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Abstract
With an increased rate of cerebrovascular diseases, the need for an advanced vessel wall analysis increases
as well. In this work, we provide new information of cerebral artery walls extracted with optical coherence
tomography (OCT) ex vivo. We present first results of cerebral vessel wall characteristics combined with
histological image data. As a prerequisite for this combination, a new image processing method called virtual
inflation was developed. This method accounts for the missing blood pressure causing collapsing of the vessels as
well as geometrical shape deformations due to catheter probing and histological imaging. We sample the vessel
wall thickness locally based on the (deflated) vessel-lumen border instead of the vessel’s centerline. The virtual
inflation allows for co-aligning of the different image modalities. It is embedded in a multiple coordinated view
framework where correspondences between the data can be highlighted via brushing and linking. In combination
with histologic image data, we provide OCT signal characteristics of the human cerebral artery wall.

Categories and Subject Descriptors (according to ACM CCS): Computer Graphics [I.3.3]: Display Algorithms—

1. Introduction

Cerebrovascular diseases are amongst the most common
causes of death in the Western civilized countries. Medical
imaging usually acquires the contrast-enhanced vessel lu-
men providing information about possible vessel stenoses or
pathologies like cerebral aneurysms. However, the disease
is often manifested in the vessel wall causing a pathologic
weakening or thickening including atherosclerotic plaque
deposits.

With an increased rate of cerebrovascular diseases, the
need for an advanced vessel wall analysis increases as well.
For clinical research, intravascular imaging provides new in-
sight into the morphology of the wall and possible patho-
logic changes. Intravascular imaging, like intravascular ul-
trasound (IVUS) and recently optical coherence tomography
(OCT), is employed in clinical routine for cardiology to as-
sess stenoses and plaques due to its superior image resolu-
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Figure 1: Ex vivo histology and OCT slice depicting the
same vessel part with varying shapes due to deflating.

tion compared to tomographic imaging. An adequate imag-
ing modality for cerebral pathologic vessel wall changes is
still missing. This is due to restrictions of the medical board,
i.e., the catheters might be not small and flexible enough to
guarantee a safe use in cerebral vessels in vivo.
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Figure 2: Illustration of the intravascular OCT image acquisition based on the post mortem dissected Circle Of Willis prepa-
ration yielding the 2D OCT image stacks.

For the larger carotid arteries, OCT was successfully em-
ployed to characterize atherosclerotic plaque [YKY∗12].
To assess their potential for the cerebral vasculature, OCT
studies have been carried out ex vivo or in animal stud-
ies [MSH∗11]. Due to its ability to characterize patholog-
ical vessel wall changes and its spatial resolution superior
to other intravascular imaging methods [TMF∗12], it is ex-
pected that OCT imaging of the cerebral vessels will be em-
ployed and allowed for interventional use in the near future.

In this paper, we want to correlate the characteristics of
OCT imaging containing cerebral plaque with histologic
imaging. Our work provides basic information for the ra-
diologic evaluation of OCT signal characteristics which are
almost unknown for cerebral artery walls. To achieve this,
we acquire OCT data and histology data and combine them
via virtual inflation, a landmark-based approach for co-
registration of the different image modalities. When it comes
to ex vivo imaging of complex vasculature like the intracra-
nial Circle of Willis, the lack of an intact blood cycle causes
a deflation or collapse of vessels, see Fig. 1. Further changes
of the vessel shape are caused by the ex vivo catheter prob-
ing during OCT imaging (small vessels are reshaped due to
the catheter’s size and stiffness) and by the sectioning of the
preparations for histologic imaging.

We developed a multiple coordinated view framework for
the interactive exploration of OCT and histology data. We
tested our framework with a virtual model based on struc-
ture simulation deformation. We then combine atheroscle-
rotic plaque characteristics via brushing and linking with the
histologic properties and present these novel findings.

2. Related Work

Analysis of the arterial wall based on intravascular imaging
is mainly carried out in cardiology. The inspiring work of
Katouzian et al. [KKL∗12,KKS∗12] correlates intravascular

ultrasound (IVUS) with histological imaging. They created a
cage fixture setup for an in vitro experiment. Also for an ap-
plication in cardiology, Balzani et al. [BBB∗12] introduced
a 3D reconstruction of geometrical models of atheroscle-
rotic arteries (i.e., vessel walls with atherosclerotic plaque
burden) based on multimodal image acquisition including
IVUS, virtual histology data and angiographic X-ray images.
The reconstructed 3D model comprises the inner and outer
wall. The outer wall was transparently rendered and param-
eter values describing stress distributions were color-coded
on the surface of the inner vessel wall. The visualization was
combined with cross sections showing the virtual histology
data. In contrast to these works, we are focusing on cere-
bral arteries. Thus, we are limited to the smaller vessels of
the Circle of Willis including many and particularly small
vessel bifurcations. During the ex vivo imaging, we cannot
close all of these bifurcations leading to the problem of de-
flated vessels.

Regarding the research area of cerebrovascular diseases,
including cerebral aneurysms, the analysis and the visu-
alization of the cerebral vessel wall is a novel research
area, mainly motivated by intravascular imaging. Glaßer
et al. [GLH∗14] analyzed an artificially generated porcine
aneurysm, providing a visual representation of hemody-
namic information as well as the wall thickness.

Related to our analysis of the cerebral vessel wall,
the curvicircular feature aggregation by Mistelbauer et
al. [MMV∗13] samples information around the vessel’s
centerline to provide pathologic changes of blood vessels
as an alternative to the curved planar reformation tech-
nique [KFW∗02]. Their curvicircular feature technique al-
lows for an expressive visualization of vessels and highlights
stenoses. Born et al. [BSR∗14] presented the 2D stent map
for aortic valve stenosis analysis, where generalized cylin-
dric coordinates are extracted from the vessel centerline to
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Figure 3: Illustration of a specimen (b), taken from a Circle of Willis (a). Black and red ink is employed for later co-registration
with OCT data (c-d). Final slice of the histological dataset is depicted in (e), where the red and black ink is still visible.

create a mapping of different stent parameters, e.g., radial
force or compression level. In contrast to these approaches,
we do not sample around the vessel’s centerline but rather
along the inner vessel wall, since their work is based on in
vivo CT (angiography) imaging without deflated vessels.

Similar to our work, virtual inflation can be carried out
to organic tissue instead of blood vessels. These approaches
are usually developed for endoscopic views, where a vir-
tual endoscopic view is generated from a tomographic im-
age dataset. Bartrolí et al. introduced a framework for the
virtual colon unfolding [BWKG01]. They employ nonlinear
ray casting and a nonlinear 2D scaling algorithm. The lat-
ter compensates distortions due to the unfolding of the colon
similar to the nonlinear magnification fields used in informa-
tion visualization. We developed the virtual inflation method
to overcome the limitations of collapsing vessels, which is
distantly related to the active contour and the balloon force
concept [Coh91]. However, the active contour is allowed to
move, i.e., it is attracted towards features such as edges. Our
approach assumes a fixed length of the contour.

In this paper, we focus on the preprocessing of the vessel
wall rather than on an automatic segmentation of the vessel
walls in intravascular imaging. For larger datasets, an auto-
matic extraction can be adapted as described in [TSDS∗11].

Our framework basically employs two synchronized
views of the cerebral vessels stemming from different im-
age modalities yielding a multiple view framework. Multi-
ple view frameworks are often employed in medical visu-
alization and analysis, but often comprise more functionali-
ties than our method [GRW∗00]. However, we also employ
brushing and linking, a concept that was initially developed
for highlighting data in scatterplots [BC87]. In our frame-
work, brushing and linking refers to the connection of dif-
ferent views from the different data modalities such that a
change of the representation in one view affects the repre-
sentation in the other.

3. Material and Methods

In this section, we discuss the requirements for the extrac-
tion of histology-based characterization of OCT-imaged ves-
sel walls. Next, the OCT and histology image data acquisi-

tion is presented. Afterwards, the virtual inflation method is
described. Finally, we introduce our framework.

3.1. Requirement Analysis

Co-registration of deflated vessels from tomographic or in-
travascular images with histology images is a challenging
approach due to the geometrical deformation of the exam-
ined vessels. Normally, the whole image setup is adjusted
such that identical portions of the data without geometri-
cal deformations are fixed and histologic image acquisition
is carried out on these fixated preparations. However, with
OCT imaging, the fixation is not possible. Another option is
the intravascular imaging where vessel deflation is prevented
by a flush of saline solution or blood flow. This is applicable
for vessel parts with only a few bifurcations but not for the
arteries of the Circle of Willis that exhibit many particularly
small branchings.

To cope with the ex vivo imaging and the deflation of ves-
sels, the following requirements have to be met:

• For a better image analysis, the clinician should be able
to virtually reduce the deflation of the vessel via virtual
inflation.

• The virtual inflation should provide wall thickness infor-
mation.

• Two virtually inflated images from corresponding vessel
parts in different image modalities should be aligned.

• For the exploration of OCT images a synchronized view
with histology images should be achieved.

If the required technique is available, it can be em-
ployed to extract (ex vivo) cerebral vessel wall characteris-
tics based on OCT images providing important information
about pathologic changes and their influence on cerebrovas-
cular diseases.

3.2. OCT Image Acquisition

The experimental setup for OCT image acquisition is illus-
trated in Fig. 2. To check the ability of OCT to assess and
characterize vascular wall structures, three human Circle of
Willis were explanted post mortem. All investigations were
performed in accordance with the local ethics committee.
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The specimens were investigated for pathological changes
of the vessel wall, e.g., plaque and aneurysms.

They were flushed with isotonic saline solution. For image
acquisition, the preparations were fixated with needles on a
silicon pad in a container filled with saline solution. OCT ac-
quisition was carried out with a TERUMO LUNAWAVET M

console (Terumo Corporation, Shibuya, Japan). The system
is equipped with a near infrared laser light source in the spec-
tral domain. The OCT system’s pullback speed was 20 mm/s
over an average distance of 130 mm yielding 1024 slices with
a pixel size of 15 µm × 15 µm. A TERUMO FastviewT M

2.6 F catheter was used for all measurements.

During image acquisition, a constant saline flush of the
Circle of Willis was started with an injector system. It re-
duced the deflation of the vessels, but it could not be pre-
vented completely due to small outlets of the circle. Since
only parts of the Circle of Willis could be acquired with one
setup, i.e., with one placement of the OCT catheter, different
OCT imaging setups were carried out for each preparation.
As a result, we obtain a set of OCT image series for each
vessel part of the Circle that exhibits vessel diameters large
enough for catheter probing. A detailed explanation of the
OCT imaging setup can be found in [HGB∗15].

3.3. Histology Acquisition

For histologic evaluation, certain parts of the vessels with
atherosclerotic plaque and prominent bifurcations (for ori-
entation purpose) were selected, see Fig. 3. Additionally,
the specimen was marked lengthwise doublesided with black
and red ink. After paraffin embedding, cross sections of the
specimen were cutted using a microtome with a thickness of
2 µm and a slice gap of 50 µm. The sections were transferred
to standard glass slides, stained with hematoxilin and eosin
(H&E) and coverslipped. The slides were digitalized using a
Hamamatsu Nanozoomer (Hamamatsu, Japan) with a reso-
lution of .23 µm per pixel. The original proprietary file was
formatted to JPEG2000 [KZS∗08].

The digitalized slices were then stacked into a volume
for the processing with our framework. For easy handling
of the high-resolution data, we downsample the data to
25%, yielding a reduction from 20.480 × 14.080 pixels to
5.120 × 3520 pixel with a resolution of .92 µm per pixel.
The reduction enables a fast image processing without loss
of important information since the nuclei which are impor-
tant for plaque evaluation can still be determined, see Fig. 4.

3.4. Virtual Inflation

Our virtual inflation method to inflate the collapsed or de-
flated vessels is illustrated in Fig. 5. The virtual inflation
method can be employed for OCT and histology data. It only
requires the contours of the walls. Initially, we manually ex-
tracted the contours of the vessel-lumen, i.e., the inner wall,

a) b)

Figure 4: In a), the JPEG2000 file is depicted. The inlet in
b) shows blue nuclei at a reduced image with a resolution
of .92 µm.

and the vessel-surrounding border, i.e., the outer wall (recall
Fig. 5a). The segmented contours are converted into equidis-
tantly sampled line segments (see Fig. 5b):

1. A point cloud from all contour points was extracted.
2. The points were sorted in a list. Based on an arbitrary

starting point the closest point was added to the list and
its next closest, yet not visited point was added until all
points were added.

3. The list of points was equidistantly sampled (the user can
change the amount of sampling points, the default, em-
pirically determined, values are 400 sampling points for
an OCT slice with 600 × 600 pixels and 1600 sampling
points for an histology slice with approx. 5000 × 3500).

4. The equidistantly sampled points list was smoothed via
linear interpolation.

5. The final line segments must be arranged clockwise
around the vessel center m. Otherwise, we flipped the list
of points.

The clockwise arrangement of line segments is necessary for
our multiple linked view framework for the successful co-
alignment of both viewed datasets. We then traveled along
the inner contour and extracted a normal−→n for each contour
point p perpendicular to the straight line spanned between
its predecessor and successor (see Fig. 5c). We approximated
the wall thickness t at p as distance to the vessel-surrounding
border, i.e., t was extracted with the intersection between a
ray from p in direction −→n .

Finally, we transformed the vessel-lumen border contour
into a circle with the same center m and with radius r with
r = c/(2π), where c is the circumference of the vessel-lumen
border (see Fig. 5e). We remodeled the vessel-surrounding
border by adding the previously extracted t values to each
point p′ of the circle in direction −→mp′ (the ray from the cir-
cle’s center m through p′). Connecting the approximated po-
sitions yielded the vessel-lumen border.

Thus, we obtained the virtually inflated vessel. With linear
interpolation, we could create intermediate steps of the vir-
tually inflated vessel, e.g., we translated the point p only half
the distance between p and its corresponding point p′ of the
virtually inflated circular vessel-lumen border (see Fig. 5f).
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Figure 5: Illustration of the virtual inflation. In the original image, the inner (orange) and the outer (blue) vessel wall was
segmented (a). A normal n was extracted and the wall thickness t was measured (see b and c) for each point of the inner surface
(d). Afterwards, the vessel-lumen border is transformed into a circle with corresponding wall thickness (e). Intermediate points
are obtained via linear interpolation (f).

a) b) c)

∑w = 1

Figure 6: Sampling of intensity values. a) The original im-
age with the two contours (orange and blue). b) The samples
are accumulated along the rays (red) to interpolate the pix-
els’ values in the transformed image. c) If no sample value
was assigned to a pixel, its intensity (at the center) is inter-
polated with the depicted filter kernel.

We subsampled the rays constructed from the vessel-
lumen border pointing at the vessel-surrounding border to
translate the intensity values of the original image to the vir-
tually inflated image (see Fig. 6). We empirically set the step
size for the sample to 0.2 of the voxel’s width. We acquire for
each pixel of the virtual inflated images a list of samples (if k
rays cover the pixel, then k samples are obtained) and inter-
polated the pixel’s intensity by averaging over the samples.
If a pixel x with no samples exists, the pixel’s intensity value
I(x) is interpolated from its neighborhood N (see Fig. 6c):

I(x) =
q∈N

∑
q

1
wq
∗ I(q). (1)

If more than one pixel is missing, the sum of weights ∑w
drops below 1. In this case, we left the missing pixels out
and multiply the sum of the remaining pixels with (∑w)−1.

To exploit as many samples as possible, we first created
a ranking of the pixels, where we counted the number of
missing neighbors. Then, we interpolated all pixels with one
neighbor missing, followed by pixels with two neighbors
missing and so on. The interpolation was only carried out
for pixels surrounded by the two vessel borders in the final
image.

The virtual inflation of the vessel wall can be linearly
interpolated by extracting the intermediate positions of the
points of the inner wall (recall Fig. 5f) and the intermediate
contour of the vessel-lumen border is obtained. Then, the
sampled intensities are translated to the intermediate images
as well. Again, the normal −→n for each intermediate con-
tour point p was extracted as perpendicular vector from the
straight line spanned between p′s predecessor and succes-
sor. The linearly interpolated virtual inflation is presented in
Fig. 7 and allows the clinical expert an interactive inflation
and exploration of the data.

3.5. Framework

We created a multiple coordinated view framework in MAT-
LAB (Product of MathWorks, Natick, USA) for the interac-
tive exploration of the datasets, see Fig. 8. The framework
simultaneously shows an OCT view and a histology view.
Both datasets are linked based on their world coordinate sys-
tem. The initial correlation of the vessel slices is realized
landmark-based, e.g., with the selection of a bifurcation. If
the user scrolls to a slice in one of the views, the other view is
updated accordingly. Next, the virtual inflation is separately
carried out for both views and the user can qualitatively ex-
plore the vessel wall and choose between different interpo-
lation steps, see Fig. 7. Thus, the clinician does not have to
interpret the virtually inflated images, but can still improve
the visual representation by choosing a step in between.

For the interactive exploration, we included brushing and
linking. The artificial circular cross section, i.e., the virtual
inflation, forms the basis for interactively brushing and link-
ing, see Fig. 9. The user selects a set of points forming a
polygonal region of interest (ROI) - the brush. This brush is
translated for each interpolation step of the virtual inflation.
Finally, a correlation between a possible brush from the vir-
tually inflated OCT image to the virtually inflated histology
image (or vice versa) is carried out. As a prerequisite, the
user selects two corresponding landmarks on the inner ves-
sel wall of the virtually inflated images, e.g. the small ves-
sels (see cyan circles) in Fig. 9. Then, the brush from the
virtually inflated histology image is translated to the original
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Figure 7: Result of the virtual inflation method and combined sampling of intensity values applied to a deflated vessel OCT
cross-section view. Intermediate steps are created via linear interpolation of the positions of the inner vessel wall points.

Figure 8: Screenshot of the graphical user interface of our
framework depicting an OCT image data (left) and a histol-
ogy image data (right).

histology image. Thus, a ROI can be defined in the original
OCT image and will be linked to its corresponding ROI in
the original histology image. The brush can also be defined
in the histology image first and linked to the OCT image
afterwards. The clinician can correlate the image character-
istics of a specific part in the OCT image with the histology
image and vice versa. Hence, the evaluation should primar-
ily be carried out in the original images, and the virtually
inflated images improve wall thickness estimation and allow
for brushing and linking.

The exploration as well as the brushing and linking
can be carried out interactively. The runtime of the virtual
inflation step depends on the number of intermediate
images. For the presented OCT data, the sampled in-
tensities are extracted in 0.47 s. Creation of the single
virtually inflated circular cross section from the sampled
intensities costs approx. 3.7 s whereas the creation of 10
intermediate images costs approx. 35.4 s on a desktop pc
with 8 GB RAM and a Intel(R) Core i5 CPU (3.20 GHz).
Source code is provided at the project’s website: http:
//www.forschungscampus-stimulate.de/en/
research/resources/virtualinflation/.

4. Evaluation

Our method is especially tailored to deflated vessels in two
different image modalities. Due to the novelty of the pre-

sented medical application, a ground truth is not available.
To overcome this limitation, we designed a software-based
approach which provides two vessel deformations and serves
as ground truth to assess the accuracy of our method. The
deformation of the software phantom is realized via differ-
ent finite-element simulations yielding information about the
deformation as well as the detailed position of random points
before and after the deformation.

The finite-element method is widely used to numerically
calculate the relation of deformation, mechanical strain and
mechanical stress, respectively, based on the conversation of
the momentum, which is solved locally for each finite ele-
ment. Based on this, we can conduct an evaluation taking
into account the physical material behavior in combination
with known locations of each discrete element. The static
simulations considering large deflections and small strains
were carried out on a standard personal computer using the
software ANSYS Mechanical (ANSYS, Inc., Canonsburg,
USA).

The dimensions of the 2D model of a simplified ves-
sel cross section are carefully matched to the properties of
cerebral vessels with an outer radius of 2.5 mm and an in-
ner radius of 2.2 mm, respectively. In addition, two local
wall thickenings of 0.2 mm are present at the inside, see
Fig. 10. Furthermore, the outer wall exhibits two corners.
These characteristics serve as anatomical landmarks for the
subsequent virtual inflation step. The numerical model con-
sists of ca. 77.000 tetrahedral elements with quadratic basis
function to obtain high accuracy. This results in a typical el-
ement edge size of 15 µm. To induce deformation, a load is
applied as body force (similar to the weight force) in pos-
itive y-coordinate direction, yielding the software phantom
P1, and negative y-coordinate direction, yielding the soft-
ware phantom P2. The body force influences all tetrahedral
elements. Rigid body motion is prevented by fixating the dis-
placement in y-direction at the bottom edge and additionally
in x-direction at the bottom right vertex. The load causes me-
chanical stress in the model’s inside and results in deforma-
tion depending on the specified linear elastic material model.
The Young’s modulus is 1 MPa, the Poisson’s ratio is 0.45
and the density is 1000 kg/m3, as employed in [BHZ∗10]
to investigate the movement of cerebral vessel walls.
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a) b) c) d)

Brush

Figure 9: Illustration of the brushing and linking. Corresponding OCT and histology slices and their virtually inflated images
are depicted. When the user defines a brush (a), it is automatically converted to the inflated view (b) based on the distance of
the vertices of the brush and their distance to the vessel-lumen border (see inlets). The virtually inflated images of OCT and
histology can be correlated, (b) and (c). Analogously, the brush can be translated from the inflated to the original image (d).

y

x

b

Figure 10: Software phantom in initial, stress-free state. The
local coordinate system is placed in the center of the 2D ge-
ometry. The load is applied as body force b, while the bottom
is fixated to prevent rigid body motion.

Deformation resulting from the described load is shown in
Fig. 11. The vector displacement ranges up to .5 mm. Finally,
coordinates and displacements of approx. 156.000 vertices
are stored in the software phantoms P1 and P2. We employ
the displacements as ground truth.

Next, we converted the software phantoms P1 and P2 with
MATLAB into two binary images I1 and I2 and stored them
as DICOM data for further processing with our method.
Hence, we employ an image size of 600 × 700 pixel where
1 pixel covers .01 mm × .01 mm. We extract for each point
of P1 and P2 its pixel position by translating the coordinate
system origin in the bottom left corner yielding the binary
images presented in Fig 12. We then load the two images
into our software tool and define three brushes as hexagons.
Through linking, the brush of image I1 was transferred to I2
and we store the pixel coordinates of the transferred brush.

0 mm

.5 mm

Figure 11: Contour plot of the vector displacement for P1
(left) and P2 (right).

Figure 12: Depiction of the binarized images I1 and I2 and
three different brushes placed in I1. Via virtual inflation, a
linking of the brushes to I2 was carried out.

To assess the suitability of our method, we compare the
pixel coordinates of the corresponding brushes obtained via
linking the (ground truth) displacement from P1 to P2. There-
fore, we carry out the following transformation for each
brush B1, B2, and B3:

c© The Eurographics Association 2015.
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1. Extract the pixel coordinates for the six vertices of B1..3
from I1.

2. Select the corresponding world coordinates of P1, i.e.,
transpose the pixel coordinates into world coordinates.

3. Derive the corresponding world coordinates of these
points in P2 (know from the finite-element simulation).

4. Convert the points from P2 into pixel coordinates of I2.
5. Compare the pixel coordinates with the pixel coordinates

from I2 extracted via linking.

Position extracted with virtual inflation
Position extracted from software phantom

Figure 13: Depiction of the variations of the automatically
determined brush positions via virtual inflation and the po-
sitions extracted from the software phantoms. The color of
the box is assigned w.r.t Fig. 12.

The variations of the brushes B1-B3 are illustrated in
Fig. 13. Now, we can calculate the differences from the dis-
tances compared to the ground truth displacements yielding
the results presented in Tab. 1. The average displacement is
approx. 49.4 µm.

Furthermore, we create a random point set of 100 points
that were randomly placed at the foreground object in I1.
Then, we extract their corresponding positions in I2. The re-
sulting average displacement of 48.9 µm equals the average
displacement for the brushes B1-B3.

As a result, the differences between the ground truth dis-
placement and transferred brush via linking are fairly small.
In relation to the image size of 600 × 700 pixels, the dis-
placement of approx. 5 pixels equals 0.71 % - 0.83 %. Al-
though the small displacement rate depends on the perfectly
matched software phantom and may differ for real prepa-
rations, the virtual inflation allows for linking of a defined
brush in one image to the other image.

5. Medical Findings

Our database contains data sets which were probed ex vivo.
Thus, a detachment of the intima, i.e., the inner vessel wall
which can be found at the vessel-lumen border, emerged.
This typically occurs during decomposition since the data
was examined ex vivo. We carried out virtual inflation of
portions of the data, including the branching basilar artery
with artherosclerotic plaque. Hence, we do not intend to use
the virtual inflation for reliable image characteristics but for

Distances [µm]
d1 d2 d3 d4 d5 d6 d

B1 36.5 43.1 51.4 10.1 60.2 55.4 57.9
B2 33.8 50.4 83.3 82.9 49.7 34.1 55.7
B3 40.2 58.6 44.1 26.2 25.9 12.6 34.6

Overall average displacement: 49.4

Table 1: Euclidean distances between the transferred
brushes B1, B2, and B3 via virtual inflation and the exact po-
sitions based on the software phantoms. Distances are based
on pixel positions and 1 pixel covers 10 µm × 10 µm.

the visual representation and correlation of OCT and histol-
ogy. We discussed the results with a neuroradiologist and a
pathologist. In Fig. 14, we provide an overview of the most
important characteristics and results.

In Fig. 14(a), the histologic evaluation revealed a fibrotic
plaque deposit in the intima, i.e., a thickening of the inner
vessel-lumen border. When brushing the fibrotic deposits,
the linking to the OCT slice reveals an area with dense
plaque accumulation, see the dense tissue parts with high
attenuation (marked with *) yielding the low attenuated ar-
eas behind. In Fig. 14(b), an accumulation of mucoid plaque
was brushed. This tissue is typically loose. As it can be seen
in the OCT image, the brushed region is part of the plaque
area with low signal and low attenuation, but no specific dif-
ferences can be extracted. In Fig. 14c), a small area with in-
flammatory cells (which are characterized by sharp, round
cell nuclei) was selected. Inflammations often vary and a
precise prediction concerning their density values is not pos-
sible. This is reflected in the small brush in the OCT image
(Fig. 14(c) right), which reveals a small, heterogeneous area.
The last example in Fig. 14(d) covers a part of the vessel wall
which was suspicious during histology evaluation. Hence, a
thickening of the vessel wall may be observed. However, de-
tailed analysis of the histologic image does not confirm a
plaque deposit. Instead, an accumulation of non-pathologic
cells was identified. This finding is confirmed with the OCT
images where no change in the signal characteristics existed.

Hence, our novel imaging of the cerebral plaque yields
similar results as reported for known cases of coronary
plaque in literature [YKY∗06]. Although our framework
lacks of handling ellipsoidal vessel cross sections, the user
can vary the amount of virtual inflation via linear interpola-
tion, recall Fig. 7. This accounts for the fact that vessels may
exhibit ellipsoidal cross sections as well as various elongated
cross sections due to pathologies.

6. Discussion

The proposed virtual inflation method allows a combination
of OCT and histologic image modalities. The spatial dif-
ferences between a brush and the corresponding brush in
the second image modality were evaluated based on finite-
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b)

c)

d)

Figure 14: Examples for the correlation of histology and OCT images. For each example a)-d), the left row represents an
enlargement of the histologic image. Then, a brush was defined in the histological view and linked (via virtual inflation) to the
OCT view.

element simulations yielding a sufficient precision. For the
medical image data, the in-plane precision must be evalu-
ated in more detail, e.g., by implanting some markers like a
small thread in the preparations. Naturally, a larger study can
provide more information of the in-plane resolution and as-
sess more artifacts like conservation-based shrinking. Nev-
ertheless, the combination of the ex vivo OCT and histologic
properties provides new information about the cerebral ves-
sel wall morphology and its corresponding OCT imaging.
Such findings can form the basis for a solely radiology-based
OCT image interpretation and evaluation.

The sampling of the intermediate steps to transform the

original vessel into the circular cross section could be im-
proved w.r.t. intersecting rays. This problem often arises
when the thickness of organs or tissue parts has to be mea-
sured, e.g., the corpus callosum [HKW12]. At the moment,
the interpolation of virtual inflation only serves as additional
presentation of the data.

7. Summary

In this paper, we presented a virtual inflation of ex vivo ves-
sel parts probed with OCT and acquired with histology to
analyze characteristics of the cerebral vessel wall. Our proto-
type requires manual segmentation of the vessel-lumen and
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the vessel-surrounding borders. It is adapted to intravascular
imaging of the cerebral vasculature. Our framework com-
prises a multiple coordinated view which allows for brush-
ing and linking. Thus, a brush defined in the OCT image will
be highlighted in the histological image view and vice versa.

Future work should account for non-circular cross sec-
tions as well as automatically segmented vessel walls, as
presented in [TSDS∗11]. We are particularly interested in
a setup similar to the cage fixture for an in vitro experiment
setup, as presented in [KKL∗12, KKS∗12]. However, their
work is based on intravascular ultrasound, whereas OCT
would require different adaptions of this environment.

Finally, our work has great importance for the numerical
simulation of blood flow. The new wall information based
on virtually inflated images are essential to investigate the
fluid-structure interaction regarding vessel wall and blood
flow. Currently, hemodynamical simulation experts are us-
ing our approach to examine the effect of wall thickness on
simulation results.
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