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Abstract Objective: Heat and mois-
ture exchangers (HME) increase cir-
cuitry deadspace compared to heated
humidifiers (HH). This study com-
pared the effect of HH and HME
during noninvasive ventilation (NIV)
on arterial blood gases and patient’s
effort assessed by respiratory mus-
cles pressure-time product and 
by work of breathing (WOB). 
Design and setting: Randomized
cross-over study in a medical inten-
sive care unit. Patients: Nine pa-
tients receiving NIV for moderate to
severe acute hypercapnic respiratory
failure. Measurements: HME was
randomly compared to HH during
periods of 20 min. Each device was
studied without (ZEEP) and with a
PEEP of 5 cmH2O. At the end of
each period arterial blood gases,
ventilatory parameters, oesophageal
and gastric pressures were recorded
and indexes of patient’s effort calcu-
lated. Results: Minute ventilation
was significantly higher with HME

than with HH (ZEEP: 15.8±3.7 vs.
12.8±3.6 l/min) despite a similar
PaCO2 (60±16 vs. 57±16 mmHg).
HME was associated with a greater
increase in WOB (ZEEP: 15.5±7.7
vs. 8.4±4.5 J/min and PEEP:
11.3±5.7 vs. 7.3±3.8 J/min) and 
indexes of patient effort. NIV with
HME failed to decrease WOB 
compared to baseline. Addition of
PEEP reduced the level of effort, but
similar differences between HME
and HH were observed. 
Conclusions: In patients receiving
NIV for moderate to severe acute 
hypercapnic respiratory failure, the
use of HME lessens the efficacy of
NIV in reducing effort compared 
to HH.
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Effect of the humidification device on the work
of breathing during noninvasive ventilation

Introduction

Noninvasive ventilation (NIV) delivered via a facemask
has been reported to reduce the need for endotracheal in-
tubation and its subsequent risk of morbidity and mortal-
ity [1, 2, 3]. NIV has been found particularly useful in
patients with acute hypercapnic exacerbations of chronic
obstructive pulmonary disease (COPD) [4, 5, 6, 7, 8].
Failure of NIV has been reported in 20–50% of patients
[3] and attributed to inadequate CO2 removal [9, 10, 11]
and to poor tolerance of the technique [12].

Gases delivered through an endotracheal tube must be
humidified because dry inspired gases have deleterious
effects [13, 14, 15, 16]. NIV can be delivered with vari-
ous kinds of ventilators, with or without gas pressuriza-
tion. When NIV is delivered by a standard intensive-care
ventilator to a patient with acute respiratory failure, the
upper airway is not bypassed but receives dry inspired
gases. The upper airway may be unable to humidify
these gases adequately, particularly in mouth breathers
and when high inspiratory flows are used. Recommenda-
tions from a recent international consensus conference
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on NIV [17] emphasize that “inadequate humidification
may cause patient distress, especially if pipeline or cylin-
der gas is used”; the panel considered that available data
on humidification devices were too scarce to allow spe-
cific recommendations in this area. A recent review did
not address this issue [18]. Life-threatening inspissated
secretions related to inadequate gas humidification have
been reported in a patient receiving NIV [19]. Several
studies have stressed the importance of humidification
during nasal continuous positive airway pressure for
sleep apnea syndrome [19, 20, 21, 22], but no data are
available about the impact of humidification devices on
the effectiveness of NIV in acute respiratory failure. Two
humidifying devices are commonly used with intensive-
care ventilators: heated humidifiers (HHs) and heat-
moisture exchangers (HMEs). The latter are frequently
used because of their simplicity and lower cost [23, 24].
Because HMEs are placed between the Y-piece and the
patient, they add substantial deadspace to the circuit [25,
26, 27, 28], and they can also marginally increase the re-
sistance to flow [29, 30]. It has been suggested in intu-
bated patients that an increase of 5–10 cmH2O in the
pressure support (PS) level is necessary to compensate
the effects of the HME deadspace. This cannot be
achieved easily during NIV. In addition, during NIV de-
livered for acute respiratory failure patients are possibly
more sensitive to deadspace effects than after intubation
and after correction of decompensating factors. We com-
pared the short-term effects of an HME and a HH on
ventilatory parameters, arterial blood gases, and indexes
of patient’s effort in patients receiving NIV for moderate
to severe acute hypercapnic respiratory distress.

Material and methods

The study protocol was approved by an independent review board
(Comité Consultatif de Protection des Personnes dans la Recher-
che Biomédicale, Créteil-Henri Mondor). All patients gave their
informed consent in writing before being included in the study.

Patients

Patients were included at the medical intensive care unit (ICU) be-
tween May 2000 and March 2001. Inclusion criteria were recent
dyspnea exacerbation, PaCO2 of 45 mmHg or higher, and one of
the following: respiratory rate of 25 breaths/min or higher, PaO2
lower than 60 mmHg with room air, or arterial pH lower than
7.38. Exclusion criteria were a need for immediate endotracheal
intubation, severe hypoxemia (fraction of inspired oxygen, FIO2
≥50% to obtain SaO2 >90%), respiratory rate below 12 breaths/
minute, pneumothorax, encephalopathy, and hemodynamic insta-
bility.

Nine patients were included, seven of whom had acute hyper-
capnic respiratory failure complicating an acute exacerbation of
COPD. Patient characteristics are presented in Table 1. Mean ICU
stay length at study inclusion was 2.3±1.4 days (range 0–4 days),
and all were still in moderate to severe respiratory failure. Mean
PS level was 15±4 cmH2O and mean FIO2 28±5%. The inspiratory
trigger was set at 2±1 l/min and the expiratory trigger at 36±7% of
maximal inspiratory flow. The PS slope was set at 78±7% (on the
0–100% on the NPB 840).

Protocol

We compared a HME (Hygrobac, DAR, Mirandola, Italy) and a
HH (Fisher & Paykel, MR 850, Panmure, New Zealand) with
heated circuits in patients receiving intermittent NIV with PS. The
resistance of the respective systems connected to a variable flow
source was measured on a bench test with pressure and flow sig-
nals measured just before the HME or HH. A flow-pressure rela-
tionship was then obtained. Table 2 summarizes the humidifica-
tion device characteristics. Each patient was ventilated for four

Table 1 Characteristics of the patients at inclusion; values for res-
piratory rate (RR) and arterial blood gas measurements were ob-
tained at inclusion while the patients were breathing low-flow

oxygen (0.5–3 l/min except in patient 2, who was breathing at
6 l/min) (SAPS II Simplified Acute Physiology Score II, COPD
chronic obstructive pulmonary disease, PO postoperative)

Patient no. Sex Age Weight Height Diagnosis SAPS II RR PaO2 PaCO2 pH
(years) (kg) (cm) (bpm) (mmHg) (mmHg)

1 M 72 85 180 COPD exacerbation 18 25 63 68 7.36
2 M 72 58 171 COPD exacerbation 30 30 55 72 7.30
3 M 76 91 168 COPD exacerbation 45 32 97 62 7.33
4 M 70 44 163 COPD exacerbation 51 51 73 52 7.34
5 M 56 78 175 COPD exacerbation 40 24 65 73 7.36
6 M 61 111 180 COPD exacerbation 22 30 71 69 7.35
7 M 78 53 163 COPD exacerbation 26 26 53 56 7.37
8 M 48 57 178 Cardiogenic shock 59 14 166 49 7.33
9 F 56 60 160 PO phrenic paralysis 13 40 79 57 7.44
Mean ±SD 65±10 71±22 171±8 34±16 30±10 80±35 62±9 7.35±0.04

Table 2 Characteristics of the heated humidifier (MR 850), heat
and moisture exchanger (Hygrobac), and small heat and moisture
exchanger (Hygrobac-S) (data given by manufacturer for HME
deadspace and bench measured for others)

Name MR 850 Hygrobac Hygrobac-S

Dead space (ml) 0 95 45
Inspiratory resistance 3.5 2 2.5

(cmH2O l–1 s–1)
Expiratory resistance 2 2 2.5

(cmH2O l–1 s–1)
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20-min periods, in random order: HH and HME with 5 cmH2O 
of PEEP (P), and HH and HME with ZEEP (Z). A small HME
(Hygrobac-S) was also studied at ZEEP (sHME-Z) in all but the
first two patients. Between periods the patients breathed spontane-
ously for 15 min with low-flow nasal oxygen. Thus, six periods
were studied in each patient: baseline, HME-Z, sHME-Z, HME-P,
HH-Z, and HH-P.

The HME was positioned between the Y-piece and a full face-
mask (nasobuccal; Péters, Airvie; Bobigny, France). No flex tube
was used. NIV was delivered by a NPB 840 ventilator (Nellcor
Puritan Benett, Carlsbad, Calif., USA). PS was adjusted to obtain
during the first period of ventilation an expired tidal volume of
7–8 ml/kg as recommended in the ICU, and FIO2 was adjusted to
obtain a saturation between 85% and 95%. Inspiratory flow trig-
ger, expiratory trigger, and pressure-rise slope were adjusted to
optimize tolerance and kept unchanged.

Physiological measurements

Flow was measured using a Fleisch #1 pneumotachograph (Zu-
rich, Switzerland) connected to a differential pressure transducer
(MP45±2 cmH2O; Validyne, Northridge, Calif., USA). Airway
(Paw), esophageal (Pes), and gastric (Pga) pressures recorded 
using a double-balloon catheter (Marquat, Boissy-Saint-Léger,
France), were measured with differential pressure transducers
(MP45±100 cmH2O; Validyne) [31, 32]. Signals were digitized at
200 Hz and sampled using an analogic/numeric system (MP100;
Biopac systems, Santa Barbara, Calif., USA). An arterial line 
was inserted for arterial blood gas sampling. Blood gases were
measured using an ABL 520 analyzer (Radiometer, Copenhagen,
Denmark).

Data analysis and assessment of patient’s effort

Breathing pattern and minute ventilation (V
.

E) were determined by
integrating flow signals. Patient’s inspiratory work of breathing
(WOB) was calculated from oesophageal pressure-tidal volume
loops, using the Campbell diagram as previously described [32,
33]. Because leaks around the mask are common during inspira-
tion and lead to overestimation of inspired volume, a backward
correction factor based on expired minute ventilation was applied
to inspiratory flow in calculations of inspiratory WOB [34]. Res-
piratory muscle pressure-time product (PTPoes) was calculated
from the oesophageal pressure signal vs. time, and transdiaphrag-
matic pressure swings (∆Pdi) were recorded. The latter calcula-
tions do not use the flow signal and are not affected by leaks.
PTPoes/breath was obtained by measuring the area under the Pes
signal between onset of effort and end of inspiration and was ref-

erenced to the chest wall static recoil pressure-time curve relation-
ship [35]. A difference between the beginning of the Pes negative
deflection and the zero-flow point indicated the presence of intrin-
sic positive end-expiratory pressure (PEEPi) [36]. This value was
corrected for expiratory muscle activity during expiration detected
on Pga tracings, as described previously [37]. P0.1 was measured
from the Paw signal as described previously [38]. The same exper-
imental apparatus was used during all periods. Data were recorded
during the last 5 min of each 20-min period.

Statistical analysis

Data are reported as mean ±SD. Measurements were compared be-
tween HH and HME with PEEP or ZEEP. Analysis of variance
was performed with Friedman’s nonparametric test, and pairwise
comparisons used the Wilcoxon test for each period. p values less
than 0.05 were considered statistically significant. Nonparametric
tests were used because of the small number of patients.

Results

Comparison of HME and HH at ZEEP

Changes in ventilatory parameters and arterial blood gas-
es are reported in Table 3. Leakage around the mask
evaluated by the ratio of inspired minus expired over in-
spired tidal volume did not differ significantly between
study periods: mean values were 27±15% with the HME
and 30±14% with the HH. Minute ventilation was mark-
edly higher with the HME than with the HH (15.8±
3.7 vs. 12.8±3.6 l/min, p<0.05; Table 3, Fig. 1), despite a
slightly but nonsignificantly higher PaCO2 value and
lower pH value with the HME (p=0.2 and p=0.1 respec-
tively; Table 3). Indexes of patient effort are displayed in
Table 4 and in Figs. 2 and 3. All were significantly high-
er with the HME than with the HH. Compared to the
HH, values with the HME were increased by 43% for
WOB (p=0.007; Fig. 2), 35% for WOB (p=0.007), 34%
for PTPoes (p=0.007; Fig. 3), 35% for P0.1 (p=0.007), and
19% for ∆Pdi (p=0.04). The behavior of the seven
COPD and of the two non-COPD patients was similar in
terms of reduction in indexes of effort. Compared to

Table 3 Ventilatory parameters
and arterial blood gases (mean
±SD) (RR respiratory rate, 
Ti inspiratory time, VT tidal 
volume, V

.
E minute ventilation,

VT/Ti mean inspiratory flow,
Vmax maximal inspiratory flow,
CLdyn dynamic lung compli-
ance, PEEPi intrinsic positive
end-expiratory pressure)

Baseline ZEEP PEEP pa

HME HH HME HH

RR (bpm) 31±11 28±12 26±7 28±9 27±7 0.9
Ti (s) 0.79±0.27 0.82±0.46 0.80±0.22 0.83±0.28 0.83±0.24 0.5
VT (ml) 406±327 582±233 502±242 472±216 485±121 0.07
V
.
E (l/min) 10.9±4.0 15.8±3.7 12.8±3.6* 14.6±3.8 12.8±3.0 0.03

VT/Ti (l/s) 0.48±0.16 0.75±0.16 0.67±0.22 0.62±0.19 0.63±0.21 0.1
Vmax (l/s) 0.74±0.23 1.18±0.40 1.07±0.38 0.97±0.37 1.10±0.37 0.4
CLdyn (l/cmH2O) 0.037±0.024 0.037±0.022 0.043±0.021 0.038±0.015 0.043±0.022 0.8
PEEPi (cmH2O) 0.6±1.0 1.2±1.2 1.1±1.4 0.6±0.7 0.7±0.8 0.2
pH 7.37±0.04 7.37±0.06 7.39±0.05 7.38±0.05 7.39±0.03 0.16
PaCO2 (mmHg) 60±15 60±16 57±16 59±15 57±15 0.26
PaO2 (mmHg) 64±11 74±14 74±11 74±14 73±14 0.7

* p<0.05 HME vs. HH (Wil-
coxon nonparametric test)
a Friedman’s nonparametric
test; comparison with baseline
are not shown
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baseline, several indexes of patient’s effort (WOB) failed
to be reduced by NIV without PEEP when using the
HME (Table 4, Fig. 4) and even tended to increase
(13.9±8.2 vs. 15.5±7.7, p=0.06). 

Effects of PEEP

Addition of PEEP resulted in a significant decrease in
WOB for HME in comparison with ZEEP. Other indexes
of patient effort for HME and all indexes of patient effort
showed no significant decrease with HH, although there
was a trend for a decrease in patient’s effort with PEEP.

Fig. 1 Individual values for minute ventilation during the four 
periods: ZEEP with the heat and moisture exchanger (HME-Z) or
the heated humidifier (HH-Z), and PEEP with the HME (HME-P)
or the HH (HH-P). Patients with or without COPD (n=2) are iden-
tified

Fig. 2 Same conditions as in Fig. 1 for the inspiratory work of
breathing expressed as power (WOB). Patients with or without
COPD (n=2) are identified

Fig. 3 Same conditions as in Fig. 1 for the pressure-time product
of the respiratory muscles (PTPoes). Patients with or without
COPD (n=2) are identified

Comparison of HME and HH at PEEP

With PEEP all differences between HME and HH were
similar as with ZEEP. Indexes of leaks were similar be-
tween PEEP (32±14%) and ZEEP (25±14%). Results of
ventilatory parameters and arterial blood gases are pre-
sented in Table 3. Results of patient effort indexes are re-
ported in Table 4. All patient effort indexes were signifi-
cantly higher when using the HME during PEEP than
with the HH.

Fig. 4 Comparison of the effects of noninvasive ventilation dur-
ing the various conditions (see legend of Fig. 1) on the percentage
of reduction in inspiratory work of breathing (WOB) expressed as
power compared to baseline
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Comparison of the small HME (sHME) 
and HH with ZEEP

This comparison was performed in only seven patients.
Indexes of patient effort are displayed in Table 5. Results
were similar to those of the ZEEP HME-HH compari-
son. Minute ventilation significantly increased with
sHME compared to baseline but not compared to the
HH. Differences between sHME and HME were not sta-
tistically significant, except for expired tidal volume,
which was higher with the large HME (592±233 vs.
524±234, p=0.01), and a trend for a smaller minute ven-
tilation with the small HME (15.1 l/min compared to
16.6 l/min with HME, p=0.1).

Discussion

This study is the first to compare the impact of two kinds
of humidification device on ventilatory parameters, arte-
rial blood gases, and indexes of patient effort during
noninvasive ventilation in patients with acute hypercap-
nic respiratory failure. The most striking finding is that
patient’s effort and, to a lesser extent, minute ventilation
were markedly greater with the HME than with the HH.
Alveolar ventilation was maintained only at the expense
of a greater WOB with the HME compared to the HH.
Moreover, NIV with the HME failed to improve work of
breathing over baseline values at ZEEP.

Although the nature of the effect of HME use in our
study is consistent with recent comparisons of HH and

HME in patients receiving endotracheal mechanical ven-
tilation [27, 28, 29, 30], its magnitude was unexpectedly
large. Compared to physiological deadspace (about
150 ml), instrument deadspace can be very large. The
facemask (70–180 ml), flex tube (20–30 ml), and HME
(50–100 ml) can add 140–280 ml to the circuitry dead-
space, doubling or tripling the physiological deadspace.
The total deadspace thus obtained should be compared to
usual tidal volumes, which are often 500 ml or less. In
the most unfavorable cases, alveolar ventilation can be-
come extremely small, stimulating the respiratory drive,
whereas the main goals of NIV in acute hypercapnic ex-
acerbations are to increase alveolar ventilation and de-
crease the respiratory muscle workload [39].

In the present study all indexes of patient’s effort
(WOB, PTPoes, ∆Pdi, and P0.1) were higher when the
HME was used with ZEEP than with the HH. These re-
sults are consistent with those obtained in patients re-
ceiving endotracheal mechanical ventilation [27, 28, 29,
30]. Five studies have evaluated the effect of the type of
humidification device on ventilatory parameters, arterial
blood gases, and patient effort indexes in patients receiv-
ing endotracheal mechanical ventilation. All five found
that the HME increased minute ventilation compared to
the HH (by 10–22%). Similarly, an increase in PaCO2
and a commensurate decrease in pH were seen with the
HME compared to the HH. The effect on PaO2 was small
and nonsignificant. In the present study minute ventila-
tion increased by 18% with the HME. Pelosi et al. [28]
reported that WOB increased from 8.8±9.4 J/min with an
HH to 14.5±10.3 J/min with an HME similar to the one

Table 4 Patient effort indexes
(mean ±SD) (WOB work of
breathing, PTPoes oesophageal
pressure time product, 
∆Pdi tidal swings in transdia-
phragmatic pressure, P0.1 air-
way occlusion pressure)

Baseline ZEEP PEEP p

HME HH HME HH

WOB (J/breath) 0.56±0.54 0.66±0.51 0.36±0.28** 0.47±0.32 0.29±0.18* 0.01
WOB (J/min) 13.9±8.2 15.5±7.7 8.4±4.5** 11.3±5.7 7.3±3.8* 0.003
WOB (J/l) 1.27±0.58 1.00±0.0.46 0.65±0.31** 0.78±0.0.36 0.56±0.24* 0.002
PTPoes 268±100 197±81 131±57** 156±63 112±49* 0.001

(cmH2O s–1 min–1)
∆Pdi (cmH2O) 15.3±8.2 8.5±6.0 6.8±5.0* 7.2±5.6 5.7±4.4 0.01

* p<0.05 HME vs. HH (Wilcoxon nonparametric test), **p<0.01 HME vs. HH (Wilcoxon nonpara-
metric test)
a Friedman’s nonparametric test; comparison with baseline are not shown

Table 5 Patient effort indices
with the small HME (sHME) 
at ZEEP (7 patients) (WOB
work of breathing, PTPes esoph-
ageal pressure time product,
∆Pdi tidal swings in transdia-
phragmatic pressure, P0.1 air-
way occlusion pressure)

HME sHME HH pa

WOB (J/min) 14.9±8.6 14.1±13.2 8.8±7.0 0.01
WOB (J/l) 0.891±0.447 0.956±0.48 0.554±0.28** 0.005
PTPoes (cmH2O s–1 min–1) 178±83 173±102 122±73* 0.001
∆Pdi (cmH2O) 7.6±6.6 8.8±6.7 5.7±6.6* 0.04

* p<0.05 HH vs. sHME (Wilcoxon nonparametric test), **p<0.01 HH vs. sHME (Wilcoxon nonpara-
metric test)
a Friedman’s nonparametric test



used in our study. This increase is comparable to that
found in our patients. Pelosi et al. [28] suggested that in-
creasing the PS level by 5–10 cmH2O is necessary to
compensate for the increased WOB caused by the HME
deadspace. During NIV, however, an increase in mask
peak pressure can worsen leaks, gastric distension, and
patient discomfort.

In the present study, at ZEEP, WOB increased almost
twofold with the HME compared to the HH. This effect
was primarily ascribable to the deadspace added by the
HME. This additional deadspace with the HME pro-
duced a large increase in minute ventilation, which did
not increase alveolar ventilation. Humidification is usu-
ally considered a minor technical detail of ventilation.
However, the patient effort difference between the two
humidification devices used in the present study
(34–45%) was greater than differences reported between
pressure or flow triggers for NIV (18%) [40], various
modes of ventilation [40, 41], and effects of PEEP (28%)
[42]. To explain the increase in work of breathing with
HME, the main hypothesis is an increase in circuitry
deadspace related to the HME. The reduction in work of
breathing observed with the two filters, however, was
not proportional to deadspace reduction (HME: 14.9±8.6
vs. sHME: 14.1±13.2 J/min, p=0.4, for a change in inter-
nal volume from 95 to 45 ml). This discrepancy has also
been reported in intubated patients by Pelosi et al. [28].
Comparing HH with two HMEs with identical deadspace
than in the present study (95 and 45 ml), they found sim-
ilar results as in this study in terms of work of breathing
difference between HH and the two HMEs. In the study
by Campbell et al. [30] the two HMEs compared to HH
had a greater difference in size (90 ml vs. 28 ml), which
resulted in a greater variation in respiratory parameters
(indexes of patient effort were not measured). One ex-
planation may be that the effect of increasing deadspace
is not linear in this particular setting. A larger number of
patients may also be required to detect physiological dif-
ferences corresponding to modest differences in the
HME size. A role may also be played by the small addi-
tional resistance caused by the small HME (HME:
2 cmH2O l–1 s–1 vs. sHME: 2.5 cmH2O l–1 s–1). This
could minimize the difference caused by deadspace.

Another important result needs to be emphasized. In
comparison with baseline, WOB (J/breath and J/min)
was not reduced by NIV using HME in ZEEP and was
even almost increased (p=0.06; Fig. 4). This effect was
nevertheless not observed for all indexes of patient effort
but suggests that under certain circumstances, the effect
of the HME could totally counteract the beneficial effect
of NIV.

The differences were slightly more pronounced at
ZEEP than with PEEP, although all patient effort indexes
except ∆Pdi were significantly higher with the HME
than with the HH. This reduction in the effects of HME
on patient’s effort may be due to a lower baseline patient

effort and ventilatory needs when PEEP and PS were
used in combination during NIV. In addition, some dead-
space washout effect during expiratory leaks generated
by PEEP may have contributed to a lower deadspace. If
leakage occurs during expiration because of PEEP, ex-
haled gas with a high CO2 concentration exits the mask,
reducing CO2 rebreathing. In our study the presence of
an oesophageal and gastric catheter placed between the
mask and the patient’s face may have increased expirato-
ry leakage compared to real-life ventilation.

The HME and HH produced identical intrinsic PEEP
levels with ZEEP (1.2±1.2 vs. 1.1±1.4, p=0.17) and
PEEP (0.6±0.7 vs. 0.7±0.8, p=0.12). The low levels of
intrinsic PEEP were due to several factors. First, the tidal
volume target (7–8 ml/kg) was moderate. This mini-
mized the risk of dynamic hyperinflation in our study
population. In addition, auto-PEEP was corrected for ex-
piratory activity of the abdominal muscles [37]. Lastly,
the patients were studied after a mean ICU stay length of
48 h, at a time when the initial treatment had probably
reduced the hyperinflation.

Our study has several limitations related to the differ-
ences between the study conditions and the clinical set-
ting. The deadspace added by the pneumotachograph and
connecting tubes used for the measurements may have
influenced the results (27 ml for the flowmeter and pres-
sure measurement tubes). Furthermore, the oesogastric
tube probably increased leakage. For WOB calculations,
however, we used a correction factor based on estimated
leakage. Study inclusion occurred after a mean ICU stay
of 48 h, at a time when acidemia was less pronounced
than at admission and had even almost resolved in five
patients (pH=7.35). The effect of deadspace may be
more pronounced in patients with severe hypercapnic ac-
idosis. This study included only patients with hypercap-
nia, who may be particularly sensitive to the deleterious
effects of additional deadspace. Lastly, we did not inves-
tigate the effects of a small turbine ventilator without air-
way humidification. This system might have a deadspace
comparable to that seen with the HH in our study.

In conclusion, the present study strongly suggests that
use of an HME greatly increases WOB in comparison
with HH during NIV in patients with hypercapnic acute
respiratory failure. In these patients the main aims of
NIV are to increase alveolar ventilation and to reduce
respiratory muscle work. HME puts this goal out of
reach. Humidification devices, usually considered a mere
technical detail, can have a huge impact on physiological
parameters.
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