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Abstract. Neurovascular compression syndromes (NVC) result from a
compression of the entry/exit zone of cranial nerves by a vessel at the
surface of the brainstem. Surgical intervention planning (SIP) for NVC
enables a comprehensive spatial understanding of the patient speciﬁc
anatomy. Speciﬁcally, brainstem, vessels and nerves are segmented in
NVC SIP. To support segmentation for NVC SIP, we propose a wizardbased user guidance. The SIP-NVC-Wizard guides the user through the
patient’s individual anatomy and segmentations, and translates the parameter tuning into adequate medical terminology. We were able to show
pathological nerve-vessel-contact in ten NVC cases producing results
comparable to conventional NVC SIP, and performed a pilot-study to
evaluate usability and functionality of the proposed wizard. With the
SIP-NVC-Wizard our subjects were able to perform a NVC SIP without any knowledge in image processing. Anatomical beginners showed a
steep learning curve. Time was reduced to 34 minutes compared to 1-2
hours for conventional NVC SIP.
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Introduction

Neurovascular compression syndromes (NVC, such as trigeminal neuralgia and
hemifacial spasm) result from a contact between a vessel and a cranial nerve at
the nerve’s entry/exit zone at the brainstem. A surgical treatment consists of
a mobilisation of the blood vessel from the nerve and successive insertion of a
small piece of Teﬂon between nerve and vessel. Preoperatively, a visualisation
of the nerve-vessel-contact together with the brainstem yields a comprehensive
spacial understanding of the complex anatomy in this area (Fig. 1, top). Hence,
a segmentation of the anatomical structures of interest is obtained on a combination of strongly T2 weighted MR-CISS (Constructed interference in steady
state) and an angiographic MR-TOF (time of ﬂight) sequence [1,2,3]. The conventional approach, a semiautomatic segmentation of the structures, may take
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1-2 hours for an experienced user and is a challenging task due to the complex
and individual anatomy.
We propose the SIP-NVC-Wizard, a computer-assisted semiautomatic segmentation tool for NVC SIP. The SIP-NVC-Wizard uses the wizard interaction
pattern [4] to guide the user through the segmentation of vessels, nerves, brainstem and surrounding CSF (cerebrospinal ﬂuid, Fig. 1, top left). It uses the idea
of divide-and-conquer to split a complex task into a series of steps, each one easy
to solve. Our wizard guides users through the anatomy and translates technical
image processing terms into problem-oriented medical terminology, thus closing
the “semantic gap” between software and the medical expert. Tight user guidance
and automatic segmentation proposals reduce the time needed for NVC SIP and
enable also non-image processing experts to perform NVC SIP on their own with
only the assistance of a software. The wizard considers the fact that NVC SIP is
highly dependent on the anatomical expertise of the user and provides methods
to edit every anatomical structure manually.
Diﬀerent aspects of NVC SIP have been proposed in various publications
[1,2,3]. An other approach that use the wizard interaction pattern for intervention planning is a wizard for the segmentation of the middle and inner ear [5].
AMIDE includes a wizard for ﬁltering [6] and Ahmadi et al. proposed a wizard for
neurosurgical planning including segmentation [7]. We use the wizard interaction
pattern for guided NVC-SIP and propose new methods for the semiautomatic
segmentation for the relevant structures.
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Methods

Fig. 1 (bottom) depicts the page structure of the SIP-NVC-Wizard. After loading a MR-CISS dataset, the corresponding MR-TOF images are automatically
loaded. A tutorial page shows the general interaction methods with the wizard,
how to scroll through the slices, to zoom and to draw in the slices and how to set
seed points. Additionally, each page provides a help window, that also describes
general interaction methods and page speciﬁc tasks. The anatomical overview
page asks the user to identify anatomical landmarks (CSF, brainstem, basilar
artery, vertebral artery, trigeminal and facial nerves) by setting eight seed points.
Afterwards, a volume of interest is computed from the points. On the next page
we use a combined dataset of MR-TOF and MR-CISS to segment the CSF with
volume growing and reﬁne it with level-sets [8]. From the MR-TOF data vessels are segmented directly via thresholding. In the MRA-TOF only arteries are
visible. Segmentation of the brainstem is given from the largest connected component of the inverse CSF segmentation. On the nerve candidates page, nerves
are selected via seed points from a set of tubular structures under the CSF mask.
Tubes are detected with a vesselness ﬁlter [9]. On the nerve/vessel reﬁne page,
the nerve segmentation and vessels from the MRI-CISS can be reﬁned in the
draw/erase mode on both masks. In the MRI-CISS small arteries and veins are
visible. The draw/erase mode is available on all segmentation pages to reﬁne the
segmentation of every anatomical structure.

The SIP-NVC-Wizard
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Fig. 1. Anatomical structures (top) and SIP-NCV-Wizard page structure. The
anatomy is depicted in an axial slice of the MR-CISS data (left) and a 3D visualisation (right) for CSF (1), blood vessels (2), nerves (3) and brainstem (4). The image
processing part of the page structure is divided into a part for setting a volume of
interest (VOI) and a part for segmentation. Optional user interactions are marked in
yellow, necessary user interactions are in marked red.
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Materials

An NVC SIP expert segmented ﬁve cases of hemifacial spasm (nerve-vesselcontact on the facial nerve) and ﬁve cases of trigeminal neuralgia (nerve-vesselcontact on the trigeminal nerve) with the SIP-NVC-Wizard. Each case consists
of an MR-CISS dataset (Fig. 1, top left) and a corresponding MR-TOF, each
with 512 × 512 × 144 voxels and a voxel size of 0.39 × 0.39 × 0.4mm3 . We compared the results to conventional NVC SIP [1,2,3] and evaluated whether the
SIP-NVC-Wizard lead to similar results showing the pathological nerve-vesselcontact. To assess the wizard’s usability and functionality, we conducted a pilotstudy with an expert in NVC SIP and two medical students. We observed the
user and recorded their feedback. Additionally, all users answered a questionnaire assessing the usability of the wizard and how satisﬁed they were with the
segmentations and the whole software. Possible answers had a range between
1 and 4, from “disagree” to “agree”. Another part of the questionnaire refers to
IsoMetricsS for the evaluation of graphical user interfaces based on ISO 9241/10
[10]. Possible answers had a range between 1 and 5, from “disagree” to “so-so”
and “agree”. The pilot-study provides feedback and error-reports to improve the
SIP-NVC-Wizard prior to a more comprehensive evaluation and comparison with
conventional NVC SIP.
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Fig. 2. Comparison of conventional and SIP-NVC-Wizard results with diﬀerent 3D
visualization techniques: Original planning results rendered with DVR (left), SIP-NVCWizard results rendered with DVR (middle), SIP-NVC-Wizard results rendered with
surface meshes (right). With the NVC-SIP-Wizard we were able to visualize two nervevessel-contacts, one pathological (pink arrow) and one non-pathological (white arrow),
like visible in conventional NVC SIP. The visual results are suﬃciently similar.
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Results

We were able to visualize the pathological nerve-vessel-contact in all ten cases.
Fig. 2 demonstrates results from conventional NVC SIP and from the SIP-NVCWizard. For a better evaluation, the results were both rendered with direct
volume rendering (DVR) in the original planning framework (Fig. 2, left and
middle column). The right column of Fig. 2 presents results of in the SIP-NVCWizard rendered with surface meshes. The NVC-SIP result show the pathological
nerve-vessel-contact (Fig. 2, pink) and are suﬃciently similar to conventional
results (Fig. 2). On average, the subject took 34 minutes (σ = 19) for one SIPNVC-Wizard run.
Tab. 1 depicts the mean rating for criteria groups and user groups. Our observations and the feedback regarding functionality revealed a good suitability
for NVC SIP (expert) and a good learning curve with anatomy in that area
(students) that “often it is not the same as in textbooks” (quotation of a student). The expert could complete a NVC SIP with the tool and found automatic
segmentation suggestions reasonable. Regarding usability, we observed that the
students perceived the workﬂow as smooth and could apply the necessary user
interaction. They used the tutorial page and the help window but they would
have liked an additional labelling of the anatomic structures after segmentation.
On the contrary, the expert did perceive the interaction with the software as

The SIP-NVC-Wizard

5

Table 1. Averaged results of the questionnaire consisting of a general part (top) and
a part from IsoMetricsS (bottom). Note that the range is [1,4] for the top and [1,5] for
the bottom
Criterion

expert user (n=1)

medical students (n=2)

usability
satisfaction with segmentation
satisfaction whole software

3 (weak agree)
3 (weak agree)
4 (agree)

3.4 (weak agree)
3.5 (agree)
3.8 (agree)

suitability for the task
self-descriptiveness
conformity with user expectations
error tolerance
suitability for learning
controllability
suitability for individualization

3.8
2.7
3.9
2.4
3.1
2.2
1.0

4.7
3.9
4.8
2.3
4.3
3.8
1.0

(weak agree)
(so-so)
(weak agree)
(weak disagree)
(so-so)
(weak disagree)
(disagree)

(agree)
(weak agree)
(agree)
(weak disagree)
(weak agree)
(weak agree)
(disagree)

less intuitive, recommended to integrate a visible brush in the draw/erase mode
and would have liked to have a possibility to toggle linear interpolation in the
volume data and the segmentation masks. All test users had diﬃculties with the
small size of the text font and would have liked it larger. Also, we observed that
the instructions on the top of the page were too detailed on some pages and not
explicit enough on others.
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Discussion

We were able to reveal the pathological nerve-vessel-contact in ten cases of NVC.
The SIP-NVC-Wizard results are visually consistent with the results of a conventional NVC SIP as presented in [1,3] (Fig. 2).
A small pilot-study showed that the SIP-NVC-Wizard is suitable for the task
and consistent with user expectations, both for experts and medical students.
They all could segment all structures of interest and were able to use the software
intuitively. The average time of 34 minutes is distinctly smaller than 1-2 hours
for conventional NVP SIP. The expert and the students gave high ratings on
usability and they were satisﬁed with the segmentations and the whole software,
though the expectations of the expert were inﬂuenced by the procedure of the
conventional process. Suitability for learning got a high rating from the student
users, reﬂecting that they could learn both software and anatomy within one
run of the wizard. The medium rating of suitability from the expert did result
from the fact, that he rather asked colleagues for help with the software, than
using the tutorial page and help window. The parameter self-descriptiveness
analyses, whether the user knows at any time what the software does. This is
often achieved by clear software messages and a clear menu structure. While
the students found the wizard self-descriptive, the expert gave a “so-so” rating.
He would have liked shorter instructions. Suitability for individualisation and
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controllability was rated low, as expected for a software based on the wizard
interaction pattern. The software is deliberately restricted and with tight user
guidance rather than allowing for individualization. The feedback and observations showed that very few usability enhancements are necessary (brush size,
font size, toggle linear interpolation) to enhance the usability. These features
will be included in the next software version.
To sum up, we presented a wizard for guided neurovascular compression segmentation that leads non-image-processing experts through the complex task of
NVC SIP. Automatic segmentation suggestions ease and speed up. Manual segmentation reﬁnements are still necessary and useful due to the complex anatomy.
With the SIP-NVC-Wizard both an expert in NVC SIP and non-expert medical
student could perform a NVC SIP. We could reveal the relevant pathological
nerve-vessel-contact in all ten cases of NVC SIP. In the future, there will be
usability adaptations and a larger user study.
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