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Humidification Performance of 48
Passive Airway Humidifiers*
Comparison With Manufacturer Data

François Lellouche, MD, PhD; Solenne Taillé, Eng; Frédéric Lefrançois, Eng;
Nicolas Deye, MD, MSc; Salvatore Maurizio Maggiore, MD, PhD;
Philippe Jouvet, MD, PhD; Jean-Damien Ricard, MD, PhD; Bruno Fumagalli, Eng;
and Laurent Brochard, MD; and Groupe de travail sur les Respirateurs de l’AP-HP

Introduction: Heat and moisture exchangers (HMEs) are increasingly used in the ICU for gas
conditioning during mechanical ventilation. Independent assessments of the humidification
performance of HMEs are scarce. The aim of the present study was thus to assess the
humidification performance of a large number of adult HMEs.
Method: We assessed 48 devices using a bench test apparatus that simulated real-life physiologic
ventilation conditions. Thirty-two devices were described by the manufacturers as HMEs, and 16
were described as antibacterial filters. The test apparatus provided expiratory gases with an
absolute humidity (AH) of 35 mg H2O/L. The AH of inspired gases was measured after steady
state using the psychrometric method. We performed three hygrometric measurements for each
device, measured their resistance, and compared our results with the manufacturer data.
Results: Of the 32 HMEs tested, only 37.5% performed well (> 30 mg H2O/L), while 25%
performed poorly (< 25 mg H2O/L). The mean difference (� SD) between our measurements
and the manufacturer data was 3.0 � 2.7 mg H2O/L for devices described as HMEs (maximum,
8.9 mg H2O/L) [p � 0.0001], while the mean difference for 36% of the HMEs was > 4 mg H2O/L.
The mean difference for the antibacterial filters was 0.2 � 1.4 mg H2O/L. The mean resistance of
all the tested devices was 2.17 � 0.70 cm H2O/L/s.
Conclusions: Several HMEs performed poorly and should not be used as HMEs. The values
determined by independent assessments may be lower than the manufacturer data. Describing a
device as an HME does not guarantee that it provides adequate humidification. The performance
of HMEs must be verified by independent assessment. (CHEST 2009; 135:276–286)

Key words: absolute humidity; endotracheal tube; heat and moisture exchangers; mechanical ventilation; occlusions;
psychrometry

Abbreviations: AH � absolute humidity; HME � heat and moisture exchanger; HMEF � heat and moisture ex-
changer with an antibacterial filter; ISO � International Standard Organization

D uring invasive mechanical ventilation, gases de-
livered to the patient must be heated and

humidified.1,2 Heat and moisture exchangers
(HMEs) are the most commonly used humidification
devices in Europe3 and are being increasingly used
in North America.3,4 While some hygrometric stud-
ies of passive humidification systems have been
conducted, few have included a large number of
devices, and clinicians largely rely on data from the
manufacturer. Given this conflict of interest, inde-
pendent performance assessments are needed.5

In the past, strictly hydrophobic HMEs often led
to endotracheal tube occlusions.6–10 Nowadays, most
HMEs have good hydrophobic and hygroscopic
properties, and many devices have both humidifica-
tion and antibacterial-filtering properties. Some,
however, should only be used for short-term venti-
lation, such as during anesthesia, because they are
mainly antibacterial filters with poor humidification
performance. Despite this, some manufacturers de-
scribe them as humidification devices that can be
used for prolonged mechanical ventilation. Also, very
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similar aspects of devices with and without humidi-
fication properties can be a source of confusion for
clinicians.

There are many commercially available devices,
but few large-scale, independent studies have
been conducted to assess their humidification
performance.11,12 The goal of the present study
was to assess a large number of such devices with
and without humidification proprieties. An invita-
tion to tender by the Assistance Publique-Hôpi-
taux de Paris was used to collect the devices. We
developed a bench test apparatus that reproduced
real-life saturated expired gas conditions in order
to assess the hygrometric performance of these
devices. We also measured the resistance of the
devices, classified into two categories: HMEs with
an antibacterial filter (HMEF) or without an
antibacterial filter (HME), and those described as
antibacterial filters. The measurements obtained
with the bench test apparatus were compared to
manufacturer data.

Materials and Methods

We received 47 devices for adults from the manufacturers
following the invitation to tender for the HMEs and antibacterial
filters. Five of each type of device were provided by the
manufacturer: three were assessed for their humidification per-
formances, one was used for resistance measurement, and one
additional device was available if required. Also, the hydrophobic
Pall BB2215 filter (Pall Biomedical; Saint-Germaine-en-Laye,

France), which has a poor humidification performance and has
been associated with a high rate of endotracheal intubations, was
used as a reference device.6–10 The goal of the present study was
to assess the performance of the devices using a bench test
apparatus and to select the most efficient ones for a subsequent
clinical trial.

The bench test apparatus was a stable, reproducible model and
used the same ventilation and physiologic conditions (wet expi-
ratory gases, dry motor gases, and constant ambient temperature)
for assessing the HMEs and antibacterial filters. The apparatus is
shown in Figure 1. The relative humidity of real-life expired gases
is 100% while the temperature at the T-piece is 32 to 33°C,13–15

which corresponds to an absolute humidity (AH) of 34 to 36 mg
H2O/L. We generated expiratory gases with an AH of 35 mg
H2O/L using a heated humidifier (MR 730; Fisher&Paykel;
Auckland, New Zealand, with a heated wire circuit) connected to
the expiratory limb of a ventilator to simulate real-life expiratory
parameters. The humidity of simulated expired gas was measured
with the psychrometric method (see below) until the target value
was reached and then regularly during the study days to ensure
the maintain of a stable value. A Servo 900C (Maquet; Lund,
Sweden) ventilator was used in assist-control mode with a
respiratory rate of 20 breaths/min, a tidal volume of 500 mL, a
positive expiratory pressure at 5 cm H2O, and an fraction of
inspired oxygen of 21%. With this ventilator, motor gases used
are dry medical gases (� 5 mg H2O/L). The room temperature
was kept constant between 24.5°C and 25.5°C.

Hygrometric Measurements

The parameters of the test apparatus were stabilized during 3 h
for each device on the bench, and then the hygrometry of the
inspiratory gases was measured using the psychrometric method.
We used a variant of the previously described method: we
considered the maximal temperature value and not the mean
temperature.16,17 This method was used in previous published
studies15,18 with hygrometric measurements. Although, this may
slightly overestimate the values of hygrometric measurements,
comparison with published data shows very good agreement for
similar devices tested.17,19 Three measurements for each device
were recorded on 3 separate days in a randomized order.
Forty-eight devices (HMEs and filters) for adult patients were
assessed (47 from the tender and the Pall BB2215). We also
calculated the humidity efficiency of the devices using the
following formula: humidity efficiency � (inspired AH/expired
AH) � 100. This provided information on the intrinsic perfor-
mances of the devices. Also we displayed another index of
efficiency: AH delivered/dead space (volume of the device) as
previously described.11

Resistance Measurements

The resistance of 34 devices was also measured on a
separate bench. Resistance measurements were performed by
placing a pressure sensor (MP45 � 100 cm H2O; Validyne;
Northridge, CA) before the filter and by progressively increas-
ing the gas flow to 1 L/s. Flow was measured using a Fleisch
#1 pneumotachograph (Fleisch; Zurich, Switzerland) con-
nected to a differential pressure transducer (MP45 � 2 cm
H2O; Validyne) placed before the pressure sensor and the
tested device. The pressure after the filter was considered
equal to 0 (atmospheric pressure). The differential pressure
thus corresponded to the pressure measured before the filter.
The flow and pressure signals were recorded using software
(Acknowledge; Biopac Systems; Santa Barbara, CA) with an
acquisition frequency of 200 Hz. The analog signals were
converted into digital signals (MP100WS; Biopac Systems).
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