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Goals

ÅDevelop a tool to manage a ubiquitous, 

complex clinical process in a hospital 

setting

ÅDeploy the tool in the ICUs and ED

ÅEvaluate changes in clinical practice 

ÅIterate, targeting other clinical problems



Motivation

ÅStandardize the care of patients
ïThe use of evidence-based guidelines for managing 

complex clinical problems has become the standard of 

practice, but guidelines are protocols not patient care plans

üTo be truly effective, protocols must be deployed as 

customized, individualized clinical care plans

ÅTackle the challenges of knowledge transfer
ïDivision of responsibilities among different individuals and 

teams in acute care settings (e.g.: ICUs)

ïManaging new findings and updates in best practice

Protocol

Instances

Protocols
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The Plan

Support the overall clinical process 

management by generating individualized 

care plans from evidence-based clinical 

protocols



Decision Support vs. 
Process Management 

ωDecision Support

ςdecisions/answers to 
specific questions at 
independent points 
during treatment

ωProcess Management

ςguides you trough a 
complete treatment, it's 
like a GPS, it also 
recalculates if not 
followed

DS



Specific to a Patient

Clinical Data Clinical Guidance

Clinical Process Management

Generic Treatment 
Protocol Workflows

Formalized Protocol 
Models

Clinical Process 
Management Tool

M

C

Provide health care 

professionals with a modeling 

environment for capturing best 

practice in a formal manner

Use customized and 

computerized protocol models to 

aid the clinical (treatment) 

process



Trauma

Pancreatitis

Burns

Other

Infection SIRS

Sepsis

Protocol Case Study: Sepsis

Sepsis
a serious medical condition caused by the body's response (Systemic 

Inflammatory Response Syndrome) to an infection



Why Sepsis?

It is common

ω 1-3 cases per 1000 in the 
population

ω 750,000 cases in the US 
annually

ω Although no definitive 
age, gender, racial, or 
geographic boundaries,

ωMostly men, typically in 
their 6th or 7th decade, 
immunocompromised

It is deadly

ωMortality approaches 
30% in patients with 
severe sepsis

ω Mortality roughly 
correlates with the 
number of dysfunctional 
organ systems

ω On average, patients have 
2-3 organs failing at 
presentation to the ICU

It is expensive

ω Average hospital stay is 3-
5 weeks for severe 
disease

ω Average patient bill is 
tens of thousands of 
dollars

ω $17 B annual expenditure 
to the US healthcare 

ω 40% of all ICU costs?



1. Identify patients based on modified SIRS criteriaCurrent architecture

PatientPhysician

Patient 

Management 

Dashboard

Surveillance

Tool

Clinical Information System

DB

Execution Engine

Sepsis Management GUI

Proposed Architecture

2. Prompt clinical teams3. Provide real-time process management 
recommendations based on live patient data

4. Serve as a data repository



*A Blueprint for a Sepsis Protocol, Shapiro et. al., ACAD EMERG MED d April 2005, Vol. 12, No. 4

Evidence-based guidelines for Sepsis



GME approach

1. Development of abstractions in Domain-
Specific Modeling Languages (DSMLs)

2. Construction of the models: capturing the 
key elements of operation

3. Translation (interpretation) of models

4. Execution and simulation of models



Creating a modeling language for 
representing treatment protocols (1-2)

ωWe started out with the flow diagrams 
available in current literature (for treating 
sepsis)



*A Blueprint for a Sepsis Protocol, Shapiro et. al., ACAD EMERG MED d April 2005, Vol. 12, No. 4

Screen Patient for EGDT

Labs STAT:
CBC c differential
Blood Cultures x 2
UA, Urine Culture
Sputum Gram Stain, 
Cx
Serum Venous 
Lactate
Basic Metabolic 
Panel
PT / PTT / INR
Cardiac Enzymes
Type & Screen

Lƴƛǘƛŀƭ wƛǎƪ {ǘǊŀǘƛŦƛŎŀǘƛƻƴΦ  aǳǎǘ ƳŜŜǘ ŎǊƛǘŜǊƛƻƴ м ŀƴŘ ŎǊƛǘŜǊƛƻƴ н ŦƻǊ ŀ άȅŜǎΦέ

1)  Does the patient meet at least two of the following SIRS criteria:
ÅTemperature >38ºC or <35ºC 
ÅHeart rate >90 beats/min 
ÅRespiratory rate >20 breaths/min or PaCO2 <32 mmHg 
ÅWBC >12,000 cells/mm3, <4000 cells/mm3, or >10 percent 
immature (band) forms

2)  Anddoes the patient have a MAP < 65 or SBP < 90 (after volume challenge 
with 20-40 cc/kg of crystalloid)

OR 
{ŜǊǳƳ ±Ŝƴƻǳǎ [ŀŎǘŀǘŜ җ пΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ Ǿƛǘŀƭ ǎƛƎƴǎ

Clinical Suspicion for Infection 

Assess Central Venous Pressure

Assess Mean Arterial Pressure

Assess Spot Central Venous Saturation

CVP  8-12

a!t җ ср-90
Initiate vasopressor  (preferably levophed) 

, titrate to effect

MAP < 65

Assess PCV

SvO2 < 65%

Rapid Infusion of 500 cc NS 
(wide open)

CVP  <8

SvO2 > 65%

PCV < 30

Transfuse 
tw./ǎ ǘƻ t/± җ 

30

t/± җ ол

Initiate Dobutamine
at 2.5 mcg / kg / 
min, titrate to 

effect; hold for HR 
> 130

Early Goal Directed 
Therapy Objectives 

Satisfied

Evaluate for XigrisRx If levophed > 20 mcg/min required to 
maintain MAP >65, initiate vasopressin at 

0.04 Units / hour.  Do not titrate.

15 minutes

First iteration



Creating a modeling language for 
representing treatment protocols (1-2)

ωWe started out with the flow diagrams 
available in current literature (for treating 
sepsis)

ωRigid structure, simple operational semantics, 
but cumbersome

ςjumping around in the tree causes a messy 
representation



Iterations: indentifying bundles
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Clinical Process Modeling Language 
(CPML)

ωCPML supports the design, specification, analysis, verification, 
execution and validation of complex clinical treatment processes.

ω CPML is built upon the Generic Modeling Environment (GME) from 
the Institute for Software Integrated Systems (ISIS) at Vanderbilt 
University.

.



1. Metamodel



Clinical Process Modeling Language 
(CPML)

ωCPML supports the design, specification, analysis, verification, 
execution and validation of complex clinical treatment processes.

ω CPML is built upon the Generic Modeling Environment (GME) from 
the Institute for Software Integrated Systems (ISIS) at Vanderbilt 
University.

ωThere are three main components in CPML

Medical Library
ωa placeholder for hierarchically categorizing general medical 

knowledge

Orderables
ωa library for orderable medications, procedures, etc. and
ωexecutable (medical) actions that are specific to a healthcare 

organization built from the elements defined in the Medical 
Library)

Protocols
ωconcept, in which treatment protocols can be described



2. Sepsis models

Sepsis 

Protocol 

Model


