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Clinical Needs, Deficiencies and Issues

Workflow

• Inefficient, ineffective and redundant processes

• Inflexible "systems" of operation

• Ergonomic deficiencies which hinder the workflow

• Data (text, 1D, 2D, 3D, 4D) presentations not adequate, e.g. 

intraoperative and perioperative

• Soft knowledge (info+action strategy) presentation not

available

• Scheduling (and tracking/RFIDing) of patients, personnel, 

operating rooms, equipment etc. not facilitated or coordinated

(often the seeds of "busted" schedules)

• Too long set up times for robotic surgery

"OR2020 Workshop: Operating Room of the Future" April 15-17, 2004, Ellicott City, MD, USA



Haller et al. Acad. Radiol. 2001; 8:888-897.

Not acceptable!



Clinical Needs, Deficiencies and Issues

Workflow cont.

• Lack of consistent working practices/guidelines or workflows
(the hospital as a high risk and high velocity "production" environment

ain't scripted enough, there's too much diversity of behaviour)

• No standardised surgical devices and systems

• Lack of quantified information on work flow and error

handling

• Communication across disciplines not adequate, e.g. between

radiology and surgery

"OR2020 Workshop: Operating Room of the Future" April 15-17, 2004, Ellicott City, MD, USA
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Continuous innovation in all technologies
Source: W. Hruby
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TU Berlin PACS Milestones

• 1975-79  PACS and MWS concept dev. 

(Publ. IEEE/ACR 1979, #1 in CPMDR)

• 1980’s    Rad. PACS dev. BERKOM

• 1990’s    MWS dev. MILORD EU project

• 2000’s    S-PACS TT’s, S-WF’s, CURAC

• 2005       ICCAS, ZiG, DICOM WG #24              

(DICOM in surgery)
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Digital Imaging and CARS
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Steps towards a S-PACS and S-DICOM

(DICOM WG 24 „DICOM in Surgery“)

1. Define a representative set of S-WF's

2. Specify a first set S-PACS functionalities to 

support the S-WF's

3. Derive a first set of S-DICOM functionalities

4. Expose results to an expert group
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Some Medical Applications of CAS

• Cranio-facial Surgery

• Brain Surgery

• Cochlear Transplant

• Laryngeal Phonation 

• Heart/Coronary Disease

• Orthopedic Surgery 

• Prostate Cancer

• Colon Cancer

• Special Surgeries

• Educational/Training

Anesthesiology

Narcolepsy

Anatomy 
Source: R. A. Robb
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Whole body MRI is now feasible using Whole body MRI is now feasible using 

massively parallel phasedmassively parallel phased--arrays coilsarrays coils



Comprehensive Software Toolkits
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Schematic representation of a 

perioperative system for a single OR



Schematic representation of the overall 

perioperative timeline for an elective surgery



Schematic representation of the intra-

operative timeline for an elective surgery



MGH ORF 

Perioperative workflow that allows ad hoc exceptions



Motivation

�Significant ergonomic and health-economic progress in the OR 
through a thorough understanding of the surgical activities

�S-WF modelling and visualisation can assist the creative activity 

of designing surgical integration profiles (SIP)









�Surgical process redesign can only be carried out in an 
environment where surgeons, radiologists, anesthesiologists

and computer scientists jointly advance the field of 

Computer Assisted Radiology and Surgery (CARS)

�The newly founded Innovation Center for Computer 
Assisted Surgery (ICCAS) at Leipzig University is being

designed to provide such an environment

Motivation



University of Leipzig surgical center



University of Leipzig surgical center



�To allow a correlation between workflows of different types of 
surgical procedures, e.g. to obtain a measure of similarity 

between workflows

�To assist in identifying parts of the same and between different
workflows (Surgical Integration Profiles - SIP's) for a process 

redesign

Purpose of Workflow analysis

�To provide concepts and data to assist in the specification, 
design, implementation and in-vivo usage of new Information 

and Communication Technology (ICT) and mechatronic (MT) 

systems



Methods

�A subset of the recorded workflows was modelled 
with Workflow Management Coalition (WfMC) tools 

adapted for this purpose

A S-WF definition of a surgical procedure becomes a 

formalized description of a coordinated set of surgical 

activities that are connected in a specific order



7 different head surgical procedures were selected for further 

workflow investigation, specifically in ENT-, Maxillofacial- and 

Neurosurgery:

1. transsphenoidal approach to pituatiry gland

2. extranasal maxillary sinus surgery

3. functional endoscopic sinus surgery (FESS)

4. suboccipital surgery of acoustic neurinoma

5. ventriculocisternostomy

6. Microlaryngoscopy

7.   tympanoplasty III.

Methods

For evaluation purposes, 3 independently recorded workflows for each 

surgical procedure were established as a minimum requirement
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Display during intraoperative scanning

With permisson: Susan Rowling, MD, Frank Spitz, MD



Display: the radiologist’s view



Intraoperative ultrasound: 

transferring images

With permisson: S. Horii, MD



Intraoperative ultrasound:

Part 1 overview



Intraoperative ultrasound:

scheduled entry



Intraoperative ultrasound:

radiology to the OR



�A surgical ontology may be defined as a formal 
terminology for a hierarchy of concepts and their 

relationship in the specialized clinical context of 

surgical procedures and actions

Methods (ontology)

�Informatic driven definitions of surgery, e.g. for 
terminology,  GALEN, SNOMED or CEN ENV1828, and 

for workflow notations, UML, WfMC, and Petri-Nets
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EJB Technologies Inc.
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WFMC

www.wfmc.org



SurgicalProcedure
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Methods

With appropriate 3D modelling, visualization and 

interaction tools 

these S-WFs may also be represented in simulated 

operation room environments to provide insight into 

selected sequences of a surgical intervention















Volume of Vision (1)



Volume of Vision (2)



Detection of Concealment (1)



Detection of Concealment (2)
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Comparison of P2P models
A.W. Loo, The future of Peer-to-Peer computing, Comm. ACM, Sept 2003
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Security Trust Trust Security manag. Security manag.
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Surgical PACS, DICOM and IHE

Response of Industry

1. GE

2. BARCO

3. Cedara

4. ...
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Steps towards a S-PACS and S-DICOM

(DICOM WG 24 „DICOM in Surgery“)

1. Define a representative set of S-WF's

2. Specify a first set S-PACS functionalities to 

support the S-WF's

3. Derive a first set of S-DICOM functionalities

4. Expose results to an expert group



S-PACS Cooperation Partners

• CARS Institute/Foundation (PI)

• SPIE

• UCLA

• ICCAS at the University of Leipzig (ENT, Cardio, Neuro)

• Technical University of Berlin (CG and CAM)

• USC

• Stanford University

• University of Rennes

• Japan Institute of CARS

• Industry (AGFA, SIEMENS, Philips, Cedara,...)

• CURAC (AG S-WF and S-PACS)

• University of Pisa, EndoCAS

• The Interventional Centre, Oslo

• Georgetown University

• University of Chicago

• MGH
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Conclusion

1.S-WFs definitions (on an appropriate granulation level) and

visualizations allow surgeons and associated disciplines to 

understand their requirements more thoroughly when specifying 

and evaluating surgical PACS and CAS systems

2.Selected S-WFs defined by some standard method such as 

provided by the WfMC may be entered into a repository, 

providing a reference base for teaching and for peer-to-peer 

(P2P) computing on a global basis



Conclusion

3.Interdisciplinary communication between surgeons and the 

engineering disciplines will be enhanced through computer 

assisted presentation of 2D workflow models and their computer 

graphic 3D/4D visualization. The 2D workflow presentations 

may serve as a script for the animations



Conclusion

4. A S-PACS distinguishes itself from the classic 

radiological PACS by focusing on the surgical needs. 

These may relate to specific intraoperative imaging 

needs including surgical imaging modalities, real time

and 3D/4D visualization as well as a high degree of 

interactivity between the surgeon and technologies for 

information presentation

5. To avoid reinventing the wheel, DICOM needs to be 

augmented to a surgical DICOM (S-DICOM) with the 

appropriate meta data in order to cover surgical 

interface requirements. 

The same applies to the IHE defined workflows



Innovation and IGT tools

• Adoption of new IGT tools in the

“Age of Information” or “Knowledge Era"

We are here

The awakening



Inaugural meeting:

DICOM WG 24 „DICOM in Surgery“



DICOM WG 24 „DICOM in Surgery“
WG24 meeting on Wednesday, 28th September 2005, 2 p.m. 

at the Hilton Budapest WestEnd Hotel, Room MATRAALJA. :

Agenda

1. Scope of WG24

2. Roadmap

3. Short Term Goals

4. Current Work Items

5. Relationship to other Standards and Standard Bodies

6. Election of WG24 Chair and Co-Chair

7. Miscellaneous

A first summary description of some of the agenda items  be found in:

"Preliminary Strategic Summary for WG24".




