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Abstract

AIM: To present our experience of using 3D virtual in-
travascular endoscopy (VIE) to characterize and evalu-
ate the intraluminal appearances of aortic dissection.

METHODS: Ten patients with known aortic dissection
underwent dual-source computed tomography angiog-
raphy and were included in the study. In addition to 2D
axial and multiplanar reformatted images as well as 3D
reconstructions, VIE images were created in each pa-
tient to demonstrate intraluminal views of the aorta and
its branches, origin of artery branches and artery branch
involvement by aortic dissection.

RESULTS: Stanford A dissection was found in 8 pa-
tients and B dissection in the remaining 2 patients. VIE
images were successfully generated in all of the patients
with excellent visualization of the normal anatomical
structures, intimal flap and intimal entrance tear, com-
munication between true and false lumens, as well as
assessment of the extent of aortic dissection.

CONCLUSION: Our preliminary experience suggests that
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VIE could be used as a complementary tool to assist
radiologists accurately evaluate aortic dissection so that
better patient management can be achieved.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Aortic dissection is a common vascular disease and it is
the most frequent cause of aortic emergency. Aortic dis-
section can be a life-threatening event which is character-
ized by splitting of the aortic wall by high blood pressure
entering the media through an intimomedial entrance tear.
Multislice computed tomography (CT) angiography is the
preferred method for diagnosis of aortic dissection with a
sensitivity and specificity of nearly 100%"?. CT has been
shown to be more sensitive than invasive angiography and
is comparable to MR imaging and transesophageal echo-
cardiography for diagnosis of aortic dissection™”.

Aortic dissection leads to formation of true and false
lumens which are separated from each other by a flap of
intimal lining and inner layers of media. Outer layers of
the aortic media and adventitia form the outer wall of the
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false lumen which is most commonly larger than the true
lumen due to lack of outlet of blood flow. Differentiation
between true and false lumens is important in the plan-
ning of percutaneous treatment with endovascular stent
grafts or surgical repair of aortic dissections™. It is cru-
cial to identify the lumen of origin in major branch vessels
such as coronary, carotid, renal and mesenteric arteries
before treatment because viscera supplied by the false lu-
men are at risk when the false lumen is spontaneously or
surgically occluded™. The critetia to distinguish true from
false lumens by CT have been previously described™. In
most of the cases, axial CT imaging supplemented by 2D
or 3D reconstructions is able to identify the intimal flap
which separates the true lumen from the false lumen and
determine the type and extent of dissection; however, this
may not be possible in all cases due to variable appearanc-
es resulting from different types of aortic dissection™"".

3D virtual intravascular endoscopy (VIE) provides
unique intraluminal views of the blood vessel and it has
been previously reported to be valuable for assessment of
aortic aneurysms and endovascular stent grafts’ . VIE
has been shown to offer better understanding of the ab-
normalities of the aortic arch after endovascular repairm;
however, investigation of variable imaging appearances of
aortic dissection by VIE visualization has not been stud-
ied before, to the best of our knowledge. The purpose of
this paper is to demonstrate VIE findings in a group of
patients diagnosed with aortic dissection. We present our
experience of using VIE visualization in the assessment
of aortic dissection with the aim of exploring the poten-
tial value of VIE for identification of the common and
uncommon findings related to the aortic dissection with
special focus on the identification of entry site or intimal
tears of aortic dissection.

MATERIALS AND METHODS

Ten patients (7 men and 3 women, age range: 39-77 years,
mean age: 55 years) with known aortic dissection were ret-
rospectively included in this study. All patients underwent
spiral CT angiography (CTA) which was performed with a
dual-source CT scanner (Siemens, Definition, Forchheim,
Germany). The scanning protocol was as follows: beam
collimation 64 mm X 0.6 mm with slice thickness between
0.5-1.0 mm, pitch 1.0 with reconstruction interval of 50%
overlap. Non-ionic contrast medium (Visipaque) with a
total volume of 100 mL was injected intravenously zia
the antecubital vein at a flow rate of 4-6 mL/s, followed
by 40-60 mL normal saline chasing. A bolus triggering
technique was used with the region of interest placed at
the proximal descending thoracic aorta and the triggering
threshold was set at 120 HU to initiate the scan.

Aortic dissection was characterized based on 2D im-
ages as Stanford type A in 8 patients and type B dissection
in the remaining 2 patients. In addition to 2D axial views,
multiplanar reformation and 3D volume rendering includ-
ing VIE images wete generated in each patient.
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Figure 1 Virtual intravascular endoscopy visualization of the true lumen,
false lumen and intimal flap (arrow) in a Stanford type B aortic dissection.
Corresponding orthogonal views (axial, coronal and sagittal) confirm the loca-
tion of virtual intravascular endoscopy position inside the false lumen (F) look-
ing toward the true lumen (T) and intimal flap.

Since patients’ details were removed from the DICOM
data, and all of the images were anonymous during post-
processing, there was no ethical issue involved so no IRB
approval was required for the study.

Generation of VIE views

Multislice CT volume data were converted from origi-
nal DICOM (Digital Imaging and Communication in
Medicine) images using Analyze 7.0 (www.Analyzedirect.
com). VIE images were generated based on a CT number
thresholding technique to provide intraluminal views of
the aorta and its branches as well as abnormal chang-
es!"™ VIE demonstration of both normal anatomical
structures and pathological changes were determined by
selecting an appropriate threshold value through measur-
ing the CT attenuation at the aorta (either ascending or
descending aorta or abdominal aorta). An upper thresh-
old of 200-300 HU was applied to remove the contrast-
enhanced blood from the aorta while keeping the artery
wall intact without luminal disruption. Orthogonal views
were referenced to assist VIE identification of the true
and false lumens as well as intimal flap and entry site of
aortic dissection (Figure 1).

Initially, it took about 30 min to produce VIE images
for each patient. This includes a series of steps such as the
conversion of DICOM images into volume data, image
segmentation and generation of various VIE views of the
aortic dissection. With experience gathered, the time was
shortened to about 10-15 min for each case.
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Figure 2 Stanford type A dissection with the true lumen smaller than the false lumen. The false lumen (F) has lower computed tomography (CT) attenuation
than that in the true lumen (T) due to thrombus formation (A), thus a lower CT threshold (90 HU) was applied to view the false lumen intraluminally (B), while a higher
CT attenuation (300 HU) was applied to demonstrate the true lumen. Corresponding virtual intravascular endoscopy (C) shows the involvement of three aortic branch-
es by the dissection, namely left subclavian artery (LSA), left common carotid artery (LCA) and innominate artery when the view is positioned inside the false lumen.

Bilateral pleural effusion is present on the 2D axial image.

False lumen

L]

True lumen

Figure 3 Stanford type B dissection with similar computed tomography
attenuation in both true and false lumens (A). Virtual intravascular endos-
copy clearly demonstrates the true and false lumens separated by the intimal
flap (IF) in a single image (B). Arrow in A indicates the intimal flap.

RESULTS

Identification of true lumen and false lumen

In most cases, the false lumen is larger than the true lumen
as once the blood enters the false lumen vzz an intimal tear
it accumulates inside the lumen without any outlet. The
false lumen then gradually becomes larger and compresses
the true lumen which is in contact with the non-dissected
portion of the aorta (Figure 2). A thrombus is frequently
formed in the false lumen (Figure 2A), and this results in
low CT attenuation when compared to the true lumen.
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Therefore, for VIE visualization of true and false lumens,
different CT thresholds need to be selected for demon-
stration of individual lumens cleatly (Figure 2B).

Identification of intimal flap

The intimal flap is a soft tissue structure that separates the
true lumen from the false lumen. The intimal flap can be
seen in about 70% of cases in classic dissections'. If the
CT attenuation measured in the true lumen is similar to
that measured in the false lumen, VIE is able to demon-
strate both lumens separated by the intimal flap in a single
image (Figure 3). However, in the majority of cases, con-
trast enhancement in the true lumen is higher than that in
the false lumen, thus VIE visualization of these two lu-
mens is normally presented in separate images as different
thresholds are required to demonstrate individual lumens.
This indicates that the intimal flap is not usually displayed
on a single VIE image since different intraluminal views
are generated by showing the individual lumens separately
(either true lumen or false lumen) (Figure 2B and C).

If the false lumen is thrombosed, the intimal flap may
be difficult to recognise on CT images; thus it is difficult
to distinguish and differentiate acute dissection from mu-
ral thrombus ot intramural hematoma (Figure 4A). The
limitation of conventional visualizations can be overcome
with intraluminal endoscopic views, even if in the pres-
ence of significantly stenosed lumens (Figure 4B and C).

Identification of intimal tear (entry site)

Identification of the accurate location of an intimomedial
entrance tear is clinically important for diagnostic and
therapeutic purposes. VIE is advantageous in this aspect
as it enables generation of intraluminal views and clearly
shows the communication between true and false lumens
(Figure 5). In some complicated cases, VIE is able to con-
firm the entry site by navigating through the aorta and its
branches including coronary branches (Figures 5 and 6).
Moreover, VIE is able to determine the extent of the inti-
mal tear which is believed useful for pre-operative evalua-
tion of aortic dissection (Figures 5D and 6C).
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Figure 4 Stanford A dissection with abdominal artery branches involved. The false lumen (F) is thrombosed (A) with the true lumen being compressed to a
much narrowed space. Virtual endoscopy views inside the true lumen clearly demonstrate the narrowed true lumen (B) and the intimal flap (C). Arrow in A indicates
the true lumen.

Figure 5 Stanford type A dissection with the dissection originating at the aortic root. The intimal flap is clearly displayed on 2D axial and coronal reformatted
images (long arrows in A and B) with the left coronary artery arising from the true lumen (T) (arrowhead). Virtual intravascular endoscopy shows the intimal tear which
is located at the aortic root (arrow in C) proximal to the left ventricle. Both of the coronary ostia arise from the true lumen with the intimal flap extending to the left coro-
nary ostium (D, E). Short arrows in A and B indicate the cobweb sign in the false lumen (F).

Identification of vessel involvement by aortic dissection Other findings of aortic dissection

Identification of vessel involvement by aortic dissection In addition to the above-mentioned imaging findings
can be confirmed by 2D axial images in most situations related to the aortic dissection, there are other typical
(Figure 7A). VIE could be used as a complementary tool and atypical features which are also observed in aortic
to 2D images in indeterminate cases, as virtual fly-through dissection. The slender linear areas of low attenuation
allows the viewers to follow the direction of dissection that occasionally appear in the false lumen on CT images,
and identify whether the individual aortic branches are known as the cobweb sign, are specific to the false lumen
involved in the dissection (Figures 2B, 5D, 7B and 8). VIE and may aid in its recognition (Figures 5 and 10). Another
assessment of vessel involvement is still possible even if usual indication of the false lumen is the beak sign, which
in the presence of a severely narrowed true lumen due to is an imaging manifestation of the wedge of hematoma
compression by the false lumen (Figure 9). that cleaves a space for the propagation of the false lumen

(49

;guamaﬁ.,g@ WJR | www.wjgnet.com 443 November 28, 2010 | Volume 2 | Issue 11 |



Sun Z et a/. CT virtual intravascular endoscopy of aortic dissection

Distal

i -
| 8 - e Entry site
L iy 5 " ) Protrusion to fal

Protrusion" f Iflrfrjnlﬁse lume
from false :

lumen
True lumen

Proximal

L]

Figure 6 Stanford type A dissection with direct communication between the true lumen and false lumens (arrows in A). The true lumen (T) was obviously
narrowed due to compression by the false lumen (F) with thrombus formed in the false lumen as shown on the sagittal reformatted image (B). The intimal flap (short
arrows in B) arises from the level of the left ventricle (long arrows in B); C: A protrusion sign was observed on virtual intravascular endoscopy (VIE) images; D, E: The
long intimal tear was identified at the ascending aorta posterior to the protrusion from the false lumen on different VIE visualizations. Pleural effusion is present at both
sides on 2D axial images.
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Figure 7 Stanford type A dissection with involvement of the three main artery branches on 2D axial image (A). Virtual intravascular endoscopy confirms that
these three branches arise from the narrowed true lumen (B). Arrows in A indicate the intimal flap. LSA: Left subclavian artery; LCA: Left common carotid artery; IA:
Innominate artery.

(Figure 11). The beak sign is a characteristic feature of the
false lumen. These two findings can be easily identified
and confirmed on 2D axial images, while VIE visualiza-
tion does not present with characteristic features.
Intimointimal intussusception is an unusual manifesta-
tion of aortic dissection caused by citrcumferential dissec-
tion of the intimal layer". In intimointimal intussusception,
CT scans may show one lumen wrapped around the other
lumen in the aortic arch or descending aorta, with the in-
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ner lumen always being the true lumen (Figure 12A). VIE
clearly shows the central true lumen surrounded by the pe-
ripheral false lumen wia two intimal flaps (Figure 12B), and
the intraluminal visualization is enhanced by virtual fly-
through viewing.

DISCUSSION

The principal complications of aortic dissection are car-
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Figure 8 Stanford type A dissection is restricted to the ascending aorta on 3D volume rendering images (A, B). Both true and false lumens are clearly dem-
onstrated on virtual intravascular endoscopy (VIE) visualization and these two lumens are separated by an intimal flap (IF) (C). The three main artery branches are
perfused by the true lumen as shown on VIE view (D). LSA: Left subclavian artery; LCA: Left common carotid artery.

R renal

ostiunk

Figure 9 Stanford type B dissection with the true lumen much smaller than the false lumen. The right renal artery arises from the compressed true lumen resulting in
right renal infarction (A). Virtual intravascular endoscopy confirms the origin of the right renal ostium coming from the true lumen which is separated from the false lumen (F)
by an intimal flap (IF) (B). Short arrows in A indicate the right renal artery, while long arrows in A refer to pericardial effusion. Pleural effusion is also present at both sides.

Figure 10 Stanford type A dissection with three aortic branches arising from the true lumen. An irregular intimal flap is displayed on virtual intravascular endoscopy
visualization (B). A cob-web sign (short arrows) is noticed in the false lumen (F) on 2D axial image (A). Long arrows indicate the intimal flap. T: True lumen; LSA: Left sub-
clavian artery; LCA: Left common carotid artery.
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Figure 11 Stanford type A dissection with appearance of a beak sign (arrows) extending from the false lumen to surround the true lumen. The true lumen (T)
is smaller than the false lumen (F). Bilateral pleural effusion is also noticed on 2D images.

Figure 12 Stanford type A dissection with appearance of intimointimal intussusception (arrows in A). Corresponding virtual intravascular endoscopy shows
the centrally narrowed true lumen (TL) was surrounded by the false lumen (FL) and separated by two intimal flaps (IF). The exact position of the VIE view is confirmed
by the orthogonal views which are shown in B.

diac rupture, cardiac failure and end-organ ischemia. The coronary arteries, carotid and vertebral arteries, subclavian
aorta gives rise to many important branches that include arteties, lumbar atteries, celiac and mesenteric arteries, re-

(49

;guamﬁ.,g@ WJR | www.wjgnet.com 446 November 28, 2010 | Volume 2 | Issue 11 |



Sun Z et a/. CT virtual intravascular endoscopy of aortic dissection

nal arteries and iliac arteries. These branch arteries can be-
come poorly perfused due to obstructions at their origin,
as would happen if the artery branch was thrombosed

during dissection'

. It is imperative to determine whether
these major branch arteries originate from true or false
lumens before interventional procedures such as place-

56,8
PSH because

ment of endovascular stent grafts or stents
any branch vessels supplied by the false lumen may be
occluded with an intervention unless surgically bypassed.
Medical imaging techniques play an important role in this
aspect.

High resolution CT imaging is the method of choice
for diagnosis of aortic dissection and identification of
true and false lumens, as well as determination of the aor-
tic branches in relation to the dissection™'”. The most reli-
able direct imaging sign observed by CT for differentiating
the true from false lumens is the ability to demonstrate
direct continuity between the true lumen and the lumen
of the uninvolved aortic lumen distal or proximal to the
dissected aortic segment. This may not always be possible
because the dissection may extend proximally into the
aortic root, or the origin of the intimomedial entrance tear
is at the convexity of the aortic arch where the true and
false lumens may be difficult to follow™”. The limitation
of 2D CT imaging is complemented by multiplanar refor-
mation and 3D reconstructions. Our experience of using
VIE for assessment of aortic dissection, especially in the
identification of intimal tears shows the feasibility of VIE
visualization in complex cases of dissection.

In addition to the identification of the entry site, de-
termination of the extent of the entry site can be further
explored by VIE and assessment of vessel involvement
can be confirmed even if for visualization of the tiny
artery branches such as coronary arteries, as shown in
Figures 5 and 6. We believe VIE could be used as a com-
plementary tool to conventional CT visualizations for ac-
curate assessment of the aortic dissection.

VIE image quality is determined by an appropriate
threshold selection. Demonstration of true and false lu-
mens is dependent on CT attenuation measured in each
compartment. The intimal flap has a soft tissue density
and presents as a linear structure; thus, it is commonly
shown as an irregular linear structure which separates the
true lumen from the false lumen (Figure 10B). Detecting
full-directional information about the dissection should be
assisted with cross-sectional and multiplanar reformatted
CT images. Correlation with orthogonal views is neces-
sary to confirm the exact position of anatomic details on
VIE visualization, especially to assess the aortic branches
with regard to their relationship to the dissection.

With the current multislice CT scanners such as
the 64-slice or dual source CT, acquisition of isotropic
volume data is possible so that high resolution original
data is generated to ensure the image quality of VIE im-
agesm’ﬁj. In our small group of patients whose CT scans
were performed with a dual source CT scanner, VIE was
successfully generated in all of the patients with clear
demonstration of anatomical details including the linear
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structure of intimal flap. Rapidly technical developments
have significantly enhanced the diagnostic value of CT in
the detection and evaluation of aortic dissection.

In conclusion, in this pictorial essay, we demonstrated
the applications of VIE for visualization of aortic dissec-
tion and identification of true and false lumens, intimal
flap and intimal entry site. Our preliminary study shows
that VIE is a feasible 3D visualization tool which could
be used to assist radiologists to accurately evaluate aortic
dissection so that better patient management could be
achieved.
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Aortic dissection is a common vascular disease which carries high mortality if
not diagnosed and treated appropriately. Despite high diagnostic value of com-
puted tomography (CT) angiography in the diagnosis of aortic dissection, its
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Extended application of 3D VIE to the patients with aortic dissection, thus,
improving understanding of the dissection extent and vessel involvement for
surgical planning.
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Aortic dissection is routinely diagnosed and evaluated with CT angiography
through a combination of 2D and 3D visualizations. This study presents ad-
vanced applications of VIE in aortic dissection by demonstrating findings which
cannot be achieved with traditional image visualizations.
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Our preliminary study shows the potential value of VIE in aortic dissection.
Further studies based on a large cohort are needed to compare the diagnostic
value of VIE with traditional 2D/3D visualizations.

Terminology

VIE is a method of image data visualization using computer processing of 3D
image datasets (such as CT or MR scans). It can provide visualizations of vas-
cular structures similar or equivalent to those produced by standard endoscopic
procedures.
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It's a well written pictorial essay about 3D VIE in aortic dissection. There are
many figures showing aortic dissection and their 3D VIE views.

REFERENCES

1 Castaiier E, Andreu M, Gallardo X, Mata JM, Cabezuelo MA,
Pallardé Y. CT in nontraumatic acute thoracic aortic disease:
typical and atypical features and complications. Radiographics
2003; 23 Spec No: $93-5110

2 Sebastia C, Pallisa E, Quiroga S, Alvarez-Castells A, Domin-
guez R, Evangelista A. Aortic dissection: diagnosis and follow-
up with helical CT. Radiographics 1999; 19: 45-60; quiz 149-150

3 Cigarroa JE, Isselbacher EM, DeSanctis RW, Eagle KA. Diag-
nostic imaging in the evaluation of suspected aortic dissec-
tion. Old standards and new directions. N Engl | Med 1993;
328: 35-43

4 Small JH, Dixon AK, Coulden RA, Flower CD, Housden BA.
Fast CT for aortic dissection. Br | Radiol 1996; 69: 900-905

5 LePage MA, Quint LE, Sonnad SS, Deeb GM, Williams DM.
Aortic dissection: CT features that distinguish true lumen
from false lumen. AJR Am | Roentgenol 2001; 177: 207-211

6 Williams DM, Lee DY, Hamilton BH, Marx MV, Narasim-
ham DL, Kazanjian SN, Prince MR, Andrews JC, Cho K],
Deeb GM. The dissected aorta: percutaneous treatment of

November 28, 2010 | Volume 2 | Issue 11 |



10

11

12

Sun Z et a/. CT virtual intravascular endoscopy of aortic dissection

ischemic complications--principles and results. | Vasc Interv
Radiol 1997; 8: 605-625

Kapoor V, Ferris JV, Fuhrman CR. Intimomedial rupture: a
new CT finding to distinguish true from false lumen in aortic
dissection. AJR Am ] Roentgenol 2004; 183: 109-112

Williams DM, Joshi A, Dake MD, Deeb GM, Miller DC,
Abrams GD. Aortic cobwebs: an anatomic marker identifying
the false lumen in aortic dissection--imaging and pathologic
correlation. Radiology 1994; 190: 167-174

Scaglione M, Salvolini L, Casciani E, Giovagnoni A, Mazzei
MA, Volterrani L. The many faces of aortic dissections: Be-
ware of unusual presentations. Eur | Radiol 2008; 65: 359-364
Berger FH, van Lienden KP, Smithuis R, Nicolaou S, van
Delden OM. Acute aortic syndrome and blunt traumatic
aortic injury: pictorial review of MDCT imaging. Eur | Radiol
2010; 74: 24-39

Sun Z, Winder R], Kelly BE, Ellis PK, Hirst DG. CT virtual
intravascular endoscopy of abdominal aortic aneurysms
treated with suprarenal endovascular stent grafting. Abdom
Imaging 2003; 28: 580-587

Sun Z, Winder RJ, Kelly BE, Ellis PK, Kennedy PT, Hirst DG.

K

Gz
Raishideng®

WJR | www.wjgnet.com

448

13

14

15

16

17

Diagnostic value of CT virtual intravascular endoscopy in
aortic stent-grafting. | Endovasc Ther 2004; 11: 13-25

Sun Z, Allen YB, Nadkarni S, Knight R, Hartley DE, Law-
rence-Brown MM. CT virtual intravascular endoscopy in the
visualization of fenestrated stent-grafts. | Endovasc Ther 2008;
15: 42-51

Louis N, Desgranges P, Kobeiter H, Kirsch M, Becquemin JP.
Virtual angioscopy and 3-dimensional navigation findings
of the aortic arch after vascular surgery. Circulation 2009; 119:
1052-1055

Golledge J, Eagle KA. Acute aortic dissection. Lancet 2008;
372: 55-66

Brodoefel H, Burgstahler C, Tsiflikas I, Reimann A, Schroed-
er S, Claussen CD, Heuschmid M, Kopp AF. Dual-source CT:
effect of heart rate, heart rate variability, and calcification on
image quality and diagnostic accuracy. Radiology 2008; 247:
346-355

Leschka S, Alkadhi H, Plass A, Desbiolles L, Griinenfelder
J, Marincek B, Wildermuth S. Accuracy of MSCT coronary
angiography with 64-slice technology: first experience. Eur
Heart ] 2005; 26: 1482-1487

S- Editor ChengJX L-Editor O'Neill M E- Editor Zheng XM

November 28, 2010 | Volume 2 | Issue 11 |



