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Background

1o evaluate the effects of active heated
humidifiers (HHs) and moisture exchangers
(HMES) In preventing
— artificial airway occlusion
— pneumonia
— mortality

o In adult critically ill patients
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CONTRAINDICATION

Secretions; thick, copious, tenacious'*!

Long-term ventilation > ¢

Bronchopleuralcutaneous fistulg* ? * 17 1¢ 1=

Incompetent or absent ET tube cuff? 2814

Expired V_less than 70% of the delivered V!

Airway burns?? =
Dehydration®'”’

Hypothermial? 1712131718

Acute Respiratory Distress Syndrome {(ARDS)'71#
Asthma" =77

Atelectasis'”

Chronic Obstructive Pulmonary Disease (COPD) "’
Severe hypercapnia’™

Ventilation strategy: lung protective, low V "7
Ventilation strategy; high MV* **

Weaning; difficult to wean”’ '’

Airwvay hemorrhage/trauma®® 7 *

Nebulized medications; during delivery of aerosol treatments!<7?
Pulmonary edema’*“”’

Secretions; bloody?* ¢ 1218 184=

Immunocompromised!?

<. MR R . STERSEch),
REASON FOR CONTRAINDICATION —

INSUFFICIENT HUMIDIFICATION

Normal HME operation results in a net loss of
moisture from the respiratory tract. Increases risk
of mucus plugging and airway occlusion due to
insufficient humidification

AIR LEAK

Causes leak that prevents exhaled heat

and moisture entering the HME and reduces inspired
humidity

Low HME EFFICIENCY

HMESs return a portion of the exhaled heat and
moisture. A reduced level of exhaled heat and
moisture decreases HME efficiency

DEAD SPACE / RESISTANCE
HMESs increase dead space, resistance to flow and
work of breathing; and reduce alveolar ventilation

HME occLUuSION

Causes HME occlusion and subsequent increased
resistance to flow, work of breathing and/or
barotraumas; and reduced alveolar ventilation

INFECTION a

Routine HME change increases risk of infection
.
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« We applied standard filters for the identification of RCTs using the
MEDLINE and PUBMED search engines (from inception to June 2014),
using English language restrictions.

 search included the following keywords: heat and moisture exchangers,
heated humidifiers, airway humidification, artificial humidification, artificial

airway occlusion, mortality, pneumonia and humans and randomized clinical
trial.
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Heat and moisture exchangers (HMES)and heated Rt itifiers (FHSy
- inadult critically ill patients: a systematic review, meta-analysis and
i meta-regression of randomized controlled trials

1347 references tulfitled
search

1266 references were
excloded after reading
tithe and abstract

77 references reviewed in
full paper form

P 59 references were excluded

I8 rc{crcnc RCT
Fig. 1 The study selection process
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« Quality assessment of these studies included:

(1) use of randomization sequence generation

(2) reporting and type of allocation concealment

ARIEE RN A T chA JRUE B

(3) blinding

IEFR M FEEB L RE A RER

(4) reporting of incomplete outcome data

(5) comparability of the groups at baseline

« Quality assessment is reported in Additional file 1.

« Two reviewers (MV and LB) independently used these criteria to
evaluate trial quality.

« We solved any possible disagreement by consensus in consultation
with two other reviewers (GS and AE) if needed.

’ﬁ
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description of quality assessment for each included study.
H= high risk of bias L= low risk of bias U= uncertain risk of bias
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Random segquence Allocation Blinding Incomplete Baseline
generation concealment outcome data characteristics
Oguz 2013 Random Not described Not described Not described Imbalance in baseline

number list
generated using
Excel software
&4

u

U

U

characteristic (gender,
smoking., chronic
disease) and time of
circuit changes
H

Boots 2006

Predetermined list
gcenerated from a

Not described
u

Blinding only
CXR

No lost to
follow-up

Imbalance in bascline
characteristics (Length

list of random o | ) of MV)
numbers. H
3
Lorente 2006 Random Not described Not described 167120 lost 1o No imbalance in

number list
generated using
Excel software

u

(8}

follow-up
L

baseline characteristics
|

L
IL_acherade Computer generated Not described Not described No lost to Imbalance in baseline
2005 randomization u o foliow-up characteristics (P/F

| E ratio and

immunocompromised
PEs)
H

Diaz 2002

Random number list

Secaled and

Not described

No lost follow

Balance in bascline
characteristics

| consecutively u up
numbered H |
 E
Memiash 2001 Group balance was The Not described 1557398 lost Imbalance in baseline
maintained within randomization o follow up characteristics
cach record was kept H {(neurologic disease)
block of 20 with the H
L hospital
biostatistician
L
Kollef 1998 Not described Opaque Blinding Not described Balance in basecline
o envelopes assessment o characteristics
L |  £3

Not described

Lucchetti Not described Not described Not described Not described
1998 o u o o | &)
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Table 1 Malo Zbascteristics of the randomized controlied trials included in the meta-analysis (HME vs HHE with heated and non-heated wire)
First Study Population Age Exclusion criteria Number of Severity  Characteristic of Active humidifier VMV Frequency of Diagnosis of VAP
Author/ design patients of iliness  passive humidifier/  (HH) change of
year (HME/HH) frequency of ventilator
change circuit
QJuz 2013) SORCT | General iCU with 479 vs 445 Patients with 1Bwvs 17 na HME replaced HH na na. CxXR nfiltration
83] Imubation Intubation daily
<24 howrs >24 bours,
pnewmonia
Boots 200 SC/RCT [General ICU with 59 vs 60 Patients presenting 190 vs 19T APACHE  Hygroscopic HME  Hot-water na Every new CPIS 26 Tracheal
821 MV 248 hours history (alrway 20 vs  wath a bacterial humidification with a patients suction
hemorrhage, 20 viral filter/24 hours heated wire in both
asthma, cr airwvay inspiratory and
burms) suggested 3 expiratorny circult
need for HH fimbs {DHW} or the
nspiratory limb only
(SHW)
Lorente SCRCT |ICU with patients 56 vs 55 Age <18 years, HIV, 53 vs 51 APACHE HME: Edith Flex MR 850 * {Fisher & na No routine Tracheal aspirate
2006 {31) expected to require WBC <1000 cells/ 1811/ (Datex-Cahimeda) Paykel Health Care change of
roechanical mm© salid o 18.72 changed at Lid, Auckiand, New ventiator
ventilation for hematological 48-hour interval Zealand) and the cirouit
>S5 days tumos arnd Asvodyne
Immuncsuppressive 20C0*servo-contralled
therapy humidifiers with
wire-heated circuits
withaout water traps
and with an autcfeed
chamber to refill the
chamber vath water
Lacherade | MC/ S5 ICUs located In 552 ws 547 Contraindications 1o 185 vs 184 SAPS |l DAR Hygrobac The MR730 device na Changed for Invadve respiraton
2005180 | RCT twa French the use of an HMEF 454 vs firer device (Tyco (Fisher & Payxel Every nev secetkan
university-affifiated or of an HH, 433 Healthcara/Nelicor,  Heaithcare Ltd, patient samplings cudturec
teaching haspitals patents admitted Pleasanton, CA, Auckland, New quantitatively,
Medical, Surgical, after cardiac amrest, USA (changed at Zezland), Heated usng a peotected
Neurosurgical patients already 48 hours interval) wire telescoping
requiring MV enrolled in a clinical catheter or BAL
>438 haurs trial, and patients SC . . I t . I t
with early decision
yauh Sy e - SIngle trial center
weithdrawal were . T
Aot induded MC : more trial center
Diaz 2002 | SC/RCT Jintubated patients 61 vs 66 Previous pulmonary 23 vs 20 na HME HH na na na
71 disease,
Hypothermia,
pulmonary secretion
or low expiratory
valurme
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Artificial airway occlusion
Studios Estimate (358 C.I.) HME HH
Kukegaard 1887 5,000 (0.200, 96,127) 2/1b 0718 -
Marnn 1990 17.460 (1.021, 298.935) 6/31 0/42 - -
Misset 1991 1,732 (0.345, 8.707) &/30 2/26 : 3
Roustan 1992 21,036 {1.253, 353.184) 9/55 0/61 - -
Dreyfuss 1965 3.43% (0.343, B82.813) 1/e1 /70 L
Branson 1996 1,100 {0.022, 54.407) 0/49 o/54 F -
Vilatane 1996 3,187 (0.368, 27.%277) 3/1¢6 /17 -
Boots 1997 0.977 (0.020, 48.099) 0/42 o/a1 [
Hurm 1967 0.317 (0.013, 7.61%) 0/59 1/56 -
Kirton 1897 0,142 (0.007, 2.740) 0340 3/140 = |
Kalbiet 1998 0,902 (0.018, 45.198) 0/163 0/147 -
Lucchets 12808 13,562 (0.745, 246.762) 3/15 0/30 . L ]
Lacherade 2005 0,199 (0.023, 1.68B6) 1165 s/184 -
boots 2008 1.005 (0.020, 50.402) 0f190 0/191 L 2
I Overall 1,883 (0.792, 4.338) 29/3081 umnol -
Tau*=0.546; Q (f=13)=16.581; [2=21%; p=0.221 " '
Test overall effect 2=2.541; p=0.111 G0) 602 Q06 01 63 05 4 1 S W 2 % K0 20930
Favors HME AR Favors HH

Fig. 2 Artfficial airway occlusion comparing the heat and moisture exchanger (HME) with the heated humidifier (HH). Weights: Kirkegaard 6.2%,
Nartin 7.1%, Misset 15.3%, Roustan 7.19%, Dreyfuss S.9%. Branson 42%. Villafane 10.7%, Boots {2006) 42%, Hurni 5.99%, Kirton 6.6%, Kollef 4.1%,
Lucchetti 6990, Lacherade 10.8%, boots (1997) 4.1%
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Artificial airway occlusion
Studieo Estimate (954 C.I,) 'OME fint
Kirkegaard 1567 5,000 (0,200, 96.127) 2/1%  0/18 B |
Martin 1990 17,460 (1.021, 2968.935) &/31  o/Q2 ' ]
Misoet 1991 1,733 (0,045, 8.707) /30 2/ 2
FRoustan 1062 21,036 (1,253, 353.184) 9/55  0/6) : [ | .
Dreytusn 199 3,435 (0,143, 62.813) /61  0/70 .
Branson 1996 1,100 (0,622, 54.407) 0/40  0/54 .
Vitatane 1966 3.187 (0,208, 27.877) 316 1/17 — 8
Boots 1907 0,977 (0,020, 48.000) 0/42  o/4) .
Humi 1987 0,317 (0.013, 7.615) 0/8%  1/56 8
Kinon 1997 0,4 (0,007, 2,740) 0/M0  Yipgeer - L
Kabef 1998 0.902 (0,018, 45.194) 0/163 /147 [ I
Luccheth 1098 1,562 (0,745, 246.762) /15 o/%0 . [
Lacherade 2005 0.199 (0.023, 1.686) 1/185  5/18¢ R f
boots 2006 1,005 (0,020, 50.402) 0/190 /191 +—
Overall 1,083 (0,792,  4.330) 29/1081 13/1074 < -
Taut=0.546; Q (df=13)=16.541; =218, p=0.221 LA e '
= =5 i | | ' | ) ] 1 ]
Test overall offect 222.541; p=0.111 [ Zl%rp ‘}221 :” i A S e SRR g ". a'o . o:)o ”,!’
Fawors HME AR Faoes HH
Fig. 2|Anificia! ainway occlusion comparing the heat and moisture exchanger (HME) with the heated humidifier (HH). }‘u'eighls: Kirkegaard 6.8%,
Martin 7,1%, Misset 15.3%, Roustan 7.1%, Dreyfuss 5.9%, Bransan 42%, Villatane 10.7%, Baots (2006) 4.2%, Hurni 5,.9%, Kinton 6.6%, Kollef 4,1%,
| Lucchers 6.9%, Lacherade 1085, boots (1997 4.1%
N .
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META- REGRESSION FOR ARTIFICIAL
AIRWAY OCCLUSION

» No significant relationships were found between artificial airway

« occlusion and ICU LOS, % respiratory diagnoses, SAPS, APACHE II
and age.
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META-REGRESSION FOR PNEUMONIA

» No significant relationships were found between incidence of
pneumonia and duration of MV, AIW occlusion/reintubation, ICU
LOS, % respiratory diagnoses, SAPS, APACHE Il and age.
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META REGRESSION FOR MORTALITY

No significant relationships were found between mortality and duration
of MV, VAP incidence, ICU LOS, AIW occlusion/reintubation, %
respiratory diagnoses, SAPS, APACHE Il and age.
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artificial airway occlusion
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HME
with heated wire

Studies Estinate (95% C.I, HAME HH beared wine
Branson 1598 1.100 (0,022, 54.407) ns4e9 0/54
Boots 1597 0.977 (0.020, 48.099) 0/42 0/41
Kirlon 1567 0.143 (0,007, 2.740) n/140 1/180
Kollel 1958 0.902 (0.018, 45.19%4) 0/163 n/isT
Lacherade 2006 0.199 (0.02), 1.686) 17185 S/i04
boats 2006 1.005 (0,020, 50.402) 0/190 n/50
Qwerall 0,379 (0,104, 1.383) 17769 n/757
Taus=0.000; Q (dr=5)=1.709% 1*=0%; p=0.888 - r - . —
Test overall effect 2=1.003; p=0.315 afr oo amd  ogr Qs par ore 1@ 17T rAy  emy arae
Favors HME Ralative Risk (log sca%) Favors HH
HH with
Studies Estinmate (95% C.I.)  HME  HH not heated wiee non.-heated wire
Kirkegaard 1887 5.000 (0,260, 96.127) 2/15 0/1% .
Marte 1990 17,469 (1.021, 298.93%) 6/31 0742 - L 3
Misset 1991 1,733 (0,345, 8.707) 4/30 2/26 _—
Roustan 1952 21,036 (1.253, 353.164) 9/55 0/61 . a8
Dreyfuss 1895 3.435 (0.143, 82.8113) 1/61 n/70 -
Villatana 1996 3.187 (0.368, 27.577) 3/1& 1/17 . &
Hurmi 1987 0.317 (0.013, T.615) 0/59 1/56 - .
Lucchetti 1928 13.562 (0.745, 246.762) 3/15 0/30 -
Overall 3.776 (1.560, 9.143) 28/282 &/317 —
Tau?=0.000; Q (df=7)=6.577; I°=0%; p=0.474 - - - - : Y 7 — - - T + ™
Test overall effect Z=2.908; p=0.003 o om 0DG7 03 D3 OmA 1M 263 S22 1117 M3 2834 1310 JEmaT
Favors HME Relatve Risk (log 3cale) gy HH

Fig. 3 Lipper bar artifical airvay occluson comparing the heat and moisture exchanger (HME) and the heated humidifier {(HH) with heated wire. Wisights:
Branson 11%, Boots (1997) 119, Keton 192%, Kollet 1196, Lacherade 358% 8oats (2006) 1099 Lower bax artificial ainway ocdusion comparing HME and
HH with non-heated wire. Weights: Kirkegaard 8.59%, Martin 2.7%, Misset 209, Roustan 9.8%, Dreyfuss 7.79%, Villafane 1628%, Humi 7%, Lucchetti 93%




Studies Btimate (984 C.1,) 10 HH HME : "
Incidence of pneumonia |

Martin 1990 0.339 (0,077, 1.485) 2/31 B/ ] '

Floustan 1992 0,616 (0,220, 1,727) &/%%  8/81 |

Dreyfuss 1995 0.860 (0,316, 2.343)  6/61 8/70 "

Braraan 1996 1,102 (0.233, 5.207) 349 3/ -

boots 1697 0,837 (0,307, 2,279) 6/2 B

Kirton 1997 0,455 (0,224, 0.,924) 10/140  22/140 3

Koliof 1996 0,902 (0.457, 1,780) 18/163 18/107 ]

Mermazh 2001 0,719 (0,370, 1.367) 14/12)  19/120 "

Dhaz 2002 1,301 (0.542, 0,573) /33 8/20 |
Lachede 2005 0,882 (0,631, 1.24) 47/18%  83/184 e

Lorents 2006 1526 (1202, 5aTH) A/6) W81 | [ ] ,
Boots 2006 LA9L (0,744, 1.008) 32/190  27/1) ——
Oguz 201 1,133 (0,422, 3,003) /18 8/17 8
~ Overall 0.932 (0,730, 1.190) 175/1133 189/1138 <>
Tau=0,050; Q (8f=12)x16,501; F=27%; ped 169 |

Test overall effect Z=0.642; p=0,521 { o" OL a" o;o a‘s

Fwors HME AR Favors HH

Fig. 4 Incidervce of pneumonia comparing the heat and moisture exchanger (HME) with the heated humidifier {HH), Weights: Martin 25%,
Rowstan 4.7%, Dreyfuss 5%, Branson 2.3%, Boots (1997) 5%, Kirton 8%, Koflef 6.1%, Memish 94%, Diaz 5.5%, Lacherade 19.5%, Lorente 84%,
Boots (2006) 14.3%, Oguz 5,1%




HH with

Studies Estimate (95% C.I.) HMF HH hoared wive
HME heated Wi
Branson 1896 1.109 (0.213, 5.768)  3/4% 3/54 -» gated WIre
boots 1897 0.810 (0,247, 2,653)  6/42 1/41 [ 3
Kirton 1987 0.413 (0.1E8, 0.907) 10/140 22/140 ]
Kaolief 1598 0.092 (0,420, 1.094) 157163 1S5/147 =
Lachede 2005 0.842 (0.532, 1.333) 47/185 53/184 ]
Lorante 2006 3,527 (1.)86, &,977) 21/5) 8/51 : ]
Boots 2006 1,230 (0.705, Z.147) 32/190 27/191 B2
Overail 0.997 (0.642, 1.548) 134/822 135/808 —
Tau?=0,175 Q (d=6)=13.086; 1*=54%; p=0.042 . ' 4 . .
Test overall effect 2=1.039; p=0.225 " 03 0 8 TE R
Favars HME AR Favors HH
Incidence of pneumonia
HME HH with
Studies Estimate (95% C,1I.) HME HH ron boured wiie ; non_heated Wi re
Martin 1990 0.293 (0.058, 1.491) 2/31 B/42 - v
Roustan 1932 0.578 (0.181, 1.8B43) 5/55 3/61 &
Draytuss 1995 0.84% (0.276, 2.589) 6/61 B/70 ="
Maemish 2001 0.683 (0,325, 1.433) 147123 197120 :
Dz 2002 L.600 (0,424, 6.031) 8B/23 5720 - -
Oguz 2013 1.200 (0.287, 5.021) &/18 5/17 -
Overall 0.756 (0.479, 1.193) 41/311 54/330 <ﬁ>
Taw?=0,000; Q (df=5)=3.247; I’=0%; p=0.662 ' 2 : SO : 3
Test averall effect 7=1 526: p=0229 o o 023 os: 0B 114 288 e
Favors HME AR Favors HH

Fig. 5 Upper panet. incidence of pneumonia comparing the heat and maisture exchanger (HME) and the heated humidiber {(HH) vath heated

wire, Weights Branson 5,79, Boots (1997) 93%, Kirton 15% Kollet 15.7%, Lachede 22%, Lorente 12.6%, Boots (2006} 19.7%. Lowey

of pneumania compariryg HME and HH with non-beated wire. \

Oquz 102%
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Fig. 6 Upper panel manality comparing the heat and maisture exchanger [HAME with the heated hurmidifier (HH), Weights: Kirkegaard 19, Martin
3.4%, Roustan 46%, Dreyfuss 5.4%, Boaots {1997) 1 680, Hurmni 7.9% Kollef 16.1%, Memish 14.5%, Diaz 246%, Lacherade 28.3M, Boocts (2006} 14.4%
Micddie panal martality companng HME and HH with heated wire, Weghts: 8oots {1657) 4%, Booss (2008) 28.9%, Kollef 27 9%, Lacherade 35.2%
Lower bax mortality comparing HME and HH with non-heated wire. Welghts: Diaz 6.2%, Dreyfuss 1569, Hurni 17.57%, Kirkegaard 3.19%, Martin
2%, Memish 34.99%, Roustan 13.5%

Wortalltyx’tmta (95% C.1.) HXME HIE HME HH
Kirkegaard 1987 2.000 (0V.829, %.321) a/18 2718
Martin 1990 0.862 (0.377, 1.%70) /21 11/42 -

Foustan 1992 0.739 (0.363, 1.507) 10/55 15761

Dreyluss 1885 1.626 (0.845, 3.128%) 17/61 12/70 -
boots 1997 1.464 (0.446, 4.312) 6/42 a/ar -

Hurme 1907 0.849 (0.494, 1.4631) 17/59 19/56 -
Kollet 1996 0.925 (0.632, 1.353) 40/163 39/1a7 —
Mamish 2001 1.301 (0.871, 1.943) 40/123 3o/f120 —a—

Deaz 2002 1.391 (0.542, 3.573) a/23 s/20 -
Lachaerade 2005 0.958 (0.719, 1.276) 61/186 63/18a
Boots 2006 0.958 (0D.6G38, 1.420) 3v/iso 3%9/191
Ovwverall 1.023 (0.878, 1.193) 287/940 235/537

Tau?*=0.000; Q [di=10)=6.792; I’'=0%: p=0.745

Test overall effect Z=0.313; p=0.754 r T T d T T ML

p 1 oz a9 1 - a w 3
Favors HME RR Favoes HH

Studies Estimate (95% C.I.) mE HIH heatesl wwire :

bopts 1997 1.%42 (0,401, 5.922) 6/42 a/al H -

Boots 2006 0.943 (0.5T0C, 1.558) A7/190 397191 =

Kolel 1998 0-.901 (0.540, 1.502) 407163 397147 = HH Wlth
Lachearade 2006 0.937 (0.609, 1.443) 6E1/186 63/3184 =

Overall (172=0 % , P=0,909) 0.947 (0.723, 1.241) 144/581 145/563 -<‘l>- heated ere
Tau‘=0.000; Q {df=3)=0.543; IY=0%; p=»0.909 - - —

=0, : p=0. o« o935 20v 40y 412

Test overall effect Z=0.156; p=0.694 Favors HME on Favors HH

Studies Estinate (95% C.T.)] HME FHH not beaied wirs :

Diaz 2002 1.600 (0.424, 6.031) 8/23 s/20 :

Drayluss 1995 1.867 (0.209, 4.310) 17/61 1z/70 =

Hurre 1597 D.7H8 (0.338, 1.736) 17/59 19/56 = -

Kirkegaard 1567 2.364 (U.361, 15.45%%) a’/1s z/15 - -

Martin 1890 0.822 (0.277, 2.438) 1438 13742 .

Memish 2001 1.446 (0.826, 2.530) 407123 307120 - .

Roustan 1992 D.681 (0.277, 1.675) 10/55 15/61 - ; HH Wlth

Overall (12wl % . Pe0.512) 1.186 (C.852, 1.630) 103/367 94/384 -Tb- non-heated wire
Tau’=0.000; Q (df=6)=5.250; [!=0%; p=0.512 i e .‘m;‘ =3 = =N
Test overall effect Z=0.156; p=0.313 Favors HME FA Fa HEL
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artificial airway occlusion 21% 0.221
HME vs HH with heated wire 0% 0.888
HME vs HH with non-heated wire 0% 0.474
Incidence of pneumonia 27% 0.169
HME vs HH with heated wire 54% 0.042
HME vs HH with non-heated wire 0% 0.662
mortality 0% 0.745
HME vs HH with heated wire 0% 0.909
HME vs HH with non-heated wire 0% 0.512
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Meta-regression analysis

» The effect size in the treatment group on artificial airway
occlusion was influenced by the percentage of patients with
pneumonia included in the study ( f =-0.058 ;p = 0.027; favoring
HMESs in studies with high prevalence of pneumonia)

 atrend was observed for the duration of MV ( § = -0.108;
p = 0.054; favoring HMEs in studies with longer MV time)

 No other significant associations with the effect size on any
outcome measure were observed for the other clinical variables
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Primary outcome

« incidence of artificial airway occlusion was not different in patients
treated with HMEs and HHs(RR = 1.853; 95% CI 0.792 — 4.338).

« Artificial airway occlusion incidence was not different when comparing
HMEs with HHs with heated wire (RR =0.379; 95% CI 0.140 — 1.384)

 occlusion was higher with HMEs compared with HHs with non-heated
wire (RR =3.776; 95% CI 1.560 — 9.143)
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Secondary outcomes

The incidence of pneumonia was not different in patients treated with
HMEs and HHs (Fig. 4) (RR =932;95% CI 0.730 — 1.190).

Incidence of pneumonia was not different when comparing HMEs and HHs
with heated wire (RR =0.997; 95% CI 0.642 — 1.548), with significant
Inhomogeneity (12 = 54%; p = 0.042) neither was it different with HHs
with non-heated wire (RR = 0.756; 95% CI1 0.479 — 1.193) (Fig. 5, lower
panel).

Mortality was not different in patients treated with HMEs and HHs (Fig. 6,
upper panel) (RR =1.023; 95% CI1 0.878 — 1.192).

Mortality was comparable in patients treated with HMEs and HHs with
heated wire (RR =0.947; 95% CI 0.723 — 1.241) (Fig. 6, middle panel).

We did not find differences in mortality when comparing HMEs and HHs
with non-heated wire (RR =1.186; 95% CI 0.852 — 1.650) (Fig. 6, lower
panel).
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reporting artificial airway occlusion

HME vs HH with heated wire( A T £ BEfIE4REER)
HME vs HH with non heated wire( A T S S ENIEGREER) K
Aifi 3¢ pneumonia

HME vs HH with heated wire( \ T EEAfNZEHERL)

HME vs HH with non heated wire( A\ T. 2 S ENIE4REEL)
SET- % mortality

' HME vs HH with heated wire( A\ T&EL/IEEHERS)
‘m HME vs HH with non heated wire( A\ T. & EENIE4REEL)
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Conclusions

no significant difference between HMEs and HHSs, artificial
alrway occlusion pneumonia mortality

no effect of HHs with and without heated wire compared to HMES

A trend favoring HMEs was observed in studies including a high
percentage of patients with

— pneumonia diagnosis at admission
— those with prolonged MV

the choice of humidifiers should be made according to the clinical
context

— trying to avoid possible complications
— reaching the appropriate performance at lower costs
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