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Respiratory mechanics of neurological patients 
undergoing mechanical ventilation under heated 
humidifier and a heat exchanger filter model 

Mecânica respiratória de pacientes neurocríticos sob ventilação 
mecânica submetidos à umidificação aquecida e a um modelo de 
filtro trocador de calor

INTRODUCTION

Artificial airway (AAW) and mechanical ventilation (MV) are indicat-
ed in the presence of imbalance between demand and ventilatory capacity. 
Upper airways have a very important role for the inspired air heating, hu-
midification and filtration, and are responsible for about 65% of alveolar 
gas humidity.(1,2)  

Prolonged inhalation of inappropriately conditioned gases may lead 
to hypothermia, bronchial secretions thickening, airways epithelium 
destruction, atelectasis, tracheal wall inflammation, dysphagia, laryn-
geal narrowing, in addition to vocal cords, oral cavity and tracheal 
injuries.(1,3-5)
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ABSTRACT

Objectives: In mechanically ven-
tilated patients, humidifier devices 
are used to heat and moisturize the 
inspired gas. Heating and humidify-
ing inspired gas may prevent compli-
cations associated with the respiratory 
mucosa dryness such as mucus plug-
ging and endotracheal tube occlusion. 
Two devices have been commonly 
used to this, either heated humidifier 
or the heat moisture exchange filter. 
This study aimed to compare the ef-
fects of the heated humidifier and a 
model of heat moisture exchange fil-
ter on respiratory mechanics in me-
chanically ventilated neurological 
patients.

Methods: This was a randomized 
crossover trial, involving 31 neuro-
logical patients under mechanical 
ventilation randomly assigned to the 
humidification devices. Expired tidal 

volume, peak inspiratory flow, peak 
expiratory flow, static compliance, 
dynamic compliance and respiratory 
system resistance were evaluated. Sta-
tistical analysis used the Kolmogorov-
Smirnov test and Student’s t test for 
paired samples, in which P values < 
0.05 were considered significant.

Results: The heat moisture ex-
changer filter decreased expired tidal 
volume, peak inspiratory flow, peak 
expiratory flow (p < 0.001) and dy-
namic compliance (p = 0.002), and 
increased respiratory system resis-
tance (p < 0.001). 

Conclusion: In the studied popu-
lation, the use of a heat moisture ex-
change filter   model leaded to several 
changes on respiratory mechanics pa-
rameters.
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The use of an AAW contributes to inhalation of 
a large volume of gas at low temperature and poor 
humidity, being the use of humidifier system coupled 
to the inspiratory line of the mechanical ventilator to 
provide the inspired air conditioning.(1,4,6-9)   

Two types of devices have been commonly used 
during MV aiming to humidify and heat the inspired 
air, namely heated humidifiers (HH) and heat mois-
ture exchange filter (HMEF). HH promote inspired 
air heating and humidification by passing the air 
through a partially filled with heated distilled water 
chamber, while HMEF are devices adapted between 
the AAW and the ventilator circuit, and able to store 
part of the heat and water vapor from the exhaled air, 
rendering them available for a new inspiration.(1,8,10,11) 

Some disadvantages are associated to the use of 
both humidifiers. During HH use, large amounts of 
condensate are frequent, increasing the incidence of 
ventilator-associated pneumonia, patient-ventilator 
asynchrony, requires electricity use, and constant wa-
ter replacement. Thus, prolonged HMEF use (> 24 
hours) may increase the respiratory workload due to 
the increased resistance to the inspired air, in addition 
to alveolar ventilation changes.(3,8,9,12-14)

Although some studies(3,8,10,12-16) analyzed the hu-
midification systems effectiveness regarding viral and 
bacterial colonization and ability to provide appro-
priate humidification and heating, few studies(10,14,15) 
evaluated the effects of their use on respiratory me-
chanics and respiratory muscles workload.

Considering the above discussed, this study aimed 
to evaluate the effects of HH and a HMEF model 
used on critically ill neurological patients under MV. 

METHODS

This was a controlled, crossover, randomized study 
(randomized using ruffle card) involving critically ill 
neurological patients admitted in the intensive care 
unit from the Hospital da Restauração between Octo-
ber 2008 and October 2009.

This study was approved by the Institutional Ethic 
Committee and the legally accepted representatives of 
the subjects signed an informed consent form, accord-
ing to the Brazilian Health Authorities requirements. 

Inclusion criteria were patients older than 18 years; 
without previous pulmonary disease or neurological 
diagnosis; less than 72 hours under mechanical venti-
lation and sedation and absence of respiratory effort. 

 As exclusion criteria we considered: contraindica-

tions for HMEF use (i.e. abundant or thick tracheal 
secretion); increased minute volume (above 10 L/
min); less than 300 mL or more than 1100 mL tid-
al volume; bronchopleural fistulae and hypothermia 
(temperature below 32ºC).(17,18)  

The HH Misty-3® (Intermed®, São Paulo - Brazil), 
filled with 280 mL distilled water was used, adjusted 
on the device’s level 5. The HMEF used was the Hy-
grobac “S”® (Mallinckrodt DAR® – Tyco Healthcare, 
Mirandola - Italy) electrostatic model, just unpacked, 
with dead space of 51 mL and weight of 28 g (accord-
ing to information provided by the manufacturer).  

The baseline patients’ evaluation included personal 
data collection (name, age, gender), and clinical data 
(cause for intubation, comorbidities, and total MV 
time) obtained from the medical chart. The previous-
ly used ventilatory parameters and ventilation mode 
were directly checked on the mechanical ventilator 
(Inter 5-Plus® - Intermed®, São Paulo, Brazil).

All the patients were positioned in 30º elevated 
dorsal decubitus, which was measured with a goni-
ometer (Carci®, São Paulo, Brazil), and underwent 
tracheal aspiration. After aspiration, were monitored 
the heart rate (HR), mean blood pressure (MBP) and 
peripheral oxygen saturation (SpO2) using the  DX 
2010® (Dixtal®, São Paulo - Brazil) monitor.

All patients were initially ventilated in pressure 
controlled ventilation (PCV) mode for 15 minutes, 
pressure range of 20 cmH2O (ΔP), respiratory rate 
(RR) of 12 ipm, inspiratory time (Tins) of 1 second, 
inspiratory sensitivity (Sens) set on -2cmH2O, posi-
tive end-expiratory pressure (PEEP) and inspired oxy-
gen fraction (FiO2) kept on the previous level. After 
these parameters were obtained, the expired tidal vol-
ume (TVexp), peak expiratory flow (PEF), and peak 
inspiratory flow (PIF) were measured using the Inter-
GMX Slim® monitor (Intermed®, São Paulo - Brazil).

Then, the ventilatory mode was changed to volume 
controlled ventilation (VCV) with square flow wave, 
tidal volume (TV)  of 8 mL/kg from the predicted 
body weight (from the formulas 50 + 0.91 x [height 
(cm) – 152.4] for men and 45.5 + 0.91 x [height (cm) 
– 152.4] for women),(19) PIF 60 Lpm, inspiratory 
pause of 2 seconds, RR of 12 ipm, PEEP and FiO2 
kept on previous levels, obtaining a peak pressure 
(Ppeak) and plateau pressure (Pplat), and calculated the 
dynamic compliance – Cdyn (TV/Ppeak – PEEP), static 
compliance – Cstat [TV/(Pplat – PEEP)] and respiratory 
system resistance – Rrs [(Ppeak – Pplat)/ PIF].(20) 

Following Cdyn, Cstat and Rrs evaluations, the pa-
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tients were ventilated in the PCV mode (parameters 
above mentioned), and the protocol repeated 15 min-
utes later, using the other humidification device.

For the statistical analysis, Kolmogorov-Smirnov 
test was used to measured variables normality, and for 
the inter-groups analysis the Student’s t test for paired 
samples was applied. The GraphPad Prism 4 and Mi-
crosoft Excel 2007 softwares were used, and values 
with p<0.05 were considered significant.

RESULTS

Thirty one patients with different neurological 
conditions were evaluated. The subjects’ characteris-
tics, including gender, age, anthropometric data and 
intubation days are shown on table 1.

Table 2 shows the means ± standard deviations for 
the respiratory mechanic parameters evaluated in this 
study. It can be seen that patients under HMEF signif-
icantly reduced TVexp (p<0.001), PEF (p<0.001), PIF 

(p<0.001), and Cdyn (0.002). Regarding Rrs, a signifi-
cant increase was seen in the HMEF group (p<0.001). 
Cest was not significantly different between groups. 

DISCUSSION

The use of HMEF has increased in the last years 
due to their reduced operational costs, easy handling 
and possible clinical benefits such as reduced circuit 
condensate volume and the incidence of ventilator-as-
sociated pneumonia.(21,22) However, its use may be as-
sociated with increased resistance and dead space, and 
consequently increased respiratory muscle workload, 
reduced minute volume and carbon dioxide (CO2) re-
tention.(10, 23-25) 

These HMEF adverse effects have been described 
with its partial obstruction by tracheobronchial se-
cretions and prolonged use, and are associated to its 
increased hygroscopicicity and weight, not expecting 
major changes, while using the dry filter.(23,24)

In this study we chose to evaluate a HMEF effect 
over the respiratory mechanics just after starting its 
use, and found a mean Rrs increase according to the 
manufacturer recommendation (±2.5 cmH2O/L/sec, 
with PIF = 60 Lpm), reaching a mean value above 
(14.84 cmH2O/L/sec) to the considered acceptable 
for mechanically ventilated patients (12 cmH2O/L/
sec), which could be even greater with longer dura-
tion of use. 

In our sample composed of critically ill neurologi-
cal patients, a significant TVexp was identified with 
HMEF used during assisted-controlled ventilation 
mode in neurological patients.

Special attention should be available to the con-
trol of alveolar ventilation in this population, and in 
hypercapnic patients while using HMEF, particularly 
COPD patients and those with a history of broncho-
spasm, in order to avoid unwanted PaCO2 fluctua-

Table 2 – Ventilatory mechanics parameters during both humidification devices 
Parameters HH HMEF p value*
TVexp (ml)
PEF (Lpm)
PIF (Lpm)
Cstat (ml/cmH2O)
Cdyn (ml/cmH2O)
Rsr (cmH2O/L/s)

673.90 ± 165.50
49.65 ± 9.45
64.23 ± 8.75
55.95 ± 17.29
29.75 ± 12.12
11.71 ± 5.36

584.20 ± 141.50
42.84 ± 7.40
59.55 ± 8.56
55.12 ± 14.87
26.29 ± 9.94
14.84 ± 5.28

0.001
0.001
0.001
0.571
0.002
0.001

HH – heated aqueous humidifier; HMEH - heat mositure exchange filter;  TVexp – expired tidal volume ; PEF – peak expiratory flow; PIF – peak 
inspiratory flow; Cstat -  static compliance; Cdyn – dynamic compliance; Rrs – respiratory system resistance. Results were expressed as mean ± standard 
deviation. * t-Student paired samples test.

Table 1 – Demographic characteristics 
Variables Results
Clinical diagnosis

Head injury 12 (38.9)
Hemorrhagic stroke 7 (22.5)
Post-operative Neurosurgery 6 (19.3)
Ischemic stroke 5 (16.1)
Spinal trauma 1 (3.2)

Gender
Male
Female

17 (54.8)
14 (45.2)

Age (years) 47.61 ± 15.99
Height (m) 1.66 ± 0.10
Ideal weight (Kg) 61.33 ± 11.38
Intubation time (days) 1.83 ± 0.73

The data are expressed as number (percents or mean ± standard de-
viation).
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tions and cerebral hemodynamics changes.(26-28) 
Patients undergoing weaning from MV may have 

respiratory muscles overload while using HMEF due 
to increased resistance. Several studies compared the 
effects of HMEF in patients weaning from MV, ob-
serving reduced TV, increased PaCO2 and respiratory 
rate, and minute volume.(4,10,15,23) 

In our study the PIF, PEF and Cdyn values were sig-
nificantly reduced, while Rrs increased significantly 
using the HHEF. These results showed  an increased 
airflow resistance, which may increase the ventilatory 
demand and consumption oxygen, difficult the me-
chanical ventilation weaning process.(10,23,29,30) 

Chiaranda et al. reported significant Rsr increase in 
83% of the HMEF users after 24 hours.(31) However, 
in a randomized controlled trial, Ricard et al. evaluat-
ed the effect of usage time on the HMEF performance 
in 45 mechanically ventilated patients, and observed 
increased Rrs after the initial moment of its use, not 
observing differences in the Rrs after 7 days to the first 
day of use.

In our study we used one single HMEF hygroscopic 
model. Lucato et al. evaluated the effects of different 
types of HMEF (hygroscopic x hydrophobic x mixed), 
and found a significant Rsr increase in the hygroscopic 
HMEF, which was correlated to the excessive humid-
ity accumulation and increased filter weight.(14) Our 
study did not allow a comparison of several hygro-
scopic filters, preventing the extrapolation of our re-
sults to other models commercially available. 

Iotti et al. noted that the increased Rrs from the 
HMEF may promote increased RR, decreased expira-
tory time, auto-PEEP development, and consequently 
increased respiratory workload.(29) Auto-PEEP is as-
sociated with increased intrathoracic pressure and re-
duced cerebral venous return,(32) predisposing to in-
tracranial pressure increase in extensive brain injury 
patients.(27,28) 

Conti et al., evaluating healthy volunteers that 
spontaneous breathing, noted that HMEF lead to in-
creased Rsr, and that the respiratory muscles workload 
may be reduced by expiratory time prolongation.(33) 

In this study we found no clinical signs of increased 
respiratory work, as all patients were under sedation 
and/or anesthesia, and controlled ventilation. 

In previous studies, the effect of using HMEF on 
Cdyn is controversial. Iotti et al. did not observed sig-
nificant change in Cdyn in patients using HMEF,(29) 
while Morán et al. found significant reduction in Cdyn 
during employment of HMEF due to an increased re-

strictive pressure,(34) similarly to our results.
Reduction in PEF found in this study during 

HMEF use may difficult bronchial secretions dis-
placement to upper airways in mechanically ventilat-
ed patients. According to Gosselink et al and Volpe 
et al., increase PEF is associated to center of mass 
displacement and better removal of bronchial mucus 
excess, thus contributing to lower risks of pulmonary 
complications such as atelectasis and respiratory in-
fections.(35,36) 

 In this study, HMEF did not cause significant 
change in the Cdyn. Macintyre et al., studied 26 pa-
tients under mechanical ventilation using HMEF more 
than 24, also found no significant changes in Cest, 
which could be explained due to no change in alveolar 
pressure during during application of HMEF.(37) 

Although changes in respiratory mechanics have 
been observed in our sample, it is not possible to as-
sess the clinical impact, because we did not analized 
its effect on variables as such mechanical ventilation 
time and ICU length of stay and hospital mortality. 
Further more studies should be addressed using oth-
ers HMEF models (hygroscopic, hydrophobic and 
mixed) to assess alveolar ventilation and cerebral he-
modynamics in critically ill neurological patients, and 
the respiratory muscles workload in patients weaning 
from mechanical ventilation. 

CONCLUSION

Our results suggest that the use of a HMEF model 
may lead to significant changes in the respiratory me-
chanics (TVexp, PIF, PEF, Cdyn and Rsr) in mechani-
cally ventilated neurological patients.
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RESUMO

Objetivos: Em pacientes sob ventilação mecânica, disposi-
tivos de umidificação são utilizados para aquecer e umidificar 
o gás inspirado. O aquecimento e umidificação do gás inspi-
rado podem prevenir complicações associadas ao ressecamento 
da mucosa respiratória, como a formação de tampão mucoso e 
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oclusão do tubo endotraqueal. Com esse objetivo, dois disposi-
tivos têm sido comumente utilizados: os umidificadores aquosos 
aquecidos e os filtros trocadores de calor e umidade. O objetivo 
deste estudo foi comparar o efeito da utilização do umidificador 
aquoso aquecido e de um modelo de filtro trocador de calor e 
umidade sobre a mecânica respiratória de pacientes neurocríti-
cos sob ventilação mecânica.   

Métodos: Trata-se de um ensaio clínico, cruzado e randomi-
zado, onde 31 pacientes neurocríticos sob ventilação mecânica 
foram submetidos de forma aleatória às duas formas de umidifi-
cação. Foram avaliados o volume corrente expirado, pico de flu-
xo inspiratório, pico de fluxo expiratório, complacência estática, 
complacência dinâmica e resistência do sistema respiratório. 
Para análise estatística dos resultados obtidos foram utilizados 

os testes de Kolmogorov-Smirnov e t-Student para amostras pa-
readas, considerando-se a significância estatística quando obser-
vado um valor de p < 0,05. 

Resultados: A utilização de um modelo de filtro trocador de 
calor e umidade  promoveu a redução do volume corrente expi-
rado, pico de fluxo inspiratório, pico de fluxo expiratório (p < 
0,001) e complacência dinâmica (p = 0,002), além do aumento 
da resistência do sistema respiratório (p < 0,0001). 

Conclusão: Na população estudada, a utilização de um mo-
delo de filtro trocador de calor e umidade promoveu a modifica-
ção de diversos parâmetros da mecânica respiratória.

Descritores: Mecânica respiratória; Respiração artificial; 
Ventiladores mecânicos; Unidades de terapia intensiva

REFERENCES

1. Ribeiro DC, Lopes CR, Lima RZ, Teixeira YCN. Comparação 
da resistência imposta pelos filtros artificiais durante a 
ventilação mecânica. Arq Med ABC. 2007;32(Supl 2): S42-6.

2. Kirton OC, DeHaven CB, Morgan JP, Windsor J, Civetta 
JM. Elevated imposed work of breathing masquerading as 
ventilator weaning intolerance. Chest. 1995;108(4):1021-5.

3. Thiéry G, Boyer A, Pigné E, Salah A, De Lassence A, 
Dreyfuss D, Ricard JD. Heat and moisture exchanger in 
mechanically ventilated intensive care unit patients: a plea 
for an independent assessment of their performance. Crit 
Care Med. 2003;31(3):699-704.

4. Galvão AM, Galindo Filho VC, Marinho PEM, Gomes R, 
França EET, Brandão DC, et al. Estudo comparativo entre 
os sistemas de umidificação aquoso aquecido e trocador 
de calor e de umidade na via aérea artificial de pacientes 
em ventilação mecânica invasiva. Rev Bras Fisioter. 
2006;10(3):303-8.

5. Scanlan CL, Wilkins RL, Stoller JK. Fundamentos da 
terapia respiratória de Egan. 7a ed. São Paulo: Manole;  
2000. Cap. 31. p.683-703.

6. Branson RD. Humidification for patients with artificial 
airways. Respir Care.1999;44(6):630-42.

7. Chiumello D, Pelosi P, Park G, Candiani A, Bottino N, 
Storelli E, et al. In vitro and in vivo evaluation of a new active 
heat moisture exchanger. Crit Care. 2004;8(5):R281-8.

8. Kollef MH, Shapiro SD, Boyd V, Silver P, Von Harz B, 
Trovillion E, Prentice D. A randomizer trial comparing 
an extended-use hygroscopic condenser humidifier with 
heated-water humidification in mechanically ventilated 
patients. Chest. 1998;133(3):759-67.

9. Lucato JJ, Adams AB, Souza R, Torquato JA, Carvalho 
CR, Marini JJ. Evaluating humidity recovery efficiency of 
currently available heat and moisture exchangers: a respiratory 
system model study. Clinics (Sao Paulo). 2009;64(6):585-90.

10. Girault C, Breton L, Richard JC, Tamion F, Vandelet P, 

Aboab J, et al. Mechanical effects of airway humidification 
devices in difficult to wean patients. Crit Care Med. 
2003;31(5):1306-11.

11. Branson RD, Campbell R, Johannigmam J, Ottaway 
M, Davis K Jr, Luchette FA, Frame S. Comparison of 
conventional heated humidification with a new active 
hygroscopic heat and moisture exchanger in mechanically 
ventilated patients. Respir Care. 1999;44(8):912-7.

12. Koening SM, Truwit JD. Ventilator-associated pneumonia: 
diagnosis, treatment, and prevention. Clin Microbiol Rev. 
2006;19(4):637-57.

13. Diaz RB, Barbosa DA, Bettencourt AR, Vianna LAC, Gir 
E, Guimarães T. Avaliação do uso de filtros umidificadores 
higroscópicos para prevenção de pneumonia hospitalar. 
Acta Paul Enferm. 2002;15(4):32-44.

14. Lucato JJ, Tucci MR, Schettino GP, Adams AB, Fu C, Forti 
G Jr, et al. Evaluation of resistance in 8 different heat-and-
moisture exchangers: effects of saturation and flow rate/
profile. Respir Care. 2005;50(5):636-43.

15. Le Bourdellès G, Mier L, Fiquet B, Djedaïni K, Saumon 
G, Coste F, Dreyfuss D. Comparison of the effects of 
heat and moisture exchangers and heated humidifiers on 
ventilation and gas exchange during weaning trials from 
mechanical ventilation. Chest.1996;110(5):1294-8.

16. Turnbull D, Fisher PC, Mills GH, Morgan-Hughes NJ. 
Performance of breathing filters under wet conditions: a 
laboratory evaluation. Br J Anaesth. 2005;94(5):675-82.

17. Branson RD, Davis K Jr, Campbell RS, Johnson DJ, 
Porembka DT. Humidification in the intensive care 
unit. Prospective study of new protocol utilizing heated 
humidification and a hygroscopic condenser humidifier. 
Chest.1993;104(6):1800-5.

18. Ricard JD, Le Mière E, Markowicz P, Lasry S, Saumon 
G, Djedaïni K, et al. Efficiency and safety of mechanical 
ventilation with a heat and moisture exchanger 
changed only once a week. Am J Respir Crit Care Med. 
2000;161(1):104-9.



Respiratory mechanics of neurological patients 269

Rev Bras Ter Intensiva. 2010; 22(3):264-269

19. Ventilation with lower tidal volumes as compared with 
traditional tidal volumes for acute lung injury and acute 
respiratory distress syndrome. The Acute Respiratory Distress 
Syndrome Network. N Engl J Med. 2000;342(18):1301-8.

20. Emmerich JC. Monitorização respiratória: fundamentos. 
2a. ed. Rio de Janeiro: Revinter; 2001. p.159-81.

21. Masterton RG, Galloway A, French G, Street M, Armstrong 
J, Brown E,  et al. Guidelines for the management of 
hospital-acquired pneumonia in the UK: report of the 
working party on hospital-acquired pneumonia of the 
British Society for Antimicrobial Chemotherapy. J 
Antimicrob Chemother. 2008;62(1):5-34. Review.

22. American Thoracic Society; Infectious Diseases Society of 
America. Guidelines for the management of adults with 
hospital-acquired, ventilator-associated, and healthcare-
associated pneumonia. Am J Respir Crit Care Med. 
2005;171(4):388-416.

23. Campbell RS, Davis K Jr, Johannigman JA, Branson RD. 
The effects of passive humidifier dead space on respiratory 
variables in paralyzed and spontaneously breathing 
patients. Respir Care. 2000;45(3):306-12. 

24. Manthous C, Schmidt GA. Resistive pressure of a 
condenser humidifier in mechanically ventilated patients. 
Crit Care Med. 1994;22(11):1792-5.

25. Kola A, Eckmanns T, Gastmeier P. Efficacy of heat and 
moisture exchangers in preventing ventilator-associated 
pneumonia: meta-analysis of randomized controlled trials. 
Intensive Care Med. 2005;31(1):5-11.

26. Stocchetti N, Maas AI, Chieregato A, van der Plas 
AA. Hyperventilation in head injury: a review. Chest. 
2005;127(5):1812-27.

27. Mascia L, Majorano M. Mechanical ventilation for 
patients with acute brain injury. Curr Opin Crit Care. 
2000;6(1):52-6.

28. Oliveira-Abreu M, Almeida ML. Manuseio da ventilação no 
trauma cranioencefálico: hiperventilação e pressão positiva 
expiratória final. Rev Bras Ter Intensiva. 2009;21(1):72-9.

29. Iotti GA, Olivei MC, Braschi A. Mechanical effects of 

heat-moisture exchangers in ventilated patients. Critical 
Care. 1999;3(5):R77-82.

30. Pelosi P, Solca M, Ravagnan I, Tubiolo D, Ferrario L, 
Gattinoni L. Effects of heat and moisture exchangers 
on minute ventilation, ventilatory drive, and work of 
breathing during pressure-support ventilation in acute 
respiratory failure. Crit Care Med.1996;24(7):1184-8. 

31. Chiaranda M, Verona L, Pinamonti O, Dominioni L, Minoja 
G, Conti G. Use of heat and moisture exchanging (HME) 
filters in mechanically ventilated ICU patients: influence on 
airway low- resistance. Intensive Care Med. 1993;19(8):462-6.

32. Blanch L, Bernabé F, Lucangelo U. Measurement of 
air trapping, intrinsic positive end-expiratory pressure, 
and dynamic hyperinflation in mechanically ventilated 
patients. Respir Care. 2005;50(1):110-23; discussion 
123-4.

33. Conti G, De Blasi RA, Rocco M, Pelaia P, Antonelli M, 
Bufi M, et al. Effects of the heat-moisture exchangers on 
dynamic hyperinflation of mechanically ventilated COPD 
patients. Intensive Care Med. 1990;16(7):441-3.

34. Morán I, Bellapart J, Vari A, Mancebo J. Heat and 
moisture exchangers and heated humidifiers in acute lung 
injury/acute respiratory distress syndrome patients. Effects 
on respiratory mechanics and gas exchange. Intensive Care 
Med. 2006;32(4):524-31.

35. Gosselink R,  Bott J, Johnson M, Dean E, Nava S, 
Norrenberg M, et al. Physiotherapy for adult patients 
with critical illness: recommendations of the European 
Respiratory Society and European Society of Intensive 
Care Medicine Task Force on Physiotherapy for Critically 
Ill Patients. Intensive Care Med. 2008;34(7):1188-99.

36. Volpe MS, Adams AB, Amato MB, Marini JJ. Ventilation 
patterns influence airway secretion movement. Respir 
Care. 2008;53(10):1287-94.

37. Macintyre NR, Anderson HR, Silver RM, Schuler FR, 
Coleman RE. Pulmonary function on mechanically-
ventilated patients during 24-hour use of a hygroscopic 
condenser humidifier. Chest. 1983;84(5):560-4.


