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Necrology

In 2004, 80000 people died in 
the US because of errors in 
the medication prescription 
and administration process.

Medical errors are the eighth 
cause of death...
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Focus

Diagnosis & 
Treatment  Invasive, often acute 

Yesterday Today and Tomorrow

Follow­up Hospital based

Provider­centric

FragmentedWorkflow

Less invasive, image­
based, lifetime care

Patient­centric

Decentralized, community 
based 

Integrated & automated

The Healthcare paradigm shift...
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Healthcare market under pressure

Society

HC Market

Management

Payors

Practitioners

Patients

• Medical progress and innovation
• Increased spending in Healthcare
• More chronic diseases
• Medical errors and failures

• Demand for quality 
healthcare 

• Reduced patient 
tolerance

• Increased awareness

• Labor and funding shortages
• Profitability
• Buying channels & decision power 
changing
• Legal and regulatory requirements
• Different process workflows

• Increasing role of imaging in 
diagnosis & treatment 
monitoring

• Higher litigation risk
• More sophisticated medical 

equipment
• Increasing complexity of 

procedures

• Cost savings through 
increased  efficiency

• Improved access to 
information

• Managed care programs
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The bottom line …

Quality

Cost
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Clinical Pathway

• A standard procedure to process similar clinical cases to obtain:
• Consistency and predictability in quality and cost
• Raise quality (clinical outcome, patient safety, patient satisfaction)
• Lower cost

• Needs a holistic approach: medical + organizational
• End­to­end. Does not stop at the walls of the hospital
• Definition phase: local implementation of general guidelines considering

• Generic medical science, guidelines and evidences
• Local policies and operational issues
• Stakeholders (also the patient)

• Deployment phase:
• More and more used in hospitals, mainly on paper.
• IT support is needed.

• Control Phase:
• Deviations are allowed but are recorded
• Outcomes are recorded

• Feedback
• Analysis of deviations and outcome permit to enhance the pathway
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Example: chronic heart failure

• 150 page PDF, featuring
• Flow charts
• Medical background

• Guidelines
• Evidences
• Literature references
• Economical impact

• Input forms
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example
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example
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Input forms
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Clinical Pathways in Orbis

• Current situation
• Near future
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Home made planning standards depending on the pathology.

Example: Hip replacement

Unfinished 
interventions
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Next status is 
mentioned here.

Interventions:

 
on going  

      

Done 

 

not yet started
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Overview of all/finished/on going interventions
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Clinical Pathways in Orbis

• Current situation
• Near future
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Drawbacks of Classical Clinical Pathways 

• Complex, difficult to balance between right level 
of detail and overview

• Static or limited dynamicity
• one disease (not mergeable)
• not patient specific
• don’t take into account the most recent operational and 

medical knowledge
• Separate data input
• Procedural (as opposed to declarative)

• Merging issues: two flowcharts cannot be merged
• Maintainability: if medical evidence changes all 

dependent clinical pathways must be reconsidered
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Next generation  Adaptable Clinical Workflow

• Iterative and Adaptable
• gives the optimal next steps at any time

• Holistic
• take all possible knowledge into account: medical, operational

• Specific
• for one specific patient
• local policies
• mergeable (combined pathology)

• Scalable
• fractal by nature, from “pixel to community” …

 Calculated workflow (just in time) in stead of fixed 
workflow (upfront)
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Clinical workflow is iterative and adaptable
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Clinical workflow is iterative and adaptable
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Adaptable Clinical Workflow
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Clinical workflow is fractal (scalable from pixel to community)

Desicion support

Human Interaction

Recommendation Desicion ActionRequest for Support

Medical 
Knowledge

Clinical Case 
Knowledge

Operational 
Knowledge,

Events,

...

reasonin
g
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Institution  Clinical Pathway

Department  Order

Workstation/User  Task

Application  Event

Region  Disease Management

Country  World  Healthcare Management

Clinical workflow is fractal (scalable from pixel to community)
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      Continuum of Time

Life long Guidance:  The Continuum of Care
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Example of calculated workflow

• Just in time
• Based of different sources of information
• Using generic declared rules

• Example of generic rule:
• If a diagnosis is an exclusion for process X and this diagnosis is 

assessed by process Y and if the diagnosis is not known, then 
process Y is a necessary step.

• Clinical example:
• Pregnancy is assessed by HCG­labtest
• Pregnancy is an exclusion for CT
 if a CT is needed HCG­labtest will be inserted in the workflow
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Example of calculated workflow : Hip Fracture

• Specific medical knowledge
• Orthopedist:

• If the patients complains about the hip you can do  a CT or a Physical 
Examination

• If the outcome of the reading gives “fracture” (<=0.5) then rehabilitation must 
follow else surgical treatment

• If the assessment gives good result (>=0.5) then rehabilitation else redo the 
surgical treatment

• General
• Surgical treatment consists of: pre­surgical exam, anesthesia, surgical 

intervention and assessment
• Anesthesia must be completed before starting the intervention
• Pre­surgical exam must be completed before starting the intervention
• Intervention must be completed before starting the assessment

• + Radiation Protection Guidelines + gynecology + lab
• Patient state

• Medical context with Jane as patient and a CT reading giving the 
diagnosis of hip fracture (0.7­0.9)

• outcome

http://wopeg.he.agfa.be:8080/acpviz?COMMAND=VISUALIZATION
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Hip fracture case with insertion of HCG test
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Example of Evidence Based Medicine:
Bayesian Believe Networks



43

Bayesian Believe networks
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Example of Merging: hip case
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Example of Merging: stroke case
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Hip+Stroke case
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Merging Issues: bad sequences

• CP 1
• Day 1 CP1_Action1
• Day 2 RX+contrast
• Day 3 CP1_Action3
• Day 4 CP1_Action4

• CP 2
• Day 1 CP2_Action1
• Day 2 CP2_Action2
• Day 3 RX
• Day 4 CP2_Action4

• CP 1+2
• Day 1

• CP1_Action1
• CP2_Action1

• Day 2
• RX+contrast
• CP2_Action2

• Day 3
• CP1_Action3
• RX

• Day 4
• CP1_Action4
• CP2_Action4
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Scaling out the clinical process into e­Health
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Rules and reasoning Clinical Workflow

Decision Support

e-HealthPhase 3Phase 2Phase 1

e-Prescribe, CPOE 

Shared Pathways

Shared Information (EHR) + collaboration

Drug interactions, monitoring, compliance, alerts, …

Personal Health Record (PHR) 

Population monitoring, epidemiology, Bio surveillance

Research from bench to bed, from bed to bench 

Information

Workflow + collaboration

Rules and reasoning Clinical Workflow

Decision Support

e-Prescribe, CPOE 

Shared Information (EHR) + collaboration

Personal Health Record (PHR) 

Research from bench to bed, from bed to bench 

Drug interactions, monitoring, compliance, alerts, …

Population monitoring, epidemiology, Bio surveillance

Shared Pathways Disease Mgmt. Programs

Personal Health Plan

Electronic Health Record

Health Monitoring

Health Mgmt. Programs

Inter-professional collaboration

Translational Medicine
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Bringing the pieces together

Thank you . . .


