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Abstract. Due to changing legal, political and economical framework condi-
tions the European health market and especially German hospitals find
themselves in transformation process, which in accordance with acknowledged
studies 80% of the 2.200 hospitals this day will not survive beyond the year
2020 [1]. According to this it is necessary for hospitals to strengthen their com-
petitiveness. Especially the lack of qualified personnel, absent transparency of
the hospital processes as well as insufficient cost object and process accounting
have emerged as important factors to enhance competitiveness. With the im-
plementation of innovative process organisation, the clinical pathway and its
support by a process orientated hospital information system in focus solution
concepts are presented, in which ICT as success factor is given a central role.
Process orientated hospital information systems support the clinical pathway
and enable an efficient and effective resource management, create transparency
and offer a comprehensive data base for accounting and controlling.
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1 Introduction

In the next years the complete health care sector with its suppliers and patients will be
exposed to an enormous pressure to change. The fundamentally changing age structure
of the population shifts the ration between contributors and benefit recipients, in
combination with the technological process in medicine this leads to the urgent need of
rationalisation and economisation. In the future the outstanding task of the hospital
management primarily is the enhancement of the health suppliers’ efficiency and effec-
tiveness and to hinder the scaling down of benefits. The demographical change also
affects the hospital personnel. Continuously increasing requirements, not only in quality
but also in quantity are accompanied by a smaller number of workers. Already today
there is a significant lack of physicians and specialised nurses in German hospitals [3].
In this context the labour effectiveness plays an important role. Focussing tasks ac-
cording to respective qualifications is gaining significantly relevancy in order to se-
cure sufficient health care. The delegation of tasks to less qualified personnel with
adequate ICT-support results in a quality assurance, which is a critical factor of suc-
cess for hospitals in the future. At the same time it is also crucial to support the quali-
fied personnel by adequate ICT optimally. Through this the processes in the hospital,
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oftentimes summarised under the generic term “clinical pathways”, are improved in
efficiency and effectiveness.

2 Hospital Engineering — A Process-Orientated eHealth-View

Hospital Engineering describes the systematic design of the business “hospital” from
the management and ICT perspective. The design differentiates four levels of archi-
tecture “strategy”, “process”’, “application” and “software and data base”. The firstly
mentioned levels incorporate mainly management tasks, whereas level three and four
describe the architecture of the ICT-system. The objective of hospital engineering is
the transformation and realisation of a strategic decision in the process level sup-
ported by ICT. In the transformation and realisation ICT has the key role as enabler

for new process organisation.
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Fig. 1. Hospital Engineering

On the strategy level the definition of the service offering and the position in the
competitive hospital market takes place. In general service offering means the estab-
lishment of different medical fields with special services in diagnosis and therapy, the
supply of other health services and the networking with others players of the sector.
Besides the definition of service offering the planning of structural and process or-
ganisation is carried out. The detailing of these strategic decisions as practical opera-
tion guideline is realised on the process level, through analysis, modelling and im-
plementation of the process organisation. It is imperative to describe processes of
diagnosis, therapy and nursing e.g. in the form of clinical pathways, and to ensure
their realisation. The support of the process level by ICT takes place on the applica-
tion level. The application level is the connector between not only the existent soft-
ware and data base system of a hospital (4™ level) as e.g. the central hospital informa-
tion system, but also special systems (e.g. radiology information system, laboratory
system, medications system, planning system etc.). Doing so the application level
integrates all existent systems within one consistent view in order to ultimately select
the clinical treatment process, as the process of service production of the business
“hospital”, as initial perspective of observation.
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Current information and communication system architectures used in hospitals
barely comply with these requirements. The system landscape can be describe as very
heterogenic and poorly integrated. Interfaces between different systems are often only
unidirectional. At the same time hospitals have to confront an increasing competition
and the hospitals’ ICT-architecture is accorded more and more the role as critical
competition factor.

3 Clinical Pathways

The creation of value in the hospital over all different fields and departments mainly
takes place in the area diagnosis, therapy and nursing. For this reason the to date exer-
cised functional-orientated nursing and medical perspective hinders the integrated
view on a patients treatment. The attribution of cost relevant parameters to a patient
and his treatment process is not possible. The introduction of DRGs demands the
renunciation from the functional-orientated perspective. Instead more and more the
treatment process of a patient is the focus, which processes from the hospitalisation
over the diagnosis, therapy and nursing to the discharge. This patient orientated proc-
ess is termed as clinical pathway, planned treatment process or patient path.

3.1 Definition

A clinical pathway is defined as reticular treatment process overall professional cate-
gories with evidence-based foundation (guideline). The treatment process considers
the patients’ expectations, the quality and the profitability to the same extend. [4]
Accordingly the clinical pathway represents the central regulation instrument for the
whole medical treatment process, which reaches from to the patients care in the hospi-
tal to integrated concepts (e.g. nursing services ore homecare concepts). The clinical
path not only specifies the inherent logic of the process flow, but also further path
elements as economically and medically relevant aspects (cf. Fig. 2).

costs quality
process =y . documentation

Fig. 2. Clinical Pathway

3.2 Strategic Impact of Clinical Pathways

The focus is the logic and formally correct (evidence based) process as guideline,
supplemented with medical, nursing and economical risks. With a hospital’s strategic
decision to focus on clinical pathways the first step towards structured ‘“‘service
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production processes” is done. In the next step enhanced transparency and better cost
controlling as well as more effective and efficient structure and process organisation
is enabled. Necessary prerequisite for a successful process management is the usage
of suitable application architecture.

3.3 ICT as an “Enabler of Clinical Pathways

A factor of success for an efficient deployment of clinical pathways is controlling the
correct run of the path (path trueness) through adequate measuring instruments, in
order to detect undesirable developments timely and to react with suitable actions in
the context of process management, e.g. adjustment of the clinical pathway or raising
the personnel’s’ awareness for the clinical pathway process.

For the realisation of these requirements the usage of ICT is necessary, not only for
modelling and visualising the clinical pathway run — thus the creating the pathway
model — but also for integrated supporting of the implemented pathway.

Accordingly the system works as a workflow management system, which is related
to the specialist task of processing information of medical and nursing operations.

In hospitals the (ICT-) reality in the daily routine currently appears very different.
Existent hospital information systems only support special functional tasks of the
whole clinical pathway. An integrated support of the complete process is not possible,
e.g. the entry and the communication of laboratory examination results [5].

A major part of the clinical documentation is paper based and therefore not suitable
for automated use. The goal is the installation of a check instrument, which allows ad
hoc reporting and the monitoring of the clinical pathway process. For this reason the
operation of a process orientated hospital information system (HIS) becomes a critical
success and competition factor for hospitals. The process orientated HIS enables the
integrated information technological support of the clinical pathway including all
diagnosis, therapy and nursing processes.

4 Competitive Advantages through ICT

The implementation of clinical pathways and especially their information technologi-
cal support by a process orientated HIS result in new chances for the hospital’s struc-
ture and process organisation, which can show influence the competitiveness.

4.1 More Efficient and Effective Personnel Assignment through ICT Support

Analysing nursing and medical tasks inefficient processes can be found in many ar-
eas. The correction through reengineering of the process organisation alone is not
sufficient or even not possible. For example in many cases documentation is executed
redundantly because of e.g. specialist reason, economic reason (charging the funding
agency) or legal requirements [2]. Resulting from this data or respectively informa-
tion is stored with different objectives in paper based or digital form. Studies number
the percentage of documentation 20 to 40 percent of the working time for medical
personnel; in the area of nursing similar results can be found [2].

A process orientated HIS allows a consistent data capture and reduces the docu-
mentation effort enormously. As electronic patient file all relevant data is collected
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and is made available. Administration orientated systems as e.g. charging and ac-
counting systems, are connected via interfaces or, in a service orientated architecture
(cf. Fig. 3), are directly connected. Studies and experts’ opinion estimate the possible
reduction of documentation effort at approx. 20 percent.

4.2 Competitive Advantage through ICT-Implementation in the Field of
Transparency

The clinical treatment process is characterised by a high degree of lacking transpar-
ency, not only for the persons involved in the process, but also for the persons inter-
ested in process information. This concerns physicians, nurses and administrative
employees (e.g. management, controlling or medical controlling) to the same extend,
as well as patients, who could be better informed about their clinical picture and
treatment process in many cases. A process orientated HIS offers the possibilities of
detailed entry and structure presentation (monitoring) of all patient related informa-
tion for the physician or respectively the nurse. The high level of transparency of the
medical and nursing patient information in combination with treatment guidelines
improves the information setting enormously and enables the analysis of the data for
planning objects as resource or capacity planning.

Studies consider an enhancement in resource allocation up to 20 percent through
application of qualified ICT infrastructure realistic [6]. Current operating HIS only
support the monitoring, regulation and controlling of clinical pathways inadequately.
In order to achieve improvement of analysis possibilities and more efficient support
of clinical pathways digital support is an essential requirement [7].

4.3 Activity Based Costing

To date fair accounting for the input involved in real time still poses a permanent
challenge for the hospital controlling. The introduction of clinical pathways offers
inherently the possibility to identify the costs related to the run of the pathway. This
requires an adequate entry of all pathway related cost and time variables and a maxi-
mised path trueness. From the economically point of view of the hospital controlling a
prompt cost analysis has the most efficient regulation potential, given that the entry
and the analysis of all time an cost relevant variables is ICT supported. Correspond-
ingly it is possible to identify deviations promptly, initiate qualified counteraction and
adapt the service offering.

5 Discussion and Outlook

The health care sector in Germany is going to proceed through a further transforma-
tion process and with it the hospital branch. In this transformation process sector
specific competition factors are in the foreground, which barely can be managed with
conventional concepts. The use of innovative information technology offers great
effectiveness and efficiency advantages. For the feasibility of the presented strategy it
is to pose the questions: Are there suitable and capable systems in the German
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market? Do these systems comply with the criteria of a process orientated HIS? An
evaluation of the market clarifies that there is still a great feasibility-realisation-gap
and a lack of a solution of-the-shelf, which could be implemented in hospitals as stan-
dardised software solution. No remedy is expected in the near future [6].

References

1. Augurzky, B., Engel, D., Krolop, S., Schmidt, C.M., Schmitz, H., Schwierz, C., Terkatz, S.:
Krankenhaus Rating Report 2007: Die Spreu trennt sich vom Weizen, RWI Materialien,
vol. 32, Essen (2007)

2. Blum, K., Mueller, U.: Dokumentationsaufwand im Arztlichen Dienst der Krankenhuser.
Bestandsaufnahme und Verbesserungsvorschlidge, vol. 11 (Wissenschaft und Praxis der
Krankenhausokonomie), Deutsche Krankenhaus Verlagsgesellschaft mbH, Diisseldorf
(2003)

3. Blum, K., Offermanns, M., Perner, P.: Krankenhaus Barometer Umfrage 2008, Deutsches
Krankenhausinstitut e.V., Diisseldorf (2008)

4. Hellmann, W.: Klinische Pfade: Konzepte, Umsetzungen und Erfahrungen (2002)

5. Lux, T., Martin, V., Raphael, H.: Krankenhausinformationssysteme (KIS) im Vergleich -
Eine Studie der Ruhr-Universitidt Bochum und der Universitétsklinik Marienhospital Herne,
erschienen in: f&w - fithren und wirtschaften im Krankenhaus, vol. 25(4), pp. S296-S400
(Juli/August 2008)

6. Mettler, T., Rohner, P.: Performance Management in Healthcare: the past, the present and
the future. In: Hansen, H.R., Karagiannis, D., Fill, H.-G. (hrsg.) Business Services: Kon-
zepte, Technologien, Anwendungen, Wien, vol. 2, pp. S699-S708 (2009)

7. Raphael, H., Lux, T., Martin, V.: State-of-the-Art prozessorientierter Krankenhausinforma-
tionssysteme. In: Hansen, H.R., Karagiannis, D., Fill, H.-G. (hrsg.) Business Services: Kon-
zepte, Technologien, Anwendungen, Wien, vol. 2, pp. S689-S698 (2009)



	Hostpial Engineering
	Introduction
	Hospital Engineering – A Process-Orientated eHealth-View
	Clinical Pathways
	Definition
	Strategic Impact of Clinical Pathways
	ICT as an “Enabler“ of Clinical Pathways

	Competitive Advantages through ICT
	More Efficient and Effective Personnel Assignment through ICT Support
	Competitive Advantage through ICT-Implementation in the Field of Transparency
	Activity Based Costing

	Discussion and Outlook
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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 <>
    /POL <>
    /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.)
    /DEU <>
  >>
  /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 [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




