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Abstract. Good surgical training depends greatly on case experiethegshave
been difficult to model in software since current traininghteology does not pro-
vide the flexibility to teach and practice uncommon proceduor to adjust a train-
ing scenario on the fly. The TIPS kit aims to overcome thesédtions. To the
expert, it presents visual and haptic tools that make fttisig procedures easy and
can model unusual anatomic variations. For a non-spegiiligrovides a locally
customized learning environment and repeated practicesafeaenvironment. We
used the toolkit to illustrate removal of the adrenal gland.
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1. Introduction

Medical illustrations are the standard for publishing aeduimenting medical proce-

dures in biological textbooks, teaching illustrationsstinctional films, and legal pro-

ceedings involving medical documentation. Presentlyhtlrelles for taking descriptive

text to illustration involve long hours between a traineddimal illustrator and the docu-

menting physician to illustrate even the simplest procedBubsequent "views" are gen-
erated by the illustrator with many attempts needing to berked before the results

are satisfactory.

2. Toolsand Methods

The toolkits’ goal is to remove the intermediary and empotherspecialist surgeon

as author by placing advanced media conveniently at the surgeonfsodison. Like
word processing software, but including haptic forces abdn®dels, this allows the
specialist to create customized instructional illustnasi. The learner, typically a resident
or non-specialist surgeon, can follow the instructionsntfgon’ by having the haptic
stylus guide the hand (Figure left) as key moments of a procedure are replayed in

1correspondence to: SurfLab, Dept. CISE, CSE Bldg E325, éssity of Florida, Gainesville, FL 32611.
Tel.: +1 352 392 1255; Fax: +1 352 392 1220; E-mail: {mhkimgj@cise.ufl.edu.



Figure 1. (left)Replay of (middie) 3D motion (red) to remove fatty tissugght).

the virtual environment. At any point in the procedure, thhestration can be paused
to explore the environment, and then continue or repeattbeeps until the skills are
understood. Conversely, the learner’s skills can be coetparthe metrics laid down by
the specialist.

Currently, TIPS modules are being validated by specialisgexons at the Depart-
ment of Surgery University of Florida. Modules and theiraasated metrics undergo
peer review and are validated by a metric-driven validatibresidents.

3. Results
3.1. The Authoring Kit

We created two types of the toolkit: an authoring toolkit anleéarning toolkit. The au-
thoring toolkit is an environment for a specialist surgeoriteate a multimedia experi-
ence, and authoring consists of four stages.

The Conceptual stage consists of storyboarding and mapping steps to mEklé.
is, the surgeon breaks the procedure into steps and deaidd® simplest means of
conveying the idea. In increasing order of complexity thailable media are: (i) scanned
sketch (Figure 2, lower left), (ii) photographic or texttkamage (Figure 2, upper right),
(i) video of life procedure, (iv) animation, (v) hapticsulation.

In the Anatomic Layout stage the author populates the virtual 3D scene with objects
from an extendable database of predefined 3D models (orgessels, surgical tools)
and interactively generated fatty tissue (Figureriddle). When instantiating the ob-
jects, a simple interface allows adjusting their paransefasition (scaling, orientation),
visual properties (base color, color when touched, traesug, etc.) and haptic proper-
ties (elasticity, extent of deformation). The propertiesadjusted by touching the object
with the haptic device and adjusting the value by mouse moSmnce typically, layouts
will be downloaded from a database or shared from colleagndsthen loaded, both
conceptual and layout stages are not expected to be reMisgguently. Rather, a partic-
ular surgical scenario is established so that the main waati4ces to creating variants by
adjusting properties.

During the Anatomy Exploration stage, the author traverses the 3D anatomy, and
modifies it - for example, by removing fatty tissue, or digjifa organs and vessels in
preparation for ligation, etc. The system records the 30onaif the surgical procedure
via a feedback stylus (see Figure éft)
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Figure 2. Editing the ‘pop-up’ time rail to add additional illustratis (e.g. recorded videtop right))

In the Annotation stage, the surgeon-author adds or deletes recorded metion s
quences and adds other media using the timeline of the redaondtion (see Figure 2).
This is similar to deleting or editing text on a page in a wordgessing or video-editing
environment. Annotation is an important alternative té $irhulation. The tags are non-
occluding and attached to objects in the 3D scene. Eachifunscas a (computer) win-
dow and allows display of video clips, hand-drawn or boo&trsed images and plain
text.

3.2. TheLearning Kit

The learning kit allows a non-specialist surgeon to rettheerecorded, annotated mo-
tion. In thepassive mode, the haptic feedback interface guides the learner’s halodg a
a specific path while the computer screen shows the authdest8nario. Tissue or
material resistance is experienced from acceleration @ldsation of the author’s hand
motions and from the model settings. The replay can be ajust slow motion. An
alternative view than the original can be selected.

While the author fixes the path, the forces that guide aloiggnttaster path can be
relaxed. In thisactive mode, the non-specialist can move more freely and make mistakes.
The non-specialist's motion in the active mode is recordeddmparison.

3.3. Case Sudy: Removal of the Adrenal Gland

As a test, we illustratethparoscopic adrenalectomy. Here, safe dissection of the fatty
tissue to expose the adrenal vein requires (i) correct 3Dompoadapted to the highly
variable layout of organs, vessels and fatty tissue; ahdfjplication of appropriate force
conveyed by the haptic device, to lift the vein free of thesunding tissue in preparation
for ligation (Figure 1]eft). Rupturing the adrenal vein or neighboring vena cava could
result in catastrophic hemorrhage.

The specific anatomic relationships between the adrenatigiad the surrounding
structures deserve special attention. There is an adrésnadl @n each patient’s side;
however, the relationship between the gland and the neadane differ significantly
from cases to case. In particular, the vascular relatipsshie completely different be-
tween the right and the left gland. Each poses its uniquédserigds to the surgeon during
surgery. At present there is no method for preparing foral®malies and variations a
priori. There is no road map for the surgeon, other than éapee.



In the 3D surgical procedure illustration environment, vaelld emphasize and il-
lustrate the following aspects in particular:

1. The right gland is attached via a short and frail vein toltrgest vein in the
body, the inferior vena cava (IVC). The adrenal vain is gaftgiin a standard
location but its wide to short caliber is particularly claying for dissection.
Undue tension in the process of surrounding the vein, paatstligation, can
create brisk bleeding from the inferior-medial junctiontbé vein to the IVC.
This type of bleeding can be catastrophic in the laparoscssiting.

2. The procedure is applied behind the right lobe of the Jimad deserves a con-
trolled environment for practicing.

3. The left gland also has its unique challenges. Althoughvigin on this side is
longer and easier to manipulate, its location is more végiakhe ability to con-
struct multiple anatomic relationships, cover them witttyféissues and impose
dissection on the learner allows exploration of theseimlahips in a safe envi-
ronment. The tail of the pancreas and the spleen must alseposed to see the
adrenal gland.

The Authoring kit allows representation of these relatiopsin a three-dimensional
and tactile environment. These modalities are missing fvateos and books. In par-
ticular, the authoring kit allows the author surgeon to, lo@ $pot, create a number of
variations. For example, there are a number of vasculatioakhips that are modeled
simply by adjusting the gland (size, position, haptic fesK), relative position of the
vessels and the distribution and character of the fattydisad covering peretoneum.
The learning kit then allows a competent, but not expergyeon to review the proce-
dure to prepare for surgery. The review reiterates the keyoamc relations and forces
as defined by the expert.

4. Discussion and Future Work

A key point of our approach is that the specialist surgednerathan a computer pro-
grammer will author the material. This makes the approadiibile and removes a level
of indirection that easily leads to incorrect emphasissTholkit is not in competition
but rather complements the rapidly advancing academicmnuercial surgery training
tools [1,2,3,4,5,6,7].

By placing the specialist surgeon at the center of the cogemeration, we follow a
different paradigm. The toolkit brings together a numbestafe-of-the-art technologies:
advanced graphics, both hardware (GPU acceleration ofidsimeh surfaces [8]) and
software (novel surface representations, realtime shadswlepth cues, etc.) and makes
judicious use of haptic measurement and feedback at keyspafithe illustration. Open-
source development of the toolkit is expected to triggethier collaboration of com-
puter and surgical specialists to develop libraries andesheepositories for continued
education.
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