength and vital capacity in patients
breathing spontaneously, excluding the possibility of a
prolonged use of HME and a significant interference re-
sistance to airflow generated by the patient.

Fig. 2 Graphic representation of respiratory pressures in both
maneuvers. Vertical bar graphs representing the mean ± standard
deviation of MIP a and MEP b, evaluated in a conventional manner or
with the addition of an HME (p = 0.149 and 1.0 respectively; compared
between maneuvers)

Fig. 3 Graphic representation of vital capacity in both maneuvers.
Vertical bar graphs representing the mean ± standard deviation,
evaluated in a conventional manner or with the addition of an HME
(p = 0.116; compared between maneuvers)
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Due to its internal volume, not negligible, the HME in-
creases the dead space of the respiratory circuits in
mechanically ventilated patients [7, 24]. In a comparison
between two HMEs configuration and with identical
chemical composition but with different sizes it was
concluded that it was preferable to use the HME with
smaller internal volume for spontaneously breathing pa-
tients. The larger HME increased patient effort, but with
no sign of respiratory distress, while the smaller HME
did not add a detectable load [25]. The use of HME de-
termines increased dead space in an amount equal to its
internal volume. The filters are usually made of pleated
membrane, which result in increased volume of the de-
vice. In general, the HMEs without the filter function
have a smaller dead space [26]. There are no studies
evaluating the effects of HME over lung volumes and re-
spiratory muscle strength in patients breathing
spontaneously.
In this study, in patients breathing spontaneously, the

volume of dead space related to the addition of an HME
was not able to change the values of VC and respiratory
muscle strength. However, the present study represents
an initial effort in order to assess these questions, as the
subjects accrued were healthy young adults. Further
studies, focusing on patients with low body weight and/
or disturbed basal pulmonary function, will add pertin-
ent data to this topic, trying to verify if the addition of
the filter leads to relevant impact in this subgroup.

Conclusion
There was no difference between the evaluation of re-
spiratory pressures and vital capacity using the manova-
cuometer and respirometer with or without an HME.
Therefore, the addition of a hydrophobic HME, with mi-
crobial filtration capacity, might be a simple solution to
reduce the potential of contamination of manovacu-
ometer and respirometer.
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