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the HMEF was increased. The HMEF was replaced and the 
airway resistance and end-tidal CO2 immediately decreased to 
the previous levels. The weight of the HMEF was approxi-
mately 10 g, 1 g heavier than the new one (dry weight, 9 g). 
Neither sputum nor any foreign substance was observed in the 
HMEF.

We examined whether as little as 1 ml in volume of water 
would signifi cantly increase the resistance of an HMEF (DAR 
Hygrobaby-M; Mallinckrodt Medical; capacity, 8 ml) and a 
heat and moisture exchanger (HME) without bacterial/viral 
fi lters (Humid vent; Gibeck, Upplands Väsby, Sweden, capac-
ity, 7 ml). The HMEF or the HME was attached between 
an anesthesia circuit and a test lung (volume, 500 ml; fl ow 
resistance, 5 cmH2O · l·min−1). The anesthesia circuit pressure 
(ACP) was measured with a Datex AS/3 anesthesia monitor 
(Helsinki, Finland). The ventilator setting was: tidal volume, 
300 ml; frequency, 15 cycles · min−1; inspiratory-expiratory 
(I : E) ratio, 1 : 1.5. After the ACP was measured with or with-
out these devices, 0.5 ml distilled water was dripped into each 
device. After infi ltration was complete, change in the ACP 
was evaluated. An additional 0.5 ml distilled water was then 
infi ltrated and the ACP was measured. The results are shown 
in Fig. 1. The ACP increased in the HMEF but did not in-
crease in the HME. In the operating manual, the resistance of 
the dry HMEF to gas fl ow was reported to be 1.9 cmH2O at 
10 l·min−1, supporting our observation. These observations in-
dicate that the bacterial/viral fi lter that absorbed water in-
duced high airway resistance. The constituents of the HMEF 
electrostatic fi lter, made of a non-woven fabric consisting 
of polypropylene fi bers, and those of the HME, made of a 
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To the editor: A heat and moisture exchanger with integral 
bacterial/viral fi lters (HMEF) is usually used to preserve heat 
and humidity and to prevent contamination in a patient’s air-
way. However, this device sometimes causes ventilatory dis-
turbance when in contact with liquid [1,2] or a foreign body 
[3]. We recently observed increasing airway resistance caused 
by an HMEF during neurosurgery in a patient in the prone 
position. The patient was a 9-year-old female (body weight, 
32 kg). An HMEF (DAR Hygrobaby-M; Mallinckrodt Medi-
cal, Mirandola, Italy) was attached between a 5.5-mm endo-
tracheal tube (ETT) and the anesthesia circuit just after 
tracheal intubation. Five hours after starting the operation, we 
noticed an increase in both the airway resistance (approxi-
mately 20 to 30 cmH2O) and the end-tidal CO2 (29 to 
45 mmHg). The respiratory sounds indicated neither laterality 
nor stenosis, while the expiration phase was prolonged. We 
checked the anesthesia circuit and noticed that the weight of 

Fig. 1. Change in the anesthesia circuit 
pressure (ACP) during the water infi lt-
rating test. HME, heat and moisture 
exchanger; HMEF, heat and moisture ex-
changer with integral bacterial/viral 
fi lters

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.276 785.197 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



292 Letter to the editor

hydrophilic cellulose membrane, may be related to this 
phenomenon.

The DAR Hygrobaby-M (Mallinckrodt Medical) is de-
signed for use in infants weighing between 3 and 8 kg. Because 
our patient weighed 32 kg, the HMEF was small for her, and 
the increase of airway resistance caused by the HMEF was 
small. However, our fi nding suggests that expiratory moisture 
in the ETT condensed to become a water droplet and infi l-
trated into the HMEF during surgery with the patient in the 
prone position. The fi lter absorbed water and induced ventila-
tory resistance. In conclusion, while using the HMEF in a pa-
tient in the prone position, ventilatory disturbance can occur 
and must be monitored for.
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