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Executive summary

Aortic disease is a frequent and potentially serious condition; when it involves the
thoracic segment or the whole thoraco-abdominal aorta it can be particularly severe.
In many cases thoracic aortic disease can be diagnosed and treated before it
becomes dangerous. The most appropriate treatment may be an open surgical
operation, or a less invasive endovascular procedure that involves the use of a stent-
graft.

In order to plan the best possible treatment modality for each individual patient,
accurate imaging must be obtained preoperatively. Most surgeons prefer a high
quality CT scan for patients with aortic aneurysms or dissections. To obtain the most
from the CT dataset one must be able to navigate through the images and manipulate
them (reformatting techniques) in order to extract the most appropriate images. Until
recently, reformatting the CT dataset in order to plan the procedure was possible only
on dedicated (and expensive) imaging workstations with limited availability.

A new software solution has been recently created, it is called OsiriX. It has been
specifically designed for navigation and visualization of multi-modality and
multidimensional medical images (DICOM) including CT, and runs on regular Mac OS
X computers. It is world widely available to be freely downloaded on the Internet.
OsiriX allows Vascular Surgeons to accurately plan an aortic procedure employing
sophisticated post-processing of their CT data-set in a very cost and time effective
fashion.

A well-timed diagnosis and an accurate planning and sizing allows to offer an effective
treatment to many patients; however, in spite of a flawlessly executed operation,
several important complications may occur after thoracic or thoraco-abdominal aortic
procedures. The most severe complication is spinal cord ischemia which can cause
symptoms as dramatic as paraplegia. One of the elements that could help reducing
the risk of postoperative paraplegia is an accurate preoperative knowledge of the
blood supply to the spinal cord.

A very recent study that will be published in the April 2009 issue of the European
Journal of Vascular and Endovascular Surgery was performed at the San Raffaele
Scientific Institute in Milano. In this study the same CT datasets of patients with severe
aortic disease were studied with the standard radiological workstations and with the
OsiriX software running on a regular Mac Book Pro in order to detect the artery of
Adamekiewicz, the principal supplier of blood of the thoraco-lumbar spinal cord. The

results showed that the analysis performed with OsiriX was not only comparable with
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those obtained with the standard methods but also consistent with the data obtained
from a systematic review of the literature.

While further studies are certainly needed, these initial results are very encouraging
because they confirm the value and the accuracy of OsiriX in the preoperative

diagnostic workup of patients with aortic disease.
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Background

Thoracic aortic disease

Aortic disease is a potentially serious condition and unfortunately it is not uncommon’;
when it involves the thoracic segment or the whole thoraco-abdominal aorta it can be
particularly severe23. Among the most common causes of disease there are

arteriorosclerotic aneurysms (dilatation of the vessel).

Figure 1: this image depicts a three-dimensional rendering of the entire aorta obtained with the OsiriX
software and the Fovia high definition volume rendering software. The aorta is the principal artery that
supplies blood to the whole body. We can observe an ascending portion, an arch and a descending portion.

From the arch depart three important branches that supply the head and the upper limbs. In the descending
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portion we can observe a large atherosclerotic aneurysm (arrows). Lower down we can observe branches to
the abdominal organs; the kidneys are visualized in red. More distally the aorta bifurcates in two branches
(the common iliac arteries) that supply the lower limbs. The white patches on the surface of the aorta denote

areas of calcification of the aortic wall, an other consequence of arteriosclerosis.

An other important disease is aortic dissection (disruption of the vessel wall with
secondary dilatation). If undiagnosed or left untreated, aneurysm and dissections may

both grow larger and eventually rupture with possible catastrophic consequences

(fatal internal haemorrhage).

Figure 2: this image is also a three-dimensional rendering of the aorta obtained with the OsiriX software
and the Fovia high definition volume rendering software. In this case, we can observe the wall dissection

(arrow head) that begins between the arch and the descending portion and proceeds spirally all the way
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down to the artery that supplies the right lower limb. We can also observe a significant dilatation of the

upper part of the descending aorta (arrows).

Luckily in many cases thoracic aortic disease can be diagnosed and treated before it
becomes dangerous. The most appropriate treatment may be an open surgical
operation48, or a less invasive endovascular procedure that involves the use of a

stent-graft®-12,

Figure 3: artist’'s concept of a stent graft for endovascular treatment of aortic aneurysms.
The metal stents are self-expandable and allow the fabric to “seal” the aneurysm and exclude it from the

blood flow.

In order to plan the best possible treatment modality for each individual patient,
accurate imaging must be obtained preoperatively; most surgeons prefer a high

quality CT scan for patients with aortic aneurysms or dissections.
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Imaging modalities

Evolution of CT scanner: from slices to volumes

There are many different modalities that allow to image the thoracic aorta, each one

have its own advantages and drawbacks:

e Chest XR ( a valuable basic screening exam)

e Ultrasonography (in particular trans thoracic and trans-oesophageal
echography)

o Digital Subtraction Angiography (implies arterial catheterization, contrast
media injection and exposure to ionizing radiation)

e MR-Angiography (no radiations are involved but an intravenous contrast agent
may still need to be injected)

e CT-Angiography (exposure to ionizing radiation, intravenous contrast agent

injection)

There are several reasons why most surgeons that treat thoracic aortic disease
choose CT-Angio as their preferred imaging modality, provided that there aren’t
specific contra-indications. State-of-the-art multi-detector CT scanners produce
excellent imaging. Typically a complete exam to study the thoraco-abdominal aorta
consists of at least 1000-2000 scans, possibly a few times as many. Old fashioned XR
films or paper prints are obviously inadequate to visualize a stack of thousands of
images and even standard computer based viewers are not adequate.

To obtain the most from the CT dataset one must be able to navigate through the
images and manipulate them (reformatting techniques) in order to extract the most

appropriate images that are needed.
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Figure 4: old CT scanners could only produce images of thick (1 cm) axial (transverse) sections of the
body.

Unlike older CT scanners that could only produce axial sections (“slices”), the
information that the newer scanners extract include the whole volume of the part of
human body that is scanned. If the right tool is available, the digital information

concerning this volume (the CT dataset) can be displayed in infinite ways.

Figure 5: newer CT scanners can collect information on the whole volume that is studied. This data-set can
be manipulated in many different ways to obtain images that highlight the part of the body that we need to

study.



White Paper 10
OsiriX allows accurate planning

for aortic interventions

An imaging workstation for all
The birth of OsiriX

Until recently, reformatting the CT dataset in order to obtain the images that we really
need in order to plan our procedure was possible only on dedicated imaging
workstations that are really expensive and are usually located in the radiology
department and have to be shared by many specialists, making practical access to
them rather difficult and not convenient. Since 2004 and especially in the last couple
of years the situation have changed considerably. We owe to the ingenuity of Dr. Ratib
and his co-workers from the University of Genéve (CH) for the creation of the OsiriX
software13-16,
OsiriX is dedicated to “DICOM” images (Digital Imaging and Communications in
Medicine) produced by current medical equipment, and runs on regular Mac OS X
computers.
It has been specifically designed for navigation and visualization of multi-modality and
multidimensional images, including CT. It is world widely available to be freely
downloaded on the Internet, and is released under GNU free software license, which
grants recipients rights to use, modify and redistribute copyrighted work. It is possible
to create personalized plug-ins that performs desired actions. The active participation
of the “open source” community assures a very rapid evolution and improvement of
OsiriX. Learn More.

As of the beginning of 2009 there are more than 32.000 users of OsiriX, and

the number is rapidly growing™”.
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Displaying a CT dataset

How to render on a flat screen an object with 3

or more dimensions

With the help of the OsiriX software we can start working on our CT dataset to obtain
the images of the aorta that we need. The classic way to show a CT dataset are axial

(transverse) scans.

n oo oo

Figure 6 : this screen-capture obtained with OsiriX displays axial views of a normal (left, arrows) and an

aneurysmatic (right, arrowheads) aorta.

However once we understand that the dataset contains the whole volume of the body,
it is obvious that the slices can be cut not only in a transverse (Axial) plane but also in
a frontal (Coronal) or in a lateral (Sagittal) plane. Scans in these 3 orthogonal planes
(orthogonal multi-planar reformatting MPR) can be obtained easily and showed

together in the same window.
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Figure 7: the insert on the left depicts a schematic drawing of the human body with the 3 orthogonal
planes: transverse (Axial - blue), frontal (Coronal - red) and lateral (Sagittal - green). The screen-capture on
the right shows how OsiriX can display the three planes simultaneously. A grossly dilated aorta is evident

however this orthogonal projections fail to show the entire course of the aorta.

Scrolling these 3 sets of scans, adjusting the window level and width, zooming and
modifying the slice thickness will allow us to gain a lot of information, however
unfortunately the important structures in our body don’t always follow orthogonal
planes; the aorta in particular (from the Greek word a-orthos = not straight) have a
tortuous path that curves in all directions of space. An obligue MPR may therefore
help us producing a scan whose angulation matches that of the aorta, or the vessel

we need to study.

Figure 8: the insert on the left shows how the human body can be crossed by 3 oblique (non-orthogonal)

planes: para-Axial - blue, para-Coronal - red, para-Sagittal - green. The screen-capture on the right
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obtained with OsiriX displays the three oblique planes simultaneously, and how the curved path of the

dilated aorta is now evident in the larger image.

Nevertheless if the vessel (or any other structure) we are studying is too tortuous to be
followed even in an appropriate oblique MPR we can use an even more sophisticated
tool: a curved MPR where the plane we are going to extract from the dataset is hand-
drawn on the scan and have precisely the course of the anatomical structure we need

to follow.

Figure 9: the insert on the left shows how the human body can “sliced” in a curved fashion. The curved
plane is hand-drawn on the axial scan (OsiriX screen-capture left). This allows to show on the resulting

image (OsiriX screen-capture right) the course of a very tortuous vessel.

To help us even more to view the structure we are studying in a very realistic three-
dimensional way, 3D rendering tools are available such as MIP, volume rendering,
surface rendering etc. (See also Figures 1 and 2). Working with colours to differentiate
structures that have different but similar radio-opacity is a further way to enhance our

diagnostic capability.

Figure 10: this image obtained with the OsiriX software and the Fovia high definition volume rendering

software allows a pseudo-realistic three-dimensional depiction of the human body highlighting different
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structures: the ribcage in the left image, the internal organs in the center image and the aorta (with a large

thoracic aneurysm - arrows) with vertebral column in the background in the right image.

OsiriX also allow us to show on our screen the 4t dimension: time. Provided that the
CT scan is obtained gating the acquisition with the different phases of a heartbeat, the
exam will be shown dynamically in motion. Finally a 5 dimension, that of function
may be shown simultaneously, metabolism for instance may be captured with PET
exams and the resulting images can be fused to those of a dynamic CT producing for

instance the stunning images of a beating heart with its metabolic activity.
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Preoperative planning & sizing

(“Failure to plan is a plan for failure”)

OsiriX allows Vascular Surgeons all over the world to accurately plan an aortic
procedure employing sophisticated post-processing of their CT dataset in a very
convenient and cost / time effective fashion. Accurate planning is even more important
when a stent-graft procedure is considered, because precise quantitative
measurements are needed besides the usual qualitative diagnosis. Diameters, lengths
and angles need to be measured very accurately together with the presence of
thrombus, calcifications, anomalies, etc.

The importance of precise measurements in the preoperative planning cannot
be overemphasized. So as the Russian proverb appropriately says “Measure seven

times and cut only once...”.

T

Figure 11: an example of sizing required to plan an endovascular procedure for a thoracic aortic aneurysm.
A schematic drawing of the measurements needed (Left) and the actual measurements taken on an

appropriately reformatted CT scan .
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From diagnosis to treatment

And the struggle to avoid complications

A timely diagnosis and an accurate planning and sizing allows to offer an effective
treatment to many patients, however, in spite of a flawlessly executed operation,
several important complications may occur after thoracic or thoraco-abdominal aortic
procedures. The most severe complication after these procedures is certainly spinal
cord ischemia which can cause symptoms as dramatic as paraplegia.

This terrible event has many potential causes (multifactorial) but regrettably in spite of
all the efforts it is still often unpredictable. One of the elements that could help
reducing the risk of postoperative paraplegia is an accurate preoperative knowledge of
the blood supply to the spinal cord'8-38. This is difficult to obtain because arteries that
supply the spinal cord are small (< 1 mm), surrounded by osseous structures

(vertebrae) and have an extreme inter-individual variability.

Figure 12: an artist’s depiction of the spinal cord blood supply: the aorta is in the foreground and the spinal

cord with its arteries is depicted in the background after removal of the vertebrae.
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The identification of the spinal cord vasculature, in patients with aortic disease, has
been shown to be possible with non-invasive imaging modalities such as MR-
Angiography or CT-Angiography since 2002638, All studies however have been
performed in highly specialized radiology research institutions (mainly in Japan) and
the potential clinical benefit for patients seemed to be still far away.

A very recent study that will be published in the April 2009 issue of the distinguished
European Journal of Vascular and Endovascular Surgery?® was performed at the San

Raffaele Scientific Institute in Milano. Our Institution is especially active in aortic

surgery, teaching and education. Learn more.

Figure 13: some of the clinical and research facilities at the San Raffaele Scientific Institute in Milano

In this study the same CT datasets of patients with severe aortic disease were studied
with the standard (and expensive) radiological workstations and with the OsiriX
software running on a regular Mac Book Pro in order to detect the artery of
Adamkiewicz, the principal supplier of blood of the thoraco-lumbar spinal cord (See

how the artery of Adamkiewicz is detected with OsiriX in less than a minute.). The

results showed that the analysis performed with OsiriX was not only comparable with
those obtained with the standard methods but also consistent with the data obtained

from a systematic review of the literature.



White Paper 18

OsiriX allows accurate planning

for aortic interventions

Figure 14: this screen-capture obtained with OsiriX displays a 2D oblique multi-planar reformatting
performed in order to visualize the spinal cord and its principal blood supply: the anterior spinal artery
(arrows) runs longitudinally and is fed by the great radicular artery or artery of Adamkiewicz (arrowheads)

with its characteristic “hairpin” shape.

Figure 15: this screen-capture obtained with OsiriX displays a 2D curved multi-planar reformatting that

allows to follow the continuity of the artery of Adamkiewicz (*) with the aorta (**) through the radiculo-
medullary artery and the intercostal artery (arrowheads). Please note that the image on the right is a totally
virtual curved plane “carved” from the CT dataset, its path is hand-drawn on the axial images (left image,

green line).
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While further studies are certainly needed, these initial results are very encouraging
because they confirm the value and the accuracy of OsiriX in the preoperative

diagnostic workup of patients with aortic disease.
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Follow-up

Imaging medical devices at work

Once a stent-graft have been successfully implanted the patients need to undergo
follow up imaging to confirm that everything is working properly, and if something is
wrong, to allow for a well-timed and safe procedure to fix the problem.

The presence of metal parts (that are very radio-opaque) in the endovascular
prostheses makes the postoperative scans not only important for the patient’s safety
but also fascinating to look at. Once again appropriate post-processing of the images

is mission- critical for an accurate diagnosis.

Figure 16: this images obtained with the OsiriX software and the Fovia high definition volume rendering

software show stent-grafts placed in the thoraco-abdominal aorta (left) and in the aortic arch (right) to treat

less invasively patients with severe aortic aneurysms.
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Conclusion

OsiriX software has shown to be adequate in preoperative planning and sizing of
patients with thoracic and thoraco-abdominal aortic disease. Moreover it has shown to
be non-inferior to the expensive standard imaging workstations even in sophisticated
tasks such as the detection of the artery of Adamkiewicz.

This is of great practical utility because it allows to perform accurate and refined post-
processing tasks on a given CT dataset in a very resources conscious fashion.
Nowadays cost containment in healthcare without loss of efficacy is not only “trendy”

but is becoming mandatory in many geopolitical realities around the world.



White Paper 22
OsiriX allows accurate planning

for aortic interventions

References

1. Gillum RF.
Epidemiology of aortic aneurysm in the United States.
J Clin Epidemiol 1995; 48: 1289-98.

2. Juvenon T, Ergin MA, Galla JD, Lansman SL, Nguyen KH, McCullough JN et al.
Prospective study of the natural history of thoracic aortic aneurysms.
Ann Thorac Surg 1997; 63:1533-45.

3. Elefteriades JA.

Natural history of thoracic aortic aneurysms: indications for surgery, and surgical
versus nonsurgical risks.

Ann Thorac Surg 2002; 74; S1877-80.

4. Svensson LG, Crawford ES, Hess KR, Coselli JS, Safi HJ.
Experience with 1509 patients undergoing thoraco-abdominal aortic operations.
J Vasc Surg 1993; 17: 357-68.

5. Wong DR, Lemaire SA, Coselli JS.
Managing dissections of the thoracic aorta.
Am Surg 2008; 74: 364-80.

6. Coselli JS, Bozinovski J, LeMaire SA.
Open surgical repair of 2286 thoracoabdominal aortic aneurysms.
Ann Thorac Surg 2007; 83: S862-4.

7. Chiesa R, Melissano G, Civilini E, de Moura ML, Carozzo A, Zangrillo A.

Ten years experience of thoracic and thoracoabdominal aortic aneurysm surgical
repair: lessons learned.

Ann Vasc Surg 2004; 18: 514-20.

8. Svensson LG, Kouchoukos NT, Miller DC, Bavaria JE, Coselli JS, Curi MA et.al. for

the Society of Thoracic Surgeons Endovascular Surgery Task Force.



White Paper 23
OsiriX allows accurate planning

for aortic interventions

Expert consensus document on the treatment of descending thoracic aortic disease
using endovascular stent-grafts.
Ann Thorac Surg 2008; 85: S1-41.

9. Fairman RM, Criado F, Farber M, Kwolek C, Mehta M, White R; and the VALOR
Investigators.

Pivotal results of the Medtronic Vascular Talent Thoracic Stent Graft System: the
VALOR trial.

J Vasc Surg 2008; 48: 546-54.

10. Matsumura JS, Cambria RP, Dake MD, Moore RD, Svensson LG, Snyder S; and
the TX2 Clinical Trial Investigators.

International controlled clinical trial of thoracic endovascular aneurysm repair with the
Zenith TX2 endovascular graft: 1-year results.

J Vasc Surg 2008; 47: 247-257.

11. Makaroun MS, Dillavou ED, Kee ST, Sicard G, Chaikof E, Bavaria J et al.
Endovascular treatment of thoracic aortic aneurysms: results of the phase I
multicenter trial of the GORE TAG thoracic endoprosthesis.

J Vasc Surg 2005; 41: 1-9.

12. Makaroun MS, Dillavou ED, Wheatley GH, Cambria RP; and the Gore TAG
Investigators.

Five-year results of endovascular treatment with the Gore TAG device compared with
open repair of thoracic aortic aneurysms.

J Vasc Surg 2008; 47: 912-8.

13. Ratib O, Rosset A.
Open-source software in medical imaging: development of OsiriX.
Int J Comp Ass Radiol Surg 2006; 1: 187-196.

14. Rosset C, Rosset A, Ratib O.

General consumer communication tools for improvedimage management and
communication in medicine.

J Digit Imaging 2005; 18: 270-279.

15. Rosset A, Spadola L, Ratib O.
OsiriX: an open-source software for navigating in multidimensional DICOM images.
J Digit Imag 2004; 17: 205-216.



White Paper 24
OsiriX allows accurate planning

for aortic interventions

16. Rosset A, Spadola L, Pysher L, Ratib O.

Informatics in radiology (infoRAD):navigating the fifth dimension: innovative interface
for multidimensional multimodality image navigation.

Radiographics. 2006; 26: 299-308.

17. Ratib O.

Personal communication.

18. Griepp RB, Ergin MA, Galla JD, Lansman S, Khan N, Quintana C, et al.

Looking for artery of Adamkiewicz: a quest to minimize paraplegia after operations for
aneurysms of the descending thoracic and thoraco-abdominal aorta.

J Thorac Cardiovasc Surg 1996; 112: 1202-1215.

19. Svensson LG.

Intraoperative identification of spinal cord blood supply during repairs of descending
aorta and thoraco-abdominal aorta.

J Thorac Cardiovasc Surg 1996; 112: 1455-60.

20. Safi HS, Miller CC, Carr C, lliopoulus DC, Dorsay DA, Baldwin JC. Importance of
intercostal artery reattachment during thoraco-abdominal aneurysm repair.
J Vasc Surg 1998; 27: 58-66.

21. Mell MW, Wynn MM, Reeder SB, Tefera G, Hoch JR, Acher CW.
A new intercostal artery management strategy for thoraco-abdominal aortic aneurysm
repair.

J Surg Res 2008 in press.

22. Hnath JC, Mehta M, Taggert JB, Sternbach Y, Roddy SP, Kreienberg PB, et al.
Strategies to improve spinal cord ischemia in endovascular thoracic aortic repair:
outcomes of a prospective cerebrospinal fluid drainage protocol.

J Vasc Surg 2008;48:836-840.

23. Chiesa R, Melissano G, Bertoglio L, Campos Moraes Amato A, Tshomba Y,
Civilini E et al.

The risk of spinal cord ischemia during thoracic aorta endografting.

Acta Chirurgica Belgica 2008; 108: 492-502.

24. Chiesa R, Melissano G, Marrocco-Trischitta MM, Civilini E, Setacci F.



White Paper 25
OsiriX allows accurate planning

for aortic interventions

Spinal cord ischemia after elective stent-graft repair of the thoracic aorta.
J Vasc Surg 2005; 42: 11-17.

25. Schurink GW, Nijenhuis RJ, Backes WH, Mess W, de Haan MW, Mochtar B et al.
Assessment of spinal cord circulation and function in endovascular treatment of
thoracic aortic aneurysms.

Ann Thorac Surg 2007; 83: S877-81.

26. Yamada N, Okita Y, Minatoya K, Tagusari O, Ando M, Takamiya M et al.
Preoperative demonstration of the Adamkiewicz artery by magnetic resonance
angiography in patients with descending or thoraco-abdominal aortic aneurysms.
Eur J Cardiothorac Surg 2000;18:104-111.

27. Kawaharada N, Morishita K, Fukada J, Yamada A, Muraki S, Hyodoh H et al.
Thoraco-abdominal or descending aortic aneurysm repair after preoperative
demonstration of the Adamkiewicz artery by magnetic resonance angiography.
Eur J Cardiothorac Surg 2002; 21: 970-974.

28. Kawaharada N, Morishita K, Hyodoh H, Fujisawa Y, Fukada J, Hachiro Y et al.
Magnetic resonance angiographic localization of the artery of Adamkiewicz for spinal
cord blood supply.

Ann Thorac Surg 2004; 78: 846-51.

29. Hyodoh H, Kawaharada N, Akiba H, Tamakawa M, Hyodoh K, Fukada J et al.
Usefulness of preoperative detection of artery of Adamkiewicz with dynamic contrast-
enhanced MR angiography.

Radiology 2005; 236: 1004-1009.

30. Ogino H, Sasaki H, Minatoya K, Matsuda H, Yamada N, Kitamura S.

Combined use of Adamkiewicz artery demonstration and motor-evoked potentials in
descending and thoraco-abdominal repair.

Ann Thorac Surg 2006; 82: 592-596.

31. Hyodoh H, Shirase R, Akiba H, Tamakawa M, Hyodoh K, Yama N et al.
Double-subtraction maximum intensity projection MR angiography for detecting the
artery of Adamkiewicz and differentiating it from the drainage vein.

J Magn Reson Imaging 2007; 26: 359-365.

32. Boll DT, Bulow H, Blackham KA, Aschoff AJ, Schmitz BL.



White Paper 26
OsiriX allows accurate planning

for aortic interventions

MDCT angiography of the spinal vasculature and the artery of Adamkiewicz.
Am J Roentgenol 2006; 187: 1054-1060.

33. Yoshioka K, Niinuma H, Ehara S, Nakajima T, Nakamura M, Kawazoe K.
MR angiography and CT angiography of the artery of Adamkiewicz: state of the art.
Radiographics 2006; 26: S63-S73.

34. Nojiri J, Matsumoto K, Kato A, Miho T, Furukawa K, Ohtsubo S et al.

The Adamkiewicz artery: demonstration by intra-arterial computed tomographic
angiography.

Eur J Cardiothorac Surg 2007; 31: 249-255.

35. Nijenhuis RJ, Jacobs MJ, Jaspers K, Reinders M, van Engelshoven JM, Leiner T
etal.

Comparison of magnetic resonance with computed tomography angiography for
preoperative localization of the Adamkiewicz artery in thoraco-abdominal aortic
aneurysm patients.

J Vasc Surg 2007; 45: 677-85.

36. Von Tengg-Kobligk H, Béckler D, Jose TM, Ganten M, Kotelis D, Nagel S et al.
Feeding arteries of the spinal cord at CT angiography before and after thoracic aortic
endografting.

J Endovasc Ther 2007; 14: 639-649.

37. Uotani K, Yamada N, Kono AK, Taniguchi T, Sugimoto K, Fuijii M et al.
Preoperative visualization of the artery of Adamkiewicz by intra-arterial CT
angiography.

Am J Neuroradiol 2008; 29: 314-318.

38. Nakayama Y, Awai K, Yanaga Y, Nakaura T, Funama Y, Hirai T, et al.
Optimal contrast medium injection protocols for the depiction of the Adamkiewicz
artery using 64-detector CT angiography.

Clin Radiol 2008; 63: 880-887.

39. Melissano G, Bertoglio L, Civelli V, Moraes Amato AC, Coppi G, Civilini E et al.
Demonstration of the Adamkiewicz artery by multidetector Computed Tomography
angiography analysed with the open-source software OsiriX.
Eur J Vasc Endovasc Surg 2009 Apr. [Epub ahead of print].



White Paper
OsiriX allows accurate planning

for aortic interventions

Acknowledgements

The Authors wish to gratefully acknowledge:

Dr. Efrem Civilini,

Dr. Luca Bertoglio

Division of Vascular Surgery - Scientific Institute H. San Raffaele
"Vita-Salute" San Raffaele University - Milano - ITALY

Dr. Alexandre Campos Moraes Amato
Assistant-Professor of Vascular Surgery

Santo Amaro University (UNISA) Medical School
(Sao Paulo) - BRASIL

for their help in preparing the manuscript.

Prof. Osman Ratib,

Dr. Antoine Rosset and

Dr. Joris Heuberger

Dept. of Medical Imaging and Information Sciences
Genéve University Hospital - CH

The original OsiriX team

for creating and sharing this invaluable tool.

27



