
and steps located along a vertical line. Information and data can be

added by the expert and visualized by the learner following the dif-

ferent steps of the surgical workflow.

Fig. 1 Software interface with knowledge associated to the steps of

the SPM

We evaluated the concept with six neurosurgeons for a dedicated

neurosurgical procedure: the endoscopic third ventriculostomy

(ETV). Specific surveys have been filled before and after interaction

with the software. These surveys were mainly based on two different

approaches: the UTAUT method for the assessment of the usage

intention [4] and the ATTRAKDIFF method for the evaluation of

hedonic and pragmatic qualities of a new product [5]. Both approa-

ches allowed us to evaluate the software using specific ergonomics

indicators: utility, acceptability and usability.

Results
According to the UTAUT results, the software application is per-

ceived as easy to use. The users think that it will allow them to be

more efficient in their work and intend to use this tool in the future.

The Fig. 2 shows the ATTRAKDIFF score. According to the

answers, this tool is perceived as simple, clear, manageable, original,

innovative, stimulating, new, professional, presentable, pleasant, nice,

and attractive, but also as not captivating and boring.

Fig. 2 Attrakdiff score for the developed software

Conclusion
We proposed an approach for learning declarative knowledge. This

approach was evaluated in the context of a neurosurgical procedure

with six neurosurgeons. Initial results showed the feasibility and the

interest of such approach and the corresponding software.

Participants had a positive perception concerning the utility of

such software. Today, neurosurgeons have access to several resources

(such as clinical and scientific papers) in order to learn declarative

knowledge. However, this task, without a dedicated tool, can be

tedious and long since the amount of data can be very huge. This tool

is therefore perceived as an innovative tool allowing them to cen-

tralize information, about a surgical procedure, which have been

defined and validated by experts.

Concerning the acceptability, the answers observed from the

ATTRAKDIFF survey indicated that the participants had a positive

experience about this tool, but they also perceived it as not captivating

and boring. This was mainly due to the fact that the learner was

maybe relatively passive during the training. Concerning the usabil-

ity, users think that the interface was well organized and structured.

These feedbacks highlighted the fact that surgical process models

could be well adapted for the structuration and the visualization of the

data.

The number of participants in this study was however limited.

More participants need to be included in the future in order to get

general conclusions about the real interest of using such tool in a daily

practice. However, the advantages have been clearly highlighted, and

especially concerning the use intention in the future.

In conclusion, these preliminary results have shown that the

concept and the software application could be an essential tool to:

• Structure and maintain information associated to a specific

surgical procedure;

• Make easier the access, for non-expert surgeons, to information

relative to a specific surgery;

• Optimize the declarative knowledge training phase associated to a

given surgical procedure.
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Purpose
Virtual planning using preoperative CT/MR images allows quantita-

tive, strategic planning of patient-specific cutting procedures for

tumor resection. The planned cutting path and virtual organ images

are used as intraoperative cutting guides [1]. During surgery, how-

ever, the limited visible parts of the vascular structures (e.g. optically

visible or measured from imaging devices such as ultrasound), are
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commonly used for intraoperative decision making rather than the

preoperative plans. One reason to abandon the virtual plan is that the

shape of the virtual organs often differs from the deformed states of

real organs. A deformed shape may be due to altered physical con-

dition (e.g. air/blood pressure), push/pull manipulation or cuts made

during a surgical procedure. The clinical requirements for estimating

the visual appearance of such local features are increasing in order to

perform evidence-based cutting and reduce surgical risks. Although

efforts have been made to provide multilateral anatomical information

for navigating cutting procedures [1, 2], the local appearance of

vascular structures in the intraoperative deformed state has been

omitted in planning/navigation software due to the difficulty of

modeling the effects of soft tissue cuts.

In this presentation, we introduce the deformable Resection Pro-

cess Map (RPM) for estimating local appearance of vascular

structures after cuts as a novel guide for soft tissue tumor resection

procedures. The deformable RPM is a geometrical estimator that

provides a time-varying local map based on the deformed geometry of

the organs (see Fig. 1). Unlike static virtual-reality-based training

simulators for cutting/ablation procedures, we designed a set of

algorithms to provide a semi-automatic software framework tuned for

planning/navigation. The RPM can be directly generated from

patient-specific medical images using volumetric resampling

techniques.

Fig. 1 The deformable resection process map as a guide for soft

tissue tumor resection procedures

Methods
To achieve semi-automatic generation of the RPM from medical

images, we have newly designed an objective function f(I, pk) that

computes the smooth cutting path S from the segmented organ image

I and a set of cutting points pk. First, the three-dimensional organ

region is sparsely sampled and a proxy geometry bounded by the

reference cutting path S0 and enclosing the sampled points is gener-

ated. The proxy geometry can be described using a tetrahedral mesh.

When some cutting points pk are given on the vascular structures or

the organ surface, the vertices of the proxy geometry are relocated

using a quadratic minimization function, which is designed to pre-

serve the local shape consistency of the given points pk and the

reference cutting path S0. The cutting points can be manually supplied

by the user or extracted from the boundary of segmented blood vessel

regions. The estimated cutting path S locally fit to the cutting points in

least squares manner. The curved shape of S can be more complex as

the indicated cutting points increase. Next, the discontinuous defor-

mation around the cutting path is computed for the proxy mesh and

rendered using the tetrahedral volume rendering algorithm [3]. The

vascular structures in the deformed body are linearly interpolated and

visualized volumetrically in the proxy geometry. This approach

estimates the cutting path using the given cutting points as geomet-

rical constraints and produces the time-varying local map of vascular

structures by progressive deformable representation.

Results
We have applied the software framework to 21 CT datasets for

hepatectomy and generated the RPMs in a variety of the deformed

states. When some cutting points are indicated on the organ surface or

vessels, the RPM is updated and the virtual organ is deformed by

applying external force to the cut surfaces. Figure 1 demonstrates a

time-series representation of the resection process map generated

from a single CT image set. As the procedure progresses, an updated

local appearance is rendered of anatomical structures such as a tumor,

hepatic vein, and portal vein in the deformed organ, and a cross

sectional image of vascular structures already split by cutting. We

have also confirmed that real-time updating of the cutting path and

rendering of the deformed organ at greater than 20 frames/s was

possible on general-purpose computers with graphic processing units

(CPU: 3.5 GHz, Memory: 8 GB, GPU: NVIDIA GeForce 780). We

note that the geometry update is performed by the objective function

f without relying on vertex addition or mesh subdivision. This

scheme enables fast and real-time computation while handling the

time-varying geometry of the cutting path. This concept addresses

technical issues discussed in [2] and formulates the RPM as a gen-

eralized computation framework that can be applied to non-

anatomical cutting paths by improving volumetric resampling tech-

niques [4].

Conclusion
We have introduced the deformable resection process mapping as a

time-varying geometric guide for cutting procedures. The algorithmic

design for semi-automatic generation from medical images was

described. Because user input of some cutting points is the only

requirement for generating the RPM, the developed software will be

directly available for clinical use in previewing surgical procedures

and intraoperative workflow management without time-consuming

setup or additional work loads. Quantitative evaluation of the gen-

erated cut surface geometry and clinical validation are our future

work.
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Purpose
Intraoperative imaging modalities can be utilized to great effect

during cancer surgeries. Methods such as MRI, CT, ultrasound and
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