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ABSTRACT

Background: Vascular invasion is
possible with bone-and soft tissue tumors
like in the other malignant neoplasms.
Anymore, it is possible to search the
vascular bundle encasement or invasion
by conventional axial sections and
reconstructed MPR-3D images (MDCT-
angiography). It is important to notice the
early findings of any invasion. Prompt
recognition of the invasion, early
operation (stent-graft application or re-
anastomosis) can reduce morbidity rate
significantly. The aim of this study was to
report the different findings that can be

visualized with three-dimensional (3D)
image, virtual angioscopy in the
evaluation of the tumor and vessel
relationship.

Material and Method: Four patients with
different tumors were evaluated with CT
angioscopy to demonstrate their
relationship with vessels.

Results: CT angioscopy images were
demonstrative with adequate quality and
did not show occlusion of a major vessel.
However displacement of vessel due to
compressinn  and wall irregularity in
apatient was apparent.

Conclusion: 3D imaging with virtual
angioscopy will be helpful to evaluate the
relation of the tumor and vessels. It can
lead to surgeons before surgery.

Key words: Virtual Angioscopy, Multi-
detector row CT, Vasculary invasion

OZET

Amag: Vaskdler invazyon diger

timorlerde oldugu gibi kemik ve yumusak
doku tumérlerinde de gorilir. Damarlarin
yaslanmasi, yakinligi ya da invazyonu
konvansiyonel aksiyel kesitlerde ve
rekonstrikte edilen MPR-3D goérintilerle
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(MDCTanjiyografi) arastirilabilir.  Erken
invazyon varli§i énemlidir. Invazyonun
erken tanisi, erken ameliyat (stent-greft
uygulamasl ya da yeniden anastomoz)
morbidite oranini dusdrdr. Calismamizin
amaci  tumor-damar iligkisini sanal
anjioskopi, 3 boyutlu goérintileme ile
dederlendirmesi ile dedisik bulgularin da
ortaya konulabilirligini géstermektir.

Gerec ve Yontem: Tumor damar iliskisi
olan 4 timorla hasta dederlendirildi.

Sonuclar: Tim hastalarda CT raporlari

timoér va damar iliskisi hakkinda bilgi
yoktu. Vakalarda blylk damar
tikanikligina rastlaniimadi.

Yorum: Sanal anjioskopi ile 3D
gorintileme damar timoér iligkisini
belirlemede  yardimci olacaktir. Bu
durumda ameliyat 6ncesi cerrahlar igin

yol gosterici olabilir.

Anahtar Sozciikler: Sanal anjioskopi,
Multidedektér CT, Damar invazyonu

INTRODUCTION

Computed tomographic angioscopy (CTA)
has gained wide clinical acceptance as a
powerful diagnostic tool in the non-
invasive evaluation of vascular disorders.
Virtual angioscopy can be also used as a
supplemental technique for a better
definition of anatomic details according to
the conventional angiography and CT
angiography (1,2). This technique allows
exploration of the inner surfaces of the
lesion and related vessels. It may add
important and useful details for the final
diagnosis.

We evaluated usefullness of virtual
angioscopy in demonstrating vascular
invasion, wall integrity in tumoral lesions.

MATERIAL AND METHODS

We retrospectively reviewed four patients
(2 male, 2 female) who had tumor lesions
(tibial  osteosarcoma, undifferentiated
chondrosarcoma, ulcerated duodenal
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adenocarcinoma, locally agressive and

malignant feocromocytoma) images for
this study.
All patients were studied with

multidedector CT scanners (two patients
with 16 slice and two patients with 64x2
slice  MDCT) using the following
parameters: detector collimation, 0.625
mm; pitch, 1.75 and 1.75; slice thickness,
1.25 mm; reconstruction interval, 1 mm;
gantry rotation time, 0.5 sec; injection to
scanning delay was determined using
bolus tracking method. A 20-gauge
intravenous catheter was placed into an
antecubital vein for all patients. A 110-mL
bolus of iodinated contrast medium (350
mg I/mL) was injected with an automatic
power injector at the rate of 4.5 mL/s. CT
acquisition of image data was initiated
after determining the bolus arrival (bolus
tracking method). All data and CT
angiograms, reconstructed thin section
axial images and data transferred to 3D
post-processing special workstation
(Philips, Extended Brilliance ™
Workspace, and Release 2.0.11).

Three-dimensional images were obtained
using volume rendering and maximum
intensity projections. With the guidance of
the MPR images virtual angioscopy
examinations also has done with using the
same  software. 3D postprocessing
techniques (CT angiography techniques)
were used to produce images that
simulate conventional angiograms. Also
these CT data sets were also used to
create intraluminal images (by fly-through
technique), thereby generating virtual
vascular endoscopic studies.

RESULTS

The tumors of the four patients we studied
were tibial osteosarcoma, undifferentiated
chondrosarcoma, ulcerated duodenal
adenocarcinoma, and a locally agressive
malignant feocromocytoma.

CT angioscopy of the patients did not
reveal any occlusion of the neighbouring
arteries near the tumors. All features and
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images of the cases were demonstrated in
figures (Figure 1-4).

DISCUSSION

Technological revolution allows progress of
medicine. Invasive technique starts give
place to non-invasive. Virtual colonoscopy
was used in 1994. Since its description in
1994, CT colonography is rapidly evolving
as a method of colorectal evaluation. It
has been proposed as an alternative,
minimally invasive procedure. It found
that useful to evaluate for screening of
colorectal cancer (3). On the other hands,
virtual angioscopy was started to use in
radiology department. Recent advances in
CT technology improve the image quality
and diagnostic performance of the
procedure in the vascular system. In our
study, we evaluated to explain tumor-
vessel relation which extracts boundary
region between the contrast media filled in
the vascular lumen and lesion.

Helical CTA generated virtual intravascular
endoscopy (VIE) is a rapidly evolving
technology that permits interactive two-
dimensional (2D) and three-dimensional
(3D) visualization techniques (4,5). But
the final image quality is determined by
several factors including slice thickness,
pitch and image reconstruction interval.
However, the acquisition step of CTA sets
fundamental limits on the entire process
(6). Virtual angioscopy is useful for
detection of ulcerations, the assessment
of the origin of visceral arteries, as well as
the lumen of the aorta and its branches
This method wusually used to view of
vessels in brain, liver, pancreas and heart
(7,8,9,10,11). With  this technique,
endoluminal and vessel fly-through views
can be created by using the data sets
obtained by multislice computed
tomography and MR scans (12). The
technique is similar to using a camera to
look inside vessels (Fig 1-6).

This non-invasive method is available for
screening inoperability or operability in
suitable patients and it improved our
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surgical results by improving visualization
and increasing surgical orientation. It can
be very helpful to surgeons during surgery
and may reduce post-surgical
complications. The use of 3D vascular
reconstructions gives the surgeons a
volumetric picture of the surgical area and
a more detailed vascular map in
comparison to conventional angiography.
Brennan et al (13) show that, three-
dimensional reconstructed angiographic
images are used to identify arterial
variants for the surgeon as part of the

preoperative radiologic assessment of
pancreatic and ampullary tumors in
Whipple operation. In addition to

displaying vascular anatomy, it is possible
to evaluate the soft tissue and osseous
anatomy with MDCT-angioscopy which is
important for surgical planning (14). In
our pediatric patient who have trouble
with right tibial osteosarcoma. There is
contrast enhancement through the
posterior deep compartment muscle
groups. No sign of vasculary invasion was
seen. Also CT angioscopy images show the
tibioperoneal bifurcation and posterior
tibial arteries have excellent endoluminal
surfaces.

Abdominal computed tomographic
angiography (CTA) is increasingly
performed since the development of
helical computed tomography (CT) and
this technique has proved to be greatly
valuable for various conditions such as
pre-operative evaluation for liver,
pancreas, and abdominal aorta, vena cava
and portal vein (2,15). When it use to
evaluate aorta and iliac artery, it usually
helpful to the explain complications such
as endoleak, graft migration, thrombosis,
or angulation of the endograft component
in Abdominal aorta and iliac arteries. Slow
endoleaks are mostly detected on delayed
scans. Many authors have proposed that
MD-CTA is the imaging modality of choice

for the pre- and post-operative
assessment of abdominal aortic
aneurysms, thus replacing digital

angiography (16,17).
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This virtual method should contribute to
preoperative planning to achieve safe,
curative resection in HCC patients, whose
hepatic function is compromised.
Assessments of portal vein, inferior cava
vein and suprahepatic veins anatomies are
necessary for planning the best liver
resection technique. It has become the
imaging modality of choice as pre-
operative planning for hepatic resection,
liver transplantation (18). The use of
sophisticated rendering methods as a tool
in preoperative imaging is well established
in the field of solid-organ transplantation
imaging, particularly of the liver (19) and
kidney (20). On the other hand, we know
that, invasion of the superior mesenteric
artery is one of the contradictions for
surgery in pancreatic cancer and we
cannot see SMA clearly ever time in
abdominal tomography (21). Surgical
resection is recommended for this group
of patients and provides the best option
for long-term survival (22). Preoperative
knowledge of the anatomic variability
variants in the arterial supply to this
region is important. Although conventional
axial imaging has been used in
preoperative planning, the use of 3D
reconstruction augments the ability to

evaluate arterial anatomy (13). 3D
reconstructions are better than axial
images for prediction of successful

pancreatic resection (23).

Patient who has ulcerated duodenal
adeno-carcinoma is evaluated by
abdominal CT, and showed the arterial
and venous mesenteric vessels as normal,
invasion was not found. After then,
invasion and calibration lost was found in
3D images (Fig 3-4). CT angioscopy of the
SMA was normal, but venous CT
angioscopy targetted through the SMV
well delineated the invasion by showing

progressive luminal narowing and
increasing endoluminal surface
irregularity. VR-3D portovenous phase

image points the heterogenous tumor area
hiding invasion location. Retrospectively
created saggital MIP image reveals all of
the abnormally encased SMV. Surgeons
made diagnostic laparotomy and they
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found invasion in this patient. Like this
case, axial continuous arterial phase
sections show the normal Iluminal

enhancement of the SMA in evaluation of
a patient who has malign and locally
aggressive feocromocytoma. Perivasculary

fat strands and increased density
represents the infiltration. At the virtual
angioscopy images, we can see the

deterioration of the endoluminal surface
regularity through the SMA in contrast to
celiac artery (Fig 5). Although MRI,
sonography, and endoscopic sonography
have been used to assess for local
resectability, MDCT allows a prompt
recognition of the vascular invasion and
different computerized reconstruction
techniques as maximum intensity
projection (MIP), multiplanar reformatting
(MPR) and virtual angioscopy (VA) added
imaging information for treatment (13).
Moreover, we think that, MDCT renders
the possibility of searching the
endoluminal contours of hollow organs by
virtual angioscopy technique. So,
physicians can evaluate inner vessel fly-
through views and may discuss to
operability of tumor. In first patient, he
was undifferentiated chondrosarcoma.
There is an elongation of femoral artery
near the tumor, but arterial phase axial
section shows the infiltrative soft tissue
mass (encircled area) with encasement of
the common femoral artery at posterior
site. 3D view was marked tumor
infiltration by arrows for the guidance of
fly-through virtual angioscopy images. It
shows obvious luminal surface irregularity
and vegetation to the endoluminal space
(Fig 1, 2).

In conclusion, the results of this study
support that MDCT-based virtual
angioscopy may be helpful for delineation
the tumor-vessel relationship in clinic
evaluation. Using a 3-D imaging method
by multidedector CT virtual angioscopy
views of various conditions were
compared preoperatively with this study.
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Figure 1: Undifferentiated chondrosarcoma (male, 34 years, with 16 slice MDCT). a) Arterial phase axial section
shows the infiltrative soft tissue mass (encircled area) with encasement of the common femoral artery, posteriorly
(arrow). b) Coronal plane thick section MIP image delineates the narrowed segment of the same artery
(arrowheads). c) 3-Three-dimensional VR image of the pelvic arteries. Points of view were marked by arrows for
the guidence of fly-through virtual angioscopy images.
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Figure 2: Virtual CT-angioscopy images of the same patients at figure 1 a) View from the narrowed segment
(short arrow at figure 1c) shows obvious luminal surface irregularity and vegetation to the endoluminal space. b)
Distal to the affected narrow segment also shows less obvious irregularity of the endoluminal surface. c) View from
the deep femoral artey at bifurcation of this vessel (long arrow at figure 1c), shows the excellent sharp and regular
vessel endoluminal surface.

Figure 3: Ulcerated duodenal adenocarcinoma (female, 68 years, with 64x2 slice MDCT). Contrast enhanced T1w
axial sequence (a) and contrast enhanced axial CT (b) section and also VR-3D image (c) show the arterial and
venous mesenteric vessels as normal.
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Figure 4: In the same patient at figure 3, CT angioscopy of the SMA was normal (a). But venous CT angioscopy
targetted through the SMV well delineated the invasion (b, c, d) by showing progressive luminal narowing and
increasing endoluminal surface irregularity. VR-3D portovenous phase image (e) points the heterogenous tumor
area hiding the invasion location. Retrospectively created saggital MIP image (f) reveals all of the abnormally
encased SMV.

Figure 5: Locally agressive and malignant feocromocytoma (female, 59 years, with 64x2 slice MDCT). Axial
continuous arterial phase sections (a, b, c) show the normal luminal enhancement of the SMA. Perivasculary fat
strands and increased density represents the infiltration. At the virtual angioscopy images, we can see the
deterioration of the endoluminal surface regularity through the SMA in contrast to caeliac artey (d, e).
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Figure 6: Pediatric patient who have trouble with right tibial osteosarcoma (female, 14 years, with 16 slice MDCT).
a) There is contrast enhancement through the posteromedial deep compartment muscle groups in axial section. No
sign of vasculary invasion was seen. b) Also CT angioscopy images show that the tibioperoneal bifurcation and
posterior tibial arteries have excellent endoluminal surfaces.
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