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SIMULATION OF MEDICAL DATA AS A WAY
OF SPEEDING UP DEVELOPMENT OF ALGORITHMS
FOR A SYSTEM FOR ESTIMATION OF PATIENT'S HEALTH

Summary. This paper presents decision support system for estimation
of patient's general state, with particular stress laid on cardiovascular
and pulmonary diseases. It works in conjunction with a standard medical monitor,
which provides asset of input signals (for development stage signals are also
simulated). The signals are preprocessed and analysed by a set of algorithms,
the core of which is based on Bayesian networks. As an output the system should
give information about detected problems, eventual future threats, possible causes

and suggestions for further treatment.

Keywords: cardiovascular diseases, hospital treatment, decision support system,

artificial intelligence, MEWS.

SYMULACJA DANYCH MEDYCZNYCH JAKO SPOSOB
PRZYSPIESZENIA ROZWOJU ALGORYTMOW SYSTEMU
OCENY STANU PACJENTA

Streszczenie. W artykule przedstawiono system wspomagania decyzji
odnos$nie do oceny stanu ogo6lnego pacjenta, ze szczegbélnym naciskiem
polozonym na choroby uktadu krazenia i uktadu oddechowego. Dziatanie tego
systemu jest oparte na danych wejsciowych ze standardowego monitora funkcji
zyciowych (w fazie rozwoju algorytméw dane sg rowniez symulowane). Sygnaly
sa przetwarzane 1ianalizowane za pomocg algorytmoéw opartych, przede
wszystkim, na sieciach Bayesa. System na wyjsciu powinien generowaé
informacj¢ na temat wykrytych probleméw, przysztych zagrozen, przyczyn

pogorszenia zdrowia i propozycji dalszego leczenia.

Stowa kluczowe: choroby uktadu krazenia, hospitalizacja, system wspomagania

decyzji, sztuczna inteligencja, MEWS.
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1. Introduction

The most common causes of deaths in the world are cardiovascular diseases [5]. This
phenomena is true also for Polish patients. These diseases are characterised by often sudden
onsets of the severe stage of illness, leading to a rapid deterioration of patient’s state. Sudden
Cardiac Arrest (SCA) could be considered as the most dangerous as it is the most common
cause of hospital mortality. If such a deterioration takes place, immediate actions have
to be taken in order to save patient’s life. The best approach would be to predict the onset
of the severe stage in order to take preventive steps before the actual deterioration takes place.

The experiences with the Modified Early Warning Score (see Section 2) show that even
such a simple approach allowed to reduce the risk of SCA and hospital mortality [2].
It is therefore tempting to expand this approach to make it automatic, based on more data
and utilising advanced reasoning algorithms. This paper presents research aimed

at developing such a system.

2. Diagnosis Support Systems

Modified Early Warning Score (MEWS) is a simple scale used in hospitals
and by paramedic services to quickly determine the patient’s condition and changes of this
condition. The simplicity of the scale allows the score to be computed without the need of any
computing device, simply by referring to a compact chart summarising the possible values
of vital parameters, as presented in Table 1. The rise of the score by a value of 2 is treated
as an indication for consultation with a doctor, while the rise by a value of 4 — as an indication
for immediate transfer to the Intensive Care Unit.

Even though MEWS has proven effectiveness, it is a very simple scale. It does not make
use of data currently often available, even in the simplest paramedic scenarios
such as, for example, the Electrocardiography (ECG) signal. Moreover, the concept
of combining the input data using a table is possible only in very simple cases of few inputs.

It should be stressed, that there are in use much more elaborate scales (for example,
the Acute Physiology, Age, and Chronic Health Evaluation - APACHE III). They allow
to include much more input data, but this makes the use of such a scale difficult
in the paramedic or Emergency Department environment: all parameters have to be entered

into a computer program manually.
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Table 1
A sample MEWS chart
Readings, Score
observations 3 2 1 0 1 2 3
Systolic <45% 30% 15% normal 15% 30% ~45%
blood pressure down for patient  up
Heart rate - <40 41-50  51-100 101-110 111-129 >130
[beats/min]
Respiratory rate
[breaths/min] - <9 - 9-14 15-20  21-29 >30
Temperature i <35 - 350384 - >385 -
[C]
AVPU - - - A A% P U

Source: Subbe C.P., Kruger M., Gemmel L.: Validation of a modified Early Warning Score
in medical admissions. Quarterly Journal of Medicine 94, 2001, p. 521-526.

In recent years, a number of computerised decision support systems for use in diagnosis
of cardiovascular diseases have been designed, including systems based on advanced concepts
of soft computing. For example, in [4] the authors propose a system for diagnosis of chest
pain utilising rule-based inference. The system is based on the knowledge learned from real
patient data. In [3], the authors propose another system for chest pain diagnosis using
ontology approach and Bayesian networks. Yet another method is outlined in [7], where data
mining algorithms and fuzzy models are used as a basis for the decision support system.

Although such computerised systems proved their usefulness in improving quality of care
[8], [1], [6], it should be stressed that none of them automatically acquires the data
about the patient in real-time. They are simply based on offline patient records or additional
questionnaires. They also cannot respond to the quickly changing patient’s state. The system

proposed in this paper aims to overcome these difficulties.

3. New strategy for patients’ monitoring

Nowadays doctors use various types of medical monitors for monitoring their patients.
These could be quite simple devices with only few parameters available, but also very
complex ones. More complex monitors can perform also invasive measurements, even using
Swan-Ganz catheter. Medical monitors present current values of parameters and store
historical data available for doctors later on. Doctors taking care of a patient can use data
for assessing patient’s state. Such approach is good enough when the patient is already

diagnosed and possible threats and problems are determined. However, in places
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such as Accident Emergency Departments and Admission Rooms usage of medical monitors
is less common. Small medical staff has to cope with a number of patients that may quickly
develop various medical problems. Therefore doctors do not have time for detailed
observations of variety of vital parameters and in particular their changes in time.

This is the place for creating a whole new strategy for short-time patients monitoring
that supports pre-diagnosis. Patient arriving, for example, to Admission Room could
be connected to a monitor with additional device performing assessment of his health. This
device at the same time, using artificial intelligence techniques, can search for possible causes
of problems and suggest further treatment. Such a short monitoring could not determine exact
problems, but would be able to show most probable areas of cardiovascular issues.
When doctor have this information, he can make diagnosis much quicker, which is extremely
important in most cases.

What is more, symptoms for many health problems — especially cardiovascular
and pulmonary complications — may be hidden in various combinations of many different
vital parameters and their dynamics. This is why adding support for automatic assessment
of patients’ state seems to be reasonable way for developing a new strategy for monitoring

patients in hospitals.

4. Proposed system overview

Medical monitors, widely used in today’s hospital and paramedic practice, acquire
constantly a number of signals that are indicators of a patients’ health. The most typical
signals include: ECG, body temperature, respiration rate, blood oxygen saturation and blood
pressure. Virtually all monitors support exporting the acquired data: either by saving them
on removable flash memory, or by continuous transmission using popular network standards
(typically IEEE 802.3/Ethernet).

The proposed solution relies on the medical monitor as a data source. Such an approach
has a number of advantages:

e reduced cost, as it utilises the infrastructure already present in the hospitals/ambulances,

e simpler operation, as there is no need to attach additional wires to the patient,

e casier development, as it is not required to develop the part responsible for acquiring
signals.

For implementation, it is necessary to work with medical monitor that exports data
in a continuous manner, and to understand the format of data employed by the monitor.
For development purposes, an Emtel FX2000-MD (Figure 1) has been selected — it exports
data over an Ethernet connection and the manufacturer made the data format available

for the purpose of research.
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Fig. 1. Emtel FX2000-MD medical monitor used in the project
Rys. 1. Wykorzystany w projekcie monitor funkcji zyciowych Emtel FX2000-MD

The key to obtaining the desired functionality is the software running on an embedded
processor. The software consists of a number of interconnected blocks. These can roughly
be divided into: input/preprocessing blocks, AI blocks and output/presentation blocks.
The task of the first is to gather data from the monitor, according to a specified data format,
and perform preprocessing of these data. This preprocessing varies from very simple
(averages, differences over time) to advanced (detecting predefined anomalies in the ECG
data). The task of the Al blocks is to combine all input data in order to reach a conclusion
about patient’s state and detect indications of state deterioration. Bayesian network has been
chosen as the main Al approach in the proposed solution. It is planned that Al modules based
on other approaches will also be constructed, in order to allow comparison of performance;
however, for the time being, efforts are focused on the Bayesian network.

Bayesian networks employ directed acyclic graphs to encode qualitative relationships
between variables. The nodes of the graph correspond to the variables, and the edges
correspond to the dependences between them. Inference with Bayesian networks involves
setting the state of the observed variables (entering evidence) and applying one of numerous
algorithms that allow to compute probabilities of the other variables. It is possible to freely
choose the nodes for which the evidence is entered, so the Bayesian network is an ideal tool
for reasoning in cases, when some of the input data might be missing.

The output/presentation blocks are responsible for presenting the results of analyses

to the medical staff and also storing these for further references.
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5. Patient data

Developing Bayesian networks that cover many dangerous cardiovascular diseases
and other health problems requires two different types of information. The first type
is medical knowledge that can be gathered from doctors and medical literature and is quite
easily available. The second type are data (gathered from medical monitor) from patients
of various general states, suffering from different diseases. Process of gathering such data
is difficult and highly time-consuming, as it should be gathered from many patients. It has
to be stressed, that currently the developed system can cooperate with one medical monitor.
All data for the development stage of the project should be taken from this monitor. To get
data from patients, three conditions should be fulfilled at the same time:

e the cardiovascular condition of the patient should be known exactly,

e this patient should not be monitored in other way (as there can be conflicts in sensors,
especially electrodes — placement),

e there should be no medical contraindications for monitoring the patient.

Fulfilling all these conditions together is difficult and makes gathering data extremely
time-consuming. Therefore, it seems reasonable to develop a new strategy for obtaining input
signals. Data that are not available from hospital measurements, but are needed, should
be added to the set by performing a simulation. The proposed approach is to begin with data
from healthy individuals, which are more readily available, and modify them in order
to produce symptoms characteristic of a particular disease. For different diseases, individual
signal-modifying algorithms would be implemented. Some of them involve only numerical
parameters changes, but most of them have to modify also more complex signals,
such as ECG or ICG.

Various patients’ conditions can cause different changes in vital signals. To simulate
such situations the algorithms have to modify many parameters of the signal. For example,
ECG modification can be performed by taking such actions as: ST segment level change,
T-wave inversion/flattening, extension of the QRS complex, P-wave amplitude change
or prolongation of the PR interval. Of course, mentioned changes have to be synchronised
with modifications applied to accompanying data (body temperature, blood pressure, etc.),
according to the medical knowledge about the particular disease.

The proposed approach has an obvious advantage in allowing to speed
up the development process significantly. Implementation of algorithms and gathering data
are both the most time-consuming stages of the whole project. The proposed method makes
both steps independent from each other. Of course, this approach has also disadvantages:
simulations will likely exhibit some deviations from the real data. Algorithms developed

on the basis of simulated data will have to be very carefully examined after real data
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are available and probably corrected afterwards. Taking into account time gain that comes
from proposed strategy, it seems to be the best approach for the project discussed in this
paper.

Java programming language was chosen for implementation of this solution. As different
diseases needs various algorithms, they could be easily organized as Java plugins
for the application and treated separately. What is more, the simulation software will
be movable between various systems, as Java applications are platform-independent,
and there are plenty of solutions for charting signals in Java, that facilitate

the implementation.

6. Conclusions

This paper presented work concerning development of a real-time multiparameter system
for assessing patients’ general condition, with particular stress laid on cardiovascular diseases,
with standard medical monitor as a data source. The aim of the system is to provide support
for (para) medical staff, especially in situations where the doctors may not be immediately
available or have to attend a large number of patients. Use of the presented system might
be especially important in places such as Accident Emergency Departments and Admission
Rooms, where small medical team has to take care of many patients in various general
conditions.

At this moment, work focuses on the development of the Bayesian network, the central
reasoning element of the system. The initial structure of the network is designed
and the numerical specification is being constructed. Once this step is completed, the system
will be subjected to clinical tests. Conducting research connected with Bayesian network

is available thanks to the concept of simulated data presented in this paper.

Acknowledgement. The system may use SMILE reasoning engine and GeNle graphical
frontend for the probabilistic model. GeNle and SMILE are developed by the Decision
Systems Laboratory of the University of Pittsburgh and available at the project website [9].
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Omowienie

Choroby uktadu krazenia sg jedng z najczestszych przyczyn zgonéw na $wiecie. Pomimo
rozwoju technik resuscytacji, nagle zatrzymanie krazenia (NZK) wcigz obarczone jest zig
prognoza. W celu zmniejszenia ryzyka wystgpienia NZK, zaproponowano nowe podejscie
do monitorowania pacjentéw, polegajace na wczesnym wykrywaniu zagrozen. Przydatno$¢
takiego podejscia jest szczegodlnie istotna w miejscach takich jak Szpitalne Oddziaty

Ratunkowe oraz Izby Przyje¢. System oceny stanu pacjenta wspotpracuje ze standardowym
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monitorem funkcji zyciowych, bedacym zrodlem danych wejsciowych, takich jak:
temperatura, wysycenie krwi tlenem czy sygnaty EKG i ICG. Ocena dokonywana jest na
podstawie sieci bayesowskich. Istotnym etapem w rozwoju systemu jest przygotowanie

danych symulacyjnych, pozwalajacych na szybsze opracowanie algorytmow.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.66667
  /EncodeColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 5.33333
  /EncodeGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice


