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BACKGROUND: Different filtering devices are used during mechanical ventilation to avoid dys-
function of flow and pressure transducers or for airborne microorganisms containment. Water
condensates, resulting from the use of humidifiers, but also residual nebulization particles may have
a major influence on expiratory limb resistance. OBJECTIVES: To evaluate the influence of
nebulization and active humidification on the resistance of expiratory filters. METHODS: A re-
spiratory system analog was constructed using a test lung, an ICU ventilator, heated humidifiers,
and a piezoelectric nebulizer. Humidifiers were connected to different types of circuits (unheated,
mono-heated, new-generation and old-generation bi-heated). Five filter types were evaluated: elec-
trostatic, heat-and-moisture exchanger, standard, specific, and internal heated high-efficiency par-
ticulate air [HEPA] filter. Baseline characteristics were obtained from each dry filter. Differential
pressure measurements were carried out after 24 hours of continuous in vitro use for each condi-
tion, and after 24 hours of use with an old-generation bi-heated circuit without nebulization.
RESULTS: While using unheated circuits, measurements had to be interrupted before 24 hours for
all the filtering devices except the internal heated HEPA filter. The heat-and-moisture exchangers
occluded before 24 hours with the unheated and mono-heated circuits. The circuit type, nebuliza-
tion practice, and duration of use did not influence the internal heated HEPA filter resistance.
CONCLUSION: Expiratory limb filtration is likely to induce several major adverse events. Expi-
ratory filter resistance increase is due mainly to the humidification circuit type, rather than to
nebulization. If filtration is mandatory while using an unheated circuit, a dedicated filter should be
used for < 24 hours, or a heated HEPA for a longer duration. Key words: expiratory limb protection;
filters; humidification; mechanical ventilation; nebulization. [Respir Care 2013;58(8):1315–1322. © 2013
Daedalus Enterprises]

Introduction

When performing nebulization under mechanical venti-
lation, filtering of expiratory gases is mandatory to prevent

dysfunction of flow and pressure transducers.1-3 Such a
problem has already been identified with the administra-
tion of ribavirin during mechanical ventilation back in the
1980s, for pediatric patients with bronchiolitis due to re-
spiratory syncytial virus.4 Whereas there have been ad-
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Sciences de la Santé, Université de Bretagne Occidentale, Brest, France;
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de Recherche en Médecine d’Urgence, Hôtel Dieu de Lévis, Université
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vances in humidifier design and efficiency, and the arsenal
of aerosolized drugs and indications has expanded, this
topic is relevant to intensive care and mechanical ventila-
tion today. Expiratory limb filtration might also be con-
sidered to prevent cross contamination in case of airborne
contaminants (eg, tuberculosis, flu pandemic, severe acute
respiratory syndrome [SARS]).5-9 Few recommendations
exist to help clinicians choose the filtering device in such
cases.3,8,9 Moreover, manufacturers usually recommend a
daily replacement of the device, thus leading to potential
healthcare worker exposure to aero-contaminants and in-
ducing recurrent depressurization of the circuit and alve-
olar derecruitment. Problems related to the use of filters
with nebulized drugs are another part of the problem.3,10

The performance of filters depends not only on the type,
and bacterial or viral filtration efficiency may be inade-
quate or highly misleading.1,9

Nebulization and humidification tend to be similar pro-
cesses in that both are methods to convert liquid (medica-
tion or water) into mist or vapor for humidification and
particles that remain suspended within a gas for a period of
time for nebulization, and both can be inhaled into the
lower respiratory tract. If humidification provides warm
water vapor in a continuous process to prevent damage to
the airway lining of the tracheobronchial tree, nebulization
produces cool mist that is administered intermittently. In
case of a decrease in temperature, condensation and for-
mation of droplets will occur while using a humidifier.
Humidification of the inspiratory gases by a heated hu-
midifier may therefore have a great impact on the mechan-
ical properties of expiratory filters, thus modifying filtra-
tion properties and leading to potentially lethal ventilator
dysfunctions.10-17 This effect may be enhanced by temper-
ature variations within the circuit, thus generating conden-
sation. Whatever the device used, nebulization particles
are usually of higher size than water mist and may thus
increase saturation of filters, especially in case of “sticky”
buffer like colistin or several other pharmaceutical drugs.18

However, whereas nebulizers are usually delivered inter-
mittently, humidification is provided continuously; it could
be hypothesized that humidification may have a more prom-
inent effect.

The aims of this experimental bench test study were to
evaluate the consequences of active humidification on the
performance of different types of breathing filters, consid-
ering the type of circuit used, and to evaluate the impact of
nebulization on these devices.

Methods

Artificial Respiratory System

We used an ICU ventilator (Evita 2 Dura, Dräger, Lü-
beck, Germany) for most measurements. We used an Avea

(Viasys Healthcare/CareFusion, San Diego, California)
for evaluation of the internal heated expiratory filter. Re-
spiratory parameters were as follows: continuous manda-
tory ventilation, breathing frequency 18 breaths/min, tidal
volume 600 mL, inspiratory time 0.8 s, inspiratory flow
60 L/min, FIO2

0.21, PEEP 5 cm H2O.
We used 2 models of heated humidifier (MR850 and

MR460, Fisher & Paykel, Auckland, New Zealand). We
used one model of piezoelectric nebulizer (Aeroneb Pro,
Aerogen, Mountain View, California) after the Y-piece on
the expiratory limb, to maximize the impact of nebulized
drug (colimycine 6 million units/24 h, in 4 mL saline) on
the filters.

We used a standard test lung (test lung 190,
Maquet Critical Care, Sölna, Sweden) with a volume of
1 L, compliance of 30 mL/cm H2O, and resistance of
20 cm H2O/L/s.

Expiratory Filters

The tested filters were placed on the expiratory limb, at
the ventilator input. Five different types were tested: elec-
trostatic (Anest-Guard, Gibeck-Teleflex, High Wycombe,
England, internal dead space 50 mL); standard high effi-
ciency particulate air (HEPA) filter (Iso-Gard HEPA Light,
Gibeck-Teleflex, High Wycombe, England, dead space
80 mL); specific HEPA, conceived for expiratory limb
protection (Servo Duo Guard, Maquet, Sölna, Sweden,
dead space 170 mL); heat and moisture exchanger (HME)
(Humid-Vent Compact, Gibeck-Teleflex, High Wycombe,
England, dead space 38 mL); internal heated HEPA filter
of the Avea ventilator. The baseline characteristics of these
filters are provided within Table 1.

QUICK LOOK

Current knowledge

A filter in the expiratory limb of the ventilator circuit
protects volume and pressure transducers from water
vapor and aerosolized medications, but accumulated
moisture in the filter can increase the expiratory re-
sistance and cause complications due to incomplete
exhalation.

What this paper contributes to our knowledge

Increased expiratory resistance was primarily related to
the type of humidification and type of filter. The great-
est expiratory resistance increase was with heated hu-
midifier and unheated circuit. A heated expiratory filter
gave the greatest protection from increased expiratory
resistance.
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Ventilator Circuits

We used the following circuits:

• Corrugated unheated circuit (used with the MR460
heated humidifier): no heating of either the inspiratory
or expiratory limb; due to condensation, a water trap on
each limb is mandatory.

• Mono-heated circuit (RT212): only the inspiratory limb
is heated, by a wire; the occurrence of condensation
within the expiratory limb requires a water trap.

• Older-generation bi-heated circuit (RT100), no water
trap: both the inspiratory and expiratory limbs are heated.

• Newer-generation bi-heated circuit (Evaqua, RT340), no
water trap: both inspiratory and expiratory limbs are
heated, and it minimizes condensate in the expiratory
limb by allowing water vapor to diffuse through the
tubing wall.

In all cases, breathing systems and filters were kept
horizontal to avoid drainage of the expiratory limb into the
filter or into the test lung.

Filter Resistance Measurements

Resistance was measured ex vivo, using a heated-wire
pneumotachograph and a differential pressure transducer
(PF302, IMT, Buchs, Switzerland). Differential pressures
were measured before experimental procedures (dry filter)
and after 24 hours under each condition, progressively
increasing gas flow through the device from 10 to 100 L/
min. If consistent, differential pressures measured at 30,
60, and 90 L/min were computed to calculate filter resis-
tance. Measures were performed at constant room temper-
ature (21°C). Same measurements were also performed

using a bi-heated circuit (RT100), but without nebuliza-
tion. At least 4 different measures were performed for each
filter and condition.

Several measurements were performed in vivo at the
bedside, while retrieving filters after clinical use.

Hygrometry

Hygrometric measurements were performed after 3 hours
for each breathing system, in 3 different locations (inspira-
tory limb before the Y-piece, expiratory limb after the
Y-piece, and expiratory limb before the ventilator input,
Fig. 1), using the psychrometric method.19,20 Three mea-
surements were recorded for each circuit. Results are ex-
pressed as absolute humidity and relative humidity of de-
livered gases. These results were performed to ensure
appropriateness of the experimental model.

Table 1. Filters Characteristics*

Filter Type
Internal
Volume

(mL)

Flow
Resistance

at 60 L/min
(cm H2O/L/s)

Pore Size
(�m)

Anest-Guard Electrostatic: hydrophobic polypropylene 50 1.1 � 0.3
Iso-Gard HEPA Light HEPA mechanical: hydrophobic glass fibers 80 2.0 � 0.3
ServoDuo Guard HEPA mechanical and electrostatic: hydrophobic

glass fibers
170 1.5 � 0.3

Humid-Vent Compact HME filter and electrostatic: hydrophobic
polypropylene and hygroscopic condensing paper
media

38 1.8 � 0.3

Avea Internal heated HEPA HEPA mechanical � 200 1.75 � 0.3

* Manufacturer data. Filter pore size is imprecise and not always provided by the manufacturer; the values shown are estimates, except for the Avea internal heated filter. Despite this imprecision, all
the studied filters can stop most nebulized drugs (particle mean diameter usual range 2–5 �m). However, these filters’ effective filtration surfaces differ greatly, depending at least on the filter
internal volume.
HEPA � high-efficiency particulate air filter

Fig. 1. Experimental bench test. An Evita 2 Dura ventilator was
used for most measurements, except for the internal heated filter
testing. Nebulization was performed on the expiratory limb, to
enhance particle deposition on the filter. Hygrometric measure-
ments were performed at 3 locations: 1: inspiratory limb; 2: expi-
ratory limb, immediately after the Y-piece; 3: expiratory limb, im-
mediately before the ventilator input. The circuit and filter were
kept horizontal to avoid drainage of the expiratory limb into the
filter or into the test lung.
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Statistical Analysis

Analysis was performed using statistics software
(StatView 5.0, SAS Institute, Cary, North Carolina). Val-
ues are given as individual values and/or mean � SD. A
box and whiskers plot figure was used to compare the
overall resistance values for each filter, assuming a
20 cm H2O/L/s resistance value when occlusion occurred.
Data were compared using non-parametric Kruskall-
Wallis and Mann-Whitney tests for independent variables.
A P � .05 was considered statistically significant.

Results

Resistance

The filter resistance measurements are shown in Table 2.
Measurement ended prematurely because of occlusion in

3 filters with unheated circuits: at 6 hours with the HME
filter, at 10 hours with the electrostatic filter, and at 19 hours
with the standard HEPA filter. Measurements had to be
performed at 19 hours with the specific HEPA filter with
unheated circuit, because of water level exceeding the tol-
erated limit, but without occlusion signs. HME filter had
occlusion prior to 24 hours with the unheated, mono-heated,
and older-generation bi-heated circuit. With the newer-
generation bi-heated circuits, no significant resistance in-
crease was observed at 24 hours, whatever the filter type.

The in vivo measurements are shown in Table 3. No
significant resistance increase was observed. However, no
unheated circuits nor electrostatic or HME filters were
used with patients. The internal heated HEPA filter had no
significant resistance increase, even after more than
3 months of use.

Table 2. Ex-Vivo Resistance Measurements After 24 Hours of Use

Circuit Filter
Flow Resistance

mean � SD
(cm H2O/L/s)

Baseline Anest-Guard (electrostatic) 1.3 � 0.1
Humid-Vent (HME filter) 2.3 � 0.1
Iso-Gard (standard HEPA) 2.3 � 0.1
Servo Duo Guard (specific unheated HEPA) 1.4 � 0.1
Avea (internal heated HEPA) 0.6 � 0.1

MR460
Unheated

Anest-Guard (electrostatic) at 10 h* NA
Humid-Vent (HME filter) at 6 h* NA
Iso-Gard (standard HEPA) at 19 h* NA
Servo Duo Guard (specific unheated HEPA) at 19 h* NA
Avea (internal heated HEPA) 0.7 � 0.1

RT212
Mono-heated

Anest-Guard (electrostatic) 2.4 � 0.1
Humid-Vent (HME filter) at 20 h* NA
Iso-Gard (standard HEPA) 3.1 � 0.1
Servo Duo Guard (specific unheated HEPA) 1.7 � 0.1
Avea (internal heated HEPA) 0.5 � 0.1

RT100
Old bi-heated

Anest-Guard (electrostatic) 1.3 � 0.1
Humid-Vent (HME filter) at 24 h* NA
Iso-Gard (standard HEPA) 2.6 � 0.1
Servo Duo Guard (specific unheated HEPA) 1.5 � 0.1
Avea (internal heated HEPA) 0.6 � 0.1

RT340
New bi-heated

Anest-Guard (electrostatic) 1.3 � 0.1
Humid-Vent (HME filter) 2.3 � 0.1
Iso-Gard (standard HEPA) 2.1 � 0.1
Servo Duo Guard (specific unheated HEPA) 1.5 � 0.1
Avea (internal heated HEPA) 0.7 � 0.1

RT100
No nebulization

Anest-Guard (electrostatic) 1.2 � 0.1
Humid-Vent (HME filter) 2.2 � 0.1
Iso-Gard (standard HEPA) 1.9 � 0.1
Servo Duo Guard (specific unheated HEPA) 0.9 � 0.1
Avea (internal heated HEPA) 0.6 � 0.1

*Sequence interrupted because of occlusion at the indicated hour.
HME � heat-and-moisture exchanger
HEPA � high-efficiency particulate air filter
NA � not applicable
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Figure 2 illustrates the median differential pressure val-
ues for each filter type at the 3 different gas flows.

Impact of Nebulization

Nebulization did not seem to have a great impact on
resistance to flow, except for the HME filter, which suf-
fered occlusion prior to 24 hours with nebulization.

Hygrometry

The main differences between circuits were observed at
the ventilator expiratory input (location of the filter). Rel-
ative humidity tended to differ when considering circuits
with unheated expiratory limbs and those with heated ex-
piratory limbs (Table 4).

Discussion

This experimental bench study confirms that expiratory
limb filtration may induce several major adverse events,
such as experienced in previous clinical studies.10,21 The
increase in the resistance of an expiratory filter over time
is due mainly to the humidification circuit type, rather than
to nebulization. If expiratory limb filtration is mandatory
during mechanical ventilation, it may require the use of
specifically dedicated filtering devices, and/or heated ex-
piratory limbs. The HME filter should never be used for
such purpose, as obstruction is to be expected. Though
expiratory filter obstruction related to nebulization may
be less common and predictable, clinicians should remain
aware of that hazard.

When using an expiratory filter to protect healthcare
workers from airborne contaminants, it is mandatory to
consider the filter’s efficiency. Depending on the device
type and the specific particles size, certain devices might
be inefficient.1 In fact, filtration efficiency is extremely
variable, and manufacturers’ tests are often mislead-
ing.1,11,22 Guidelines that were produced after the SARS
outbreak recommended the use of “submicron filters.”7,9

Within the Canadian guidelines, the authors recom-
mended the constant use of a heated expiratory HEPA
filter.8 Taking into account our results and routine prac-

Table 3. In-Vivo Differential Pressure Measurements*

Circuit Filter

Differential Pressure (cm H2O)

at 30
L/min

at 60
L/min

at 90
L/min

RT100 Servo Duo Guard (specific HEPA) at 24 h 0.60 1.00 1.64
Servo Duo Guard (specific HEPA) at 48 h 0.61 1.29 2.19
Servo Duo Guard (specific HEPA) at 72 h 0.57 1.21 2.07
Iso-Gard (standard HEPA) at 24 h 0.93 1.94 2.98
Iso-Gard (standard HEPA) at 48 h 0.92 1.87 3.43
Iso-Gard (standard HEPA) at 72 h 0.87 1.94 3.41

RT340 Servo Duo Guard (specific HEPA) at 24 h 0.70 1.48 2.46
Humid-Vent (HME filter) at 24 h 0.99 2.10 3.52
Anest-Guard (electrostatic) at 24 h 0.61 1.29 2.1
Avea (internal heated HEPA) J86 0.16 0.41 0.74
Avea (internal heated HEPA) J5 � colimycine 6 million � 5 0.46 0.92 1.53

* A differential pressure below 2.5 cm H2O at 30 L/min, 5 cm H2O at 60 L/min, and 7.5 cm H2O at 90 L/min is considered the safety limit. In vivo measurements were performed in 2 ICUs, while
such expiratory limb protection was performed for clinical purpose. No measurements crossed the safety limit.

Fig. 2. Pressure at 3 gas flows. The red dashed lines depict the safety
limit under each flow condition. A flow resistance of 5 cm H2O/L/s
implies a pressure difference of 5 cm H2O at a flow of 60 L/min, and
may be considered the safety limit. Given the presumed linear rela-
tionship between pressure and flow, the differential pressure limits at
30 L/min and 90 L/min are assumed to be 2.5 cm H2O and 7.5 cm H2O,
respectively. By convention, a 20 cm H2O value was considered
when occlusion was experienced. At all flows, a statistical difference
(P � .001) was observed for heat-and-moisture exchanger (HME)
filter and the internal high-efficiency particulate air (HEPA) devices, as
compared to the other filter types. In all cases, the differential pres-
sure values crossed the safety limit with the HME filter.
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tice, an internal heated HEPA filter seems to be adequate,
allows prolonged ventilation without increasing expiratory
circuit resistance, and thus does not require routine daily
changes. However, an internal HEPA filter is standard in
only half the critical care ventilators on the North Amer-
ican market.9 Moreover, the addition of an external heated
HEPA filter may not be adequate, because such a fitting
is not standardized and condensation can occur within the
unheated final part of the circuit. On the contrary, most
unheated HEPA filters have to be changed daily, resulting
in potential healthcare worker exposure.

An increase in expiratory circuit resistance might in-
duce intrinsic PEEP and dynamic hyperinflation. This
potential adverse event is similar to what has been previ-
ously described when using an HME filter on the inspira-
tory limb,23,24 and it is presumed to be directly propor-
tional to resistance increase. Those changes in ventilator
mechanics might have dramatic consequences during lung-
protective ventilation, which is mandatory in severe ARDS,
as encountered during the SARS outbreak or the H1N1 flu
pandemic.5,25-30

In a recent clinical trial of antibiotics nebulization, ob-
struction of the expiratory filter occurred in 3 patients of a
20-patient cohort, and caused cardiac arrest in 1 patient.21

Our results suggest that the increase in expiratory resis-
tance is due mainly to filter saturation by water conden-
sates. That finding is relevant to hygrometric measure-
ments at the distal end of the expiratory limb. In a circuit
with an unheated expiratory limb, the relative humidity is
close to 100%, resulting in high condensation on the filter.
That high relative humidity is related to the low gas tem-
perature at that location. A heated filter may prevent that
condensation. Maintaining high expiratory gas tempera-
ture with a bi-heated circuit lowers the relative humidity
and therefore decreases condensation and the related pres-
sure increase from the filter. The absolute humidity at the
distal expiratory end of the older-generation bi-heated cir-
cuit was higher than that in the newer-generation circuit.
This absolute humidity value in the circuit with an un-
heated expiratory limb reduces as it enters a cooler circuit,

which may be responsible for condensation. In this spe-
cific case the amount of condensation will vary with am-
bient temperature, so the level of condensation will vary.

The absolute humidity drop at the distal end of the
expiratory limb with the newer-generation bi-heated cir-
cuit is explained by the specific design of the circuit, al-
lowing water vapor to diffuse through the tubing wall.
Therefore, such absolute humidity drop may not generate
condensation due to such design.

Water condensates with the unheated circuit resulted in
a major and rapid resistance increase with most of the
filters, except with the internal heated HEPA filter. The
resistance increase with the specific unheated HEPA filter
did not exceed the 5 cm H2O/L/s limit at 60 L/min; how-
ever, the measurements had to be performed after 19 hours
because the water level was above the tolerated limit.

The 5 cm H2O/L/s resistance limit was chosen because
it was advocated in the 1992 international standard for
HME filters (International Organization for Standardiza-
tion draft standard 9360-1),31,32 though it no longer ap-
peared in the second edition.33 Whereas expiratory limb
heating is not a standard with all humidifiers, such condi-
tion may render heated expiratory filtration mandatory.

With the newer-generation bi-heated circuit (allowing
humidity perspiration through the expiratory limb), hu-
midification tended to increase expiratory limb resistance,
at least while using the HME filter, but none of the en-
countered values exceeded the 5 cm H2O/L/s limit. Such
technical consideration could be important if expiratory
limb filtration is mandatory and if no ventilator with in-
ternal heated filter is available.

Intermittent occlusion signs were observed in most con-
ditions with the electrostatic filter, except with the newer-
generation bi-heated circuit, due to water flush. The lower
filtration properties of such filters, associated with such a
potential adverse event, should make the clinician avoid
its use, at least when airborne contaminant filtration is
mandatory. If no internal heated filter is available and no
newer-generation circuit is used, the specific unheated
HEPA filter seems to be indicated, since its design mini-

Table 4. Hygrometric Measurements*

Inspiratory† Expiratory 1‡ Expiratory 2§

MR460
Unheated

RT212
Mono-heated

RT100
Old

bi-heated

RT340
New

bi-heated

MR460
Unheated

RT212
Mono-
heated

RT100
Old

bi-heated

RT340
New

bi-heated

MR460
Unheated

RT212
Mono-heated

RT100
Old

bi-heated

RT340
New

bi-heated

Absolute Humidity,
mg H2O/L

44.6 � 1.4 39.3 � 0.1 39.0 � 0.6 39.3 � 0.1 33.5 � 1.4 33.3 � 0.4 32.7 � 1.1 33.0 � 0.8 22.2 � 1.4 21.9 � 0.3 33.8 � 1.0 24.1 � 0.6

Relative Humidity, % 86.5 � 1.1 100 � 2.6 83.2 � 4.5 86.7 � 2.1 99.1 � 1.6 97.5 � 2.0 96.8 � 1.0 99.1 � 1.1 100 � 1.4 95.3 � 2.7 54.6 � 3.8 71.1 � 1.7

Values are mean � SD.
* There are no statistically significant differences.
† Inspiratory: hygrometric measurements on the inspiratory limb, immediately before the Y-piece: position 1 in Figure 1.
‡ Expiratory 1: measurements on the expiratory limb, immediately after the Y-piece: position 2 in Figure 1.
§ Expiratory 2: measurements on the expiratory limb, immediately before the ventilator input: position 3 in Figure 1.
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mizes the risk of sudden increase in expiratory resistance
by water flush. In no condition should the HME filter be
used, due to the potential risk of major resistance increase
with most circuits.

Occlusion correlates with the effective filtration surface,
which varies greatly from one device to the other (depend-
ing in part on the filter’s internal volume): the greater the
filtration surface, the lower the occlusion risk.

Nebulized colimycine is used as an alternative antibac-
terial measure in some ICUs. It was chosen in our study to
test the impact of nebulization on expiratory resistance,
whereas it is probably one of the products most likely to
induce ventilator transducer dysfunction when unpro-
tected, given its “stickiness” when nebulized. Moreover,
this drug specifically needs to be nebulized using an ultra-
sonic or piezoelectric nebulizer, thus also increasing ex-
piratory particle fraction. In our experimental setting the
nebulizer was placed immediately after the Y-piece on the
expiratory limb, to artificially maximize filter deposition.
However, while comparing expiratory resistance with the
older-generation bi-heated circuit, no direct consequence
of nebulization was found in most cases, except when
using the HME filter. If one could consider that the use of
colimycine just adds another variable to the system, we
conclude that in such condition, the major determinant of
expiratory filter resistance is the humidification system,
rather than nebulization itself. The HME filter should never
be used for expiratory limb protection.

Like all experimental bench test studies, this one suffers
several limitations. First, the results that were obtained
with such an experimental setting may not reproduce what
is observed in the real-life situation. Such limitation is
accurate, especially because we enhanced particle deposi-
tion in the expiratory limb and because the test lung may
by itself modify expiratory humidity values. However, the
few in vivo measurements that were performed within this
study seemed to corroborate our main findings; psychro-
metric values tended to fit values that were previously
observed within several clinical trials19; and we tried to
standardize the climate conditions in the experiment room.

Second, if the filters we used represented the main avail-
able filter types, one may also consider that filters from
different manufacturers may behave differently.19,31 Dif-
ferent circuits or humidifiers may also lead to different
results. Our results, however, seemed to fairly depict the
different clinical situations that may be encountered when
associating expiratory filtration with active heated humid-
ification.

Third, our experimental settings did not allow the test
lung to “expire” water vapor, to mimic a real patient. If
this point is considered as a major limitation, psychromet-
ric measurements performed just before the filter repro-
duced standard humidification values that limit such a crit-
icism.

Fourth, given the difficulty of standardization and length
of the experimental measurements, only one set of 4 val-
ues is reported for each filter type and condition. Several
measurements were performed under the same conditions
to ensure the internal validity and reproducibility of the
model. Due to the fact that measurements were highly
time-consuming, such multiple measurements were not per-
formed in all cases.

Last, our suggestion that nebulization plays a lesser role
in obstruction of the expiratory filter may be limited to the
substance and dose evaluated in the study.

Conclusions

In conclusion, this study confirms the major impact of
active humidification on the resistance on unheated expi-
ratory filters. Nebulization by itself does not seem to be
the primary determinant in expiratory limb resistance in-
crease, except perhaps while using the HME filter and
specific types of circuits. Such deleterious consequences
may, however, be limited when using a bi-heated (espe-
cially newer-generation) circuit, thus allowing maintenance
of filtering devices for at least 24 hours. With an unheated
circuit, only an internal heated HEPA filter should be used,
to avoid circuit occlusion. HME filters should never be
used for expiratory limb protection, given their rapid oc-
clusion and the impact of nebulization particles on their
resistance.
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mation. Réanimation 2002;11(4):250-256. Article in French.

6. A. Mercat, J-C. Richard, A. Combes, J Chastre, JD Ricard, D Drey-
fuss et al; on behalf of the REVA group. Prise en charge des forms
graves du Syndrome de Détresse Respiratoire Aiguë liées au A
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