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A B S T R A C T

Background

Invasive ventilation is used to assist or replace breathing when a person is unable to breathe adequately on their own. Because the upper
airway is bypassed during mechanical ventilation, the respiratory system is no longer able to warm and moisten inhaled gases, potentially
causing additional breathing problems in people who already require assisted breathing. To prevent these problems, gases are artificially
warmed and humidified. There are two main forms of humidification, heat and moisture exchangers (HME) or heated humidifiers (HH).
Both are associated with potential benefits and advantages but it is unclear whether HME or HH are more eIective in preventing some of
the negative outcomes associated with mechanical ventilation. This review was originally published in 2010 and updated in 2017.

Objectives

To assess whether heat and moisture exchangers or heated humidifiers are more eIective in preventing complications in people receiving
invasive mechanical ventilation and to identify whether the age group of participants, length of humidification, type of HME, and
ventilation delivered through a tracheostomy had an eIect on these findings.

Search methods

We searched the Cochrane Central Register of Controlled Trials, MEDLINE, Embase and CINAHL up to May 2017 to identify randomized
controlled trials (RCTs) and reference lists of included studies and relevant reviews. There were no language limitations.

Selection criteria

We included RCTs comparing HMEs to HHs in adults and children receiving invasive ventilation. We included randomized cross-over studies.

Data collection and analysis

We assessed the quality of each study and extracted the relevant data. Where possible, we analysed data through meta-analysis. For
dichotomous outcomes, we calculated the risk ratio (RR) and 95% confidence interval (95% CI). For continuous outcomes, we calculated
the mean diIerence (MD) and 95% CI or standardized mean diIerence (SMD) and 95% CI for parallel studies. For cross-over trials, we
calculated the MD and 95% CI using correlation estimates to correct for paired analyses. We aimed to conduct subgroup analyses based
on the age group of participants, how long they received humidification, type of HME and whether ventilation was delivered through a
tracheostomy. We also conducted sensitivity analysis to identify whether the quality of trials had an eIect on meta-analytic findings.
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Main results

We included 34 trials with 2848 participants; 26 studies were parallel-group design (2725 participants) and eight used a cross-over design
(123 participants). Only three included studies reported data for infants or children. Two further studies (76 participants) are awaiting
classification.

There was no overall statistical diIerence in artificial airway occlusion (RR 1.59, 95% CI 0.60 to 4.19; participants = 2171; studies = 15; I2

= 54%), mortality (RR 1.03, 95% CI 0.89 to 1.20; participants = 1951; studies = 12; I2 = 0%) or pneumonia (RR 0.93, 95% CI 0.73 to 1.19;

participants = 2251; studies = 13; I2 = 27%). There was some evidence that hydrophobic HMEs may reduce the risk of pneumonia compared

to HHs (RR 0.48, 95% CI 0.28 to 0.82; participants = 469; studies = 3; I2 = 0%)..

The overall GRADE quality of evidence was low. Although the overall methodological risk of bias was generally unclear for selection and
detection bias and low risk for follow-up, the selection of study participants who were considered suitable for HME and in some studies
removing participants from the HME group made the findings of this review diIicult to generalize.

Authors' conclusions

The available evidence suggests no diIerence between HMEs and HHs on the primary outcomes of airway blockages, pneumonia and
mortality. However, the overall low quality of this evidence makes it diIicult to be confident about these findings. Further research is
needed to compare HMEs to HHs, particularly in paediatric and neonatal populations, but research is also needed to more eIectively
compare diIerent types of HME to each other as well as diIerent types of HH.

P L A I N   L A N G U A G E   S U M M A R Y

Heat and moisture exchangers compared to heated humidifiers for ventilated adults and children

Review question

Are heat and moisture exchangers or heated humidifiers more eIective in preventing complications such as airway blockages and
pneumonia in adults, children or infants who receive invasive mechanical ventilation.

Background

When mechanical ventilation is used to keep critically ill people breathing eIectively, the upper airway must be humidified by artificial
means. Heat and moisture exchangers and heated humidifiers are the most commonly used methods of artificial humidification. Both have
been associated with specific advantages and disadvantages; for example, heat and moisture exchangers are thought to be more likely to
cause airway obstruction while heated humidifiers have been associated with an increased risk of pneumonia (swelling (inflammation)
of the tissue in one or both lungs).

Study characteristics

We searched for studies up to May 2017. We included 34 trials in the review, with 2848 participants from 12 countries. The majority of trials
(27) were set in an intensive care unit with one in a neonatal intensive care unit. The remaining seven studies were done in an operating
department. Participants were infants in three studies with adults (average age of 40 to 69 years) in the remainder.

Key results

There was no overall diIerence in the rates of airway blockage, pneumonia or death in adults who were ventilated through heat and
moisture exchangers compared to adults ventilated through a heated humidifier. There was some evidence that the occurrence of
pneumonia may be lowered by using heat and moisture exchangers that capture less moisture. There was not enough information to make
any conclusions about either of these methods in children or infants.

Quality of the evidence

The overall low quality of this evidence was low, making it diIicult to be confident about these findings.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Heat and moisture exchangers (HME) compared to heated humidifiers (HH) for ventilated adults and
children

Heat and moisture exchangers (HME) compared to heated humidifiers (HH) for ventilated adults and children

Patient or population: ventilated adults (18 trials) and children (1 trial)

Settings: ICUs (17), NICU (1), and hospitals (1) in France (7), USA (3), Australia (2), Brazil (2), Denmark (1), Italy (1), Saudi Arabia (1), Spain (1), Switzerland (1)

Intervention: HME

Comparison: HH

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

HH HME

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Artificial airway occlusion

(measured over 3-15 days
(median 4 days))

23 per 1000 37 per 1000 RR 1.59 
(0.6 to 4.19)

2171
(15 studies)

⊕⊕⊝⊝ 1

L ow

Allocation and blinding unclear in 13 stud-
ies; moderate heterogeneity.

Mortality - all cause

(Measured over 3-15 days
(median 8 days))

247 per 1000 257 per 1000 RR 1.03 
(0.89 to 1.20)

1951
(12 studies)

⊕⊕⊝⊝ 2

L ow

Allocation and blinding unclear in 9 and
11 studies; low heterogeneity.

Pneumonia

(Measured over 4-21 days
(median 4 days))

32 per 1000 30 per 1000 RR 0.93 
(0.73 to 1.19)

2251
(13 studies)

⊕⊕⊝⊝ 3

L ow

Allocation and blinding unclear in more
than half of studies; moderate hetero-
geneity though this was due to only 1
study.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: 95% confidence interval; HH: heated humidification; HME: heat and moisture exchanger; ICU: intensive care unit; NICU: neonatal intensive care unit; RR: risk ratio.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
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Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

The assumed and corresponding risks were calculated from data in included trials.
1 Quality downgraded two levels for serious indirectness because participants may not have been considered suitable for HME in three studies and could be taken out of the
HME group in three studies.
2 Quality downgraded two levels for serious indirectness because participants may not have been considered suitable for HME in two studies and could be taken out of the HME
group in three studies.
3 Quality downgraded two levels for serious indirectness because participants may not have been considered suitable for HME in two studies and could be taken out of the HME
group in three studies.
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B A C K G R O U N D

Description of the condition

Mechanical ventilation is used to assist or replace breathing when
a person is unable to breathe adequately on their own (AARC
2012). Mechanical ventilation is provided through an endotracheal
tube (ETT) inserted into the trachea through the mouth or nose,
or directly into the trachea through a surgical incision known as
a tracheostomy and now more commonly through a technique
known as percutaneous dilatational tracheostomy which can be
conducted at the bedside using a guidewire and tracheal inflation
(Mehta 2017).

Because the upper airway is bypassed during mechanical
ventilation, the respiratory system is no longer able to warm
and moisten inhaled gases (Al Ashry 2014; SchiImann 2006). The
consequent delivery of cooler and dryer gases can cause a range
of problems including decreased body temperature, increased
diIiculty in breathing and airway obstruction in people who
already require assisted breathing (AARC 2012). To prevent these
problems, humidification is routinely provided for people who
receive invasive mechanical ventilation (Branson 2007).

Description of the intervention

The two main forms of humidification used during mechanical
ventilation are active or passive.

Active humidification is provided by a heated humidifier (HH),
which warms and moistens gases as they pass over the surface of a
heated water reservoir attached to the ventilator. The system may
also have a heated wire in the inspiratory limb of the ventilator
circuit to prevent the warmed air cooling and condensing as it
moves from the reservoir to the person (Al Ashry 2014).

Inhaled gases may also be passively humidified with a heat and
moisture exchanger (HME). This device contains a condenser, which
retains heat and moisture from every exhaled breath and returns it
back to the person in the inspired breath (Al Ashry 2014). Because
there are concerns that the performance of HMEs decrease with
prolonged use, most manufacturers recommend changing HMEs
every 24 hours (AARC 2012).

The type of condenser used in an HME varies. They can be
hydrophobic, hygroscopic or combined condensers (AARC 2012;
Al Ashry 2014). In hydrophobic HMEs, the condenser is made
of a water repelling element. Hygroscopic condensers are based
on salts (such as calcium or lithium chloride) which absorb
water vapour during expiration and release it during inspiration.
In combination HMEs, a hygroscopic salt is added inside the
hydrophobic HME.

HMEs may have filters which prevent viruses or bacteria from
inspired air reaching the person's airway (Al Ashry 2014).

An active heated water source can be added to HMEs converting
them from passive to active, increasing their humidification
capacity. Another active HME model releases heat through
chemical reactions with exhaled carbon dioxide (AARC 2012).

Why it is important to do this review

Ventilator-associated pneumonia (VAP) is a major source of
morbidity and mortality in people who receive invasive mechanical

ventilation (Lorente 2010). It increases hospital stay by a mean
of seven to nine days per person and is associated with an
"attributable mortality" of 33% to 50% (ATS 2005; Koenig 2006). VAP
accounts for up to 25% of all intensive care unit (ICU) infections
(ATS 2005; Koenig 2006; Kola 2005). The high level of bacterial
colonization associated with HHs means they may be considered a
greater risk for VAP than HME (Al Ashry 2014; Koenig 2006; Ricard
2006).

HMEs may be more cost eIective than HHs in people without
contraindications for their use (Dodek 2004; Lorente 2010; Ricard
2006), but are also associated with complications. Because HMEs
are thought to provide lower levels of humidification than HHs
and increase inspiratory and expiratory airway resistance (Al Ashry
2014; Rathgeber 2006), they are associated with increased rates of
airway occlusion (AARC 2012; Hess 2003; Koenig 2006). Thus, they
are not recommended in people with thick, copious secretions,
pulmonary trauma or inflammation (AARC 2012; Branson 2007;
Rathgeber 2006). HMEs may also be inappropriate for children and
babies as their smaller airways may mean they are at a greater
risk of airway occlusion (Rathgeber 2006; SchiImann 2006). In
addition, because HMEs require heat retention to provide eIective
warming of inspired gases, they can be contraindicated for people
with hypothermia particularly children and babies who are more
susceptible to heat loss (AARC 2012). There may, however, be
diIerences in risk and benefit between diIerent types of HME.
Hydrophobic HMEs may be more likely to cause ETT occlusion
compared to HMEs with a hygroscopic element (AARC 2012; Al Ashry
2014).

Although humidification for mechanically ventilated people is
widely accepted as an essential practice, there is a lack of
consensus over which method of humidification is preferable. In
their review of VAP, Lorente and colleagues commented that while
new evidence-based guidelines for prevention of VAP had been
published in the previous two years by American, Canadian and
European scientific societies, recommendations on whether HMEs
or HHs should be used were not consistent (Lorente 2010).

Our original systematic review of 33 trials, with 2833 participants
of all randomized controlled trials (RCTs) comparing the use of
HH to HME in people undergoing invasive mechanical ventilation
found no clear evidence that either method was less likely to be
associated with adverse events (Kelly 2010a; Kelly 2010b). This
review update included the relevant literature from 2010 to 2015.

O B J E C T I V E S

To assess whether heat and moisture exchangers or heated
humidifiers are more eIective in preventing complications in
people receiving invasive mechanical ventilation and to identify
whether the age group of participants, length of humidification,
type of HME, and ventilation delivered through a tracheostomy had
an eIect on these findings.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included RCTs comparing HMEs to HH in adults and children
undergoing invasive mechanical ventilation. We included cross-
over studies if the order of the device was randomized.

Heat and moisture exchangers versus heated humidifiers for mechanically ventilated adults and children (Review)
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Types of participants

We included children (aged 0 to 16 years) and adults (aged over 16
years) who were receiving invasive mechanical ventilation in any
setting.

We imposed no any exclusion criteria.

Types of interventions

Comparison of HME and HH:

• any type of HME (e.g. hygroscopic, hydrophobic or
combination);

• any model of HH.

Types of outcome measures

Primary outcomes

• Artificial airway occlusion.

• Mortality (all-cause and related to respiratory events).

• Pneumonia (all-cause, nosocomial and ventilator-associated).

Secondary outcomes

• Respiratory complications, as defined by study authors and
including: hypoxaemia, hypercapnia, aspiration from any cause,
aspiration due to condensate in ventilator circuit.

• Respiratory measures including: partial pressure of arterial
oxygen (PaO2), partial pressure of arterial carbon dioxide

(PaCO2), breathing rate, work of breathing, tidal volume or

minute ventilation.

• Secretion clearance or inspissated (thickened or congealed)
mucous.

• Change in body temperature.

• Length of stay: ICU, hospital.

• Supplemental humidification with nebulized or directly instilled
saline.

• Cost of devices.

• Quality of life measures.

Search methods for identification of studies

Electronic searches

Before beginning this review, we searched the Cochrane Database
of Systematic Reviews (CDSR) and the Database of Abstracts of
Reviews of EIectiveness (DARE) to identify whether any relevant
systematic reviews already existed.

We searched the current issue of the Cochrane Central Register
of Controlled Trials (CENTRAL; 2017, Issue 5); MEDLINE, OvidSP
(1966 to 30 May 2017); Embase, OvidSP (1980 to 30 May 2017); and
CINAHL, EBSCO host (1982 to 30 May 2017) for trials.

The CENTRAL, MEDLINE, Embase and CINAHL search strategies
used are detailed in Appendix 1.

Methodology filter

A modified version of the first two phases of the Cochrane RCT
search strategy was used to identify RCTs and controlled clinical
trials. We combined the population and intervention terms, as
outlined above, with the methodology terms. Where duplicate

publication occurred, we used the publication with the most data
as the primary publication for the review.

Searching other resources

We checked reference lists of included studies and relevant reviews
for other potentially relevant studies which may not have been
identified by the electronic search.

Non-English language articles were eligible for selection to reduce
the risk of publication bias. We had the papers translated or
had data extraction performed by translators identified within
Cochrane (see Acknowledgements).

Data collection and analysis

Selection of studies

Two authors (of DG, DT, JF, BB) independently examined the
citations retrieved by the search strategy and retrieved those
reports thought to fulfil the selection criteria in full. Where a
judgement could not be made, based on the citation alone, we
obtained the full article. We resolved diIerences by consensus.

We excluded studies if there was no report of randomization in the
study design. The definition of 'mechanically ventilated' was taken
to be invasive ventilation via an ETT or tracheostomy. We excluded
studies involving participants undergoing non-invasive ventilation,
such as mask continuous positive airway pressure or participants
self-ventilating via a tracheostomy or a T-tube.

Data extraction and management

We devised a standard data extraction form and piloted the
form on a mixed set of articles. Two authors (DG, DT, JF, BB)
independently extracted the data from each study and each pair
met to compare the data. We resolved diIerences by consensus.
In the case of papers written in a language other than English,
data were extracted by Cochrane identified translators. Where data
was missing or further information was required, we made all
reasonable attempts to contact the authors to obtain the required
information. We extracted the following information:

• country and setting where study was performed;

• inclusion and exclusion criteria;

• participant characteristics: age group, gender, diagnosis,
severity of illness;

• details of interventions;

• outcomes measured;

• duration of study;

• numbers enrolled and completing in each group;

• baseline characteristics of each group;

• results per group.

Assessment of risk of bias in included studies

We independently assessed trials as 'low,' 'high' or 'unclear' risk of
bias according to the following quality criteria (Higgins 2011).

• Random sequence generation (selection bias).

• Allocation concealment (selection bias).

• Blinding of outcome assessment (detection bias).

• Incomplete outcome data (attrition bias).
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• Selective reporting (reporting bias).

• Other identified or potential bias.

If there was any disagreement about whether or not a trial
fulfilled a particular quality criterion, we resolved the diIerences by
consensus or referral to a third member of the review team.

Measures of treatment e?ect

Dichotomous data

For meta-analyses of dichotomous data, we calculated the risk ratio
(RR) and 95% confidence interval (95% CI) using a random-eIects
model. If data were only reported by a single study, these data were
also calculated and reported but a forest plot was not generated.

Continuous data

For continuous outcomes, we calculated the mean diIerence (MD)
and corresponding 95% CI using a random-eIects model.

As a meta-analysis is based on assumptions of normality, all
continuous data were checked for skew before inclusion. Data
were considered substantially skewed if the standard deviation was
greater than the mean (Higgins 2011). If data were substantially
skewed, they were not included in meta-analyses and were
reported separately.

We calculated the standardized mean diIerence (SMD) and 95%
CI rather than MD for saline instillations as two diIerent units of
measurement (i.e. volume or number) were used.

Unit of analysis issues

Cross-over trials

Since the results in a cross-over trial are based on paired data,
the meta-analysis of cross-over trials used the MD and standard
error (SE) of the mean diIerence (SE (MD)) from each trial. Only
one study provided adequate information to derive the SE (MD) for
the outcome PaCO2 (MacIntyre 1983). Therefore, we calculated the

results of the cross-over studies based on low (0.3), moderate (0.5)
and high (0.7) estimates of correlation. Meta-analyses using each of
the diIerent correlation values are reported for each outcome.

Dealing with missing data

If information about study methods or adequate data to be used
in meta-analysis were not reported, we attempted to contact study
authors to obtain this information.

Assessment of heterogeneity

We used the I2 statistic to assess heterogeneity (Higgins 2011). The

I2 statistic lies between 0% and 100%, with larger values being
indicative of increasing heterogeneity. Higgins 2011 suggested

assigning low, moderate and high heterogeneity to I2 statistical
values of 25%, 50% and 75%. Based on this, we considered

that there was evidence of substantial heterogeneity when the I2

statistic was greater than 50%.

Assessment of reporting biases

We entered the primary outcome data from all included studies
into a funnel plot (trial eIect against trial size) to investigate the
possibility of publication bias (Higgins 2011).

The quality of the included studies was assessed independently
by two authors (DG, DT, JF, BB) without blinding to authorship
or journal of publication. We resolved diIerences in the authors'
allocation of studies into quality categories by consensus.

Data synthesis

Where cluster randomized trials were identified, we planned to
make appropriate corrections for the cluster design if appropriate
data had been reported and these data incorporated into the meta-
analyses. However, no data which could be used to make these
corrections were reported in included studies.

If parallel studies reported data for more than one group for each
intervention (e.g. two ventilation pressures for both HME and HH),
we calculated pooled means and SDs and used them in the meta-
analysis. In three of the four studies that used more than one
type of HME or HH, data were given separately for each type of
intervention. Therefore, we pooled data for HME or HH in these
studies (Luchetti 1998; Ricard 1999; Villafane 1996).

As there is no method for pooling mean and variance data from
cross-over studies, data were used from only one of the two groups
of participants receiving each intervention in Campbell 2000 and
Girault 2003. In the study by Campbell 2000, we used the data
reported for people who were chemically paralysed and sedated
rather than those who were breathing spontaneously as this was
more consistent with the other included studies. Girault 2003
reported data for people receiving two diIerent levels of pressure
support ventilation so we used data from the group receiving
ventilation at a pressure of 15 cm H2O as this was similar to what

was used in the other included studies.

Subgroup analysis and investigation of heterogeneity

As adults and children have diIerent respiratory anatomy and
physiology, we decided a priori to perform subgroup analysis by
age group if there were adequate data. Since the anatomical and
physiological diIerences are even more pronounced in preterm
and term neonates, the age group categories were:

• neonates: term and preterm infants up to 28 days of age
(or corrected age for preterm infants). Preterm infants have a
gestational age of less than 37 weeks while term infants have a
gestational age of 37 weeks or greater;

• infants and children, aged 28 days to 16 years; and

• adults, aged over 16 years.

As respiratory complications and damage are linked to the length
of time a person is intubated and the duration of mechanical
ventilation, subgroup analysis by the duration of the experimental
humidification was conducted. These were:

• ultra-short humidification: up to 12 hours;

• short-term humidification: from 12 to 48 hours;

• medium-term humidification: from 48 hours to seven days;

• long-term humidification: more than seven days.

We conducted subgroup analyses based on whether the HME used
was:

• hydrophobic;

• hygroscopic;

Heat and moisture exchangers versus heated humidifiers for mechanically ventilated adults and children (Review)
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• combined hydrophobic/hygroscopic.

Finally, a subgroup analysis was planned by artificial airway:

• ETT;

• tracheostomy.

conditional on whether suIicient studies were available.

Sensitivity analysis

We conducted sensitivity analysis based on whether studies were
rated as a low, unclear or high risk of selection and detection bias.

Therefore, the sensitivity analyses were as follows.

• Selection bias: low versus unclear versus high risk.

• Detection bias: low versus unclear versus high risk.

'Summary of findings' table and GRADE

We produced a 'Summary of findings' table for the primary
outcomes of artificial airway occlusion, all-cause mortality and

pneumonia when HME was compared to HH using GRADEpro
soRware (GRADEpro). Baseline risk was based on the risk rates
calculated by GRADEpro from included studies. We used the GRADE
system to assess the quality of studies and data contributing
to these analyses (Guyatt 2008). The GRADE approach gives an
assessment of within-study risk of bias (methodological quality),
that may aIect the directness of the evidence, heterogeneity of the
data, precision of the eIect estimates and potential for publication
bias. For assessments of the overall quality of evidence for each
outcome, we downgraded the evidence from 'high quality' by one
level for single or two for multiple risks of bias.

R E S U L T S

Description of studies

Results of the search

(Figure 1)
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Figure 1.   Study flow diagram.
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In total, we identified 1458 citations using the search strategies
detailed in Appendix 1. ARer the removal of duplicates, 957 citations
remained. ARer title and abstract review, 65 of these studies (67
citations) were considered potentially relevant. Following data
extraction, we included 34 studies (36 citations) and excluded 29 (29
citations). Two studies (76 participants) are awaiting classification,
one by Nadir Oziş 2009 until data can be obtained from authors
and one by Oguz 2013 identified from a recently published review
(Vargas 2017).

Included studies

We included 34 trials in the review, with 2848 participants
completing the trials (see Characteristics of included studies table).
Thirteen of the trials were conducted in France (Daoud 1991; Deriaz
1992; Dreyfuss 1995; Girault 2003; Lacherade 2005; Le Bourdelles
1996; Martin 1990; Martin 1994; Misset 1991; Ricard 1999; Roustan
1992; Thomachot 2001; Villafane 1996); six in the USA (Branson
1996; Campbell 2000; Goldberg 1992; Kirton 1997; Kollef 1998;
MacIntyre 1983); three in Italy (Iotti 1997; Luchetti 1998; Pelosi
1996); two each in Australia (Boots 1997; Boots 2006), Canada
(Bissonnette 1989a; Bissonnette 1989b); and Brazil (Alcoforado
2012; Diaz 2002); and one each in Saudi Arabia (Memish 2001),
Denmark (Kirkegaard 1987), Finland (Linko 1984), Spain (Lorente
2006), Switzerland (Hurni 1997), and the UK (Yam 1990). Seven
studies were performed in the operating department (Bissonnette
1989a; Bissonnette 1989b; Deriaz 1992; Goldberg 1992; Kirkegaard
1987; Le Bourdelles 1996; Yam 1990); the remaining 27 studies were
set in an ICU, one of these in a neonatal ICU (Daoud 1991). Three
studies were conducted on children and infants (Bissonnette 1989a;
Bissonnette 1989b; Daoud 1991). Bissonnette 1989a reported data
from infants weighing between 5 kg and 10 kg; Bissonnette 1989b
reported data from infants and children weighing between 5
kg and 30 kg; and Daoud 1991 reported data from a neonatal
population. The remaining studies were conducted in adults;
although participants in these trials were aged 15 to 95 years, the
mean age was 40 to 69 years).

Twenty-six studies used a parallel-group design in which at
least two independent groups were studied (Alcoforado 2012;
Bissonnette 1989a; Bissonnette 1989b; Boots 1997; Boots 2006;
Branson 1996; Daoud 1991; Deriaz 1992; Diaz 2002; Dreyfuss 1995;
Goldberg 1992; Hurni 1997; Kirkegaard 1987; Kirton 1997; Kollef
1998; Lacherade 2005; Linko 1984; Lorente 2006; Luchetti 1998;
Martin 1990; Memish 2001; Misset 1991; Ricard 1999; Roustan 1992;
Villafane 1996; Yam 1990). Eight studies used a cross-over design
whereby two interventions were studied in the same group of
participants (Campbell 2000; Girault 2003; Iotti 1997; Le Bourdelles
1996; MacIntyre 1983; Martin 1994; Pelosi 1996; Thomachot 2001).
In each of the cross-over studies, the order of the intervention
(HH or HME) was randomized. Twenty-nine of the included studies
compared one type of HME to one type of HH (Alcoforado 2012;
Bissonnette 1989a; Bissonnette 1989b; Boots 1997; Branson 1996;
Campbell 2000; Daoud 1991; Deriaz 1992; Diaz 2002; Dreyfuss 1995;
Girault 2003; Goldberg 1992; Hurni 1997; Iotti 1997; Kirkegaard
1987; Kirton 1997; Kollef 1998;Lacherade 2005; Le Bourdelles 1996;

Linko 1984; Lorente 2006; MacIntyre 1983; Martin 1990; Martin 1994;
Memish 2001; Pelosi 1996; Roustan 1992; Thomachot 2001; Yam
1990). Four parallel studies used more than one type of HH or HME.
Two of these studies compared one HME to two HHs (Luchetti 1998;
Misset 1991); one compared two HMEs to one HH (Villafane 1996);
and one compared four HMEs to one HH (Ricard 1999).

Across the 34 included studies, the outcomes reported were:
artificial airway occlusion, mortality, pneumonia, respiratory
complications, ventilation, change in body temperature, length of
stay, secretion clearance, supplemental humidification and cost.
None of the included studies reported quality of life.

Excluded studies

We excluded 29 studies because participants were not undergoing
invasive mechanical ventilation, there was no randomization, no
relevant clinical outcomes, HME was used in conjunction with
an HH, or data could not be obtained from study authors (see
Characteristics of excluded studies table).

Studies awaiting classification

Two studies (76 participants) are awaiting classification. One study
by Nadir Oziş 2009 is awaiting classification as we have not yet been
able to obtain additional information including outcome data from
the study authors. The second study (Oguz 2013) was identified
from a recently published review (Vargas 2017). See Characteristics
of studies awaiting classification table for further information.

Ongoing studies

We identified no ongoing studies.

Risk of bias in included studies

We rated all of the studies for risk of bias in six domains: random
sequence generation and allocation concealment (both selection
bias), blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias)
and other bias (see Figure 2, Figure 3; Characteristics of included
studies table). Seven studies had a low risk of bias for one
domain (Bissonnette 1989b; Hurni 1997; Kirkegaard 1987; Linko
1984; Luchetti 1998; Martin 1994; Villafane 1996), 13 studies for
two domains (Alcoforado 2012; Bissonnette 1989a; Boots 2006;
Branson 1996; Daoud 1991; Dreyfuss 1995; Lorente 2006; MacIntyre
1983; Martin 1990; Ricard 1999; Roustan 1992; Thomachot 2001;
Yam 1990), nine studies for three domains (Boots 1997; Campbell
2000; Girault 2003; Iotti 1997; Kirton 1997; Lacherade 2005; Le
Bourdelles 1996; Memish 2001; Pelosi 1996), and two studies for
four domains (Diaz 2002; Kollef 1998). Two studies were not at low
risk of bas for any domain (Deriaz 1992; Misset 1991). Fourteen
studies were at high risk of bias for one domain (Alcoforado 2012;
Boots 2006; Deriaz 1992; Dreyfuss 1995; Hurni 1997; Kirkegaard
1987; Lacherade 2005; Luchetti 1998; Martin 1990; Martin 1994;
Memish 2001; Roustan 1992; Thomachot 2001; Villafane 1996) and
three studies in two domains (Branson 1996; Lorente 2006; Misset
1991).
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Figure 2.   Methodological quality graph: review authors' judgements about each methodological quality item
presented as percentages across all included studies.
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Figure 3.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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Figure 3.   (Continued)

 
Allocation

Six studies described adequate generation of randomization
sequences (Diaz 2002; Goldberg 1992; Kirton 1997; Lacherade
2005; Lorente 2006; Memish 2001), while it was inadequate in one
study (Branson 1996). The remainder did not describe sequence
generation. Three trials had adequate allocation concealment
(Diaz 2002; Kollef 1998; Memish 2001), and one had inadequate
allocation concealment (Branson 1996); 30 trials did not explain the
allocation process.

Blinding

Four trials reported that outcome assessment was blinded
(Alcoforado 2012; Goldberg 1992; Kirton 1997; Kollef 1998), while
two stated that it was not blinded (Martin 1994; Thomachot 2001).
Most studies contained no information about blinding.

Incomplete outcome data

Most studies were at low risk of attrition bias because
they appeared to have had 100% follow-up (Alcoforado 2012;
Bissonnette 1989a; Boots 1997; Boots 2006; Campbell 2000; Diaz
2002; Goldberg 1992; Iotti 1997; Kirkegaard 1987; Lacherade 2005;
Le Bourdelles 1996; MacIntyre 1983; Martin 1990; Martin 1994;
Pelosi 1996; Ricard 1999; Roustan 1992; Thomachot 2001; Yam
1990). Five trials were at high risk of attrition bias (Dreyfuss 1995;
Girault 2003; Lorente 2006; Memish 2001; Misset 1991). The risk due
to attrition was unclear in the remaining studies.

Selective reporting

The majority of studies were at low risk of selective reporting
because all expected primary outcomes were reported (Boots 1997;
Boots 2006; Branson 1996; Campbell 2000; Dreyfuss 1995; Girault

2003; Iotti 1997; Kirton 1997; Kollef 1998; Lacherade 2005; Le
Bourdelles 1996; Martin 1990; Pelosi 1996; Roustan 1992). Four
studies were at high risk of reporting bias because they were all
long-term studies that did not report at least one of the expected
outcome of pneumonia or mortality (Lorente 2006; Luchetti 1998;
Misset 1991; Villafane 1996). The remainder were at unclear risk of
bias.

Other potential sources of bias

Six studies were at high risk of other bias. In Alcoforado 2012,
the mean time in hospital was much longer in the HH group (29
days versus 9 days) although the median duration of ventilation
was shorter (161 hours versus 201 hours), and 100% of the HH
group received antibiotics compared to 87.5% in the HME group.
Participants in the HME group were ventilated for a significantly
shorter period (six days versus eight days) in Boots 2006; the HME
group were anaesthetized for significantly longer than the HH
group (155 minutes versus 116 minutes) in Deriaz 1992; circuits
were changed every 48 hours in the HH group and only every seven
days in the HME group in Hurni 1997; in Lacherade 2005, there were
five times as many participants in the HH group who had HIV and
this group also had higher partial pressure arterial oxygen/fraction
of inspired oxygen (PaO2/FiO2) values; and in Martin 1990 the HH

group remained in the study for a mean of 14 days compared to 10
days in the HME group.

Four studies were funded by the makers of the HME (Kollef 1998)
or HH (Branson 1996; Lacherade 2005), or both HME and HH (Boots
2006). The maker supplied the HME in Yam 1990.

Heat and moisture exchangers versus heated humidifiers for mechanically ventilated adults and children (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

E?ects of interventions

See: Summary of findings for the main comparison Heat and
moisture exchangers (HME) compared to heated humidifiers (HH)
for ventilated adults and children

Data from parallel studies

(See Analysis 1.1; Analysis 1.2; Table 1; Table 2.)

Data for the binary outcomes of artificial airway occlusion,
mortality, pneumonia, atelectasis and pneumothorax came from
the 26 parallel-group studies (Alcoforado 2012; Bissonnette 1989a;
Bissonnette 1989b; Boots 1997; Boots 2006; Branson 1996; Daoud
1991; Deriaz 1992; Diaz 2002; Dreyfuss 1995; Goldberg 1992; Hurni
1997; Kirkegaard 1987; Kirton 1997; Kollef 1998; Lacherade 2005;
Linko 1984; Lorente 2006; Luchetti 1998; Martin 1990; Memish 2001;
Misset 1991; Ricard 1999; Roustan 1992; Villafane 1996; Yam 1990).
Data for the continuous outcomes of PaO2, PaCO2, tidal volume,

minute ventilation, tracheal aspirations, number and volume of
saline instillations, absolute and change in body temperature,
length of stay (ICU and hospital) and cost also came from the
parallel trials.

Primary outcomes

1. Artificial airway occlusion

FiReen trials involving 2171 participants measured artificial airway
occlusion (Boots 1997; Boots 2006; Branson 1996; Daoud 1991;
Dreyfuss 1995; Hurni 1997; Kirkegaard 1987; Kirton 1997; Kollef
1998; Lacherade 2005; Luchetti 1998; Martin 1990; Misset 1991;
Roustan 1992; Villafane 1996). There was no statistical diIerence
between groups in the occurrence of artificial airway occlusion
although there was substantial heterogeneity between studies (RR

1.59, 95% CI 0.60 to 4.19; I2 = 54%; Analysis 1.1).

2. Mortality

There was no statistically significant diIerence in all-cause
mortality (RR 1.03, 95% CI 0.89 to 1.20; 1951 participants; 12
studies; Boots 1997; Boots 2006; Daoud 1991; Diaz 2002; Dreyfuss
1995; Hurni 1997; Kirkegaard 1987; Kollef 1998; Lacherade 2005;

Martin 1990; Memish 2001; Roustan 1992; I2 = 0%; Analysis 1.2)
or pneumonia-related mortality (RR 1.09, 95% CI 0.39 to 3.01; 484

participants; 3 studies; Diaz 2002; Dreyfuss 1995; Kollef 1998; I2 =
0%; Analysis 1.2).

3. Pneumonia

There was no statistically significant diIerence in the prevalence of
pneumonia overall (RR 0.93, 95% CI 0.73 to 1.19; 2251 participants;
13 studies; Alcoforado 2012; Boots 1997; Boots 2006; Branson 1996;
Diaz 2002; Dreyfuss 1995; Kirton 1997; Kollef 1998; Lacherade 2005;

Lorente 2006; Martin 1990; Memish 2001; Roustan 1992; I2 = 27%;
Analysis 1.3). Neither was there any diIerence when pneumonia
was diagnosed at any time within the ventilation period (RR 0.94,

95% CI 0.69 to 1.27; 1090 participants; 7 studies; I2 = 0%; Analysis
1.3) or if the diagnosis was made at least 48 hours aRer ventilation
was begun (RR 0.96, 95% CI 0.64 to 1.46; 1161 participants; 6

studies; I2 = 57%; Analysis 1.3), although there was substantial
heterogeneity in this latter subgroup.

Secondary outcomes

1. Respiratory complications

Atelectasis

There was no statistical diIerence between the two forms of
humidification for atelectasis (RR 0.85, 95% CI 0.52 to 1.40; 303
participants; 3 studies; Daoud 1991; Dreyfuss 1995; Roustan 1992;

I2 = 0%; Analysis 1.4).

Pneumothorax

There was no statistical diIerence between the HME and HH groups
in the prevalence of pneumothorax in the one study that reported
this outcome (RR 2.79, 95% CI 0.62 to 12.67; 56 participants; 1 study;
Daoud 1991; P = 0.18).

2. Respiratory measures

Arterial pressure of oxygen

The PaO2 was significantly higher in the HME group compared with

the HH group (MD 2.80 kPa, 95% CI 0.13 to 5.47; 30 participants; 1
study; Kirkegaard 1987; P = 0.04 ).

Arterial pressure of carbon dioxide

There was no statistical diIerence between groups in PaCO2 levels

(MD -0.20 kPa, 95% CI -0.67 to 0.27; 30 participants; 1 study;
Kirkegaard 1987; P = 0.40).

Tidal volume

There was no diIerence between the HME and HH groups in tidal
volume (MD -0.03 L, 95% CI -38.81 to 38.75; 85 participants; 1 study;
Ricard 1999; P = 1.00).

Minute ventilation

There was no diIerence between groups in minute ventilation (MD
-0.70 L/minute, 95% CI -1.97 to 0.57; 85 participants; 1 study; Ricard
1999; P = 0.28).

3. Secretion clearance

Tracheal aspirations

There was no significant diIerence between groups in tracheal
aspirations (MD -0.47 aspirations per day, 95% CI -1.41 to 0.47; 290

participants; 3 studies; Branson 1996; Dreyfuss 1995; Misset 1991; I2

= 64%; Analysis 1.5).

Data from the study by Boots 1997, which measured the number
of suctions per hour, could not be included in this meta-analysis as
there was no measure of variance reported.

Saline instillations

The number or volume of saline instillations per day was
significantly lower in the HME group (SMD -0.40 instillations per
day, 95% CI -0.64 to -0.17; 276 participants; 3 studies; Branson 1996;

Dreyfuss 1995; Martin 1990; I2 = 0%; Analysis 1.6).

4. Change in body temperature

Six parallel-group studies reported absolute body temperature
(Bissonnette 1989a; Branson 1996; Deriaz 1992; Goldberg 1992;
Martin 1990; Yam 1990), and three studies reported change in
body temperature (Branson 1996; Dreyfuss 1995; Martin 1990).
Body temperature was significantly lower in the HME group when
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analysing absolute data (MD -0.49 ºC, 95% CI -0.96 to -0.02; 321

participants; I2 = 88% Analysis 1.7) and mean change data (MD -0.59

ºC, 95% CI -0.82 to -0.36; 78 participants; I2 = 8%; Analysis 1.8).

5. Length of stay

Six studies reported ICU length of stay (Boots 2006; Diaz 2002; Hurni
1997; Kollef 1998; Lacherade 2005; Roustan 1992; 1323 participants)
and two studies reported length of stay in hospital (Diaz 2002; Kollef
1998; 353 participants); however, all these data were skewed or the
SDs were not reported and the data could not be added to a meta-
analysis. There was no consistent pattern in length of stay in either
group (Table 1; Table 2).

6. Supplemental humidification

None of the studies reported supplemental humidification.

7. Cost of devices

Six studies reported cost data (Boots 1997; Boots 2006; Branson
1996; Dreyfuss 1995; Kirton 1997; Kollef 1998; 1284 participants).
As a measure of variance was not available for these studies, these
data could not be meta-analysed. However, all studies reported
lower costs for HMEs compared to HHs (Table 3).

8. Quality of life

None of the studies reported quality of life.

Data from cross-over studies

Data for the continuous outcomes: SaO2, PaO2, PaCO2, breathing

rate, tidal volume and minute ventilation came from the included
cross-over trials.

1. Respiratory complications

Arterial oxygen saturation

Only one cross-over trial involving 11 participants reported SaO2

data (Campbell 2000). There was no significant diIerence between
the HME and HH groups in the SaO2 at the low (MD -2.00, 95% CI

-4.84 to 0.84; P = 0.17), moderate (MD -2.00, 95% CI -4.70 to 0.70; P
= 0.15) or high correlation estimates (MD -2.00, 95% CI -4.57 to 0.57;
P = 0.13).

2. Respiratory measures

Arterial pressure of oxygen

Four cross-over trials involving 65 participants reported PaO2

(Campbell 2000; Girault 2003; Le Bourdelles 1996; MacIntyre 1983).
There was no significant diIerence between groups at low (MD -3.24
mmHg, 95% CI -16.08 to 9.60; Analysis 2.1), moderate (MD -3.87
mmHg, 95% CI -16.73 to 9.00; Analysis 2.1) and high correlation
estimates (MD -4.41 mmHg, 95% CI -17.09 to 8.27; P = 0.50; Analysis
2.1).

Arterial pressure of carbon dioxide

Five cross-over trials involving 88 participants reported PaCO2

(Campbell 2000; Girault 2003; Iotti 1997; Le Bourdelles 1996;
MacIntyre 1983). The PaCO2 was significantly higher in the HME

group at all correlation estimates: low (MD 1.93 mmHg, 95% CI 0.27
to 3.59; Analysis 2.2), moderate (MD 2.02 mmHg, 95% CI 0.19 to 3.85;
Analysis 2.2) and high (MD 2.21 mmHg, 95% CI 0.33 to 4.09; Analysis
2.2).

Breathing rate

Four cross-over trials involving 65 participants reported breathing
rate (Campbell 2000; Iotti 1997; Le Bourdelles 1996; Pelosi 1996).
The breathing rate was significantly higher in the HME group at
the low correlation estimate (MD 1.40 breaths per minute, 95% CI
0.33 to 2.46; Analysis 2.3), but there was no significant diIerence
between groups at moderate (MD 1.15 breaths per minute, 95% CI
-0.13 to 2.44; Analysis 2.3) or high (MD 1.02 breaths per minute, 95%
CI -0.38 to 2.41; Analysis 2.3) correlation estimates.

Work of breathing

Two studies involving 21 participants measured work of breathing
(Girault 2003; Iotti 1997). However, as these data were skewed, they
could not be meta-analysed. Work of breathing was higher in the
HME group in both studies (Table 4).

Tidal volume

Five studies involving 76 participants measured tidal volume
(Campbell 2000; Girault 2003; Iotti 1997; Le Bourdelles 1996; Pelosi
1996). There was no diIerence between groups at the low (MD 0.02
L, 95% CI -0.00 to 0.03; Analysis 2.4) or moderate (MD 0.02 L, 95%
CI 0.00 to 0.04; Analysis 2.4) correlation estimates, but tidal volume
was significantly higher at the high correlation estimate (MD 0.03 L,
95% CI 0.01 to 0.06; Analysis 2.4).

Minute ventilation

The five cross-over studies involving 76 participants measuring
minute ventilation were the same studies as those measuring tidal
volume (Campbell 2000; Girault 2003; Iotti 1997; Le Bourdelles
1996; Pelosi 1996). There was a significantly higher minute
ventilation in the HME group at the low (MD 1.20 L/minute, 95% CI
0.78 to 1.61; Analysis 2.5), moderate (MD 1.19 L/minute, 95% CI 0.63
to 1.75; Analysis 2.5) and high (MD 1.18 L/minute, 95% CI 0.55 to 1.80
Analysis 2.5) correlation estimates.

3. Change in body temperature

Two cross-over studies involving 21 participants reported body
temperature (Martin 1994; Thomachot 2001). There was no
diIerence between groups at low (MD -1.12 ºC, 95% CI -3.77 to
1.52; Analysis 2.6), moderate (MD -1.13 ºC, 95% CI -3.77 to 1.52;
Analysis 2.6) or high (MD -1.13 ºC, 95% CI -3.78 to 1.51; Analysis
2.6) correlation estimates, but heterogeneity was very high, ranging

from an I2 statistic of 96% to 98%.

Subgroup analysis

Age group

Only two of the 34 included studies were carried out in children
(Bissonnette 1989a; Bissonnette 1989b), and one was performed
in the neonatal population (Daoud 1991). Daoud 1991 was the
only study in infants or children which reported primary outcomes,
namely: artificial airway occlusion and mortality. The remaining
studies were all conducted in adults.

There was no diIerence between age groups for the outcomes of
artificial airway occlusion (Analysis 3.1) or mortality (Analysis 3.2).

Length of ventilation

Twelve of the included studies compared methods of
humidification that we categorized as ultra-short term (up to 12
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hours) (Bissonnette 1989a; Bissonnette 1989b; Campbell 2000;
Deriaz 1992; Girault 2003; Goldberg 1992; Iotti 1997; Le Bourdelles
1996; Linko 1984; Pelosi 1996; Ricard 1999; Yam 1990). Three were
short-term humidification studies (12 to up to 48 hours) (MacIntyre
1983; Martin 1994; Thomachot 2001); nine were medium-term
(from 48 hours to seven days) (Alcoforado 2012; Boots 1997; Boots
2006; Branson 1996; Daoud 1991; Kirkegaard 1987; Kollef 1998;
Luchetti 1998; Villafane 1996); and eight were long-term (more than
seven days) (Dreyfuss 1995; Hurni 1997; Lacherade 2005; Lorente
2006; Martin 1990; Memish 2001; Misset 1991; Roustan 1992). Two
studies did not state the length of humidification (Diaz 2002; Kirton
1997).

Data were only available to compare the primary outcomes for
medium and long-term trials.

There was a no diIerence between medium-term and long-term
studies for the outcome of artificial airway (Analysis 4.1).

There was no apparent subgroup diIerence between medium-
term and long-term studies in all-cause mortality (Analysis 4.2) or
pneumonia (Analysis 4.3).

Hygroscopic versus hydrophobic heat and moisture exchangers

Eight studies used hydrophobic HMEs (Goldberg 1992; Kirton 1997;
Martin 1990; Misset 1991; Ricard 1999; Roustan 1992; Thomachot
2001; Villafane 1996). In two studies, it was unclear whether an HME
with hygroscopic properties was used (Linko 1984; Lorente 2006).
The remaining studies appeared to use hygroscopic HMEs.

There was no diIerence between subgroups for the outcomes of
artificial airway occlusion (Analysis 5.1) or mortality (Analysis 5.2).
However, there was a significant diIerence between those studies
using a hydrophobic HME compared to those using a hygroscopic

HME for the outcome of pneumonia (Analysis 5.3). The likelihood of
pneumonia appeared to be halved in studies using a hydrophobic
HME (RR 0.48, 95% CI 0.28 to 0.82; 469 participants; 3 studies)
compared to those using a hygroscopic HME where the risk was not
significantly diIerent from the HH group (RR 0.95, 95% CI 0.77 to
1.17; 1678 participants; 9 studies; Analysis 5.3).

Endotracheal tube versus tracheostomy

Only one study stated that ventilation was given via a tracheostomy
(Martin 1990), and data for participants with a tracheostomy were
not given separately from participants ventilated through an ETT.
Therefore, there were insuIicient data to do a subgroup analysis of
people who were ventilated via tracheostomy.

Sensitivity analyses

Sensitivity analyses based on the adequacy of allocation
concealment were done for the outcomes of mortality (Analysis 7.1)
and pneumonia (Analysis 7.2). There was no diIerence between
the studies rated as having either adequate or unknown allocation
concealment for either outcome. A sensitivity analysis was not done
for artificial airway occlusion as only one study which reported
this outcome was rated as having adequate allocation concealment
(Kirton 1997) and one as inadequate (Branson 1996). There was also
no diIerence between studies that we rated as low and unclear
risk of detection bias for the outcomes of artificial airway occlusion
(Analysis 8.1) and pneumonia (Analysis 8.2). We only rated one
study which reported mortality at low risk of detection bias and
none rated as high risk reported mortality.

Funnel plot analyses

There was no evidence of funnel plot asymmetry for the outcomes
of artificial airway occlusion (Figure 4), mortality (Figure 5), and
pneumonia (Figure 6).
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Figure 4.   Funnel plot of comparison: 1 Heat and moisture exchanger (HME) versus heat humidifier (HH) - parallel
studies, outcome: 1.1 Artificial airway occlusion.
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Figure 5.   Funnel plot of comparison: 1 Heat and moisture exchanger (HME) versus heat humidifier (HH) - parallel
studies, outcome: 1.2 Mortality.
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Figure 6.   Funnel plot of comparison: 1 Heat and moisture exchanger (HME) versus heat humidifier (HH) - parallel
studies, outcome: 1.3 Pneumonia.

 

D I S C U S S I O N

Summary of main results

Overall, our results showed no evidence that either HMEs or
HHs reduce the risk of artificial airway occlusion, mortality
or pneumonia. However, there was substantial heterogeneity
between studies for the outcomes of airway occlusion and
pneumonia. HMEs may increase the PaCO2 and minute ventilation

and decrease body temperature. Hydrophobic HMEs appear to
reduce the prevalence of pneumonia compared to HHs but this
requires further investigation.

Artificial airway occlusion

Blockage of the endotracheal or tracheostomy tube is a life-
threatening adverse event that can occur in a ventilated person.
Over all studies, we found that there was no diIerence in the risk
of artificial airway occlusion with either method of humidification.
This was also the finding in the review by Bench 2003, although
these data came from only one study.

Mortality

We found no eIect of the type of artificial humidification on
mortality. It would be diIicult to attribute a person's death
directly to the type of humidification used since the studies were
performed in ventilated people who were critically ill. However,

death could result from complications associated with the type of
humidification used, for example, occlusion of the artificial airway
or pneumonia.

Pneumonia

Overall, we found that the prevalence of pneumonia was no
diIerent when an HME was used. However, the use of a
hydrophobic HME without hygroscopic properties may reduce the
risk of pneumonia compared to an HH.

This apparent diIerence between HMEs may be due to the higher
moisture-retaining properties of hygroscopic HMEs, although both
Dreyfuss 1995 and Boots 1997 reported that contamination was
still higher with HH compared to hygroscopic HMEs. As HHs
without a heated wire have been associated with a higher risk
of VAP (Siempos 2007), we also considered whether the apparent
diIerence between HME may have been explained by the HH
they were compared to. All hydrophobic HME were compared to
HH without a heated wire while six of the eight studies using a
hygroscopic HME used an HH with a heated wire (Boots 1997; Boots
2006; Branson 1996; Dreyfuss 1995; Kollef 1998; Lacherade 2005).
However, this does not appear to be the case as the prevalence of
pneumonia was 16% in the HH groups with and without a heated
wire, as well as the hygroscopic HME group, but only 7.5% in the
hydrophobic HME group. Therefore, the prevalence of pneumonia
does appear to be lower in the group with a hydrophobic HME.
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Respiratory complications

There was no diIerence between groups for the outcomes of
atelectasis, pneumothorax or tracheal aspirations. The number or
volume of saline instillations was significantly lower in the HME
group but given the subjectivity of these outcomes, these results
may not be valid measures of potential airway blockage.

Respiratory measures

There was no diIerence in PaO2 over the three cross-over studies

that reported this outcome although these data were highly

heterogenous (I2 statistic between 63% and 83%). The PaCO2 was

higher in the HME group at all correlation estimates over the five
studies that reported PaCO2, which may be because of carbon

dioxide retained within the HME. This higher PaCO2 may also be

related to the higher measures of work of breathing reported for the
HME group in two studies although these data could not be meta-
analysed.

In the cross-over studies, minute ventilation was significantly
higher for HMEs across the five studies reporting this outcome.
However, the findings for tidal volume were more equivocal, only
being statistically higher in the HME group at the high correlation
estimate.

While HMEs appeared to increase minute ventilation relative to
HHs, as with many of the respiratory variables this may be aIected
by ventilatory settings and should, therefore, be interpreted with
caution.

Change in body temperature

There was good evidence across parallel studies that body
temperature was significantly decreased by approximately 0.5 ºC
when an HME was used. Although the results of cross-over studies
were equivocal, these data came from two small contradictory
studies. This decrease in body temperature in many cases may not
be considered clinically relevant when the participants are adults.
However, temperature control is vitally important and very finely
balanced in neonates, and a drop of 0.5 ºC could have adverse
eIects. While to a lesser extent, a temperature drop of 0.5 ºC may
also have adverse eIects on older children and elderly people,
particularly if they were initially hypothermic.

Cost of devises

There was evidence of cost savings with HMEs in our review but
the variation in the way that the information was reported made it
diIicult to be definitive about how great the cost saving could be.
The apparent cost advantages associated with an HME need to be
weighed against the potential disadvantages.

Frequency of heat and moisture exchanger changes

Less-frequent HME changes may increase the risk of adverse
outcomes such as artificial airway occlusion (Karpadia 2001),
although a number of studies have advocated that HMEs can be
used safely for 48 hours (Boyer 2003; Markowicz 2000). We were
unable though to make any conclusions about the frequency of
HME changes from data in this review. Although HMEs were used
for at least 24 hours in 16 parallel studies, six studies did not report
the frequency of HME changes (Branson 1996; Diaz 2002; Dreyfuss
1995; Kollef 1998; Martin 1990; Memish 2001). In the 10 studies that
did report the frequency, eight reported changing the HME at least

every 24 hours (Boots 1997; Boots 2006; Daoud 1991; Kirton 1997;
Luchetti 1998; Misset 1991; Roustan 1992; Villafane 1996), and only
two reported 48-hour changes (Lacherade 2005; Lorente 2006).

Overall completeness and applicability of evidence

Since the original version of this review in 2010, we identified
only one new study. Therefore, there is little information which
has been added to our original findings. Thus, evidence to
date remains inadequate to make any conclusions about the
relative risk associated with either method of humidification. We
endeavoured to compare patient-related factors (age group and
type of ventilation) and humidification factors (length of ventilation
and type of HME) that may have important implications on findings;
however, there were inadequate data to make any conclusions
about the eIects of these factors. Data were particularly poor for
infants and children, and people who were ventilated through a
tracheostomy.

Quality of the evidence

The majority of included studies did not describe most quality
criteria. We only considered six and three studies at low risk
of selection bias due to sequence generation and allocation,
respectively. Only four were at low risk of detection bias. We
deemed the majority (22 studies) at low risk of attrition bias and of
other biases (23 studies).

Potential biases in the review process

The findings of this review need to be considered with caution
as a number of the studies excluded participants who were not
considered suitable for an HME (Alcoforado 2012; Boots 2006;
Branson 1996; Daoud 1991; Lacherade 2005; Memish 2001). In
addition, participants could be swapped to the HH group because
of thick and bloody secretions in the study by Branson 1996;
because of hypothermia and to minimize deadspace in Hurni 1997;
and due to "specific indications" in Kollef 1998. Memish 2001
excluded participants who discontinued HME although it was not
clear why they were discontinued. The study by Martin 1990 was
interrupted aRer a participant in the HME group died following total
occlusion of the artificial airway. Two studies changed HMEs more
frequently, if considered necessary (Boots 1997; Boots 2006).

Agreements and disagreements with other studies or
reviews

Two earlier narrative reviews found that VAP was reduced when
an HME was used compared to an HH but these conclusions were
not strongly supported by the data (Bench 2003; Cook 1998). Only
one of the five studies in the review by Cook 1998, and neither of
the two studies in Bench 2003, showed a significant diIerence in
VAP. One meta-analysis of eight trials with 1368 participants by Kola
2005 also found pneumonia was reduced when an HME was used in
people who had mechanical ventilation for seven days or more.

However, as with this review update and our original Cochrane
Review (Kelly 2010a; Kelly 2010b), we found no diIerence in the
risk of VAP when HMEs or HHs were used. These findings were
also reported by Siempos 2007 in their meta-analysis of 2580
participants in 13 trials and by Niël-Weise 2007 in their meta-
analysis of 2014 participants in 10 trials.
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As with our reviews, other reviews also reported no diIerence
between HH and HME in the risk of artificial airway occlusion
(Bench 2003; Siempos 2007), mortality (Siempos 2007), or length of
ICU stay (Siempos 2007).

As with our findings, Siempos and colleagues found that HME
reduced humidification costs (Siempos 2007).

An additional meta-analysis and meta-regression of HME versus
HH in critically ill adults was published during this update (Vargas
2017). We had previously included 17 of the 18 studies included by
Vargas 2017 who found no overall diIerence between HME and HH
in the rates of airway occlusion, pneumonia or mortality.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Overall, the type of humidification device (either passive or active)
does not appear to aIect the prevalence of artificial airway
occlusion, mortality or pneumonia in people undergoing invasive
mechanical ventilation. Heat and moisture exchangers (HMEs)
were consistently cheaper to use than heated humidification (HH).
Hydrophobic HMEs may reduce the risk of pneumonia although
HMEs may also increase the risk of artificial airway occlusion in
some groups of patients. There are insuIicient data to make any
conclusions about the use of HMEs or HHs in children or infants.

Implications for research

There has been little new work in this area since 2012. Further
research is needed comparing HH and HME, particularly relating

to the use of in the paediatric and neonatal populations. Much
more research comparing diIerent types of HME and diIerent
types of HH is needed. Clear information on the types of devices
used, if filters are used, the types of condensers, the use of heated
wires in HH, the length of humidification and change frequency
of humidification devices should be reported. Information that
can help us make better judgements about the quality of trials
must also be clearly reported. In particular, information about the
number of people not deemed suitable for HMEs or taken oI HMEs
during the study must be reported.

Trials are needed to evaluate the eIectiveness of the newer HMEs,
and their combination with new devices such as boosters (Kola
2005). Trials investigating the use of HMEs beyond 24 hours are also
needed (AARC 2012).
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: men and women aged > 18 years admitted to an ICU and requiring mechanical venti-
lation for ≥ 72 hr.

Mean (± SD) age: 62.66 ± 14.48 years.

Respiratory diagnosis: HME 37.5%, HH 42.8%.

Exclusion criteria: contraindication to HME such as a large haemoptysis. hypothermia or excessive tra-
cheal secretions.

Severity: mean APACHE II score: HME 27.50, HH 24.27.

Setting: ICU, Brazil.

Interventions HME (hygroscopic): DAR filter Hygrobac S (Mallinckrodt Tyco Healthcare) changed every 24 hr.

n = 8.

HH: Misty 3 Intermed.

n = 7.

Time in study (median): HME 7 days, HH 7 days.

Outcomes • VAP.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomized by 'simple lottery.'

Allocation concealment
(selection bias)

Unclear risk Not described.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcomes measured by 2 different researchers.

Alcoforado 2012 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available, only VAP reported.

Other bias High risk Mean time in hospital: HME 9 days, HH 29 days ; median duration of ventila-
tion: HME 201 hr, HH 161 hr; antibiotics used: HME 87.5%, HH 100%.

Alcoforado 2012  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: infants weighing 5-10 kg, ASA status I or II having peripheral surgery lasting 2-3 hr.

Mean age: HME 12 months, HH 11 months.

Exclusion criteria: not stated.

Respiratory diagnosis: not stated.

Severity: ASA status I or II.

Setting: paediatric hospital, Canada.

Interventions HME (hygroscopic): Humid-Vent (Gibeck).

n = 10.

HH: MR450 (Fisher & Paykel) set at 37 ºC.

n = 10.

Time in study: 120 min.

Outcomes • Body temperature.

• Change in body temperature.

Notes Funding: National Institutes of Health.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 

Low risk 100% follow-up.

Bissonnette 1989a 
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All outcomes

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified.

Bissonnette 1989a  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: infants and children weighing 5-30 kg, ASA status I or II, having peripheral surgery
lasting 1-3 hr.

Mean age: HME 4 years, HH 5 years.

Exclusion criteria: without history of tympanic or middle ear problems.

Respiratory diagnosis: not stated.

Severity: ASA status I or II.

Setting: paediatric hospital, Canada.

Interventions HME (hygroscopic): Humid-Vent (Gibeck).

n = 8.

HH: MR450 (Fisher & Paykel) set at 37 ºC.

n = 10.

Time in study: 120 min.

Outcomes • Change in body temperature.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Number enrolled not stated.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Bissonnette 1989b 
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Other bias Low risk None identified.

Bissonnette 1989b  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: all admissions to general ICU requiring mechanical ventilation for > 48 hr.

Mean age: 51 years.

Exclusion criteria: people with asthma, airway burns or pulmonary haemorrhage.

Respiratory diagnosis: respiratory failure: HME 38/42, HH 37/41.

Mean APACHE II score: HME 19, HH 18.

Setting: adult ICU, Australia.

Interventions HME (hygroscopic): Humid-Vent (Gibeck) changed every 24 hr.

n = 42.

HH (heated wire): MR730 (Fisher & Paykel) set at 37 ºC.

n = 41.

Change of circuit every 48 hr in both groups.

Time in study (median): HME 6 days, HH 6 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• VAP.

• Minute ventilation.

• Number of aspirations per hr - no SD.

• Volume of secretions per hr - no SD.

• Cost - no SD.

Notes Funding: Teleflex, Wayne, PA.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Boots 1997 
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Selective reporting (re-
porting bias)

Low risk Protocol not available but all primary outcomes reported.

Other bias Low risk None identified.

Boots 1997  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people requiring mechanical ventilation for ≥ 48 hr.

Mean age: HME 59 years, HH 60 years.

Exclusion criteria: presenting history which suggested need for hot water humidification, e.g. airway
haemorrhage, asthma or airway burns.

Mean APACHE II score: HME 20, HH 20.

Setting: ICU, Australia.

Interventions HME (hygroscopic): Humid-Vent (Gibeck) changed every 24 hr or more frequently if required.

n = 190.

HH (heated wire): MR730 (Fisher & Paykel, single heated wire) set at 37 ºC or MR290 (Fisher & Paykel,
double heated wire) set at 40 ºC.

n = 191.

Circuit unchanged for duration of ventilation.

Time in study (median): HME 6 days, HH 8 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• VAP.

• LOS (ICU) - no SD.

• Cost - no SD.

Notes Funding: Teleflex, Wayne, PA. and Fisher & Paykel.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 

Low risk 100% follow-up.

Boots 2006 
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All outcomes

Selective reporting (re-
porting bias)

Low risk Protocol not available but all primary outcomes reported.

Other bias High risk Participants in HME group ventilated for a significantly shorter period (i.e. HME
6 days, HH 8 days).

Boots 2006  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people in ICU requiring mechanical ventilation deemed suitable for HME.

Mean age: HME 44 years, HH 41 years.

Exclusion criteria: people deemed unsuitable for HME.

Respiratory diagnosis: not stated.

Mean SAPS score: HME 9, HH 8.

Setting: surgical and medical ICUs, USA.

Interventions HME (hygroscopic): Baxter.

n = 49.

HH (heated wire): MR730 (Fisher & Paykel) set at 36 ºC.

n = 54.

Time in study (mean): HME 5 days, HH 4 days.

Outcomes • Artificial airway occlusion.

• Pneumonia.

• Tracheal aspirations.

• Saline instillations per day.

• Body temperature.

• Volume of saline instillation - skewed data.

• Cost - no SD.

Notes Funding: Fisher & Paykel.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk "Randomization was accomplished using the last digit in the patient's med-
ical record number ---patients with an odd medical record number received an
HCH [HME] and those with an even number received a heated humidifier."

Allocation concealment
(selection bias)

High risk "Randomization was accomplished at the bedside."

Blinding of outcome as-
sessment (detection bias) 

Unclear risk Not stated.

Branson 1996 
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Number enrolled not stated.

Selective reporting (re-
porting bias)

Low risk No protocol available but the 2 primary outcomes of airway occlusion and
pneumonia reported.

Other bias Low risk None identified.

Branson 1996  (Continued)

 
 

Methods Randomized cross-over study comparing 2 types of HME to HH.

Participants Inclusion criteria: people following surgery, 15/26 breathing spontaneously and 11/26 ventilated.

Mean age: 44 years.

Exclusion criteria: not stated.

Respiratory diagnosis: 58%.

Severity: not stated.

Setting: surgical ICU, USA.

Interventions HME (hygroscopic): Humid-Vent 2 (Gibeck).

n = 26.

HME: Extended use (Mallinckrodt).

n = 26.

HH (heated wire): MR730 (Fischer & Paykel) set at 34 ºC.

n = 26.

Time in study: 1 hr for each type of humidification.

Outcomes • Breathing rate.

• Tidal volume.

• Minute volume.

• SaO2.

• PaO2.

• PaCO2.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Campbell 2000 
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Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but a range of respiratory variables reported for this
short-term trial.

Other bias Low risk None identified.

Campbell 2000  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: neonates requiring ventilation via ETT.

Ventilated for > 8 hr before admission, obstruction in tracheobronchial tree, ventilated at a frequency >
60 cycles/min.

Mean age: not stated.

Exclusion criteria: not stated.

Respiratory diagnosis: HME 55%, HH 44%.

Severity: not stated.

Setting: NICU, France.

Interventions HME (hygroscopic): Hygroflux (Vygon) changed daily.

n = 29.

HH: (Fisher & Paykel) set at 32-34 ºC.

n = 27.

Time in study (mean): HME 4 days, HH 5 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• Atelectasis.

• Pneumothorax.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Daoud 1991 
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Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available, 2 of the 3 primary outcomes, i.e. airway occlusion and
mortality, reported but pneumonia not reported.

Other bias Low risk None identified.

Daoud 1991  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people with ASA status I or II scheduled for gynaecological surgery.

Mean age: 40 years.

Exclusion criteria: not stated.

Respiratory diagnosis: not stated.

Severity: ASA status I or II.

Setting: hospital, France.

Interventions HME (hydrophobic): Ultipor hydrophobic (Pall).

n = 25.

HH: Aquapor (Dräger) set at 42 ºC.

n = 25.

Time in study (mean): HME 155 min, HH 116 min.

Outcomes • Body temperature.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Deriaz 1992 
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Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Number enrolled not stated.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias High risk Participants in HME group anaesthetized for significantly longer than those in
HH group (HME 155 min, HH 116 min).

Deriaz 1992  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people receiving intubation.

Median age: HME 61 years, HH 66 years.

Exclusion criteria: previous pulmonary disease, hypothermia, pulmonary secretion or low expiratory
volume.

Respiratory diagnosis: not stated.

Severity: not stated.

Setting: ICU, Brazil.

Interventions HME (hygroscopic): not stated.

n = 23.

HH: not stated.

n = 20.

Time in study: not stated.

Outcomes • Mortality.

• Pneumonia.

• Pneumonia-related mortality.

• LOS (hospital) - no SD.

• LOS (ICU) - no SD.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Diaz 2002 
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Random sequence genera-
tion (selection bias)

Low risk Random numbers list used to determine treatment sequence.

Allocation concealment
(selection bias)

Low risk Allocations made available in sealed and consecutively numbered envelopes.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available, 2 of the 3 primary outcomes, i.e. pneumonia and mor-
tality, reported but airway occlusion not reported.

Other bias Low risk None identified.

Diaz 2002  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people receiving mechanical ventilation for > 48 hr.

Mean age: HME 58 years, HH 62 years.

Exclusion criteria: not stated.

Respiratory diagnosis: HME 64%, HH 63%.

Mean SAPS score: HME 16, HH 16.

Setting: ICU, France.

Interventions HME (hygroscopic/hydrophobic): Hygrobac II (DAR) changed daily.

n = 61.

HH: Bennett cascade (Puritan-Bennett) or MR460 (Fischer-Paykel).

n = 70.

Time in study (median): HME 10 days, HH 12 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• Pneumonia.

• Pneumonia-related mortality.

• Atelectasis.

• Tracheal aspirations.

• Saline instillations per day.

• Cost - no SD.

Notes Funding: not stated.

Dreyfuss 1995 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Data from participants available at follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but all 3 primary outcomes reported.

Other bias Low risk None identified.

Dreyfuss 1995  (Continued)

 
 

Methods Randomized cross-over study comparing HME to HH.

Participants Inclusion criteria: people with acute or chronic respiratory failure difficult to wean from mechanical
ventilation.

Mean age: 69 years.

Exclusion criteria: non-co-operative people, unable to have an oesophageal tube.

Respiratory diagnosis: 100%.

Mean SAPS score: 44.

Setting: ICU, France.

Interventions HME (hygroscopic): Hygrobac (DAR).

n = 11.

HH (heated wire): MR730 (Fischer & Paykel).

n = 11.

Time in study: 2 × 20 min for HME (7 cm H2O/min and 18 cm H2O/min ventilation pressure), 2 × 20 min

for HH (7 cm H2O/min and 18 cm H2O/min ventilation pressure).

Outcomes • Mortality. *

• Minute ventilation.

• Work of breathing.

• SaO2.

• PaO2 (kPa).

• PaCO2 (kPa).

Girault 2003 
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* Data not used as this was unlikely to be a valid outcome in a cross-over study.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 3/15 participants withdrawn from study early because they could not "toler-
ate" HME and 1 participant refused to continue study.

Selective reporting (re-
porting bias)

Low risk No protocol available but a range of respiratory variables reported for this
short-term study.

Other bias Low risk None identified.

Girault 2003  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: adults with ASA status I, II and III, scheduled lower abdominal surgery under endotra-
cheal anaesthesia for 1-4 hr.

Mean age: HME: 43 years, HH: 45 years.

Exclusion criteria: not stated.

Respiratory diagnosis: not stated.

Severity: ASA status I, II and III.

Setting: operating theatre, USA.

Interventions HME (hydrophobic): Ultipor (Pall).

n = 21.

HH: Fisher & Paykel set at 37 ºC.

n = 14.

Time in study (mean): HME 123 min, HH 141 min.

Outcomes • Body temperature.

Notes Funding: not stated.

Goldberg 1992 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Patients were assigned using a computer-generated random table."

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "Nursing personnel --- blinded to the patient group --- recorded tempera-
tures."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified.

Goldberg 1992  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people receiving mechanical ventilation for ≥ 48 hr.

Mean age: HME 53 years, HH 59 years.

Exclusion criteria: hypothermic; intubated for 12 hr prior to ICU admission.

Respiratory diagnosis: 40%.

Mean SAPS score: HME 13, HH 13.

Setting: ICU, Switzerland.

Interventions HME (hygroscopic): Hygroster (DAR).

n = 59.

HH: Fisher & Paykel set at 32 ºC.

n = 56.

Time in study (mean): HME 8 days, HH 8 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• LOS (ICU).

Notes Funding: not stated.

Risk of bias

Hurni 1997 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk ITT analysis used but there was a very high rate, i.e. 51%, that did not receive
ventilation for ≥ 48 hr.

Selective reporting (re-
porting bias)

Unclear risk No protocol available, 2 of the 3 primary outcomes, i.e. airway occlusion and
mortality, reported but pneumonia not reported.

Other bias High risk Circuits changed every 48 hr in HH group and every 7 days in HME group.

Hurni 1997  (Continued)

 
 

Methods Randomized cross-over study comparing 2 types of HME to HH

Participants Inclusion criteria: people receiving mechanical ventilation for acute respiratory failure.

Mean age: 58 years.

Exclusion criteria: COPD.

Respiratory diagnosis: 100%.

Severity: not stated.

Setting: ICU, Italy.

Interventions HME (hygroscopic): Umid-Vent 2S (Gibeck).

n = 10.

HME: Hygroster (DAR).

n = 10.

HH: MR 450 (Fisher & Paykel) set at 32-34 ºC.

n = 10.

Time in study: 1-2 hr.

Outcomes • Minute ventilation.

• Tidal volume.

• PaO2.

• PaCO2.

• Breathing rate.

• Work of breathing.

Iotti 1997 
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Notes Funding: Polytechnico S. Matteo and support from Hamilton Bonaduzz AG.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but range of respiratory variables reported for this short-
term study.

Other bias Low risk None identified.

Iotti 1997  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people undergoing neurosurgery.

Median age: HME 52 years, HH 36 years.

Exclusion criteria: not stated.

Respiratory diagnosis: not stated.

Severity: not stated.

Setting: hospital, Denmark.

Interventions HME (hygroscopic): Engström Edith (Gambro).

n = 15.

HH: Hygrotherm.

n = 15.

Time in study: 72 hr.

Outcomes • Artificial airway occlusion.

• Mortality.

• PaO2 (kPa).

• PaCO2 (kPa).

Notes Funding: not stated.

Kirkegaard 1987 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available, 2 of the 3 primary outcomes, i.e. airway occlusion and
mortality, reported but pneumonia not reported.

Other bias High risk Participants in HME group were older.

Kirkegaard 1987  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people requiring mechanical ventilation.

Mean age: 47 years.

Exclusion criteria: ventilated elsewhere.

Respiratory diagnosis: not stated.

Severity: not stated.

Setting: trauma ICU, USA.

Interventions HME (hydrophobic): BB100-F (Pall).

n = 140.

HH (heated wire).

n = 140.

Time in study: until removal of ETT, time not stated.

Outcomes • Artificial airway occlusion.

• Nosocomial pneumonia.

• Cost - no SD.

Notes All 6 lost to follow-up appeared to have been in HME group.

Funding: University of Miami and Jackson Memorial Hospital.

Kirton 1997 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Randomization was by a random number generated from a personal comput-
er."

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "Laboratory and chest radiograph interpretation were blinded."

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Unclear whether the 6 lost to follow-up included in analysis.

Selective reporting (re-
porting bias)

Low risk No protocol available, 2 of the 3 primary outcomes, i.e. airway occlusion and
pneumonia, reported but mortality not reported.

Other bias Unclear risk None identified but potential differences between groups not reported.

Kirton 1997  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: adults requiring mechanical ventilation.

Mean age: HME 58 years, HH 59 years.

Exclusion criteria: ventilated elsewhere, previous heart or liver transplant, massive haemoptysis.

Respiratory diagnosis: HME 16%, HH 18%.

Mean APACHE II score: HME 17, HH 18.

Setting: medical and surgical ICUs, USA.

Interventions HME (hygroscopic): duration extended use (Nellcor Puritan-Bennett).

n = 163.

HH (heated wire): MR730 (Fisher & Paykel) set at 35-36 ºC.

= 147.

Time in study (mean): both groups 4 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• VAP.

• VAP-related mortality.

• LOS (ICU).

• LOS (hospital).

• Cost - no SD.

Kollef 1998 
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Notes Funding: Nellcor Puritan-Bennett.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Low risk "Randomization was done using opaque, sealed envelopes;" opened when
person enrolled in study.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All participants suspected of having VAP were reviewed by an investigator
blinded to treatment group.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Number enrolled not stated.

Selective reporting (re-
porting bias)

Low risk No protocol available but all 3 primary outcomes reported.

Other bias Low risk None identified.

Kollef 1998  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people expected to require mechanical ventilation for > 48 hr.

Mean age: HME 55 years, HH 55 years.

Exclusion criteria: people already ventilated, contraindications to an HME or HH, admitted after cardiac
arrest, enrolled in clinical trial or early decision to withdraw treatment.

Respiratory diagnosis: HME 38%, HH 28%.

Mean SAPS II score: HME 45.4, HH 49.3.

Setting: 2 ICUs, France.

Interventions HME (hygroscopic): DAR Hygrobac (Tyco Healthcare/Nellcor) changed at 48-hr intervals.

n = 185.

HH (heated wire): MR730 (Fisher & Paykel) and Aerodyne 2000 (Tyco Healthcare/Nellcor).

n = 184.

Time in study (mean): HME 14 days, HH 15 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• VAP.

• LOS (ICU).

Lacherade 2005 
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Notes Funding: Fisher & Paykel.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Patients were randomised according to a computer-generated randomiza-
tion list, stratified by participating ICU."

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but all 3 primary outcomes reported.

Other bias High risk 5 times as many participants with HIV in HH group. Also higher PaO2/FiO2 in

HH group.

Lacherade 2005  (Continued)

 
 

Methods Randomized cross-over study comparing HME to HH.

Participants Inclusion criteria: people receiving inspiratory pressure support during weaning trials from mechanical
ventilation.

Mean age: 63 years.

Exclusion criteria: not stated.

Respiratory diagnosis: 53%.

Mean SAPS score: 16.

Setting: hospital, France.

Interventions HME (hygroscopic): Hygrobac (DAR).
n = 15.

HH: MR450 (Fisher & Paykel).

n = 15.

Time in study: 20 min.

Outcomes • Tidal volume.

• Minute ventilation.

• PaO2.

• PaCO2.

Le Bourdelles 1996 
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• Respiratory rate.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but a range of respiratory variables reported for this
short-term study.

Other bias Low risk None identified.

Le Bourdelles 1996  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: adults ASA status I or II undergoing laparotomies > 3 hr.

Mean age: HME 43 years, HH 40 years.

Exclusion criteria: serious circulatory, pulmonary or metabolic disease, heavy intraoperative bleeding
or shock.

Respiratory diagnosis: not stated.

Severity: ASA status I or II.

Setting: hospital, Finland.

Interventions HME: Servo 150 (Siemens-Elema AB).

n = 10.

HH: MR418 (Fisher & Paykel) set at 37-40 ºC.

n = 10.

Time in study: 4 hr.

Outcomes • Lowest body temperature - no SD.

Notes Funding: not stated.

Linko 1984 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Number enrolled not stated.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified.

Linko 1984  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: adults expected to require ventilation for ≥ 5 days.

Mean age: HME 56 years, HH 55 years.

Exclusion criteria: aged < 18 years, HIV, blood leukocytes < 1000/mm3, solid or haematological tumour,
immunosuppressive therapy.

Respiratory diagnosis: HME 24%, HH 31%.

Mean APACHE II score: HME 18.11, HH 18.72.

Setting: ICU, Spain.

Interventions HME: Edith Flex (Datex-Ohmeda) changed at 48-hr intervals.

n = 53.

HH (heated wire): MR 850 (Fisher & Paykel) and Aerodyne 2000 (Tyco Healthcare/Nellcor) set at 37 ºC.

n = 51.

Time in study (mean): HME 20 days, HH 21 days.

Outcomes • VAP.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Lorente 2006 
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Random sequence genera-
tion (selection bias)

Low risk "Patients were assigned --- by a random number list generated using Excel
software."

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Data from participants available at follow-up.

Selective reporting (re-
porting bias)

High risk No protocol available and only 1 primary outcome reported.

Other bias Low risk None identified.

Lorente 2006  (Continued)

 
 

Methods Randomized parallel study comparing an HME to 2 types of HH.

Participants Inclusion criteria: critically ill people undergoing mechanical ventilation.

Age range: 18-34 years.

Exclusion criteria: not stated.

Respiratory diagnosis: not stated.

Severity: not stated.

Setting: ICU, Italy.

Interventions HME (hygroscopic): Hygrobac (DAR) changed every 24 hr.

n = 15.

HH: Cascade II set at 8 (Puritan-Bennett).

n = 15.

HH: MR600 (Fisher & Paykel) set at 37 ºC.

n = 15.

Time in study: 3-7 days.

Outcomes • Artificial airway occlusion.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Luchetti 1998 
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Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Number enrolled not stated.

Selective reporting (re-
porting bias)

High risk No protocol available and only 1 primary outcome reported.

Other bias Low risk None identified.

Luchetti 1998  (Continued)

 
 

Methods Randomized cross-over study comparing HME to HH.

Participants Inclusion criteria: clinically stable people requiring mechanical ventilation.

Mean age: 60 years.

Exclusion criteria: not stated.

Respiratory diagnosis: 35%.

Severity: not stated.

Setting: hospital, USA.

Interventions HME (hygroscopic): Servo humidifier.

n = 26.

HH: Puritan Bennett.

n = 26.

Time in study: 24 hr for each type of humidification.

Outcomes • PaCO2.

• Tracheal aspirations. *

* Not considered valid because of the cross-over design and, therefore, not used.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

MacIntyre 1983 
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Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified.

MacIntyre 1983  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people receiving mechanical ventilation for > 24 hr.

Mean age: HME 61 years, HH 54 years.

Exclusion criteria: not stated.

Respiratory diagnosis: HME 48%, HH 51%.

Severity: not stated.

Setting: ICU, France.

Interventions HME (hydrophobic): Ultipor (Pall) replaced at least daily.

n = 31.

HH: set at 31 ºC.

n = 42.

Time in study (mean): HME 10 days, HH 14 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• Nosocomial pneumonia.

• Body temperature.

• Tracheal instillations - skewed data.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Martin 1990 
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Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but all 3 primary outcomes reported.

Other bias High risk Mean number of days: HH 14, HME 10.

Martin 1990  (Continued)

 
 

Methods Randomized cross-over study comparing HME to HH.

Participants Inclusion criteria: sedated, paralysed people requiring mechanical ventilation for > 3 days.

Mean age: 64 years.

Exclusion criteria: not stated.

Respiratory diagnosis: 100%.

Severity: not stated.

Setting: ICU, France.

Interventions HME (hygroscopic): Humid-Vent (Gibeck).

n = 11.

HH: Cascade II (Bennett).

n = 11.

Time in study: 24 hr for each method of humidification.

Outcomes • Body temperature.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Martin 1994 
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Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk "This study was - unblinded."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk None identified.

Martin 1994  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: intubated people requiring mechanical ventilation with evidence of respiratory or
systemic infection.

Mean age: HME 48 years, HH 46 years.

Exclusion criteria: ventilated < 48 hr.

Respiratory diagnosis: 36%.

Mean APACHE score: HME 32, HH 31.

Setting: medical/surgical ICU, Saudi Arabia.

Interventions HME (hygroscopic): Hudson RCI.

n = 120.

HH: not stated.

n = 123.

Time in study (mean): HME 9 days, HH 9 days.

Outcomes • Mortality.

• VAP.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Group balance was maintained within each block of 20."

Allocation concealment
(selection bias)

Low risk "The randomization record was kept with the hospital biostatistician."

Memish 2001 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Data from participants available at follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available, 2 of the 3 primary outcomes, i.e. mortality and pneumo-
nia, reported but airway occlusion not reported.

Other bias Low risk None identified.

Memish 2001  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people expected to be mechanically ventilated for > 5 days.

Mean age: HME 53 years, HH 49 years.

Exclusion criteria: ventilated < 5 days.

Respiratory diagnosis: not stated.

Mean SAPS score: HME 14, HH 13.

Setting: ICU, France.

Interventions HME (hydrophobic): Ultipor BB2215 (Pall) changed daily.

n = 30.

HH: Cascade II (Puritan-Bennett) or MR450 (Fisher & Paykel) set at 32-34 ºC.

n = 26.

Time in study (mean): HME 12 days, HH 11 days.

Outcomes • Artificial airway occlusion.

• Tracheal aspirations.

• Volume of saline instillation.

Notes Variance reported as SEMs but based on P values appear to have been SDs.

Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Misset 1991 
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Data from participants available at follow-up.

Selective reporting (re-
porting bias)

High risk No protocol available and only 1 primary outcome, airway occlusion, was re-
ported for this long-term study.

Other bias Unclear risk None identified.

Misset 1991  (Continued)

 
 

Methods Randomized cross-over study comparing 2 types of HME to HH.

Participants Inclusion criteria: people with moderate acute respiratory failure, receiving pressure-support ventila-
tion.

Mean age: 54 years.

Exclusion criteria: COPD.

Respiratory diagnosis: 100%.

Mean SAPS score: 12.

Setting: ICU, Italy.

Interventions HME (hygroscopic): Hygroster.

n = 7.

HME: Hygrobac-S (DAR).

n = 7.

HH: MR450 (Fisher & Paykel).

n = 14.

Time in study: 90 min.

Outcomes • Minute ventilation.

• Tidal volume.

• Respiratory rate.

Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Pelosi 1996 
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Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but 3 respiratory variables reported for this short-term
study.

Other bias Low risk None identified.

Pelosi 1996  (Continued)

 
 

Methods Randomized parallel/cross-over* study comparing 4 types of HME to HH.

* Participants randomized to 2/5 interventions.

Participants Inclusion criteria: people requiring mechanical ventilation.

Mean age: 54 years.

Exclusion criteria: not stated.

Respiratory diagnosis: 58%.

Mean SAPS score: 14.

Setting: ICU, France.

Interventions HME (hydrophobic): Ultipor Filter BB2215 (Pall).

n = 20.

HME (hydrophobic): Biomedical BB50 (Pall).

n = 20.

HME (hydrophobic/hygroscopic): Ultipor Filter BB100 (Pall).

n = 20.

HME (hydrophobic/hygroscopic): Hygrobac (DAR).

n = 10.

HH: Fischer-Paykel.

n = 15.

Time in study: 3 hr.

Outcomes • Minute ventilation.

• Tidal volume.

Ricard 1999 
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Notes Funding: authors declared they did not have any funding support and had no conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available but 2 respiratory variables reported for this short-term
study.

Other bias Low risk None identified.

Ricard 1999  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: people requiring mechanical ventilation through an ETT.

Mean age: HME 53 years, HH 49 years.

Exclusion criteria: requiring high-frequency jet ventilation.

Respiratory diagnosis: HME 53%, HH 38%.

Severity: HME 12, HH 12.

Setting: ICU, France.

Interventions HME (hydrophobic): BB2215 (Pall), changed daily.

n = 55.

HH: Aquapor (Dräger) set at 31 ºC.

n = 61.

Time in study (mean): HME 11 days, HH 8 days.

Outcomes • Artificial airway occlusion.

• Mortality.

• Nosocomial pneumonia.

• Atelectasis.

• LOS (ICU).

Roustan 1992 
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Notes Funding: not stated.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Low risk No protocol available but all 3 primary outcomes reported.

Other bias High risk HME group in study for mean of 11 days compared to 8 days in HH group.

Roustan 1992  (Continued)

 
 

Methods Randomized cross-over study comparing 2 types of HME to HH.

Participants Inclusion criteria: people requiring mechanical ventilation through an ETT for acute respiratory failure.

Mean age: 45 years.

Exclusion criteria: not stated.

Respiratory diagnosis: 100%.

Mean SAPS score: 15.

Setting: ICU, France.

Interventions HME (hydrophobic): BB100 (Pall).

n = 10.

HME: BactHME (Pharma system AB).

n = 10.

HH: Cascade II (Puritan-Bennett).

n = 10.

Time in study: 24 hr.

Outcomes • Body temperature.

Notes Funding: not stated.

Thomachot 2001 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk "A prospective controlled unblinded study."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified.

Thomachot 2001  (Continued)

 
 

Methods Randomized parallel study comparing 2 types of HME to HH.

Participants Inclusion criteria: people in ICU requiring mechanical ventilation.

Mean age: HME 63 years, HH 60 years.

Exclusion criteria: haemorrhagic disorders, intubated for > 24 hr before admission.

Respiratory diagnosis: not stated.

Mean SAPS score: HME 17, HH 17.

Setting: ICU, France.

Interventions HME (hydrophobic): BB2215 (Pall).

n = 8.

HME: Hygrobac (DAR) changed daily.

n = 8.

HH: MR310 (Fisher & Paykel) set at 32 ºC.

n = 7.

Time in study (mean): HME 6 days, HH 6 days.

Outcomes • Artificial airway occlusion.

Notes Funding: not stated.

Risk of bias

Villafane 1996 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Number enrolled not stated.

Selective reporting (re-
porting bias)

High risk No protocol available and only 1 primary outcome reported.

Other bias Low risk None identified.

Villafane 1996  (Continued)

 
 

Methods Randomized parallel study comparing HME to HH.

Participants Inclusion criteria: elderly people having total hip arthroplasty for osteoarthritis.

Mean age: HME 70 years, HH 68 years.

Exclusion: grossly obese, endocrine diseases, people with pyrexia.

Respiratory diagnosis: not stated.

Severity: not stated.

Setting: operating theatre, UK.

Interventions HME: Thermovent 1200 (Portex)

n = 20.

HH: Cascade (Puritan Bennett)

n = 20.

Time in study (mean): HME 128 min, HH 133 min.

Outcomes • Change in body temperature.

Notes Funding: HME supplied by Portex.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated.

Yam 1990 
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Allocation concealment
(selection bias)

Unclear risk Not stated.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Not stated.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 100% follow-up.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk None identified.

Yam 1990  (Continued)

APACHE: Acute Physiology & Chronic Health Score; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary
disease; ETT: endotracheal tube; HH: heated humidifier; HME: heat and moisture exchanger; hr: hour; ICU: intensive care unit; ITT:
intention-to-treat analysis; LOS: length of stay; min: minute; n: number of participants; NICU: neonatal intensive care unit; PaCO2: arterial

pressure of carbon dioxide; PaO2: arterial pressure of oxygen; SaO2: arterial oxygen saturation; SAPS: Simplified Acute Physiologic Score;

SD: standard deviation; SEM: standard error; VAP: ventilator-associated pneumonia.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Alagar 2000 Data unavailable.

Branson 1993 Not randomized. Allocation based on clinical algorithm.

Branson 1999 HME connected to HH.

Christiansen 1998 Did not measure any relevant clinical outcomes - measured inspired humidity.

Cohen 1988 Studied HME. Only switched to HH if there were complications.

Conti 1990 Only studied HMEs.

Dias 1993 Not a randomized controlled trial.

Dias 1997 Not a randomized controlled trial.

Fujita 2006 Not a randomized controlled trial.

Jaber 2004 Not randomized - all participants received HH first.

Johnson 1995 HME in ventilator circuit with HH.

Kranabetter 2004 Not randomized.

Lellouche 2006 Did not measure any relevant clinical outcomes - measured core temperature and inspired and ex-
pired humidity.

Luchetti 1999 Non-randomized study of HMEs use in children during anaesthesia.
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Study Reason for exclusion

MacLeod 2006 Not a trial. Commentary on trial by Lacherade 2005.

Martin 1992 All participants received HH first.

Martin 1995 HME used in conjunction with HH.

McEvoy 1995 Participants were cold to start with - study compared no heat via HME with HH.

McNamara 2014 Invasive ventilation was not used.

Nakagawa 2000 Data unavailable. Results presented only in graphical form.

Nava 2008 Used non-invasive ventilation.

Prat 2003 Not randomized.

Prin 2002 Not randomized. HME removed when person was hypercapnic and HH used.

Rathgeber 1996 Did not measure any relevant clinical outcomes - measured inspired humidity.

Rathgeber 2001 Did not measure any relevant clinical outcomes - measured water vapour pressure.

Schiffmann 1997 Not randomized.

Takumi 1970 Home-made humidifier compared to no humidification.

Thomachot 1998 Participants spontaneously breathing via tracheostomy.

Wilmshurst 1999 Not randomized - alternate allocation.

HH: heated humidifier; HME: heat and moisture exchanger.
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomized trial of HME-Booster and HH.

Participants 41 mechanically ventilated people in an ICU in Turkey.

Interventions 21 participants randomized to HME-Booster and 20 participants to HH with conventional microbio-
logical filter.

Outcomes Endotracheal tube occlusion due to secretions, VAP, PaCO2.

Notes Study awaiting classification, attempted to contact authors for additional information including
outcome data.

Nadir Oziş 2009 

 
 

Methods Randomized trial of HME and HH.

Oguz 2013 
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Participants 35 mechanically ventilated participants from the first day of intubation, did not have preintubation
pneumonia, no infections or antibiotics for pulmonary infections or evidence of infiltration with
chest radiography in a private hospital ICU in Turkey.

Interventions 18 participants randomized to HME and 17 participants to HH.

Outcomes Pneumonia - presence of infiltrate over 7 days.

Notes Infiltrate identified in 6 participants in HME group and 5 participants in HH group.

Oguz 2013  (Continued)

HH: heated humidifier; HME: heat and moisture exchange; ICU: intensive care unit; PaCO2: arterial pressure of carbon dioxide; VAP:

ventilator-associated pneumonia.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Heat and moisture exchanger (HME) versus heat humidifier (HH) - parallel studies

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Artificial airway occlusion 15 2171 Risk Ratio (M-H, Random, 95% CI) 1.59 [0.60, 4.19]

2 Mortality 12   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 All cause 12 1951 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.89, 1.20]

2.2 Pneumonia-related 3 484 Risk Ratio (M-H, Random, 95% CI) 1.09 [0.39, 3.01]

3 Pneumonia 13 2251 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.73, 1.19]

3.1 Throughout ventilation 7 1090 Risk Ratio (M-H, Random, 95% CI) 0.94 [0.69, 1.27]

3.2 ≥ 48 hours after ventila-
tion

6 1161 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.64, 1.46]

4 Atelectasis 3 303 Risk Ratio (M-H, Random, 95% CI) 0.85 [0.52, 1.40]

5 Tracheal aspirations (per
day)

3 290 Mean Difference (IV, Random, 95%
CI)

-0.47 [-1.41, 0.47]

6 Saline instillations (number
per day)

3 276 Std. Mean Difference (IV, Random,
95% CI)

-0.40 [-0.64, -0.17]

7 Change in body tempera-
ture (absolute data) (ºC)

6 321 Mean Difference (IV, Random, 95%
CI)

-0.49 [-0.96, -0.02]

8 Change in body tempera-
ture mean data) (ºC)

3 78 Mean Difference (IV, Random, 95%
CI)

-0.59 [-0.82, -0.36]
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Analysis 1.1.   Comparison 1 Heat and moisture exchanger (HME) versus heat
humidifier (HH) - parallel studies, Outcome 1 Artificial airway occlusion.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Boots 1997 0/42 0/41   Not estimable

Boots 2006 0/190 0/191   Not estimable

Branson 1996 0/49 0/54   Not estimable

Daoud 1991 9/29 13/27 18.08% 0.64[0.33,1.26]

Dreyfuss 1995 1/61 0/70 6.34% 3.44[0.14,82.81]

Hurni 1997 0/59 1/56 6.35% 0.32[0.01,7.61]

Kirkegaard 1987 2/15 0/15 6.99% 5[0.26,96.13]

Kirton 1997 0/140 3/140 7% 0.14[0.01,2.74]

Kollef 1998 0/163 0/147   Not estimable

Lacherade 2005 1/185 5/184 10.11% 0.2[0.02,1.69]

Luchetti 1998 3/15 0/30 7.17% 13.56[0.75,246.76]

Martin 1990 6/31 0/42 7.36% 17.47[1.02,298.93]

Misset 1991 4/30 2/26 12.8% 1.73[0.35,8.71]

Roustan 1992 9/55 0/61 7.42% 21.04[1.25,353.18]

Villafane 1996 3/16 1/7 10.37% 1.31[0.16,10.52]

   

Total (95% CI) 1080 1091 100% 1.59[0.6,4.19]

Total events: 38 (HME), 25 (HH)  

Heterogeneity: Tau2=1.25; Chi2=21.88, df=10(P=0.02); I2=54.3%  

Test for overall effect: Z=0.93(P=0.35)  
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Analysis 1.2.   Comparison 1 Heat and moisture exchanger (HME)
versus heat humidifier (HH) - parallel studies, Outcome 2 Mortality.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 All cause  

Boots 1997 6/42 4/41 1.63% 1.46[0.45,4.81]

Boots 2006 37/190 39/191 14.26% 0.95[0.64,1.43]

Daoud 1991 6/29 2/27 1.01% 2.79[0.62,12.67]

Diaz 2002 8/23 5/20 2.6% 1.39[0.54,3.57]

Dreyfuss 1995 17/61 12/70 5.39% 1.63[0.84,3.13]

Hurni 1997 17/59 19/56 7.85% 0.85[0.49,1.46]

Kirkegaard 1987 4/15 2/15 0.98% 2[0.43,9.32]

Kollef 1998 40/163 39/147 15.95% 0.92[0.63,1.35]

Lacherade 2005 61/186 63/184 28.03% 0.96[0.72,1.28]

Martin 1990 7/31 11/42 3.38% 0.86[0.38,1.97]

Memish 2001 40/123 30/120 14.36% 1.3[0.87,1.94]

Roustan 1992 10/55 15/61 4.55% 0.74[0.36,1.51]

Subtotal (95% CI) 977 974 100% 1.03[0.89,1.2]

Total events: 253 (HME), 241 (HH)  

Heterogeneity: Tau2=0; Chi2=8.48, df=11(P=0.67); I2=0%  

Test for overall effect: Z=0.43(P=0.67)  

   

1.2.2 Pneumonia-related  

Diaz 2002 2/23 2/20 29.77% 0.87[0.13,5.62]
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Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Dreyfuss 1995 2/61 3/70 33.62% 0.77[0.13,4.43]

Kollef 1998 4/163 2/147 36.61% 1.8[0.34,9.7]

Subtotal (95% CI) 247 237 100% 1.09[0.39,3.01]

Total events: 8 (HME), 7 (HH)  

Heterogeneity: Tau2=0; Chi2=0.56, df=2(P=0.76); I2=0%  

Test for overall effect: Z=0.16(P=0.87)  
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Analysis 1.3.   Comparison 1 Heat and moisture exchanger (HME)
versus heat humidifier (HH) - parallel studies, Outcome 3 Pneumonia.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 Throughout ventilation  

Boots 2006 32/190 27/191 14.19% 1.19[0.74,1.91]

Branson 1996 3/49 3/54 2.24% 1.1[0.23,5.21]

Diaz 2002 8/23 5/20 5.41% 1.39[0.54,3.57]

Dreyfuss 1995 6/61 8/70 4.9% 0.86[0.32,2.34]

Martin 1990 2/31 8/42 2.46% 0.34[0.08,1.49]

Memish 2001 14/123 19/120 9.69% 0.72[0.38,1.37]

Roustan 1992 5/55 9/61 4.66% 0.62[0.22,1.73]

Subtotal (95% CI) 532 558 43.55% 0.94[0.69,1.27]

Total events: 70 (HME), 79 (HH)  

Heterogeneity: Tau2=0; Chi2=4.88, df=6(P=0.56); I2=0%  

Test for overall effect: Z=0.42(P=0.68)  

   

1.3.2 ≥ 48 hours after ventilation  

Alcoforado 2012 5/8 4/7 6.57% 1.09[0.47,2.52]

Boots 1997 6/42 7/41 4.89% 0.84[0.31,2.28]

Kirton 1997 10/140 22/140 8.42% 0.45[0.22,0.92]

Kollef 1998 15/163 15/147 8.95% 0.9[0.46,1.78]

Lacherade 2005 47/185 53/184 19.33% 0.88[0.63,1.23]

Lorente 2006 21/53 8/51 8.28% 2.53[1.23,5.18]

Subtotal (95% CI) 591 570 56.45% 0.96[0.64,1.46]

Total events: 104 (HME), 109 (HH)  

Heterogeneity: Tau2=0.14; Chi2=11.64, df=5(P=0.04); I2=57.06%  

Test for overall effect: Z=0.17(P=0.86)  

   

Total (95% CI) 1123 1128 100% 0.93[0.73,1.19]

Total events: 174 (HME), 188 (HH)  

Heterogeneity: Tau2=0.05; Chi2=16.52, df=12(P=0.17); I2=27.36%  

Test for overall effect: Z=0.56(P=0.57)  

Test for subgroup differences: Chi2=0.01, df=1 (P=0.92), I2=0%  
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Analysis 1.4.   Comparison 1 Heat and moisture exchanger (HME)
versus heat humidifier (HH) - parallel studies, Outcome 4 Atelectasis.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Daoud 1991 2/29 2/27 6.9% 0.93[0.14,6.15]

Dreyfuss 1995 11/61 19/70 56.79% 0.66[0.34,1.28]

Roustan 1992 10/55 9/61 36.31% 1.23[0.54,2.81]

   

Total (95% CI) 145 158 100% 0.85[0.52,1.4]

Total events: 23 (HME), 30 (HH)  

Heterogeneity: Tau2=0; Chi2=1.33, df=2(P=0.51); I2=0%  

Test for overall effect: Z=0.64(P=0.52)  
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Analysis 1.5.   Comparison 1 Heat and moisture exchanger (HME) versus heat
humidifier (HH) - parallel studies, Outcome 5 Tracheal aspirations (per day).

Study or subgroup HME HH Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Branson 1996 49 5.2 (2.3) 54 6.5 (2.5) 35.78% -1.3[-2.23,-0.37]

Dreyfuss 1995 61 7.1 (1.7) 70 7.5 (1.4) 46.5% -0.4[-0.94,0.14]

Misset 1991 30 13 (4) 26 12 (3) 17.72% 1[-0.84,2.84]

   

Total *** 140   150   100% -0.47[-1.41,0.47]

Heterogeneity: Tau2=0.42; Chi2=5.54, df=2(P=0.06); I2=63.87%  

Test for overall effect: Z=0.99(P=0.32)  
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Analysis 1.6.   Comparison 1 Heat and moisture exchanger (HME) versus heat
humidifier (HH) - parallel studies, Outcome 6 Saline instillations (number per day).

Study or subgroup HME HH Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Branson 1996 49 7.1 (5.2) 54 10.9 (8) 36.77% -0.55[-0.95,-0.16]

Dreyfuss 1995 61 3.7 (1.5) 70 4.1 (1.4) 48.04% -0.27[-0.62,0.07]

Martin 1990 21 2.5 (0.6) 21 2.8 (0.7) 15.2% -0.45[-1.06,0.16]

   

Total *** 131   145   100% -0.4[-0.64,-0.17]

Heterogeneity: Tau2=0; Chi2=1.11, df=2(P=0.57); I2=0%  

Test for overall effect: Z=3.31(P=0)  
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Analysis 1.7.   Comparison 1 Heat and moisture exchanger (HME) versus heat humidifier
(HH) - parallel studies, Outcome 7 Change in body temperature (absolute data) (ºC).

Study or subgroup HME HH Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Bissonnette 1989a 10 35.7 (0.9) 10 36.2 (0.7) 13.53% -0.5[-1.21,0.21]

Branson 1996 49 36.7 (1) 54 36.5 (0.7) 17.79% 0.2[-0.14,0.54]

Deriaz 1992 25 35.5 (0.5) 25 35.6 (0.4) 18.55% -0.07[-0.32,0.18]

Goldberg 1992 21 35.7 (0.6) 14 36 (0.6) 17.08% -0.3[-0.71,0.11]

Martin 1990 31 36.3 (1) 42 37.7 (1.2) 15.94% -1.4[-1.91,-0.89]

Yam 1990 20 34.8 (0.6) 20 35.8 (0.7) 17.1% -1[-1.4,-0.6]

   

Total *** 156   165   100% -0.49[-0.96,-0.02]

Heterogeneity: Tau2=0.29; Chi2=41.64, df=5(P<0.0001); I2=87.99%  

Test for overall effect: Z=2.06(P=0.04)  
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Analysis 1.8.   Comparison 1 Heat and moisture exchanger (HME) versus heat humidifier
(HH) - parallel studies, Outcome 8 Change in body temperature mean data) (ºC).

Study or subgroup HME HH Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Bissonnette 1989a 10 -1 (0.7) 10 -0.5 (0.7) 13.7% -0.5[-1.11,0.11]

Bissonnette 1989b 8 -0.2 (0.3) 10 0.3 (0.3) 64.01% -0.5[-0.76,-0.24]

Yam 1990 20 -1.2 (0.9) 20 -0.3 (0.6) 22.3% -0.9[-1.37,-0.43]

   

Total *** 38   40   100% -0.59[-0.82,-0.36]

Heterogeneity: Tau2=0; Chi2=2.18, df=2(P=0.34); I2=8.31%  

Test for overall effect: Z=4.97(P<0.0001)  
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Comparison 2.   Heat and moisture exchanger (HME) versus heat humidifier (HH) - cross-over studies

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 PaO2 (mmHg) 4   Mean Difference (Random, 95% CI) Subtotals only

1.1 r = 0.3 4   Mean Difference (Random, 95% CI) -3.24 [-16.08, 9.60]

1.2 r = 0.5 4   Mean Difference (Random, 95% CI) -3.87 [-16.73, 9.00]

1.3 r = 0.7 4   Mean Difference (Random, 95% CI) -4.41 [-17.09, 8.27]

2 PaCO2 (mmHg) 5   Mean Difference (Random, 95% CI) Subtotals only

2.1 r = 0.3 5   Mean Difference (Random, 95% CI) 1.93 [0.27, 3.59]

2.2 r = 0.5 5   Mean Difference (Random, 95% CI) 2.02 [0.19, 3.85]

2.3 r = 0.7 5   Mean Difference (Random, 95% CI) 2.21 [0.33, 4.09]
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Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

3 Breathing rate
(breaths/minute)

4   Mean Difference (Random, 95% CI) Subtotals only

3.1 r = 0.3 4   Mean Difference (Random, 95% CI) 1.40 [0.33, 2.46]

3.2 r = 0.5 4   Mean Difference (Random, 95% CI) 1.15 [-0.13, 2.44]

3.3 r = 0.7 4   Mean Difference (Random, 95% CI) 1.02 [-0.38, 2.41]

4 Tidal volume (L) 5   Mean difference (Random, 95% CI) Subtotals only

4.1 r = 0.3 5   Mean difference (Random, 95% CI) 0.02 [-0.00, 0.03]

4.2 r = 0.5 5   Mean difference (Random, 95% CI) 0.02 [0.00, 0.04]

4.3 r = 0.7 5   Mean difference (Random, 95% CI) 0.03 [0.01, 0.06]

5 Minute ventilation
(L/minute)

5   Mean difference (Random, 95% CI) Subtotals only

5.1 r = 0.3 5   Mean difference (Random, 95% CI) 1.20 [0.78, 1.61]

5.2 r = 0.5 5   Mean difference (Random, 95% CI) 1.19 [0.63, 1.75]

5.3 r = 0.7 5   Mean difference (Random, 95% CI) 1.18 [0.55, 1.80]

6 Body temperature
(ºC)

2   Mean Difference (Random, 95% CI) Subtotals only

6.1 r = 0.3 2   Mean Difference (Random, 95% CI) -1.12 [-3.77, 1.52]

6.2 r = 0.5 2   Mean Difference (Random, 95% CI) -1.13 [-3.77, 1.52]

6.3 r = 0.7 2   Mean Difference (Random, 95% CI) -1.13 [-3.78, 1.51]

 
 

Analysis 2.1.   Comparison 2 Heat and moisture exchanger (HME) versus
heat humidifier (HH) - cross-over studies, Outcome 1 PaO2 (mmHg).

Study or subgroup HME HH Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.1.1 r = 0.3  

Campbell 2000 1 1 -4 (12.19) 17.41% -4[-27.89,19.89]

Girault 2003 0 0 -15 (7.8) 27.03% -15[-30.29,0.29]

Le Bourdelles 1996 1 1 6 (1.83) 42.37% 6[2.41,9.59]

MacIntyre 1983 1 1 -7.8 (15.08) 13.19% -7.8[-37.36,21.76]

Subtotal (95% CI)       100% -3.24[-16.08,9.6]

Heterogeneity: Tau2=97.98; Chi2=8.07, df=3(P=0.04); I2=62.84%  

Test for overall effect: Z=0.49(P=0.62)  
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Study or subgroup HME HH Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.1.2 r = 0.5  

Campbell 2000 1 1 -4 (10.3) 19.67% -4[-24.19,16.19]

Girault 2003 0 0 -15 (6.68) 27.34% -15[-28.09,-1.91]

Le Bourdelles 1996 1 1 6 (1.55) 37.35% 6[2.96,9.04]

MacIntyre 1983 1 1 -7.8 (12.75) 15.64% -7.8[-32.79,17.19]

Subtotal (95% CI)       100% -3.87[-16.73,9]

Heterogeneity: Tau2=112.97; Chi2=11.07, df=3(P=0.01); I2=72.89%  

Test for overall effect: Z=0.59(P=0.56)  

   

2.1.3 r = 0.7  

Campbell 2000 1 1 -4 (8.02) 21.87% -4[-19.72,11.72]

Girault 2003 0 0 -15 (5.33) 26.92% -15[-25.45,-4.55]

Le Bourdelles 1996 1 1 6 (1.2) 32.57% 6[3.65,8.35]

MacIntyre 1983 1 1 -7.8 (9.87) 18.64% -7.8[-27.14,11.54]

Subtotal (95% CI)       100% -4.41[-17.09,8.27]

Heterogeneity: Tau2=127.06; Chi2=17.61, df=3(P=0); I2=82.97%  

Test for overall effect: Z=0.68(P=0.5)  
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Analysis 2.2.   Comparison 2 Heat and moisture exchanger (HME) versus
heat humidifier (HH) - cross-over studies, Outcome 2 PaCO2 (mmHg).

Study or subgroup HME HH Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.2.1 r = 0.3  

Campbell 2000 1 1 2.2 (3.26) 6.23% 2.2[-4.19,8.59]

Girault 2003 0 0 14.3 (5.78) 2.09% 14.25[2.92,25.58]

Iotti 1997 1 1 1 (3.94) 4.37% 1[-6.72,8.72]

Le Bourdelles 1996 1 1 2 (0.61) 57.59% 2[0.8,3.2]

MacIntyre 1983 1 1 1 (1.24) 29.72% 1[-1.43,3.43]

Subtotal (95% CI)       100% 1.93[0.27,3.59]

Heterogeneity: Tau2=0.87; Chi2=5.18, df=4(P=0.27); I2=22.77%  

Test for overall effect: Z=2.28(P=0.02)  

   

2.2.2 r = 0.5  

Campbell 2000 1 1 2.2 (2.76) 9.48% 2.2[-3.21,7.61]

Girault 2003 0 0 14.3 (5.03) 3.23% 14.25[4.39,24.11]

Iotti 1997 1 1 1 (3.33) 6.87% 1[-5.53,7.53]

Le Bourdelles 1996 1 1 2 (0.52) 47.86% 2[0.98,3.02]

MacIntyre 1983 1 1 1 (1.06) 32.55% 1[-1.08,3.08]

Subtotal (95% CI)       100% 2.02[0.19,3.85]

Heterogeneity: Tau2=1.54; Chi2=6.87, df=4(P=0.14); I2=41.78%  

Test for overall effect: Z=2.17(P=0.03)  

   

2.2.3 r = 0.7  

Campbell 2000 1 1 2.2 (2.15) 13.51% 2.2[-2.01,6.41]

Girault 2003 0 0 14.3 (4.05) 4.95% 14.25[6.31,22.19]

Iotti 1997 1 1 1 (2.59) 10.34% 1[-4.08,6.08]
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Study or subgroup HME HH Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Le Bourdelles 1996 1 1 2 (0.4) 39.2% 2[1.22,2.78]

MacIntyre 1983 1 1 1 (0.83) 31.99% 1[-0.63,2.63]

Subtotal (95% CI)       100% 2.21[0.33,4.09]

Heterogeneity: Tau2=2.19; Chi2=10.68, df=4(P=0.03); I2=62.54%  

Test for overall effect: Z=2.3(P=0.02)  

Favours HME 2010-20 -10 0 Favours HH

 
 

Analysis 2.3.   Comparison 2 Heat and moisture exchanger (HME) versus heat
humidifier (HH) - cross-over studies, Outcome 3 Breathing rate (breaths/minute).

Study or subgroup HME HH Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.3.1 r = 0.3  

Campbell 2000 1 1 0 (1.09) 23.55% 0[-2.14,2.14]

Iotti 1997 1 1 0 (2.07) 6.79% 0[-4.06,4.06]

Le Bourdelles 1996 1 1 2 (0.61) 67.35% 2[0.8,3.2]

Pelosi 1996 1 1 2.2 (3.57) 2.31% 2.2[-4.8,9.2]

Subtotal (95% CI)       100% 1.4[0.33,2.46]

Heterogeneity: Tau2=0.07; Chi2=3.12, df=3(P=0.37); I2=3.76%  

Test for overall effect: Z=2.57(P=0.01)  

   

2.3.2 r = 0.5  

Campbell 2000 1 1 0 (0.92) 30.95% 0[-1.8,1.8]

Iotti 1997 1 1 0 (1.76) 11.83% 0[-3.45,3.45]

Le Bourdelles 1996 1 1 2 (0.52) 52.75% 2[0.98,3.02]

Pelosi 1996 1 1 2.2 (3.02) 4.46% 2.2[-3.72,8.12]

Subtotal (95% CI)       100% 1.15[-0.13,2.44]

Heterogeneity: Tau2=0.55; Chi2=4.34, df=3(P=0.23); I2=30.91%  

Test for overall effect: Z=1.76(P=0.08)  

   

2.3.3 r = 0.7  

Campbell 2000 1 1 0 (0.71) 32.81% 0[-1.39,1.39]

Iotti 1997 1 1 0 (1.38) 17.21% 0[-2.7,2.7]

Le Bourdelles 1996 1 1 2 (0.4) 42.2% 2[1.22,2.78]

Pelosi 1996 1 1 2.2 (2.34) 7.78% 2.2[-2.39,6.79]

Subtotal (95% CI)       100% 1.02[-0.38,2.41]

Heterogeneity: Tau2=1.04; Chi2=7.27, df=3(P=0.06); I2=58.72%  

Test for overall effect: Z=1.43(P=0.15)  
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Analysis 2.4.   Comparison 2 Heat and moisture exchanger (HME) versus
heat humidifier (HH) - cross-over studies, Outcome 4 Tidal volume (L).

Study or subgroup HME HH Mean dif-
ference

Mean difference Weight Mean difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.4.1 r = 0.3  

Campbell 2000 1 1 0 (0.11) 0.71% 0.01[-0.21,0.23]

Girault 2003 1 1 0.1 (0.05) 3.43% 0.05[-0.05,0.15]

Iotti 1997 1 1 0.1 (0.04) 5.35% 0.05[-0.03,0.13]

Le Bourdelles 1996 1 1 0 (0.01) 85.66% 0.01[-0.01,0.03]

Pelosi 1996 1 1 0.1 (0.042) 4.86% 0.07[-0.01,0.15]

Subtotal (95% CI)       100% 0.02[-0,0.03]

Heterogeneity: Tau2=0; Chi2=3.2, df=4(P=0.53); I2=0%  

Test for overall effect: Z=1.77(P=0.08)  

   

2.4.2 r = 0.5  

Campbell 2000 1 1 0 (0.1) 0.85% 0.01[-0.19,0.21]

Girault 2003 1 1 0.1 (0.04) 5.29% 0.05[-0.03,0.13]

Iotti 1997 1 1 0.1 (0.04) 5.29% 0.05[-0.03,0.13]

Le Bourdelles 1996 1 1 0 (0.01) 82.04% 0.01[-0.01,0.03]

Pelosi 1996 1 1 0.1 (0.036) 6.53% 0.07[-0,0.14]

Subtotal (95% CI)       100% 0.02[0,0.04]

Heterogeneity: Tau2=0; Chi2=4.01, df=4(P=0.4); I2=0.32%  

Test for overall effect: Z=1.97(P=0.05)  

   

2.4.3 r = 0.7  

Campbell 2000 1 1 0 (0.07) 3.9% 0.01[-0.13,0.15]

Girault 2003 1 1 0.1 (0.03) 16.37% 0.05[-0.01,0.11]

Iotti 1997 1 1 0.1 (0.03) 16.37% 0.05[-0.01,0.11]

Le Bourdelles 1996 1 1 0 (0.01) 45.32% 0.01[-0.01,0.03]

Pelosi 1996 1 1 0.1 (0.028) 18.04% 0.07[0.02,0.12]

Subtotal (95% CI)       100% 0.03[0.01,0.06]

Heterogeneity: Tau2=0; Chi2=6.15, df=4(P=0.19); I2=34.96%  

Test for overall effect: Z=2.37(P=0.02)  

Test for subgroup differences: Chi2=1.13, df=1 (P=0.57), I2=0%  
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Analysis 2.5.   Comparison 2 Heat and moisture exchanger (HME) versus heat
humidifier (HH) - cross-over studies, Outcome 5 Minute ventilation (L/minute).

Study or subgroup HME HH Mean dif-
ference

Mean difference Weight Mean difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.5.1 r = 0.3  

Campbell 2000 1 1 0.1 (1.11) 3.71% 0.1[-2.08,2.28]

Girault 2003 1 1 1 (1.17) 3.34% 1[-1.29,3.29]

Iotti 1997 1 1 0.8 (0.75) 8.13% 0.8[-0.67,2.27]

Le Bourdelles 1996 1 1 1.2 (0.24) 79.41% 1.2[0.73,1.67]

Pelosi 1996 1 1 2.6 (0.92) 5.4% 2.6[0.8,4.4]

Subtotal (95% CI)       100% 1.2[0.78,1.61]

Heterogeneity: Tau2=0; Chi2=3.61, df=4(P=0.46); I2=0%  
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Study or subgroup HME HH Mean dif-
ference

Mean difference Weight Mean difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Test for overall effect: Z=5.59(P<0.0001)  

   

2.5.2 r = 0.5  

Campbell 2000 1 1 0.1 (0.93) 8.41% 0.1[-1.72,1.92]

Girault 2003 1 1 1 (1) 7.38% 1[-0.96,2.96]

Iotti 1997 1 1 0.8 (0.65) 15.57% 0.8[-0.47,2.07]

Le Bourdelles 1996 1 1 1.2 (0.21) 57.16% 1.2[0.79,1.61]

Pelosi 1996 1 1 2.6 (0.78) 11.47% 2.6[1.07,4.13]

Subtotal (95% CI)       100% 1.19[0.63,1.75]

Heterogeneity: Tau2=0.1; Chi2=5.04, df=4(P=0.28); I2=20.62%  

Test for overall effect: Z=4.19(P<0.0001)  

   

2.5.3 r = 0.7  

Campbell 2000 1 1 0.1 (0.72) 13.39% 0.1[-1.31,1.51]

Girault 2003 1 1 1 (0.78) 11.96% 1[-0.53,2.53]

Iotti 1997 1 1 0.8 (0.52) 19.92% 0.8[-0.22,1.82]

Le Bourdelles 1996 1 1 1.2 (0.16) 38.45% 1.2[0.89,1.51]

Pelosi 1996 1 1 2.6 (0.62) 16.27% 2.6[1.38,3.82]

Subtotal (95% CI)       100% 1.18[0.55,1.8]

Heterogeneity: Tau2=0.24; Chi2=8.09, df=4(P=0.09); I2=50.55%  

Test for overall effect: Z=3.7(P=0)  

Favours HH 105-10 -5 0 Favours HME

 
 

Analysis 2.6.   Comparison 2 Heat and moisture exchanger (HME) versus heat
humidifier (HH) - cross-over studies, Outcome 6 Body temperature (ºC).

Study or subgroup HME HH Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.6.1 r = 0.3  

Martin 1994 1 1 -2.5 (0.48) 48.92% -2.5[-3.44,-1.56]

Thomachot 2001 1 1 0.2 (0.27) 51.08% 0.2[-0.33,0.73]

Subtotal (95% CI)       100% -1.12[-3.77,1.52]

Heterogeneity: Tau2=3.49; Chi2=24.04, df=1(P<0.0001); I2=95.84%  

Test for overall effect: Z=0.83(P=0.41)  

   

2.6.2 r = 0.5  

Martin 1994 1 1 -2.5 (0.42) 49.15% -2.5[-3.32,-1.68]

Thomachot 2001 1 1 0.2 (0.23) 50.85% 0.2[-0.25,0.65]

Subtotal (95% CI)       100% -1.13[-3.77,1.52]

Heterogeneity: Tau2=3.53; Chi2=31.79, df=1(P<0.0001); I2=96.85%  

Test for overall effect: Z=0.84(P=0.4)  

   

2.6.3 r = 0.7  

Martin 1994 1 1 -2.5 (0.35) 49.38% -2.5[-3.19,-1.81]

Thomachot 2001 1 1 0.2 (0.18) 50.62% 0.2[-0.15,0.55]

Subtotal (95% CI)       100% -1.13[-3.78,1.51]

Heterogeneity: Tau2=3.57; Chi2=47.06, df=1(P<0.0001); I2=97.88%  

Test for overall effect: Z=0.84(P=0.4)  
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Comparison 3.   Subgroup analysis - children versus adults

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Artificial airway occlu-
sion

15   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 Children 1 56 Risk Ratio (M-H, Random, 95% CI) 0.64 [0.33, 1.26]

1.2 Adults 14 2115 Risk Ratio (M-H, Random, 95% CI) 1.94 [0.65, 5.76]

2 All-cause mortality 12   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 Children 1 56 Risk Ratio (M-H, Random, 95% CI) 2.79 [0.62, 12.67]

2.2 Adults 11 1895 Risk Ratio (M-H, Random, 95% CI) 1.02 [0.88, 1.19]

 
 

Analysis 3.1.   Comparison 3 Subgroup analysis - children versus adults, Outcome 1 Artificial airway occlusion.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.1.1 Children  

Daoud 1991 9/29 13/27 100% 0.64[0.33,1.26]

Subtotal (95% CI) 29 27 100% 0.64[0.33,1.26]

Total events: 9 (HME), 13 (HH)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.29(P=0.2)  

   

3.1.2 Adults  

Boots 1997 0/42 0/41   Not estimable

Boots 2006 0/190 0/191   Not estimable

Branson 1996 0/49 0/54   Not estimable

Dreyfuss 1995 1/61 0/70 7.8% 3.44[0.14,82.81]

Hurni 1997 0/59 1/56 7.8% 0.32[0.01,7.61]

Kirkegaard 1987 2/15 0/15 8.58% 5[0.26,96.13]

Kirton 1997 0/140 3/140 8.59% 0.14[0.01,2.74]

Kollef 1998 0/163 0/147   Not estimable

Lacherade 2005 1/185 5/184 12.29% 0.2[0.02,1.69]

Luchetti 1998 3/15 0/30 8.79% 13.56[0.75,246.76]

Martin 1990 6/31 0/42 9.02% 17.47[1.02,298.93]

Misset 1991 4/30 2/26 15.43% 1.73[0.35,8.71]

Roustan 1992 9/55 0/61 9.1% 21.04[1.25,353.18]

Villafane 1996 3/16 1/7 12.6% 1.31[0.16,10.52]

Subtotal (95% CI) 1051 1064 100% 1.94[0.65,5.76]

Total events: 29 (HME), 12 (HH)  

Heterogeneity: Tau2=1.32; Chi2=16.21, df=9(P=0.06); I2=44.47%  

Test for overall effect: Z=1.19(P=0.23)  

Test for subgroup differences: Chi2=2.85, df=1 (P=0.09), I2=64.96%  
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Analysis 3.2.   Comparison 3 Subgroup analysis - children versus adults, Outcome 2 All-cause mortality.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.2.1 Children  

Daoud 1991 6/29 2/27 100% 2.79[0.62,12.67]

Subtotal (95% CI) 29 27 100% 2.79[0.62,12.67]

Total events: 6 (HME), 2 (HH)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.33(P=0.18)  

   

3.2.2 Adults  

Boots 1997 6/42 4/41 1.65% 1.46[0.45,4.81]

Boots 2006 37/190 39/191 14.41% 0.95[0.64,1.43]

Diaz 2002 8/23 5/20 2.62% 1.39[0.54,3.57]

Dreyfuss 1995 17/61 12/70 5.45% 1.63[0.84,3.13]

Hurni 1997 17/59 19/56 7.93% 0.85[0.49,1.46]

Kirkegaard 1987 4/15 2/15 0.99% 2[0.43,9.32]

Kollef 1998 40/163 39/147 16.11% 0.92[0.63,1.35]

Lacherade 2005 61/186 63/184 28.32% 0.96[0.72,1.28]

Martin 1990 7/31 11/42 3.42% 0.86[0.38,1.97]

Memish 2001 40/123 30/120 14.51% 1.3[0.87,1.94]

Roustan 1992 10/55 15/61 4.6% 0.74[0.36,1.51]

Subtotal (95% CI) 948 947 100% 1.02[0.88,1.19]

Total events: 247 (HME), 239 (HH)  

Heterogeneity: Tau2=0; Chi2=6.79, df=10(P=0.74); I2=0%  

Test for overall effect: Z=0.29(P=0.77)  

Test for subgroup differences: Chi2=1.68, df=1 (P=0.2), I2=40.38%  
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Comparison 4.   Subgroup analysis - length of ventilation

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Artificial airway occlu-
sion

15   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 Medium-term 8 1031 Risk Ratio (M-H, Random, 95% CI) 1.74 [0.41, 7.30]

1.2 Long-term 7 1140 Risk Ratio (M-H, Random, 95% CI) 1.47 [0.34, 6.36]

2 All-cause mortality 11   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 Medium-term 5 860 Risk Ratio (M-H, Random, 95% CI) 1.01 [0.78, 1.31]

2.2 Long-term 6 1048 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.85, 1.25]

3 Pneumonia 11   Risk Ratio (M-H, Random, 95% CI) Subtotals only

3.1 Medium-term 5 892 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.77, 1.47]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

3.2 Long-term 6 1036 Risk Ratio (M-H, Random, 95% CI) 0.91 [0.59, 1.43]

 
 

Analysis 4.1.   Comparison 4 Subgroup analysis - length of ventilation, Outcome 1 Artificial airway occlusion.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.1.1 Medium-term  

Boots 1997 0/42 0/41   Not estimable

Boots 2006 0/190 0/191   Not estimable

Branson 1996 0/49 0/54   Not estimable

Daoud 1991 9/29 13/27 43.86% 0.64[0.33,1.26]

Kirkegaard 1987 2/15 0/15 15.86% 5[0.26,96.13]

Kollef 1998 0/163 0/147   Not estimable

Luchetti 1998 3/15 0/30 16.27% 13.56[0.75,246.76]

Villafane 1996 3/16 1/7 24.01% 1.31[0.16,10.52]

Subtotal (95% CI) 519 512 100% 1.74[0.41,7.3]

Total events: 17 (HME), 14 (HH)  

Heterogeneity: Tau2=1.11; Chi2=6.48, df=3(P=0.09); I2=53.69%  

Test for overall effect: Z=0.75(P=0.45)  

   

4.1.2 Long-term  

Dreyfuss 1995 1/61 0/70 11.78% 3.44[0.14,82.81]

Hurni 1997 0/59 1/56 11.79% 0.32[0.01,7.61]

Kirton 1997 0/140 3/140 12.76% 0.14[0.01,2.74]

Lacherade 2005 1/185 5/184 16.95% 0.2[0.02,1.69]

Martin 1990 6/31 0/42 13.28% 17.47[1.02,298.93]

Misset 1991 4/30 2/26 20.06% 1.73[0.35,8.71]

Roustan 1992 9/55 0/61 13.37% 21.04[1.25,353.18]

Subtotal (95% CI) 561 579 100% 1.47[0.34,6.36]

Total events: 21 (HME), 11 (HH)  

Heterogeneity: Tau2=2.11; Chi2=13.62, df=6(P=0.03); I2=55.96%  

Test for overall effect: Z=0.52(P=0.61)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.87), I2=0%  
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Analysis 4.2.   Comparison 4 Subgroup analysis - length of ventilation, Outcome 2 All-cause mortality.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.2.1 Medium-term  

Boots 1997 6/42 4/41 4.82% 1.46[0.45,4.81]

Boots 2006 37/190 39/191 42.16% 0.95[0.64,1.43]

Daoud 1991 6/29 2/27 2.99% 2.79[0.62,12.67]

Kirkegaard 1987 4/15 2/15 2.88% 2[0.43,9.32]

Kollef 1998 40/163 39/147 47.15% 0.92[0.63,1.35]

Subtotal (95% CI) 439 421 100% 1.01[0.78,1.31]
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Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 93 (HME), 86 (HH)  

Heterogeneity: Tau2=0; Chi2=3.17, df=4(P=0.53); I2=0%  

Test for overall effect: Z=0.09(P=0.93)  

   

4.2.2 Long-term  

Dreyfuss 1995 17/61 12/70 8.49% 1.63[0.84,3.13]

Hurni 1997 17/59 19/56 12.34% 0.85[0.49,1.46]

Lacherade 2005 61/186 63/184 44.09% 0.96[0.72,1.28]

Martin 1990 7/31 11/42 5.32% 0.86[0.38,1.97]

Memish 2001 40/123 30/120 22.59% 1.3[0.87,1.94]

Roustan 1992 10/55 15/61 7.16% 0.74[0.36,1.51]

Subtotal (95% CI) 515 533 100% 1.03[0.85,1.25]

Total events: 152 (HME), 150 (HH)  

Heterogeneity: Tau2=0; Chi2=4.91, df=5(P=0.43); I2=0%  

Test for overall effect: Z=0.33(P=0.74)  

Test for subgroup differences: Chi2=0.01, df=1 (P=0.91), I2=0%  
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Analysis 4.3.   Comparison 4 Subgroup analysis - length of ventilation, Outcome 3 Pneumonia.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.3.1 Medium-term  

Alcoforado 2012 5/8 4/7 15.03% 1.09[0.47,2.52]

Boots 1997 6/42 7/41 10.48% 0.84[0.31,2.28]

Boots 2006 32/190 27/191 47.38% 1.19[0.74,1.91]

Branson 1996 3/49 3/54 4.36% 1.1[0.23,5.21]

Kollef 1998 15/163 15/147 22.74% 0.9[0.46,1.78]

Subtotal (95% CI) 452 440 100% 1.06[0.77,1.47]

Total events: 61 (HME), 56 (HH)  

Heterogeneity: Tau2=0; Chi2=0.68, df=4(P=0.95); I2=0%  

Test for overall effect: Z=0.35(P=0.72)  

   

4.3.2 Long-term  

Dreyfuss 1995 6/61 8/70 12.67% 0.86[0.32,2.34]

Lacherade 2005 47/185 53/184 29.26% 0.88[0.63,1.23]

Lorente 2006 21/53 8/51 18.37% 2.53[1.23,5.18]

Martin 1990 2/31 8/42 7.22% 0.34[0.08,1.49]

Memish 2001 14/123 19/120 20.28% 0.72[0.38,1.37]

Roustan 1992 5/55 9/61 12.2% 0.62[0.22,1.73]

Subtotal (95% CI) 508 528 100% 0.91[0.59,1.43]

Total events: 95 (HME), 105 (HH)  

Heterogeneity: Tau2=0.15; Chi2=10.58, df=5(P=0.06); I2=52.75%  

Test for overall effect: Z=0.39(P=0.69)  

Test for subgroup differences: Chi2=0.28, df=1 (P=0.6), I2=0%  
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Comparison 5.   Subgroup analysis - hygroscopic versus hydrophobic heat and moisture exchanger (HME)

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Artificial airway occlu-
sion

15   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 Hydrophobic 5 540 Risk Ratio (M-H, Random, 95% CI) 2.86 [0.65, 12.62]

1.2 Hygroscopic 11 1638 Risk Ratio (M-H, Random, 95% CI) 0.89 [0.32, 2.48]

2 All-cause mortality 11   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 Hydrophobic 2 189 Risk Ratio (M-H, Random, 95% CI) 0.79 [0.46, 1.35]

2.2 Hygroscopic 9 1719 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.89, 1.23]

3 Pneumonia 12   Risk Ratio (M-H, Random, 95% CI) Subtotals only

3.1 Hydrophobic 3 469 Risk Ratio (M-H, Random, 95% CI) 0.48 [0.28, 0.82]

3.2 Hygroscopic 9 1678 Risk Ratio (M-H, Random, 95% CI) 0.95 [0.77, 1.17]

 
 

Analysis 5.1.   Comparison 5 Subgroup analysis - hygroscopic versus hydrophobic
heat and moisture exchanger (HME), Outcome 1 Artificial airway occlusion.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

5.1.1 Hydrophobic  

Kirton 1997 0/140 3/140 15.7% 0.14[0.01,2.74]

Martin 1990 6/31 0/42 16.47% 17.47[1.02,298.93]

Misset 1991 4/30 2/26 27.81% 1.73[0.35,8.71]

Roustan 1992 9/55 0/61 16.61% 21.04[1.25,353.18]

Villafane 1996 3/8 1/7 23.42% 2.63[0.35,19.85]

Subtotal (95% CI) 264 276 100% 2.86[0.65,12.62]

Total events: 22 (HME), 6 (HH)  

Heterogeneity: Tau2=1.39; Chi2=7.94, df=4(P=0.09); I2=49.6%  

Test for overall effect: Z=1.39(P=0.17)  

   

5.1.2 Hygroscopic  

Boots 1997 0/42 0/41   Not estimable

Boots 2006 0/190 0/191   Not estimable

Branson 1996 0/49 0/54   Not estimable

Daoud 1991 9/29 13/27 39.21% 0.64[0.33,1.26]

Dreyfuss 1995 1/61 0/70 8.47% 3.44[0.14,82.81]

Hurni 1997 0/59 1/56 8.48% 0.32[0.01,7.61]

Kirkegaard 1987 2/15 0/15 9.54% 5[0.26,96.13]

Kollef 1998 0/163 0/147   Not estimable

Lacherade 2005 1/185 5/184 15.41% 0.2[0.02,1.69]

Luchetti 1998 3/15 0/30 9.83% 13.56[0.75,246.76]

Villafane 1996 0/8 1/7 9.05% 0.3[0.01,6.29]

Subtotal (95% CI) 816 822 100% 0.89[0.32,2.48]
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Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 16 (HME), 20 (HH)  

Heterogeneity: Tau2=0.58; Chi2=8.86, df=6(P=0.18); I2=32.26%  

Test for overall effect: Z=0.22(P=0.83)  

Test for subgroup differences: Chi2=1.6, df=1 (P=0.21), I2=37.59%  
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Analysis 5.2.   Comparison 5 Subgroup analysis - hygroscopic versus hydrophobic
heat and moisture exchanger (HME), Outcome 2 All-cause mortality.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

5.2.1 Hydrophobic  

Martin 1990 7/31 11/42 42.64% 0.86[0.38,1.97]

Roustan 1992 10/55 15/61 57.36% 0.74[0.36,1.51]

Subtotal (95% CI) 86 103 100% 0.79[0.46,1.35]

Total events: 17 (HME), 26 (HH)  

Heterogeneity: Tau2=0; Chi2=0.08, df=1(P=0.78); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

   

5.2.2 Hygroscopic  

Boots 1997 6/42 4/41 1.82% 1.46[0.45,4.81]

Boots 2006 37/190 39/191 15.94% 0.95[0.64,1.43]

Daoud 1991 6/29 2/27 1.13% 2.79[0.62,12.67]

Dreyfuss 1995 17/61 12/70 6.03% 1.63[0.84,3.13]

Hurni 1997 17/59 19/56 8.77% 0.85[0.49,1.46]

Kirkegaard 1987 4/15 2/15 1.09% 2[0.43,9.32]

Kollef 1998 40/163 39/147 17.83% 0.92[0.63,1.35]

Lacherade 2005 61/186 63/184 31.33% 0.96[0.72,1.28]

Memish 2001 40/123 30/120 16.05% 1.3[0.87,1.94]

Subtotal (95% CI) 868 851 100% 1.05[0.89,1.23]

Total events: 228 (HME), 210 (HH)  

Heterogeneity: Tau2=0; Chi2=7.04, df=8(P=0.53); I2=0%  

Test for overall effect: Z=0.59(P=0.56)  

Test for subgroup differences: Chi2=0.98, df=1 (P=0.32), I2=0%  
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Analysis 5.3.   Comparison 5 Subgroup analysis - hygroscopic versus
hydrophobic heat and moisture exchanger (HME), Outcome 3 Pneumonia.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

5.3.1 Hydrophobic  

Kirton 1997 10/140 22/140 58.66% 0.45[0.22,0.92]

Martin 1990 2/31 8/42 13.52% 0.34[0.08,1.49]

Roustan 1992 5/55 9/61 27.82% 0.62[0.22,1.73]

Subtotal (95% CI) 226 243 100% 0.48[0.28,0.82]

Total events: 17 (HME), 39 (HH)  
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Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0; Chi2=0.46, df=2(P=0.79); I2=0%  

Test for overall effect: Z=2.68(P=0.01)  

   

5.3.2 Hygroscopic  

Alcoforado 2012 5/8 4/7 6.23% 1.09[0.47,2.52]

Boots 1997 6/42 7/41 4.34% 0.84[0.31,2.28]

Boots 2006 32/190 27/191 19.64% 1.19[0.74,1.91]

Branson 1996 3/49 3/54 1.81% 1.1[0.23,5.21]

Diaz 2002 8/23 5/20 4.9% 1.39[0.54,3.57]

Dreyfuss 1995 6/61 8/70 4.35% 0.86[0.32,2.34]

Kollef 1998 15/163 15/147 9.43% 0.9[0.46,1.78]

Lacherade 2005 47/185 53/184 38.74% 0.88[0.63,1.23]

Memish 2001 14/123 19/120 10.55% 0.72[0.38,1.37]

Subtotal (95% CI) 844 834 100% 0.95[0.77,1.17]

Total events: 136 (HME), 141 (HH)  

Heterogeneity: Tau2=0; Chi2=2.69, df=8(P=0.95); I2=0%  

Test for overall effect: Z=0.46(P=0.64)  

Test for subgroup differences: Chi2=5.46, df=1 (P=0.02), I2=81.67%  
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Comparison 6.   Heat and moisture exchanger (HME) with and without filters

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Artificial airway occlu-
sion

15   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 With filter 8 1203 Risk Ratio (M-H, Random, 95% CI) 1.25 [0.41, 3.80]

1.2 No filter 7 968 Risk Ratio (M-H, Random, 95% CI) 2.46 [0.33, 18.47]

2 All-cause mortality 12   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 With filter 5 1080 Risk Ratio (M-H, Random, 95% CI) 1.00 [0.82, 1.22]

2.2 No filter 7 871 Risk Ratio (M-H, Random, 95% CI) 1.08 [0.85, 1.36]

3 Pneumonia 13   Risk Ratio (M-H, Random, 95% CI) Subtotals only

3.1 With filter 5 979 Risk Ratio (M-H, Random, 95% CI) 0.97 [0.76, 1.24]

3.2 no filter 8 1272 Risk Ratio (M-H, Random, 95% CI) 0.88 [0.55, 1.38]
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Analysis 6.1.   Comparison 6 Heat and moisture exchanger (HME)
with and without filters, Outcome 1 Artificial airway occlusion.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.1.1 With filter  

Boots 1997 0/42 0/41   Not estimable

Boots 2006 0/190 0/191   Not estimable

Dreyfuss 1995 1/61 0/70 10.37% 3.44[0.14,82.81]

Hurni 1997 0/59 1/56 10.39% 0.32[0.01,7.61]

Lacherade 2005 1/185 5/184 19.32% 0.2[0.02,1.69]

Luchetti 1998 3/15 0/30 12.1% 13.56[0.75,246.76]

Misset 1991 4/30 2/26 27.78% 1.73[0.35,8.71]

Villafane 1996 3/16 1/7 20.05% 1.31[0.16,10.52]

Subtotal (95% CI) 598 605 100% 1.25[0.41,3.8]

Total events: 12 (HME), 9 (HH)  

Heterogeneity: Tau2=0.49; Chi2=6.7, df=5(P=0.24); I2=25.35%  

Test for overall effect: Z=0.39(P=0.7)  

   

6.1.2 No filter  

Branson 1996 0/49 0/54   Not estimable

Daoud 1991 9/29 13/27 27.83% 0.64[0.33,1.26]

Kirkegaard 1987 2/15 0/15 17.75% 5[0.26,96.13]

Kirton 1997 0/140 3/140 17.76% 0.14[0.01,2.74]

Kollef 1998 0/163 0/147   Not estimable

Martin 1990 6/31 0/42 18.29% 17.47[1.02,298.93]

Roustan 1992 9/55 0/61 18.38% 21.04[1.25,353.18]

Subtotal (95% CI) 482 486 100% 2.46[0.33,18.47]

Total events: 26 (HME), 16 (HH)  

Heterogeneity: Tau2=3.68; Chi2=16.05, df=4(P=0); I2=75.08%  

Test for overall effect: Z=0.88(P=0.38)  

Test for subgroup differences: Chi2=0.34, df=1 (P=0.56), I2=0%  
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Analysis 6.2.   Comparison 6 Heat and moisture exchanger
(HME) with and without filters, Outcome 2 All-cause mortality.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.2.1 With filter  

Boots 1997 6/42 4/41 2.86% 1.46[0.45,4.81]

Boots 2006 37/190 39/191 24.95% 0.95[0.64,1.43]

Dreyfuss 1995 17/61 12/70 9.44% 1.63[0.84,3.13]

Hurni 1997 17/59 19/56 13.73% 0.85[0.49,1.46]

Lacherade 2005 61/186 63/184 49.03% 0.96[0.72,1.28]

Subtotal (95% CI) 538 542 100% 1[0.82,1.22]

Total events: 138 (HME), 137 (HH)  

Heterogeneity: Tau2=0; Chi2=3.01, df=4(P=0.56); I2=0%  

Test for overall effect: Z=0.01(P=0.99)  

   

6.2.2 No filter  

Daoud 1991 6/29 2/27 2.36% 2.79[0.62,12.67]
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Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Diaz 2002 8/23 5/20 6.06% 1.39[0.54,3.57]

Kirkegaard 1987 4/15 2/15 2.28% 2[0.43,9.32]

Kollef 1998 40/163 39/147 37.24% 0.92[0.63,1.35]

Martin 1990 7/31 11/42 7.9% 0.86[0.38,1.97]

Memish 2001 40/123 30/120 33.53% 1.3[0.87,1.94]

Roustan 1992 10/55 15/61 10.63% 0.74[0.36,1.51]

Subtotal (95% CI) 439 432 100% 1.08[0.85,1.36]

Total events: 115 (HME), 104 (HH)  

Heterogeneity: Tau2=0; Chi2=5.25, df=6(P=0.51); I2=0%  

Test for overall effect: Z=0.64(P=0.52)  

Test for subgroup differences: Chi2=0.22, df=1 (P=0.64), I2=0%  
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Analysis 6.3.   Comparison 6 Heat and moisture exchanger (HME) with and without filters, Outcome 3 Pneumonia.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

6.3.1 With filter  

Alcoforado 2012 5/8 4/7 8.5% 1.09[0.47,2.52]

Boots 1997 6/42 7/41 5.93% 0.84[0.31,2.28]

Boots 2006 32/190 27/191 26.8% 1.19[0.74,1.91]

Dreyfuss 1995 6/61 8/70 5.93% 0.86[0.32,2.34]

Lacherade 2005 47/185 53/184 52.84% 0.88[0.63,1.23]

Subtotal (95% CI) 486 493 100% 0.97[0.76,1.24]

Total events: 96 (HME), 99 (HH)  

Heterogeneity: Tau2=0; Chi2=1.26, df=4(P=0.87); I2=0%  

Test for overall effect: Z=0.25(P=0.8)  

   

6.3.2 no filter  

Branson 1996 3/49 3/54 6.42% 1.1[0.23,5.21]

Diaz 2002 8/23 5/20 12.07% 1.39[0.54,3.57]

Kirton 1997 10/140 22/140 15.54% 0.45[0.22,0.92]

Kollef 1998 15/163 15/147 16.03% 0.9[0.46,1.78]

Lorente 2006 21/53 8/51 15.41% 2.53[1.23,5.18]

Martin 1990 2/31 8/42 6.9% 0.34[0.08,1.49]

Memish 2001 14/123 19/120 16.66% 0.72[0.38,1.37]

Roustan 1992 5/55 9/61 10.97% 0.62[0.22,1.73]

Subtotal (95% CI) 637 635 100% 0.88[0.55,1.38]

Total events: 78 (HME), 89 (HH)  

Heterogeneity: Tau2=0.22; Chi2=15.08, df=7(P=0.04); I2=53.57%  

Test for overall effect: Z=0.57(P=0.57)  

Test for subgroup differences: Chi2=0.15, df=1 (P=0.7), I2=0%  
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Comparison 7.   Sensitivity analyses - selection bias

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Mortality 12   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 Low risk of bias 2 286 Risk Ratio (M-H, Random, 95% CI) 1.31 [0.91, 1.90]

1.2 Unknown risk of bias 10 1665 Risk Ratio (M-H, Random, 95% CI) 0.98 [0.83, 1.16]

2 Pneumonia 13   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 Low risk of bias 3 566 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.41, 1.28]

2.2 Unknown risk of bias 9 1582 Risk Ratio (M-H, Random, 95% CI) 1.01 [0.77, 1.33]

2.3 High risk of bias 1 103 Risk Ratio (M-H, Random, 95% CI) 1.10 [0.23, 5.21]

 
 

Analysis 7.1.   Comparison 7 Sensitivity analyses - selection bias, Outcome 1 Mortality.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

7.1.1 Low risk of bias  

Diaz 2002 8/23 5/20 15.31% 1.39[0.54,3.57]

Memish 2001 40/123 30/120 84.69% 1.3[0.87,1.94]

Subtotal (95% CI) 146 140 100% 1.31[0.91,1.9]

Total events: 48 (HME), 35 (HH)  

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.9); I2=0%  

Test for overall effect: Z=1.45(P=0.15)  

   

7.1.2 Unknown risk of bias  

Boots 1997 6/42 4/41 1.97% 1.46[0.45,4.81]

Boots 2006 37/190 39/191 17.17% 0.95[0.64,1.43]

Daoud 1991 6/29 2/27 1.22% 2.79[0.62,12.67]

Dreyfuss 1995 17/61 12/70 6.5% 1.63[0.84,3.13]

Hurni 1997 17/59 19/56 9.45% 0.85[0.49,1.46]

Kirkegaard 1987 4/15 2/15 1.17% 2[0.43,9.32]

Kollef 1998 40/163 39/147 19.21% 0.92[0.63,1.35]

Lacherade 2005 61/186 63/184 33.76% 0.96[0.72,1.28]

Martin 1990 7/31 11/42 4.08% 0.86[0.38,1.97]

Roustan 1992 10/55 15/61 5.48% 0.74[0.36,1.51]

Subtotal (95% CI) 831 834 100% 0.98[0.83,1.16]

Total events: 205 (HME), 206 (HH)  

Heterogeneity: Tau2=0; Chi2=6.51, df=9(P=0.69); I2=0%  

Test for overall effect: Z=0.19(P=0.85)  

Test for subgroup differences: Chi2=1.96, df=1 (P=0.16), I2=48.98%  
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Analysis 7.2.   Comparison 7 Sensitivity analyses - selection bias, Outcome 2 Pneumonia.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

7.2.1 Low risk of bias  

Diaz 2002 8/23 5/20 25.1% 1.39[0.54,3.57]

Kirton 1997 10/140 22/140 35.53% 0.45[0.22,0.92]

Memish 2001 14/123 19/120 39.37% 0.72[0.38,1.37]

Subtotal (95% CI) 286 280 100% 0.72[0.41,1.28]

Total events: 32 (HME), 46 (HH)  

Heterogeneity: Tau2=0.11; Chi2=3.5, df=2(P=0.17); I2=42.81%  

Test for overall effect: Z=1.12(P=0.26)  

   

7.2.2 Unknown risk of bias  

Alcoforado 2012 5/8 4/7 8.59% 1.09[0.47,2.52]

Boots 1997 6/42 7/41 6.34% 0.84[0.31,2.28]

Boots 2006 32/190 27/191 19.41% 1.19[0.74,1.91]

Dreyfuss 1995 6/61 8/70 6.35% 0.86[0.32,2.34]

Kollef 1998 15/163 15/147 11.88% 0.9[0.46,1.78]

Lacherade 2005 47/185 53/184 27.28% 0.88[0.63,1.23]

Lorente 2006 21/53 8/51 10.95% 2.53[1.23,5.18]

Martin 1990 2/31 8/42 3.14% 0.34[0.08,1.49]

Roustan 1992 5/55 9/61 6.04% 0.62[0.22,1.73]

Subtotal (95% CI) 788 794 100% 1.01[0.77,1.33]

Total events: 139 (HME), 139 (HH)  

Heterogeneity: Tau2=0.04; Chi2=10.72, df=8(P=0.22); I2=25.35%  

Test for overall effect: Z=0.09(P=0.93)  

   

7.2.3 High risk of bias  

Branson 1996 3/49 3/54 100% 1.1[0.23,5.21]

Subtotal (95% CI) 49 54 100% 1.1[0.23,5.21]

Total events: 3 (HME), 3 (HH)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.12(P=0.9)  

Test for subgroup differences: Chi2=1.13, df=1 (P=0.57), I2=0%  
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Comparison 8.   Sensitivity analyses - detection bias

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Artificial airway occlu-
sion

15 2171 Risk Ratio (M-H, Random, 95% CI) 1.59 [0.60, 4.19]

1.1 Low risk of bias 2 590 Risk Ratio (M-H, Random, 95% CI) 0.14 [0.01, 2.74]

1.2 Unclear risk of bias 13 1581 Risk Ratio (M-H, Random, 95% CI) 1.92 [0.69, 5.34]

2 Pneumonia 12   Risk Ratio (M-H, Random, 95% CI) Subtotals only

2.1 Low risk of bias 4 648 Risk Ratio (M-H, Random, 95% CI) 0.84 [0.52, 1.36]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

2.2 Unknown risk of bias 8 1500 Risk Ratio (M-H, Random, 95% CI) 0.97 [0.70, 1.33]

 
 

Analysis 8.1.   Comparison 8 Sensitivity analyses - detection bias, Outcome 1 Artificial airway occlusion.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

8.1.1 Low risk of bias  

Kirton 1997 0/140 3/140 7% 0.14[0.01,2.74]

Kollef 1998 0/163 0/147   Not estimable

Subtotal (95% CI) 303 287 7% 0.14[0.01,2.74]

Total events: 0 (HME), 3 (HH)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.29(P=0.2)  

   

8.1.2 Unclear risk of bias  

Boots 1997 0/42 0/41   Not estimable

Boots 2006 0/190 0/191   Not estimable

Branson 1996 0/49 0/54   Not estimable

Daoud 1991 9/29 13/27 18.08% 0.64[0.33,1.26]

Dreyfuss 1995 1/61 0/70 6.34% 3.44[0.14,82.81]

Hurni 1997 0/59 1/56 6.35% 0.32[0.01,7.61]

Kirkegaard 1987 2/15 0/15 6.99% 5[0.26,96.13]

Lacherade 2005 1/185 5/184 10.11% 0.2[0.02,1.69]

Luchetti 1998 3/15 0/30 7.17% 13.56[0.75,246.76]

Martin 1990 6/31 0/42 7.36% 17.47[1.02,298.93]

Misset 1991 4/30 2/26 12.8% 1.73[0.35,8.71]

Roustan 1992 9/55 0/61 7.42% 21.04[1.25,353.18]

Villafane 1996 3/16 1/7 10.37% 1.31[0.16,10.52]

Subtotal (95% CI) 777 804 93% 1.92[0.69,5.34]

Total events: 38 (HME), 22 (HH)  

Heterogeneity: Tau2=1.32; Chi2=20.79, df=9(P=0.01); I2=56.7%  

Test for overall effect: Z=1.25(P=0.21)  

   

Total (95% CI) 1080 1091 100% 1.59[0.6,4.19]

Total events: 38 (HME), 25 (HH)  

Heterogeneity: Tau2=1.25; Chi2=21.88, df=10(P=0.02); I2=54.3%  

Test for overall effect: Z=0.93(P=0.35)  

Test for subgroup differences: Chi2=2.65, df=1 (P=0.1), I2=62.27%  
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Analysis 8.2.   Comparison 8 Sensitivity analyses - detection bias, Outcome 2 Pneumonia.

Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

8.2.1 Low risk of bias  

Alcoforado 2012 5/8 4/7 22.78% 1.09[0.47,2.52]
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Study or subgroup HME HH Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Diaz 2002 8/23 5/20 19.18% 1.39[0.54,3.57]

Kirton 1997 10/140 22/140 28.26% 0.45[0.22,0.92]

Kollef 1998 15/163 15/147 29.77% 0.9[0.46,1.78]

Subtotal (95% CI) 334 314 100% 0.84[0.52,1.36]

Total events: 38 (HME), 46 (HH)  

Heterogeneity: Tau2=0.08; Chi2=4.53, df=3(P=0.21); I2=33.76%  

Test for overall effect: Z=0.69(P=0.49)  

   

8.2.2 Unknown risk of bias  

Boots 1997 6/42 7/41 7.87% 0.84[0.31,2.28]

Boots 2006 32/190 27/191 19.98% 1.19[0.74,1.91]

Dreyfuss 1995 6/61 8/70 7.88% 0.86[0.32,2.34]

Lacherade 2005 47/185 53/184 25.46% 0.88[0.63,1.23]

Lorente 2006 21/53 8/51 12.67% 2.53[1.23,5.18]

Martin 1990 2/31 8/42 4.11% 0.34[0.08,1.49]

Memish 2001 14/123 19/120 14.51% 0.72[0.38,1.37]

Roustan 1992 5/55 9/61 7.53% 0.62[0.22,1.73]

Subtotal (95% CI) 740 760 100% 0.97[0.7,1.33]

Total events: 133 (HME), 139 (HH)  

Heterogeneity: Tau2=0.07; Chi2=11.53, df=7(P=0.12); I2=39.3%  

Test for overall effect: Z=0.21(P=0.83)  

Test for subgroup differences: Chi2=0.21, df=1 (P=0.64), I2=0%  
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A D D I T I O N A L   T A B L E S
 

Study HH HME No of participants

Boots 2006 9 7 381

Diaz 2002 4 4 43

Hurni 1997 13.80 11.10 104

Kollef 1998 5.30 5.70 310

Lacherade 2005 25.3 21.4 369

Roustan 1992 9.30 13.90 116

Table 1.   Length of stay - intensive care unit (mean days) 

HH: heated humidification; HME: heat and moisture exchangers.
 
 

Study HH HME No of participants

Diaz 2002 11 10 43

Table 2.   Length of stay - hospital (mean days) 
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Kollef 1998 16.50 16.50 310

Table 2.   Length of stay - hospital (mean days)  (Continued)

HH: heated humidification; HME: heat and moisture exchangers.
 
 

Study HME HH Units Participants

Boots 1997 6.72 8.20 AUD/day 83

Boots 2006 8.62 9.27 AUD/day 381

Branson 1996 4.70 8.97 USD/day 99

Dreyfuss 1995 5.00 11.00 USD/day (France) 131

Kirton 1997 17.46 27.80 USD/participant 280

Kollef 1998 15.98 38.26 USD/participant 310

Table 3.   Cost 

HH: heated humidification; HME: heat and moisture exchangers.
 
 

Study HH HME Participants

Girault 2003 9.86 16.50 11

Iotti 1997 13.6 20.8 10

Table 4.   Work of breathing (joules/minute - mean) 

HH: heated humidification; HME: heat and moisture exchangers.
 

 

A P P E N D I C E S

Appendix 1. Search strategies

Search strategy for CENTRAL, the Cochrane Library

#1 MeSH descriptor Respiration, Artificial explode all trees
#2 ventilat*
#3 artificia* near (respir* or airway*)
#4 MeSH descriptor Tracheostomy explode all trees
#5 tracheostom*
#6 #1 or #2 or #3 or #4 or #5
#7 MeSH descriptor Humidity explode all trees
#8 MeSH descriptor Hot Temperature explode all trees
#9 humidif*
#10 heat near (moisture and exchang*)
#11 hme
#12 (artificial or swedish) near nose
#13 (#7 OR #8 OR #9 OR #10 OR #11 OR #12)
#14 (#6 AND #13)

Search strategy for MEDLINE (OvidSP)
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1 . Respiration-Artificial/ or exp TRACHEOSTOMY/ or ventilat*.mp. or (artificia* adj3 (respir* or airway*)).mp. or tracheostom*.mp.
2. exp HUMIDITY/ or exp Heat/ or humidifi*.mp. or ((heat adj5 (moisture and exchanger*)).mp. or hme.mp. or ((artificial or Swedish) adj3
nose).mp.
3. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or randomly.ab.
or trial.ti.) not (animals not (humans and animals)).sh.
4. 1 and 2 and 3

Search strategy for Embase (OvidSP)

1 exp artificial-ventilation/ or exp TRACHEOSTOMY/ or ventilat*.mp. or (artificia* adj5 (respir* or airway*)).mp. or tracheostom*.mp.
2 exp humidity/ or exp heat/ or humidifi*.mp. or (heat adj5 (moisture and exchanger*)).mp. or hme.mp. or ((artificial or swedish) adj5
nose).mp.
3 (randomized-controlled-trial/ or randomization/ or controlled-study/ or multicenter-study/ or phase-3-clinical-trial/ or phase-4-clinical-
trial/ or double-blind-procedure/ or single-blind-procedure/ or (random* or cross?over* or factorial* or placebo* or volunteer* or (singl*
or doubl* or trebl* or tripl*) adj3 (blind* or mask*))).ti,ab.) not (animals not (humans and animals)).sh.
4 1 and 2 and 3

Search strategy for CINAHL (EBSCO host)

S1 (MH "Respiration, Artificial+")
S2 (MM "Tracheostomy")
S3 TX ventilat* or (artificia* and (respir* or airway*)) or tracheostom*
S4 S1 or S2 or S3
S5 (MM "Humidity")
S6 (MM "Heat")
S7 TX humidif* or (heat and (moisture and exchang*)) or hme or ((artificial or Swedish) and nose)
S8 S5 or S6 or S7
S9 S4 and S8
S10 (MM "Random Assignment")
S11 (MH "Clinical Trials+")
S12 (MM "Double-Blind Studies") or (MM "Single-Blind Studies") or (MM "Triple-Blind Studies")
S13 (MM "Placebos")
S14 (MH "Prospective Studies+")
S15 (MM "Multicenter Studies")
S16 TX random* or trial* or placebo* or multicenter* or prospective or ((single or double or triple or treble) and (mask* or blind*))
S17 S10 or S11 or S12 or S13 or S14 or S15 or S16
S18 S9 and S17

W H A T ' S   N E W

 

Date Event Description

13 December 2018 Amended Editorial team changed to Cochrane Emergency and Critical Care

 

H I S T O R Y

Protocol first published: Issue 2, 2004
Review first published: Issue 4, 2010

 

Date Event Description

14 September 2017 Amended Typos corrected in "Why it is important to do this review" and
the "Implications for practice" section

30 May 2017 New search has been performed Search rerun to May 2017

30 May 2017 New citation required but conclusions
have not changed

We included one new study which did not change the conclu-
sions
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Cochrane Database of Systematic Reviews

Date Event Description

We added a 'Summary of Findings' table to the review

Change in authorship: two authors of the published review (Kelly
2010a), Kelly M and Lockwood C did not contribute to the updat-
ed review. Two new authors contributed to the updated review:
Foster JP, Batuwitage BT

11 July 2012 Amended Contact details updated

17 April 2012 Amended Contact details updated.

2 August 2008 Amended Converted to new review format.

 

C O N T R I B U T I O N S   O F   A U T H O R S

2017 Update

Co-ordinating the review: Gillies D.

Screening search results: Gillies D, Todd D, Foster J, Batuwitage B.

Appraising quality of papers: Kelly MT, Gillies D, Todd D, Lockwood C.

Data extraction: Gillies D.

Writing to authors of papers for additional information: Gillies D.

Entering data into Review Manager: Gillies D.

Writing the review: Gillies D, Todd D, Foster J, Batuwitage B, Correia M, Carvalho R.

Guarantor for the review (one author): Gillies D.

People responsible for reading and checking review before submission: Gillies D, Todd D, Foster J, Batuwitage B.

Contributions of authors in original review (Kelly 2010a)

Developing protocol: Kelly MT, Gillies D, Todd D, Lockwood C.

Co-ordinating the review: Kelly MT, Gillies D.

Screening search results: Kelly MT, Todd D, Lockwood C.

Organizing retrieval of papers: Kelly MT, Gillies D.

Screening retrieved papers against inclusion criteria: Kelly MT, Gillies D, Todd D, Lockwood C.

Data extraction: Kelly MT, Gillies D, Todd D, Lockwood C.

Writing to authors of papers for additional information: Kelly MT, Gillies D.

Entering data into Review Manager: Kelly MT, Gillies D.

Other statistical analysis not using RevMan: Kelly MT, Gillies D.

Writing the review: Kelly MT, Gillies D, Todd D.

Guarantor for the review (one author): Gillies D.

People responsible for reading and checking review before submission: Kelly MT, Gillies D.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes to the published protocol (Kelly 2004)in the earlier version of the review (Kelly 2010a).

• Moved mortality and pneumonia from secondary to primary outcomes.

• In line with the new 'Risk of bias' table, added sequence generation to the assessed quality criteria.

• There was significant heterogeneity between studies of people who had been ventilated for at least 48 hours compared to people
ventilated for less than 48 hours. Therefore, a further analysis was conducted based on the types of HMEs, that is, whether they were
hydrophobic or hygroscopic.

• In the earlier version of the review (Kelly 2010a), we conducted the following subgroup analysis:
◦ short-term ventilation, defined as less than six hours;

◦ medium-term ventilation, defined as between six and 48 hours;

◦ long-term ventilation, defined as greater than 48 hours.

• However, in this updated version of the review, the following additional changes were made:

• The title was changed from "Heated humidification versus heat and moisture exchangers for mechanically ventilated adults and
children" to "Heat and moisture exchangers versus heated humidifiers for mechanically ventilated adults and children." This was done
because it was not clear in the original title that we were only including people who were undergoing invasive ventilation (though it
was stated in the inclusion criteria). In addition, the order of heated humidification and heat and moisture exchangers was reversed
because heat and moisture exchangers are treated as the intervention group in all analyses and therefore throughout the text.

We made the following changes to the published protocol (Kelly 2004), in the 2017 update:

• Margaret Kelly and Catherine Lockwood, authors of the protocol and original review were no longer authors on this review update and
there are two new authors, Jann P Foster and Bisanth T Batuwitage.

• Incorporated a 'Summary of findings' table.

• Modified the subgroup analysis for length of ventilation to the length of humidification, which was oRen, but not always, the same as
the length of ventilation.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Humidity;  *Respiration, Artificial  [adverse eIects];  *Steam;  Cross-Over Studies;  Heating  [*instrumentation];  Pneumonia  [etiology]; 
Randomized Controlled Trials as Topic

MeSH check words

Adolescent; Adult; Child; Child, Preschool; Humans; Infant; Infant, Newborn; Young Adult
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