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Background 

Introduction of novel unconventional ventilatory regimens into the clinical practice 
brings together the necessity of adequate measurement and monitoring of the ventilatory 
parameters. As behaviour of the respiratory system is significantly different from that during 
conventional ventilation, the only acceptable method for intrapulmonary conditions 
monitoring is a mathematical modelling of the respiratory system with subsequent simulations 
of the important parameters present in the alveolar space inside lungs. 

High-frequency oscillatory ventilation (HFOV) belongs to unconventional techniques of 
artificial lung ventilation attracting interest of clinicians recently. Despite the fact that HFOV 
becomes routinely used in neonates and young paediatric patients, there are many problems 
connected with HFOV application in adults. There is no doubt about positive effects of 
HFOV in neonates, while results of several large multicentric clinical studies do not prove the 
definite benefit of this ventilatory regimen in adults. The resolution of the problem will be 
connected most likely with different aetiology of acute respiratory distress syndrome (ARDS) 
having also very different clinical manifestations and different requirements for treatment. 
Several studies [1, 2, 3] describe inhomogeneity of ARDS group of adult patients resulting in 
different mechanical properties of the respiratory system and dependently different ventilatory 
strategies required for ARDS treatment. 

 
Methods 
 

 The designed system for HFOV monitoring and measurement of the lung mechanics 
consists of two basic parts: hardware and software. The hardware part records pressure 
changes in the respiratory system and measures airflow by a pneumotachograph. In addition, 
the system records oesophageal pressure by an oesophageal balloon catheter and measures 
also intraabdominal pressure by Foley’s transurethral catheter. Signals from the sensors are 
filtered and digitized by A/D transducer and digital data are transferred for analyses and 
calculations into a computer using Ethernet. 

 The practical realization of the hardware (Figure 1) is designed so that quite high 
number of used measuring lines and transducers does not complicate access to the patient and 
does not complicate medical care. 

 The software part of the system consists of two basic subsystems. The first subsystem 
has a function of a classical monitor for artificial lung ventilation with a possibility to display 
standard parameters, curves and trends including special curves of oesophageal and 
intraabdominal pressures (Figure 2). The programme contains all basic display modes 
commonly used in commercial ventilators, including trends (Figure 3) and ventilatory loops. 

 The other part of the software is unique and it encompasses a special set of algorithms 
for separate evaluation of the mechanical parameters of lungs and chest wall allowing 
distinguishing between ARDSp and ARDSexp. All the numerical algorithms were originally 
designed and tested in MATLAB environment. The final software has been written in Borland 
C++ language. 

 



 Accuracy of the system was tested during an animal experiment on a group of rabbits 
(N=15) while pulmonary and extrapulmonary forms of ARDS were invoked (by oleic acid 
administration in the dose of  0.08 ml/kg B.W. and stiffened chest by a pressure cuff inflated 
at 2 kPa, placed around the chest and abdomen). Parameters measured and evaluated from the 
designed system were compared with the values provided by Galileo ventilator (Hamilton 
Medical), which has standardized procedures of measurement and evaluation. In some cases, 
there were not corresponding parameters available, provided by Galileo. The missing 
parameters were calculated from the provided ones using standardized equations and 
algorithms [4].  

 
Results 

 
 The system has been tested during animal experiments a results were compared with 

parameters obtained from Galileo ventilator. Pressure measurements accuracy was better than 
5% and airflow and volume measurement accuracy was better than 10% in the whole range of 
Galileo settings. Compliance of the whole respiratory system from the designed device 
differed less than 10% from the Galileo value. 

 
Figure 1: Design of the monitoring and diagnostic tool. 1—ventilator, 2—airway 

pressure and airflow sensors, 3—oesophageal balloon catheter, 4—Foley’s transurethral 
catheter, 5—pressure/voltage transducers, 6—microprocessor-controlled measuring device, 
7—computer, 8—individual pressure sensors, 9—Ethernet connection cable, 10—safe and 

coded electric connectors. 



 
 

 

 The main advantage of the system is breath-to-breath analysis of the lung, chest wall 
and the respiratory system compliances, which makes the system unique. These parameters 
are used for making decision about ARDS type and consequently about the best ventilatory 
strategy. An example of the changes in compliances in a rabbit in dependency on positive 
end-expiratory pressure, measured by the designed system, is presented in Figure 4. 

 
 
 

Figure 2: Example of a standard monitoring screen during high-frequency oscillatory 
ventilation of a rabbit. 

Figure 3: Example of depicting trends and selection of all the possible parameters 
recorded during the history of artificial ventilation. 



 
 

 
 
Conclusion 

 
 The designed and tested system is able to analyze suitability of a patient for treatment 
of ARDS with high-frequency oscillatory ventilation, which is based on detail analysis of the 
respiratory mechanics.  
 The tests confirmed not only functionality of the designed system, but also its ability 
to distinguish between pulmonary and extrapulmonary ARDS forms. It gives the clinician a 
tool for efficient and reasonable application of progressive unconventional ventilatory 
technique―high-frequency oscillatory ventilation. 
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Figure  4:   Dependency  of  chest  wall,   lung  and  the respiratory system  compliances  
on increasing positive end-expiratory pressure (PEEP) in a rabbit. 

 
 
 

0 

0.2

0.4

0.6

0.8

1 

1.2

1.4

0 0.5 1 1.5 2 
PEEP [kPa] 

CL 
CRS 

CCW

C 
x10 

ml/kPa 



Contacts: 
Karel Roubík, Assoc. Prof., M.Sc., PhD 
CTU in Prague 
Faculty of Biomedical Engineering  
nám. Sítná 3105, 272 01 Kladno 
e-mail: roubik@fbmi.cvut.cz 
phone: +420 603 479 901 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /CZE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


