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Abstract

Slice-based visualizations of CT and MRI data are frequently used for diagnosis, intervention planning and intra-
operative navigation since they allow a precise analysis and localization. We present new techniques to enhance
the visualization of cross sectional medical image data. Our work is focussed on intervention planning and intra-
operative navigation. We address the following problems of slice-based visualization in these areas: the lack of a
graphical overview on the positions of anatomic structures, the localization of a target structure and the display
of safety zones around pathologic structures. To improve the overview, we introduce LIFTCHARTS, attached as
vertical bars to a slice-based visualization. For localizing target structures, we introduce halos. These techniques
restrict the occlusion of the original data to a minimum and avoid any modification of the original data. To demon-
strate the usability of these visualization techniques, we show two application scenarios in which the techniques
come into operation.

Categories and Subject Descriptors (according to ACM CCS): 1.3.3 [Computer Graphics]: Picture/Image Genera-

tion—Display algorithms; J.3 [Life And Medical Sciences]: Medical information systems

1. Introduction

For the diagnosis of severe diseases, intervention planning
and intraoperative monitoring, magnetic resonance imaging
(MRI) or computer tomography (CT) data are acquired, such
as cross sectional image data. Those modalities produce a set
of slice images, which can be employed for 3D visualiza-
tions as well as for 2D slice-based visualizations. 3D visu-
alizations provide an overview of the spatial relations which
is appreciated for the diagnosis of complex pathologies as
well as for many planning tasks. Slice-based visualizations,
on the other hand, support a detailed analysis of the data and
still represent the dominant mode of viewing CT and MRI
data. For intervention planning and diagnosis, slice-based vi-
sualizations are always taken into account. Also, in anatomy
education, cross sectional anatomy is an important aspect
and deserves special attention. The Voxel-Man and the 3D
Slicer for example, provide cross sectional images integrated
in 3D visualizations [HPP*01, GKG*99].

Although slice-based visualizations are of paramount im-
portance, in the visualization community research is focused
almost exclusively on 3D visualization aspects, such as effi-
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cient and high-quality volume rendering, support for trans-
fer function specification as well as efficient isosurface ren-
dering. In this paper, we focus on slice-based visualizations
and describe how these can be enhanced using segmentation
information resulting from preoperative planning. Conven-
tional slice-based visualizations do not provide an overview
of relevant structures. As an example, when viewing the cur-
rent slice it is not clear whether pathologies are above or be-
low the current section and how many slices are in between.
We present techniques to display distances to structures at
risk, such as major blood vessels, simplify the localization
of a target structure and target location. Moreover, we intro-
duce an overview to a slice-based viewer. The original data is
not modified and the occlusion by additional information is
minimized. We consider applications for intervention plan-
ning as well as intraoperative navigation, where the relevant
structures are segmented preoperatively [KTH*05].

In medical textbooks illustrative slice-based visualiza-
tions are common (Figure 1). In clinical applications, how-
ever, the unaltered data have to be displayed. Instead, the
data may be enriched with additional information.
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Figure 1: lllustrative cross sectional images convey differ-
ent strategies for the needle placement in the spine. From:
[GP9S]

The remainder of this paper is organized as follows. Sec-
tion 2 describes related work. Afterwards, we discuss the
concept, driven by specific problems in computer-assisted
surgery in Section 3. In Section 4, we describe the applica-
tion of the visualization techniques to support two interven-
tions from Ear-, Nose-, Throat surgery. Finally, in Section 5
we conclude the paper.

2. Related Work

[LEOS] developed a 2D illustrative slice viewer to provide
more information than the original data and visualize struc-
tures more effectively. To emulate example 2D illustrations,
they composed a texture synthesis and color transfer method
to generate illustrative 3D textures.

For preoperative liver surgery planning, [PBS*02] sug-
gest the use of corresponding 2D and 3D viewers to exploit
the advantages of both visualizations for interaction tasks,
such as measurement and virtual resection. [LGF00] sug-
gest the display of safety margins around liver tumors for
risk analysis. [NWF*04] developed a virtual endoscopy sys-
tem (STEPS), using 3D endoscopic techniques to aid in the
navigation.

Research in intraoperative visualization focused on aug-
mented reality solutions. [FNF*04] and [Sch03] track an in-
traoperative camera and project additional information de-
rived from preoperative image analysis in the operating
view. [MZK*05] investigate the usability of a see through
screen, which enables the surgeon to look at the patient
through a screen with the derived information. Birkfell-
ner et al. propose the Varioscope, a light-weighted head-
mounted operating microscope used as a head mounted dis-
play [BFH*00, BFH*02].

Commercial solutions, such as the VectorVision® family
(BrainLab™) or NaviB ase® (RoboDent™) employ three or-
thogonal slices and an optional view for a multi-planar re-
construction (MPR) or a 3D view. Additionally, target points
are assigned by markers or crosshairs. These visualizations
are not enhanced with any segmentation information derived
preoperatively.

3. Concept

In this section, we introduce our concepts regarding three
major problems of the exploration within slice-based visual-
ization. In the following, we shall present conceptual solu-
tions for those problems:

e Graphical Overview: On radiologic workstations, in gen-
eral, only one slice is visible at a time. The display of
more slices is feasible at the expense of image size and/or
resolution. Even with several slices visible at a time, no
overview is available.

o Localization of Target Structures: Especially for intra-
operative navigation, the localization of target structures
such as tumors is an urgent problem.

e Safety Margins: Malignant tumors have to be resected
with a sufficient margin. Also, in intraoperative navigation
it is important to maintain some distance from the struc-
tures at risk, such as nerves and blood vessels, to avoid
damaging them.

Although our work is focused on medical visualization,
we also consider other application areas to get ideas support-
ing an improved overview and localization of target struc-
tures.

3.1. Graphical Overview

For an overview of the segmented structures in a 2D visual-
ization, it is essential to present the relative position of struc-
tures in the current slice as well as their positions in the third
dimension, i.e. within the whole set of slices. For that pur-
pose, we present a 2.5D approach to provide the essential
information. In the following, we refer to the in-plane coor-
dinates as x,y and the slice number as the z-dimension.

3.1.1. Graphical Overviews in Time Scheduling

The visualization problem that occurs here is similar to
time scheduling. In this area, different techniques have been
developed to visualize data entries and their temporal re-
lations to each other. An appointment is characterized by
an interval in time (fi,,%max). Graphical overviews should
present appointments distinguishable from each other and
the temporal relations between appointments. Colored la-
bels for different kinds of entries (e.g. private or business)
and methods for handling chronological intersections allow
a fast perception of the data. Examples for such techniques
are found, for example, in Gantt charts or in the LifeLines
project [PMR*96, PMS*98].

Translated to slice-based visualization, the interval of
slices of the segmented structures corresponds to the lengths
of appointments. We assume that each structure can be char-
acterized by an interval of slices (Zyin,Zmax) to which it be-
longs. We do not consider disconnected structures occurring
in several intervals. The current slice corresponds to the cur-
rent time or date. Like appointments, the intervals of slices
to which anatomic structures belong may overlap each other.

© The Eurographics Association 2006.
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Figure 2: Concept of the LIFTCHART widget. The colored
bars represent z-dimensions of anatomical structures in a
volume dataset (right portion).

3.1.2. Graphical Overviews for Slice-based
Visualizations

Similar to temporal overviews in time scheduling, we attach
a narrow frame next to the cross sectional image that repre-
sents the overall extent of slices in the volume data set. The
top and bottom boundary of the frame correspond to the top
and bottom slice of the dataset. Each segmented structure is
displayed as a bar at the equivalent vertical position inside
this frame. The vertical extent of the bar represents the in-
terval (Zin, Zmax) for each structure. Upper bars correspond
to higher structures in the body. Figure 2 presents a sketch
of this concept. The overview is used to indicate in which
slices certain structures occur. We refer to this combination
of bars as LIFTCHART and regard it a widget which provides
interactive facilities to locate structures and slices.

To achieve an optimal horizontal distribution of bars in the
frame, they are ordered with a Sweepline algorithm [PS93].
The slices are processed from bottom to top and for each
anatomic structure a bar is drawn in the leftmost available
column. If a structure ends, the respective column is freed
again and can hold the bar of a new structure starting farther
above.

This visualization can be used not only in the standard
cross sectional slices but also for MPRs, which cross the
dataset in arbitrary direction. Here, the bounding boxes for
each structure are projected onto a plane orthogonal to the
MPR cutting plane which yields the appropriate extents of
the structures (Figure 3(b)). The sorting algorithm remains
the same.

The LIFTCHART enhances the recognition of relative po-
sitions of structures in the volume dataset by displaying their
spatial relations. To simplify the correlation between the
slice view and the LIFTCHART, the color and style (if dif-
ferent styles are used) of the bars should correspond with
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(a) Layout computation for the com- (b) Basic layout for MPRs
pact version

Figure 3: Computation of the LIFTCHART layout. Left: the
Sweepline moves from bottom to top and places the next
available bar at the leftmost unused column. Right: the
bounding box of the structure is used for computing the
LIFTCHART from arbitrary directions.

the color and style of the structures displayed in the slice
view.

The currently displayed slice of the volume dataset is de-
picted by a horizontal line in the LIFTCHART widget. The
slice number is displayed next to this representation. To visu-
alize not only the z-distribution of structures in the volume,
but also information about their horizontal position, we de-
veloped several arrangements of the bars in the LIFTCHART.

In Figure 4, some possibilities are displayed according to
structures in the neck region. The LIFTCHARTSs represent
structures in the neck region. Muscles (brown), veins (blue),
arteries (red) and the lung (skin-colored) are shown as con-
text. The yellow bars represent lymph nodes, the tumor is
represented as a beige bar. The green line denotes the cur-
rent slice.

Figure 4(a) shows the most simple form including the
optimization with the Sweepline algorithm. Each anatomic
structure is represented by one bar. Note that due to the or-
dering, different categories of anatomic structures can be
displayed in one column.

Separated LIFTCHART. Since some anatomic structures
have a defined side, e. g. the left or right Arteria Carotis In-
terna, the LIFTCHART may be divided in three parts: one
part for structures on the left and on the right side each and
one part for structures in the middle (Figure 4(b)).

Aggregating Structures in the LIFTCHART. It is also
possible to group bars which belong to the same class of
anatomical structures to minimize the horizontal extent of
the widget (Figure 4(c)). In contrast to Figure 4(a) and
(b), the lymph nodes are aggregated into one column. The
choice whether structures should overlap each other in the
LIFTCHART or not depends on the clinical question. Patho-
logic lymph nodes are additionally emphasized by changing
their color to a reddish tone. This is not possible in the other
two versions of the LIFTCHART shown in Figure 4, because
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Figure 4: Different possibilities of arranging structures in
the LIFTCHART. (a) shows the most simple form. Each
anatomic structure is represented by one bar. In (b), the
LIFTCHART is divided in three parts: one part for struc-
tures on the left and on the right side each and one part for
structures in the middle. In (¢), structures of one category are
aggregated in one column. Additional landmarks for orien-
tation are displayed.

a different color denotes a different category of anatomic
structures. Furthermore, landmarks for orientation in the
dataset may be displayed at the frame of the LIFTCHART.
As an example relevant for neck dissections, in Figure 4(c),
the bifurcations of the Vena Jugularis (JBiL/JBiR) and Arte-
ria Carotis (CBiL/CBiR) are indicated.

3.1.3. Interactive LIFTCHART

Besides visualizing intervals of slices, the LIFTCHART wid-
get can be used for interaction and navigation. The hor-
izontal slice indicator is operated like a normal scrollbar
and moves through the slices. If the mouse is placed over
a particular bar, specific information about the underlying
anatomic structure is shown as a tool tip.

Directly selecting the LIFTCHART next to the bars moves
the slice view to the slice number at the respective height.
If a particular bar is selected, all slices containing the struc-
ture may be displayed by automatically cycling through the
slices. In this way, a quick navigation between different
structures on different slices is made possible.

3.2. Localization of Target Structures

For the localization of target structures, different techniques
are known from other domains, like crosshairs or halos. Usu-
ally, crosshairs only show the exact location of one structure
or position in a visualization. This position is indicated by
the intersection point of two lines which form the crosshairs.

Figure 5: The size of the halos depends on their distance
from the target point (gray slice). The line style indicates if
the current slice is above or below the target.

For intraoperative navigation, one fixed structure (e.g. the
tumor) needs to be focused while a second object (e.g. the
surgical tip of tool) is tracked. Both positions need to be vi-
sualized.

3.2.1. Localization of Target Structures on Road Maps

Halos, as introduced by [BR03], are another technique to vi-
sualize distance and direction to a defined target. They are
used for road maps on small displays to localize targets out-
side the visible screen area. These targets are marked by a
circle with the respective distance as radius. The circles ap-
pear as circular arcs on the display since the center is outside
the visible area.

3.2.2. Localization of Target Structures in Slice-based
Visualizations

In contrast to road maps, in our scenario the target does not
lay at the same level as the displayed section but either above
or below. Therefore, the radius of the halo matches the dif-
ference in slices between the current section and the target
point, whose xy-position specifies the center of the circle.

Given a target point in another than the current slice, a
circle is drawn on the current slice with a radius equal to the
distance between the current and the target slice. The line
style of the circle indicates whether the position of the tar-
get is above or below the current slice (see Figure 5). If the
current slice is moved towards the target, the radius of the
circle decreases linearly with the target distance. To express
the distance between the current slice and the target by the
change of the radius, a non-linear decrease of the size might
be preferable. This can be achieved by multiplying the com-
puted halo radius with a function that increases the speed of
decrease in radius the closer the target is. It is yet to be de-
termined how much this modification affects the recognition
of the distance between target and current slice. The linear
form is preferable for viewing single slices since the size
here is directly proportional to the distance. The non-linear
form eases navigation since changes in size are larger the
closer the target.

The already mentioned single crosshairs can be extended
in such a way that the surgical tool (e. g. a drill) is tracked
with the cross and the target region (tumor) is marked on
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Figure 6: The traditional crosshairs are enhanced to spec-
ify two points. The center is used to track a surgical tool,
whereas the marks on the axes define a second target point.

the lines that form the cross in different color or using tick
marks. These markings for the target region can be varied
according to the user’s preferences — tick marks, colored re-
gions, or a combination thereof. The center of these marks
defines the xy-position of the target, whereas its distance
to the current slice is depicted by the distance between the
marks (Figure 6). The target direction can be color-coded or
visualized by an arrow in the center of the crosshairs.

3.3. Slice-based Visualization of Safety Margins

Safety margins are useful for intervention planning and in-
traoperative navigation. During a tumor resection, the tissue
around the tumor is also resected to be sure that all patho-
logic tissue is removed. During the intraoperative naviga-
tion, it is useful to give the surgeon a hint about structures at
risk near the surgical tool.

To prevent structures at risk from damage, the distances
of the surgical tool to such structures have to be carefully
observed during the surgery and, therefore, to be displayed.
Halos (in the original sense of the word) can convey this
distance information. Therefore, for all structures at risk an
Euclidean distance transform [Bor83, Loh98] is performed
and the resulting distance information is overlaid on the slice
image. We considered color-coding the distance information
but rejected this idea, since presenting a color map would
display too much information not relevant for the surgical
strategy. Depicting important distance thresholds as halos by
drawing two isolines representing defined distances turned
out to be more appropriate in discussions with clinical part-
ners. Thus, the quantitative distance information is reduced
to a few categories which is easier to interpret. Note that
these halos do not show distances to target structures as
above but instead safety margins around structures.

© The Eurographics Association 2006.

Figure 7: The probably pathologic structures (tumor and
lymph nodes) are shown in the LIFTCHART. The lymph
nodes of one side are combined into one column. Enlarged
lymph nodes are colored red. For the lymph nodes safety
margins of 2mm (red) and Smm (yellow) are shown.

4. Application Scenarios

The enhanced slice-based visualizations are suitable for
intervention planning and intraoperative navigation. To
demonstrate the application of the techniques, we choose
two different surgical interventions in the realm of Ear, Nose,
Throat surgery (ENT) [KTH*05]. The segmentation of the
relevant structures, which is a necessary prerequisite for the
visualization, is accomplished with dedicated software as-
sistants [APSHO4, CDP*06]. Applications in other areas,
like orthopedics, are also possible.

The first scenario relates to the planning of a neck dissec-
tion. Neck dissections cannot be carried out as minimally-
invasive endoscopic interventions. Therefore, surgeons have
direct visual access to the whole operative area and intraop-
erative navigation is less important. A graphical overview is
essential since many anatomic structures are relevant, but the
localization of a target structure is not necessary.

The second scenario relates to functional endoscopic si-
nus surgery (FESS) [Ken00]. For endoscopic interventions,
intraoperative navigation is crucial because surgeons have
no direct visual connection to the operative field.

4.1. Intervention Planning

Neck dissections are carried out for patients with malignant
tumors in the head and neck region to remove lymph node
metastases. The extent of the intervention depends on the
occurrence and location of enlarged lymph nodes. If impor-
tant structures are infiltrated, the involved areas are not re-
sectable. Therefore, it is important to estimate the resectabil-
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Figure 8: Corresponding 3D visualization of Figure 7. Mar-
gins for lymph nodes outside the current slice are also visi-
ble.

ity as reliably as possible. In neck dissections, there are the
following strategies: left or right sided and with different
kinds of radicality e.g. with resection of muscles.

A lot of structures have to be taken into account (e. g. mus-
cles, vessels, nerves and up to 60 lymph nodes). In addition,
critical distances or infiltrations of lymph nodes into impor-
tant structures have to be identified. These two tasks can be
supported using the LIFTCHART and the safety margin vi-
sualization.

Due to the (potentially) large amount of lymph nodes, all
lymph nodes of one side may be combined in one bar in-
dicating in which slices lymph nodes may occur. The sep-
aration in lymph nodes located at the left and right side is
motivated by the surgical strategies (left and/or right-sided
surgery). The identification of pathological lymph nodes is
important, thus, all noticeable nodes are emphasized.

Some elongated structures like muscles and vessels occur
in all slices, and are therefore not displayed (Figure 7). Other
structures like the larynx are displayed, because they repre-
sent important landmarks for the orientation in the dataset.
The safety margins are shown for all enlarged lymph nodes.
Since the distances are computed in 3D, margins for lymph
nodes outside the current slice are also visible (Figure 8).

While this application of the LIFTCHART is application-
specific, similar considerations are applicable to other inter-
vention tasks. Due to the symmetry of the human body, the
separation of the LIFTCHART into a left and right portion is
often useful.

4.2. Intraoperative Navigation

Endoscopic sinus surgery is an effective approach for remov-
ing lesions, including benign tumors, skull base defects with
reduced trauma for the patient. Functional endoscopic sinus
surgery is often supported by intraoperative navigation, es-
pecially in complex cases like relapse surgeries where im-

portant landmarks are missing. Computer-assisted naviga-
tion is regarded as a necessity when a tumor in a critical
area should be removed [SKR*05]. As an example, naviga-
tion is used for the resection of tumors in the skull base in
order to protect Nervus Opticus and Arteria Carotis Interna.
The distance of a structure at risk to the surgical tool and the
localization of the pathologic structure has to be supported
visually.

In practice, the tip of a surgical tool, e. g. a drill or simply
a pointer, is tracked and visualized on the screen of the navi-
gation system. The screen shows in general three orthogonal
slices or an MPR using crosshairs to denote the tip of the
tool. The surgeon cannot see structures lying on a slice aside.
We propose to integrate the visualization of safety margins
and the halo technique in these visualizations.

In our scenario, we focus on a tumor near to the skull base.
The surgeon has to navigate the surgical tools deep into the
nasal cavity, passing a lot of bone lamella, so it is possible to
get lost, even for a skillful surgeon. Near to the skull base the
already mentioned Arteria Carotis Interna is located. Fig-
ure 9 demonstrates an orthographic view. The halo guides
the surgeon to the tumor and the crosshairs track the tip of
the tool. The different line styles of the halos indicate the
required moving direction.

5. Conclusion & Future Work

We present new approaches for enhancing slice-based vi-
sualizations for surgical planning and intraoperative navi-
gation. Our methods address the basic problems of slice-
based visualization, namely the lack of an overview in cross-
sectional images, the difficulty of localizing target struc-
tures, and the display of safety margins.

For the intraoperative visualization, we developed tech-
niques supporting a target-driven navigation of surgical tools
using the halo technique. Furthermore, we support inter-
vention planning, because the occlusion problem is circum-
vented using the LIFTCHART. The division in columns rep-
resenting the left and right sides directly supports the surgi-
cal strategy.

The enhancement of slice-based visualization using illus-
trative techniques has great potential. The work presented
here is based on informal discussions between computer
scientists and medical doctors specialized in ENT surgery.
To enable a more goal-oriented development of the visual-
ization techniques, a clinical evaluation of the visualization
techniques is important.

The slice-based visualizations cannot substitute 3D visu-
alizations. Especially in intervention planning, 3D visual-
izations convey the spatial relationships among structures.
To achieve correspondence between slice-based and 3D vi-
sualizations, the rendering styles and coloration have to be
consistent in the 2D and 3D visualization as well as in the
LIFTCHART.

© The Eurographics Association 2006.
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(a) The halo guides the surgeon to the target point. If the tool has to
be moved upward, the lined red is shown. The stippled blue halo

indicates a movement in the other direction.

(b) The crosshairs depict the current position of the surgical tool.
The both marks on each hair indicate location and distance to the
target.

Figure 9: Intraoperative navigation in an orthogonal view. A surgical tool has to be moved to the tumor. The arteries may not
be harmed. The crosshairs depict the current position of the surgical tool. The arrow in the center of the crosshairs is useful for
navigation on narrow space. Not the xy-direction is indicated, but the direction in z-direction. The safety margin to the artery

gives a hint whether the tool is navigated too close to it.

We are considering several extensions of the LIFTCHART
widget. For example, the distance to structures at risk could
be color-coded into one bar. Other illustrative rendering
styles, like stippling, hatching or silhouettes are also suitable
to discriminate structures in the LIFTCHART. Furthermore,
the cross sectional images themselves may be enhanced with
illustrative rendering techniques primarily for educational
purposes.
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Figure 8: Corresponding 3D  Figure 2: Concept of the LIFTCHART Figure 4: Possibilities of arranging the
visualization of Figure 7. widget. LIFTCHART.

Figure 7: LIFTCHART and safety margins. Figure 9: Intraoperative navigation in an orthogonal view.
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