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OFFICE ACTION (OFFICIAL LETTER) ABOUT APPLICANT'STRADEMARK APPLICATION

U.S. APPLICATION SERIAL NO. 79108849

MARK: ICT
*79108849*
CORRESPONDENT ADDRESS:
RAYMOND RUNDELLI CLICK HERE TO RESPOND TO THIS
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THE CALFEE BUILDING 1405 EAST SIXTH ST http://www.uspto.gov/trademar ks/teas/response forms,jsp
REET

CLEVELAND, OH 44114-1607 VIEW YOUR APPLICATION FILE

APPLICANT: Koninklijke Philips N.V.
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ISSUE/MAILING DATE: 5/3/2015

THISISA FINAL ACTION.

INTERNATIONAL REGISTRATION NO. 1105916

On March 27, 2015, the TTAB remanded this matter so that additional evidence could be entered into the
record and so that uncertainty arising from inclusion of the six-month response clause in the previous
Final Office action could be corrected. Upon entry of this Office action, this application will be returned
to the Board and action on the appeal with be resumed.

Trademark Act Section 2(e)(1) Refusal — Mere Descriptiveness— FINAL Refusal:

Registration is refused because the applied-for mark merely describes a feature, ingredient, characteristic,
purpose, or function of applicant’s goods and/or services. Trademark Act Section 2(e)(1), 15 U.S.C.
81052(e)(1); see TMEP 881209.01(b), 1209.03 et seg. Thisrefusal is now made FINAL.

Full details regarding this refusal were contained in the Final Office action of February 27, 2015. In
addition to the evidence contained in the Office action of February 27, 2015, applicant should also note
the additional attached evidence from Google Books, the American Association of Neurological Surgeons,
Injuryjournal.com, L acrossetribune.com, medicaldevice-network.com, Sacred Heart Hospital, The
Advisory Board Company, Imris.com, and several academic journal articles, which further support the
refusal.

Section 2(e)(1) — Deceptively Misdescriptive— FINAL Refusal:

In the alternative, registration is refused because the applied-for mark is deceptively misdescriptive of
applicant’sgoods. Trademark Act Section 2(e)(1), 15 U.S.C. 81052(e)(1); see TMEP 81209.04. This
refusal is now made FINAL.

Full details regarding this refusal were contained in the Final Office action of February 27, 2015. In
addition to the evidence contained in the Office action of February 27, 2015, applicant should also note
the additional evidence attached hereto.
Identification Amendment to Over come Refusal:
If the goods are not ICT devices, applicant can amend the identification of goods to state this fact, and the
descriptiveness refusal will be withdrawn. Applicant may adopt the following identification of goods, if
accurate:
Medical imaging apparatus, excluding I ntraoperative Computed Tomography (1CT) apparatus
and apparatus for intraoperative use.
In addition, if the identification is amended in this way the information requirement and alternative
mi sdescriptiveness refusal will be withdrawn.
Section 2(f) Claim Unacceptable:
Asexplained in the previous Office actions, applicant has asserted acquired distinctiveness based on five
years usein commerce and on additional submitted evidence; however, such evidence is not sufficient to
show acquired distinctiveness because applicant’s mark is of a highly descriptive nature. See 15 U.S.C.
81052(e)(1), (f); Inre MetPath, Inc., 1 USPQ2d 1750, 1751-52 (TTAB 1986); TMEP 8§1212.04(a).
Additional evidenceis needed.
Applicant should also note that in addition to being merely descriptive, the applied-for mark appears to be
generic in connection with the identified goods and, therefore, incapable of functioning as a source-




identifier for applicant’s goods. Inre Gould Paper Corp., 834 F.2d 1017, 5 USPQ2d 1110 (Fed. Cir.
1987); In re Pennzoil Prods. Co., 20 USPQ2d 1753 (TTAB 1991); see TMEP 881209.01(c) et seq.,
1209.02(a).

FINAL Information Requirement:

Applicant must provide the following information and documentation regarding the applied-for mark:

(1) A written statement as to whether any of the technology used in the goods that this trademark
concerns, and that is, was, or could be used intraoperatively, is or has been the subject of a patent or
patent application, including expired patents and abandoned patent applications. Applicant must also
provide copies of the patents and/or patent application documentation; and

(2) A written statement as to whether any of the technology used in the goods that this trademark
concerns, and that is, was, or could be used intraoperatively, is or has been the subject of a patent or
patent application, including expired patents and abandoned patent applications, by anyone other than
applicant. Applicant also must provide copies of the patents and/or patent application documentation.;
See 37 C.F.R. 82.61(b); Inre AOP LLC, 107 USPQ2d 1644, 1650-51 (TTAB 2013); In re Cheezwhse.com,
Inc., 85 USPQ2d 1917, 1919 (TTAB 2008); In re Planalytics, Inc., 70 USPQ2d 1453, 1457-58 (TTAB
2004); TMEP 88814, 1402.01(e).

Failure to comply with arequest for information can be grounds for refusing registration. Inre AOP LLC,
107 USPQ2d 1644, 1651 (TTAB 2013); Inre DTI P’ship LLP , 67 USPQ2d 1699, 1701-02 (TTAB 2003);
TMEP 8814. Merely stating that information about the goods or servicesis available on applicant’s
website is an inappropriate response to a request for additional information and is insufficient to make the
relevant information of record. See In re Planalytics, Inc., 70 USPQ2d 1453, 1457-58 (TTAB 2004).
This requirement is now made FINAL.

If applicant has questions regarding this Office action, please telephone or e-mail the assigned trademark
examining attorney. All relevant e-mail communications will be placed in the official application record.
Although the trademark examining attorney may provide additional explanation pertaining to the

refusal (s) and/or requirement(s) in this Office action, the trademark examining attorney may not provide
legal advice or statements about applicant’srights. See TMEP §88705.02, 709.06.

/James MacFarlane/
Examining Attorney

Law Office 104

(571) 270-1512 (phone)
(571) 270-2512 (fax)
james.macfarlane@uspto.gov

TO RESPOND TO THISLETTER (if aresponseisdue): Goto
http://www.uspto.gov/trademarks/teas/response forms,jsp. Please wait 48-72 hours from the issue/mailing date
before using the Trademark Electronic Application System (TEAS), to allow for necessary system updates
of the application. For technical assistance with online forms, e-mail TEAS@uspto.gov. For questions
about the Office action itself, please contact the assigned trademark examining attorney. E-mail
communications will not be accepted asresponsesto Office actions; therefore, do not respond to this
Office action by e-mail.

All informal e-mail communications relevant to this application will be placed in the official


http://www.uspto.gov/trademarks/teas/response_forms.jsp
mailto:TEAS@uspto.gov

application record.

WHO MUST SIGN THE RESPONSE: It must be personally signed by an individual applicant or
someone with legal authority to bind an applicant (i.e., a corporate officer, ageneral partner, all joint
applicants). If an applicant is represented by an attorney, the attorney must sign the response.

PERIODICALLY CHECK THE STATUSOF THE APPLICATION: To ensure that applicant does
not miss crucial deadlines or official notices, check the status of the application every three to four months
using the Trademark Status and Document Retrieval (TSDR) system at http://tsdr.uspto.gov/. Please keep
acopy of the TSDR status screen. |If the status shows no change for more than six months, contact the
Trademark Assistance Center by e-mail at TrademarkAssistanceCenter @uspto.gov or call 1-800-786-
9199. For more information on checking status, see http://www.uspto.gov/trademarks/process/status/.

TO UPDATE CORRESPONDENCE/E-MAIL ADDRESS: Usethe TEAS form at
http://www.uspto.gov/trademarks/teas/correspondence.j sp.



http://tsdr.uspto.gov/
mailto:TrademarkAssistanceCenter@uspto.gov
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18 Image Guidance in Robatic-Assisted Renal Surgery

Fig. 18.1 Rendered liver in introperative display. In a

one shown here, the relative position of  surgical tool

(shown in greem) can he interactively displayed along with

anatomical structurcs (red arteries, bhee veins, and gray

liver parenchyma: lesions (shown in Growe) and preop-

enative section

plane (Couttesy of Pathfinder Technologies, Nashvills,
N, USA)

Such displays are compelling, they are easy
to understand, they can be rotated 1o the sur-
geon’s desired or optimal viewpoint, and siruc-
tures can be displayed or not s required by the
case. In addition, they not only provide location
but orient formation and depth informa-
tion via shading. However, such displays are
dependent on the validity of the segmentation
algorithm used to define the outline of the struc-
tures and thus can provide both potential benefit
and risk.

Correcting Po:

onal Display Errors
due to Periopera i

tive Deformation

In the past, the translation of image
surgery techniques to the abdominal environ-
ment has been limited due to the presence of
perioperative deformation. As a result, the most
widely used intraoperative guidance approaches
for abdominal have been active imaging with
the use of ultrasound (US) or visual laparo-
scopic imaging. The integration of preoperative

3/4/2015 8:54 AM

imaging and planning data for active intraop-
crative guidance has only recently begun to be
commercialized,

In recent reports, soft tissue deformation
during liver rescction has been documented
with intraoperative computed tomography
“T) and has demonstrated significant effects
[27). While intraoperative magnetic resonance
R) and iCT arc available, these approaches
are cumbersome, ineur radiation dose in the lat-
ter, and are not economically scalable for many
medical centers. A CT-to-ultrasound (US) ves-
ased nonrigid registration system for pro-
viding the link between image and physical
space has heen described [28]. While success-
ful, the OR workflow would seem to be a chal-
Tenge as it requires the identification of as many
vaseular targers as possible with tracked ult
sound and then determination of corresponding
targets within the CT. While the subsurface
information would be aluable for nonrigid
deformation carrection, there is a_ significant
likelihood of misidentification in highly vascu-
larized organs such as the liver and kidney, and
the encumbrance of the technique may chal-
lenge adoption.

Given the nature of abdominal procedures, the
need 1o compensate for deformation is evident
and the requirements for compensation need to
be balanced with workflow and accuracy needs.
As an example, presentation for open kidney and
r surgery (and even laparoscopic to a degree)
involves significant organ distortion prior to the
ability 10 resect or even collect geomerric data
However, considerable exposure of the organ (as
opposed to intracranial neurosurgery) is afforded
for understanding surgical presentation. In partial
nephrectomy, the renal artery and potentially the
renal vein are clamped to prevent excessive blood

=

loss during resection. This creates a state of tur-
gor within the organ that is different than the pre-
operative image counterpart. Upon resection,
significant drainage from the cortex and medulla
regions can ensue and cause significant shape
changes. In hoth of these exampl

. the surgical
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CHAPTER 3 COMPUTED TOMOGRAPHY

Chang Gung Memorial Hospital, Chiayi: Intraoperative

computed tomography with integrated navigation in
e 3 :

perc g

By a News Reporter-Staff News Editor at Health & Medicine Week —
A new study on Injury Research is now available. According to news
reporting out of Chiayi, Taiwan, by NewsRx editors, rescarch stated,
“Tliosacral screw fixation has generally been accepted as a treatment
for unstable pelvic fractures with posterior sacroiliac joint disruption
despite a 2-16% rate of screw malposition. The integration of an in-
traoperative computed tomography (iCT) with a navigation system
was utilized in percutaneous sacroiliac screwing to provide an alter-
native.”

Our news journalists obtained a quote from the research from
Chang Gung Memorial Hospital, “From October 2010 to November
2011, thirteen patients presented pelvic fractures with posterior ring
disruption (lateral compression type 2-3 [n = 12] and vertical shear
type [n = 1] by Young-Burgess Classification) and underwent percu-
taneous iliosacral screwing using an iCT integrated with navigation
system. The p data and radi hic outcor of the pa-
tients were collected and analyzed. Navigation times ranged from
10 to 45 min (mean of 21.2 +/- 10.6 min). Radiation exposure to the
skin utilizing integrated navigation system ranged from 23.5 to 28.1
mGy (mean of 26.4 +/- 1.5 mGy), and the dose associated with exam-
ining the serew position ranged from 22.5 to 26.8 mGy (mean of 25.5
+/- 1.1 mGy). Effective dose of radiation ranged from 9.26 to 17.43
mSv (mean of 13.16 +/- 2.52 mSv). The iCT demonstrated iliosacral
serews in adequate position (i.e., no penetration or encroachment of
the neuroforamen or cord). No neurologic or vascular injury oceurred
in these cases. An iCT with an integrated navigation system pro-
vided accuracy for percutaneous iliosacral screwing. In addition, the
accumulated dose was minimized for surgeons. However, effective
dose of radiation in iCT with an integrated navigation system group
was higher than fluoroscopic-assisted iliosacral screwing in hands of
the same group of surgeons. No logi lications occurred.”

Aceording to the news editors, the research concluded: “The iCT
with an integrated navigation system provided an alternative to per-
cutaneous iliosacral screwing.”

For more information on this research see: Intraoperative com-
puted tomography with integrated navigation in percutaneous il-
iosacral screwing. Injury-International Journal of the Care of the In-
Jured, 2013;44(2):208-208. Injury-International Journal of the Care
of the Injured can be contacted at: Elsevier Sci Ltd, The Boulevard,
Langford Lane, Kidlington, Oxford OX5 LGB, Oxon, England.

196
3/4/2015 313 AM
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Intraoperative CT with integrated navigation system in spinal neurosurgery
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Introduction: Before spinal surgery, navigational images are usually acquired
with patients positioned supine. The aim of this study was to evaluate
prospectively navigated spinal procedures with data acquisition by
intraoperative computed tomography (iCT) before and during the operative
procedure. Methods: Computed tomography data of 58 patients
(thoracolumbar (n=33), C1/2 (n=9 cervical instability (n=16)) were
acquired after positioning the pat\ent in the final prone position on a
|a iolucent operating table (Jupiter, Trumpf). A sliding gantry 24-detector row
T (Somatom Open, Siemens) was used for image acquisition. Data were
|mpo|‘ted to the frameless infrared-based neuronavigation station (Vector
Vision Compact, BrainLAB). A postprocedural iCT assessed the extent of
decompression ‘and the accuracy of mstrumentatvon Results: ]ntraoperatlve
registration revealed computed accuracy less than 1 mm (0.
Time needed for ICT was 9 + 3 minutes. Control iCT revealed mcm rect screw
position gleater than 2 mm in 10 (4.5%) _of 223 screws and changed the
course of surgery in seven cases (12%). There were three transient
complications with significant clinical improvement in all patients (Odom score
after 1 week 2.8 £ 0.6 improved to 1.8 + 0.7 after 3 months). Conclusions:
Ir‘wtraoperaltive CF iD coAmLJE'matiop Yvit‘h neuronegvigagon provides "gh accuracy
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Introduction: Before spinal sulgery, navigational images are usually acquired
with patients positioned supine. The aim of this study was to evaluate
prospectively navigated spinal procedures with data acquisition by
intraoperative computed tomography (iCT) before and during the operative
procedure. Methods: Compute tomogra y data of 58 patients
(thoracolumbar (n=33), C. (n=9), and cervical instability (n=16)) were
acquired after positioning the patient in the final prone position on a
|a iolucent operating table (Jupiter, Trumpf). A sliding gantry 24-detector row
T (Somatom Open, Siemens) was used for image acquisition. Data were
|mp0rted to the frameless infrared-based neuronavigation station (Vector
Vision Compact, BrainLAB). A postprocedural iCT assessed the extent of
decompression and the accuracy of instrumentation. Results ]ntraoperatlve
registration revealed computed accuracy less than 1 mm m).
Time needed for iCT was 9 + 3 minutes. Control iCT |evealed |r|c0rrect screw
position gleater than 2 mm in 10 (4.5%) of 223 screws and changed the
course of surgery in seven cases (12%). There were three transient
compllcatlons with significant clinical 1mprovement in all patients (Odom score
after 1 week 2.8 £ 0.6 improved to 1.8 + 0.7 after 3 months). Conclusions:
Intraoperative CT in combination with neulonawgat\on provides high accuracy
of screw placement and thus safety for patients undergoing spinal stabilization
in all areas of the spine. The system can be installed into a pre-existing
operating environment without the need for special surgical instruments. The
procedure is rapid and easy to perform without restricting access to the
patient and, by usingpre- and postoperative imaging, is not associated with
additional exposure to radiation.
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computed tomography
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Abstract

Background

lliosacral screw fixation has generally been accepted as a treatment for unstable pelvic fractures with posterior sacroiiac
Joint disruption despite a 2-16% rate of screw malposition. The integration of an intraoperative computed tomography
(iCT) with a navigation system was utilized in percutaneous sacroiliac screwing to provide an alternative.

Methods

From October 2010 to November 2011, thirteen patients presented pelvic fractures with posterior ring disruption (ateral
compression type 2-3 [n =12] and vertical shear type [1= 1] by Young-Burgess Classifcation) and underwent
percutaneous iliosacral screwing using an iCT integrated with navigation system. The perioperative data and radiographic
outcomes of the patients were collected and analyzed.

Results

Navigation times ranged from 10 to 46 min (mean of 21.2 = 10.6 min). Radiation exposure to the skin utiizing integrated
navigation system ranged from 23.5 to 28.1 MGy (mean of 26.4 + 1.5 mGy), and the dose associated with examining the
screw position ranged from 22.5 10 26.8 MGy (mean of 25.5 % 1.1 mGy). Effective dose of radiation ranged from 9.26 to
17.43mSv (mean of 13,16 = 2.52 mSv). The iCT demensirated iliosacral screws in adequate position (L., no penetration
or encroachment of the neuroforamen ar cord). No neurologic or vascular injury occurred in these cases.

Conclusions
An ICT with an integrated navigation system provided accuracy for percutaneous iliosacral serewing. In addition, the
accumuiated dose was minimized for surgeons. However, effective dose of radiation in ICT with an integrated navigation

3/4/2015 3:55 AM

Access this ariicle on
ScienceDirect

t
Article Tools

X POE(1MB)

[» Download images(.opth
Aboutimages & Usage

3 Email Article

Add to My Reading List
= ExportCitation

& Create Citation Alert

£3 Cited by in Scopus (2

| Request Permissions

Order Reprints
(100 minimum order)

a6

ADVERTISEMENT

ARTHRITES 8¢ Reteumar
nt

case studies




[ Intraoperative computed - x

5%
« 31 =
[1) Web Slice Gallery [*) Deltek Time & Expen. ‘@ UsS. Patentand Trad.. 5 OPIM Scientific and .. [8) Credo Reference Ho., [ STIC OPAC ]| Intellectual Property... [ Language Resources (] Geogrpahic (] Imported From I () DiclogClassic Web L. [ Home - Trademark . » [ Other bookmarks
Background §=| Order Reprints -
100 minimum order)
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(iCT) with a navigation system was utilzed in percutaneous sacrailiac screwing fo provide an alternative. ApveRTIsEmENT
Methods
From October 2010 to November 2011, thirteen patients presented pelvic fractures with posterior fing disruption (ateral e
compression type 2-3 [n = 12] and vertical shear type [ = 1] by Young-Burgess Classification) and underwent Lkt
percutaneous iiosacral screwing using an iCT integrated with navigation system. The perioperative data and radiographic
outcomes of the patients were collected and analyzed
Results
Navigation times ranged from 10 to 45 min (mean of 21.2 = 10.6 min). Radiation exposure to the skin utilzing integrated
navigation system ranged from 23.5 to 28.1 mGy (mean of 26.4 + 1.5 mGy), and the dose associated with examining the
screw position ranged from 22.5 10 26.8 MGy (mean of 255 1.1 mGy). Effective dose of radiation ranged from 9.26 to
17.43mSv (mean of 13162 2.62 mSv). The ICT demonstrated iiosacral screws in adequate position (7e., no penetration
or eneroachment of the neuroforamen or cord). No neuralogic or vascular injury occurred in these cases. pert video
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Conclusions
An ICT with an integrated navigation system provided accuracy for percutaneous iliosacral screwing. In addition, the
accumulated dose was minimized for surgeons. However, effective dose of radiation in iCT with an integrated navigation
system group was higher than flucroscopic-assisted iliosacral screwing in hands of the same group of surgeons. No
neurologic compiications occurred. The iCT with an integrated navigation system provided an altemative to percutaneous 11

iliosacral screwing.
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be used in either room. Four of the other such systems in the U.S. also serve double rooms, while Mindful Nourishment LLC
4 or 12-Week Clean-Eating

{neEseVE el ons | Meal Plan at Mindful

Nourishment LLC {Up to 54% Off)

The images from the Siemens CT scanner are merged into a navigation and data management

system created by Brainiab in Westchester, Il =
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“We liken it 1o a GPS system,” said Thom Eaton, a senior technical consultant at Brainiab who is
working on the Gundersen project.

Scanners such as Gundersen’s cost roughly $1.2 million, with an additional $500,000 possible for
software, Eaton said

Brainlab’s navigation system includes six flat-screen TVs in the aperating room with touch-screen
features so the images can be moved from one screen to another at the touch of a finger,
depending on the view the surgeon needs, Eaton said as he demonstrated the process

The TVs and their supporting equipment are mounted from the ceiling and on the walls, eliminating
the need to roll in a cart, Hughes said. The TVs also are integrated with endoscope cameras that
can capture interior images.

“We can use this 1o guide decision-making during surgery,” he said. “Sometimes, if things seem like
they're not going right, we had just the pre-op image. With technology like this, if we are confused or
not sure, we can always recheck and adjust.”

The system advances spine surgery as well, Hughes said, adding, “The benefit of the scan is it
helps navigate how and where we place a screw and how big it should be

In addition to real-time images during operations, the system allows surgeons to check whether the
procedure has been successful before they close the patient, Hughes said

That is not possible without the ICT, meaning that operations might have to be repeated if they
proved unsuccessful, he said.

“With a tumor, it's not always clear when you're done.” he said. “Basically, you have o take it on
faith. and if you have a question, you go to the scan

“With the iCT, we don't have to leave the OR. We can check and see if we did what we wanted to
do. If so, the operation is done.” he said.

“One of the coolest things we can do is treat movement disorders such as Parkinson’s and tremors
by getting an electrode into part of the brain,” he said. “We go to great lengths to get the needle past
parts of the brain into the exact spot deep inside the brain.’

The iCT will aid that process, the surgeon said.

“We will e able to check the placement immediately to see if it works. Ifit's not good enough, we
can adjust. Now, the only way is to take the patient out of the OR and test,” Hughes said

“That's a really cool surgery because people are instantly changed,” he said. “A lot of things we do
cause pain, and it take awhile to see the results. This is very gratifying, when we can take them
from having a debilitating problem to being normal.”

View (0) Comments
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IMRIS, an image-guided therapy solutions provider,
has received CE mark for its ceiling-mounted
VISIUS intraoperative computed tomography (iCT)

The CE mark will allow the company to sell and
market the product in the European Union

VISIUS iCT helps surgeons in making critical
decisions by providing personalised dose
management and diagnostic quality imaging L

The iCT features 64-slice scanner equipped with

ceiling-mounted rails that allows it to move in and Boston agrees to acquire AMS' urology
out of the operating room in around 30 seconds portfolio from Endo for $1.6bn
during surgery. Boston Scientific has entered into an agreement
i th Endo International.
In addiion, the scanner can travel into two adjacent e s o
operating fooms, allowing the hospital to Usa it for IlluminQss Medical enrols first patient in EU
more than one patient Light Fix trial . e
US-based commercial stage device firm
The ceiling-mounted rail gives the hospital more lluminOss Medical has enrolled
; ‘ ; waluable OR floor space and also allows easy Floctrical Geodesics' GTEN devics gets FDA
movement of surgical equipment in the operating room. clearance in epilepsy
To maximise image quality and minimise dose, the VISIUS iCT uses 3D volume rendering application that US-based Electrical Geodesics (EGI) has
provides surgical planning and dose reduction algorithms for finding patient's unique characteristics and received an investigational
imaging target. Acthlon Medical reports completion of first

Based on specific clinical need, the system software can be adjusted to provide dosage visualisation before

patient Hemopurifier trial protocol
the scan or detailed dosage reports after each stan ¢

based therapeutic devices developer Aethlon
Medical has announced
VISIUS iCT received 510(K) clearance from US Food and Drug "As procedures FDA grants approval for Allergan's Natrelle
Administration (FDA) in July 2013, becom® more Inspira breast implants
IMRIS CEO and president Jay D Miller said this was another step in iihe t 3k oor nd Divg Scms=ioni DR o

their overall global launch after recently receiving clearance from the minimally invasive, the granted approval for.
FDA

need for beter

“European Union spine surgeons now have the opportunity to use this  Visualiation with

I i

q in confirming implant fusion and other

complex procedures,” Miller said. "As procedures become more .adVEHCEd ,Ilmagmg -

minimally invasive, the need for better visualiation with advanced increases aveflor :
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IMRIS, an image-guided therapy solutions provider,
has received CE mark for its ceiling-mounted
VISIUS intraoperative computed tomography (iCT)

The CE mark wil allow the company to sell and
market the product in the European Union

VISIUS iCT helps surgeons in making critical
decisions by providing personalised dose
management and diagnostic quality imaging

The iCT features 64-slice scanner equipped with
ceiling-mounted rails that allows it to move in and
out of the operating room in around 30 seconds
during surgery.

In addition, the scanner can travel into two adjacent
operating rooms, allowing the hospital to use it for
more than one patient,

The ceiling-mounted rail gives the hospital more
valuable OR floor space and also allows easy

movement of surgical equipment in the operating room.

To maximise image quality and minimise dose, the VISIUS ICT uses 3D volume rendering application that
provides surgical planning and dose reduction agorithms for finding patient's unique characteristics and
imaging target.

Based on spetific clinical need, the system software can be adjusted to provide dosage visualisation before
the scan or detailed dosage reports after each scan

VISIUS iCT received 510(k) clearance from US Food and Drug
Administration (FDA) in July 2013.

IMRIS CEO and president Jay D Miller said this was another step in
their overall global launch after recently receiving clearance from the
FDA

"As procedures
become more
minimally invasive, the
need for better
“European Union spine surgeons now have the opportunity to use this  Visualiation with

unique solution in confirming implant placements, fusion and other  advanced imaging
complex procedures,” Miller said. "As procedures become more : 3

minimally invasive, the need for better visualiation with advanced Increases
imaging increases.

“Both US and European spine surgeons will be especially interested in the outstanding dose management
capabilities and state-of-the-art image quality available with VISIUS iCT."

The company has already sold VISIUS iCT to three major eastem US neurosciences centres, and is being
deployed cumently at two of these centres

Image: IMRIS VISIUS iCT, with image quality and access in the OR. will be available in the EU. Photo:
courtesy of IMRIS Inc.
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Ever since the Center for Imaging was created, we've been putting some of medicine's most
advanced healing technologies to work for our community.

Why do we conti invest in the best di ic and imaging
It allows us to:

+ find disease earlier

+ treat it with unparalleled surgical accuracy

- ensure we cause minimal frauma to fissue, and

- give our patients better opportunities for successful outcomes

Some of the incredible technology you'l find includes
The Dual Source Computed Tomography (CT) Scanner

The Dual Source CT uses two x-ray sources and two detectors to give our physicians high-quality
3D images of *slices” of the body allowing them to make diagnosis and treatment decisions in as
litle as three minutes. It also,

« allows our radiologists to view results immediately
uses half the radiation of traditional scanners

eliminates the need for a biopsy or exploratory surgery in some cases

+ has the extraordinary abilty to take more than 6,000 images of the heart in as litle as ten
seconds

permits our cardiologists to evaluate patients with exceptionally high heart rates without
having to wait for beta blockers to bring the heart rate down

has a wide range of applications including imaging complex vascular cases that would
have been impossible in the past

allows physicians to remove images of muscle and tissue from a scan with the click of a
mouse—revealing previously unattainable details of the bone needed for proper diagnosis
* can detect cancer at its earliest sage which means a better chance for survival

The 3 Tesla MRI
The 3 Tesla MRI is faster and two times stronger than traditional MRIs. It:

- caplures images with such exceptional detail that our physicians can see structures within
the body that have never been seen before.

3/4/2015 10:04 AM
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the body that have never been seen before.

has a powerful magnet that can be used to detect cancers i their earliest stages.

can diagnose neurological disorders such as stroke.

is capable of scanning the entire body for cardiovascular, gastrointestinal and orthopedic
conditions

+ is so sophisticated itis usually found only in research facilities

Intraoperative Magnetic Resonance Imaging (iMRI)

In 2008, Sacred Heart Hospital opened its first smart operating room, the Smart O-R® for brain
surgery. The Smart OR. contains a i ble iMRI which works in on with
some of the world's most complex BrainLAB® navigational mapping technologies to assist our
neurosurgeons every step of the way from planning and executing to concluding a surgical
procedure.

« Before surgery, the tools available in the Smart O.R. provide a virtual map of the surgical

approach, allowing the surgeon to plan the safest and most direct path to a tumor

anywhere within the brain

During surgery, the surgeon is guided directly to the site of the tumor, minimizing any

disturbance to normal brain fissue:

- Before concluding the surgical procedure the IMRI provides evidence that all tumor tissue
has been removed, minimizing the risk of incomplete tumor removal and the potential need
for additional surgical procedures.

By minimizing the risk to normal brain tissue and maximizing the ability to completely remove all
tumor cells, this technology improves surgical outcomes and recovery.

Intraoperative Computed Tomography (iCT}

The SpineSUITE, the second smart operating suite at Sacred Heart Hospital combines the
strength of the iCT with BrainL AB navigational technology providing high-resolution images in real
time to our neurosurgical teams enabling them to perform extremely complex spine and trauma
surgeries. The ICT allows our neurosurgeons to:

+ see precisely where they are on the spine at any given time
- use smaller spinal exposures when performing surgery

- place spinal implants in a safer, more effective way and reduce reoperation rates to zero
- remove blood clots in cases of head trauma or in patients suffering certain types of stroke

Mechanical Embolus Removal of Cerebral Ischemia (MERCI) Retrieval System

The MERGI retrieval system is the first medical device approved by the United States Food and
Drug Administration (FDA) to physically remove biood clots from the brains of people experiencing
a certain type of stroke. Sacred Heart Hospital is the only hospital in western Wisconsin to offer
the MERCI Retrieval System, which provides hope when the window of opportunity for
conventional drug therapy has closed.

Intra-Arterial Cerebral Thrombolysis

Sacred Heart Hospital is also the only hospital in the area to offer a lifesaving intra-arterial
cerebral thrombolysis procedure uses imaging technology to help physicians detect and then
dissolve blood clots in the brain

PETCT

We are the first hospital in the area to offer PET-CT scans. A PET-CTis a scan that combines the
images from a positron emission fomography (PET) scan and a computed tomography (CT) scan.
Both scans are done at the same fime. These scans are used to detect and determine the stage
of cancer, determine whether cancerous cells have spread, and evaluate the effectiveness of
cancer treatments. The scan is also used to guide some types of biopsies.

Full-Field Digital Mammography

« allows for faster and more accurate images

+ shortens exam times and significantly improves comfort and convenience

+ gives our physicians the abilfty to manipulate images for more accurate detection of breast
cancer

improves the contrast between dense and non-dense breast fissue

- is most effective and recommended for women younger than 50, those with dense breasts

3/4/2015 10:05 AM
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allows for faster and more accurate images
shortens exam times and significantly improves comfort and convenience

gives our physicians the ability to manipulate images for more accurate detection of breast
cancer

improves the contrast between dense and non-dense breast tissue

is most effective and recommended for women younger than 50, those with dense breasts
and those who are pre-menopausal or peri-menopausal

permits images to be transmitted over the phone lines or a network for remote consultation
with other physicians

Mammatome Assisted Breast Biopsy

If a lump or abnormality is detected, our physicians can conduct a minimally invasive
mammatome-assisted breast biopsy. This procedure involves taking sample fissue from the
suspicious area to determine whether the abnormality or lump is cancerous. A biopsy is currently
the only way to accurately diagnose breast cancer. It is important to remember that most breast
biopsies do not tum out to be cancer and that although a biopsy may be frightening, the results
can provide much needed peace of mind. Mammatome-assisted breast biopsies:

+ allow for precise analysis with minimal pain, scarring and recovery time
+ usualy take less than an hour
« permit patients to retum to their normal daily activities immediately
Nuclear Medicine
In nuclear medicine imaging, very small amounts of radioaciive isotopes are taken internally
Then, external detectors (gamma cameras) capture and form images from the radiation emitied
by the isotopes to defect disease. This process is unlike a diagnostic X-ray where external
radiation is passed through the body 1o form an image-
Bone Densitometer
‘A small amount of radiation is used to measure bone density
Echocardiography
An ultrasound examination of the heart.

Interventional Radiology

Our physicians use imaging jies to diagnose blockages in
arteries and treat them with balloons, stents and catheter-delivered medications.

Ultrasound Imaging

Also call sonography, ultrasound involves exposing part of the body to high-frequency sound
waves to produce pictures of the inside of the body.

Picture Archiving and Communication System (PACS)
This system acqires, transmits, stores, retrieves and displays digital images and related

information from a variety of imaging sources and communicates the information over a network
for physicians to access.
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Intraoperative computed tomography (iCT) is an imaging platform that allows
acquisition of CT scan images during a surgery which can help ensure proper
placement of harcware and precise positioning of instruments.

How does it work?
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raphy (iCT) to investigate if these are complementary or
. o e =

Results The ICGVA was able to visualise blood flow
and vascular patency of all major vessels and perforat-
ing arferies within the visual field of the microscope,
‘but failed to display vessels located within deeper arcas
of the surgical field Even small coverage with brain
detection of vessels. With iCTA

blood
sion during vascular neurosurgery.

Methods A small subsct of patients (7=10) were prospec-
tively enrolled in this feasibility study and received ICGVA.
immediately after placement of the aneurysm clips. An
intraoperative cranial CT angiography (iCTA) was followed
by dynamic perfusion CT scan GiCTP) using a dO-slice.

high image quality could be obtained in 710 cascs of
clipped ancurysms. Intraoperative CTA was not sufficiently
evaluable in one PICA ancurysm and ome case of a

detected with iCTA. Intraoperative CTP allowed the
assessment of global blood flow and brain perfusion in
suficient quality in 5/10 cases. and enabled adequate intra-

. Schnell () - 1. Tonn - C. Schichor
Department of Neurosurgery,
Klinkum der Ludwig-Maximilians-Universiét Minchen,

Campus Grosshadem, Marchioninistrasse 15,
sunn..m, Germany
wer Schnell@med.uni-mucnchen.de

D. Morhurd M. Reiser

Conclusion A combination of ICGVA and iCT is feasible,
good

about local (ICGVAACTA) as well as regional (iCTAACTP)
blood flow and cerebral perfusion immediately after clip-
ping of intracranial ancurysms.

Keywords ICGVA -iCTA - Aneurysm clipping - Vascular
neurosurgery

for i aneurysms has con=
mdnnbly changed with the introduction of endovascular

& springer
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procedures. Improvement of these treatment options has
broadened their range of indications in managing ruptured
and unruptured ancurysms [10-12]. Due to comparable
catic data for d and endo-
vascular methods, there has been a growing tendency to-
wards [10]. As a
neurosurgical operations are performed less frequently to
clip aneurysms and, even more importantly, those aneur-
ysms being selected for microsurgical clipping are more
complex. Thercfore, a decline in surgical expertise is as-
sumed in the future [16], leading to fewer, but highly
specialised neurovascular centres to compensate for this
Whereas new devices
are pen d, technical i in cli
ping devices are rare. Most important developments in the
surgical field have focused on intraoperative imaging to
provide the neurusurgeon with information about residual
filling or occlusion of branching arteries afer clip position-
ing [1-3, 14, 15} Themnrmmupwmved:pulsnbmc

in as much as 34 % of cases [1, 2, 4]. Yet, due to limited

availability and high technical complexity, its use as a

routine procedure is limited. Moreover, it was shown that

&cd:h:ﬁmwfnllbmingandp:rhaﬁngmis
< =

Materials and methods

Patients,

Dlnngﬂlc:hdypu’wd.ﬂplhmwﬂhﬂmﬂymsm

coiling 9 months before. and one patient had previous
subarachnoid haemorrhage from another ancurysm. The
mean age at the time of surgery was 52 years (range: 35—
72). Clinical data from all patients are summarised in
Table 1. Aup.umuh-dugpedmﬁ:mnimnmnfmﬂl
intraoperative imaging techniques. The legal requirements
nfﬁ:ﬂmnnd&nbnmdufphymmlhngﬂnﬂg\zuf
data and radiation exposure were met.

green (ICGVA) has been to
mxﬁlllyvmnllsehlnodﬂmmmﬂpuﬁx:nngves—
sels during intracranial vascular surgery [5, 7, 14, 15]. Due
to its common use and fast application, it also reduced the
hmmvdbehwnpmhmngnf&gmymdlpmd

ﬂ!e aneurysm or imminent ! chacmia duc t0 clip stenosis.
Recently, we could demonstrate, that both intracper-

ative computed tomography angiography (iCTA) and

intraoperative perfusion computed tomography (CTP)

ing the surgical workflow [13]. Intraoperative CT imaging

green vi i (ICGVA)

For ICGVA, the operative microscopes were equipped to

tion peak %05 nm, emission peak 835 nm) was injected
intravenously in a dosage of 02-0.5 mgkg
baw, as already described by others [14]. The 1CG fluores-
cence was visualised in real-time and recorded by the inte-
grated unit. Images were then repeatedly displayed for
evaluation of the visualisation quality, especially of the

inflow

on intraoperative decision-making in order to maintain
cerebral perfusion, thereby reducing the risk of iatrogenic
ischaemia.

Although both indocyanine green videoangiography
(ICGVA) and iCTA have demonstrated their value, the
combination of both might be too time consuming and
even redundant. Morcover, ancurysm treatment is contem-
plated more and more in the light of cost-cffectiveness
studies, where surgical clipping has been shown 10 be
superior compared with coiling techniques. Therefore,
we carried out this prospective study in a high-volume
neurovascular centre in order to evaluate if ICGVA and
iCT are redundant or complementary intraoperative im-
aging methods.

Qspringer

and to have a eloser look on the initial
of the fluorescent dye.

Intraoperative computed tomography angiography ((CTA)
and perfusion computed tomography (iCTP)

Intraoperative CTA was performed in a specifically
equipped operating room (OR), as described previously
[17). In short, a sliding gantry of a 40-slice CT scanner with
an 82-cm bore diameter (Somatom Open Sliding Gantry;
Siemens Medical Solutions, Erlangen, USA) is installed on
nails to move over an adjustable radiolucent carbon operat«
ing table (Trumpf, Ditzingen, Germany) where the patient’s
head is fixed in a radiolucent headclamp (Mayficld® radio-
Iucent skull clamp A-2002; Integra, Plainshoro, NJ, USA).

3/4/2015 9:29 AM
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Table 1 Relevant clinical data of patients included in this study

Patient Age  Sex Localission of  Affected Ruptured/  Past cercbrovaseular history IEGVA  iCTA  iCTP
(years) ancurysm side  unmuptured relisble  reliable  reliable
1571 F MCA Left  Unmuptured  Provious SAH of other ancurysm  + + +
12 months eariier
— clipping of 2 right sided MCA
ancurysms
— new ancurysm in DSA (regular
control)
2 3 F ICA Right  Unmuptured  Provious SAH of same ancurysm~ + - +
9 months earli
— coiling
— recurrent ancurysm in DSA
(regular control)
3 6 FoIca Right  Unnuptared  Name + + +
4 Mm M oAca Right  Ruptred  Nome - + +
5 48 F ACOM Left Unuptwred  Nome + - i
6 4 F IcA Right  Unnuptured  Name - + +
7 2 F MCA Left  Unuptared  Nane - + +
& 6 F PICA Right  Unnuptured  Nane + - -
9 3 M AcOM Right  Rupured  Name - + -
10 5% M ICA Left  Rupured  Name - +
¥ female, A male, MC.A mi ich artery. AC: san
subarachnoid DSA digital subtraction angiography

hacmorrhage,
ICGVA, iCTA and iCTP were cvaluated and ated

For iCT scanning, all metal-containing instruments were
removed in the close vicinity of the scanned area (field of
view) and the operative field was covered with an additional
sterile drape. l‘bm,lﬂwml!nfﬁ:ehud!mdlwpuneck

(Stellant; Medrad, Volkach Gnmluy)nndabﬂhu—h&hnz
technique to achieve high-contrast atienuation values in the
cmmmdhwwuuymmcwmudmm
CTA was then started manually (collimation of 40x0.6 mm
at 120 kV, 120mAs, pitch 1.1 and a rotation time of 0.5 s,
rﬁnhngmnnumm]ucd:ﬁ'b:hvtduunfﬂppmmmdy
0.5 mSv) and an trast agent injection was
done by using @ daticasd i weight-adapted protocol
(1.35 ml contrast agent per | kg body weight Imeron 300
[Bracco-Altana-Pharma, Konstanz, Germany], respectively
0.4 g iodine per | kg bodyweight at an injection rate of
6.0 mls, followed by 100 ml saline at 6.0 ml/s). Intraoper~
ative CTP was performed afier iCTA with a scan range
starting | cm cranial to the aneurysm clip with a distance
of at least | em to the head clamps. Two 14.4-mm-thick
slices were acquired every second for 40s using 80 kV and
200mAs with a total collimation of 24 1.2 mm, resulting in.
a normalised effective dose of approximately 3.2 mSv.

intracperative deision making for cach paticnt

Perfusion scanning staried 5 s afier injection of 50 ml
contrast agent (Imeron 300) at 7 ml/s and a saline flush
of 50 ml at 7 ml/s. After iCT, the additional drape was
temoved, the table repositioned and the surgical proce-
dure resumed.

Reconstruction of CT raw data and image analysis

Image analysis was performed immediately afier the scan-
ning procedure by the neuroradiologist, in close collabora-
tion with the neurosurgeon. Special attention was paid to the

tions was 1.0 mm with an increment of 0.75 mm, which
were then loaded into a standard 3D workstation (Syngo
MMWP, Siemens Medical Solutions, Erlangen, Germany),
allowing cross-sectional viewing of multiplanar reconstruc-
tions (MPRS) in the sliding thin-slap technique, as well as

all three planes with a slice thickness and increment of
2.5 mm. A standard, vendor given PCT analysis software
was used for perfusion analysis. Colour-coded parameter-
maps of cerebral blood flow (CBF), cercbral blood volume
(CBV) and time to peak (TTP) were

2 sprnger
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Results
ICGVA

ICGVA was applicable for every location within the skull
with high quality. It led to good visualisation of the ancu-
rysm bearing as well as most major o perforating arteries.
within the field of view in 8/10 patients. On the other hand.
ICGVA failed to display any vessel beyond the microscopic
field and even minor overlay with brain parenchyma, endo-
vascular coils or aneurysm clips (1/10; Table 1. patient no.
10) impaired detection of ICG within the vessels. ICGVA
may also not be able to demonstrate functionally sufficient
patency of branching arteries within the visual field, as has
been the case in 1/10 patients (Fig. 3, Table I, no. 4) in our
series. In this case, ICGVA displayed good ICG fluores-
cence in the branching artery after clip application to
occlude a rightssided pericallosal aneurysm. Yet, this was
not functionally sufficient to avoid ischaemia

may be technically casily applicable in all patients to display
most arteries within the visual field but may not indicate
haemodynamically relevant stenoses. of arteries extending
beyond the visual field and might therefore miss critical brain
perfusion within distant brain arcas.

iCTA

Intraoperative CTA was performed with adequate imaging
quality in 7/10 patients. Decision-making was not possible
in 1/l patient with a PICA aneurysm of the posterior fossa
(Table 1, paticnt no. 8), since beam-hardening artefacts
originating from the petrosal bone were present. Addition-
ally, 1/9 patients with supratentorially located aneurysms
could not be properly evaluated in iCTA due to previ-
ous endovascular coiling (Fig. 1, Table 1. no. 2), which
led to extensive imaging artefacts. Moreover, iCTA
revealed insufficient reliability in the detection of small

area (Fig. 3), even if routine micro-Doppler did also not
indicate altered blood flow due to relevant stenosis when
applied before and afler clip application. Hence, ICGVA

<1 (eg-A. Heub-
neri) as demonstrated in one case, in which undetected steno-
sis by clip application in a small perforation artery resulted in
surgery-related ischaemia of one patient (Table 1, no. 5). OF

Fig. 1 Paticnt (Table 1. no. 2) with recurrent ancurysm of the ICA/
ophthalmic artery. Pre-interventional DSA (a) of an unruptured aneu-
rysm which had been treated endovasculasly but developed a recur-
rence at the entrnce (B). Aficr sl placement (c), ICG VA was applicd

Qspinger

() and demonstrated patency of the branching artery (arrow) without
signs of stenosis. In contrast, iCTA (¢) was not evaluable due to coil
artefacts (arrom). Intraoperative CTP {f), which was applicd in ICA/
MCA scgments, did not show artefacts du to clip or coil placement
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Fig. 2 Preoperative DSA (a) revealed untreated, unruptured an
s o ke [CAptifli e 0 it (TG 1 s
Intraoperatively, the ancurysm (dashed line) was hidden under-

paicacy o
. which was i by ICGVA (d). ok

note, intraoperative ICGVA and micro-Doppler analysis
also did not reveal this relevant stenosis, leading to small
infarction of the caudate nucleus but without neurological
deficits.

[

of the ophthalmic artery could not be detected in the
=il of oo T (. bk aovn), the ol G

of the artcry was clearly detectable (. white arrow). Intraoper-
ative CTP was properly evaluable but did not reveal additional
information in this conext

due to the distant region of interest. Yet, the analysed area is
limited to a maximum of 28 8-mm-thick brain region in
caudo-cranial extension and the region of interest has to be
chosen with care in order to display the relevant brain areas.

Al other imaging studics in region were
Sty for desrionimaking wd iy

mmmmnpmmmmmwmmd
displayed

this was not done properly in one patient
with an ACOM ancurysm in our series (Table 1, no. 9).
Nevertheless, iCTP detected dlpplngl:hbﬁpﬂ'ﬁlﬂwl(hf-

uEn.Yel,sxlhwlan)g 2 (Table 1, patient no. 6), direct
visualisation of aneurysmebearing small arteries at the skull
base (e. ophthalmic artey) could be impaired after clip
application. artery
could not be detected in the sagittal plane of the iCTA, but
relevant stenosis of the ophthalmic artery could be excluded
by use of iCTA due to contrast enhancement of more distal
parts of the artery in its intraorbital course. Micro-Doppler and
ICGVA also demonstrated patency of the ophthalmic artery
after application of the aneurysm clip.

icTP

In contrast to ICGVA and iCTA, iCTP resulted in good
visualisation of the regional brain perfusion in 8/9 patients
with supratentorial aneurysms. Impairment of imaging qual-
ity by coil or clip artefacts could be avoided in these cases

icits in one pa
Fig. 3 (Table 1, no. 4). In this patient, ICGVA dlspl:yu‘l
good ICG fluorescence and intraoperative micro-Doppler
assumed good local blood flow in one small perforating

. which was assumed to be too small to be visualised

hacmodynamicall
sis and iCTA was thought to be technically insufficient to
display this small branching vessel, the neurosurgeon did
not believe in the results of the iCTP, which was considered
not to be of sufficient quality for detection of this small
vessel. Shortly afier surgery cercbral infarction of the

PICA aneurysm of the posterior fossa due to beam harden-
ing artefacts.

& springer
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Fig. 3 Complex ancurysm of the pericallosal artery as displayed
by 3D reconstruction of DSA. in this patient (Table 1, no. 4) (a).
Patency of the branching artery was analysed by usc of intra-
operative micro-Doppler afier ancurysm clipping (b) and ICGVA
(€)- Both methods assumed good local blood flow in one small
perforating artery during surgery, which was not

(d). Since intraoperative micro-Doppler and ICGVA did not reveal

Discussion

Worldwide, digital subtraction angiography (DSA) is stll
considerad as the “gold standard” for the detection of cere-
bral aneurysms afier subarachnoid haemorrhage. It is also
recommended to monitor surgical results affer aneurysm
clipping cither intraoperatively or postoperatively [2. §. 9.
19]. Yet, intraoperative DSA is not available in all centres
and is also not considered a routing method for all cases due
to its invasive and time-consuming nature. Therefore, aher-
native methods 10 aequire reliable results during surgical
intervention are most desirable.

Both techniques investigated in this study (ICGVA and
iCTAACTP) have been described as fast and reliable with an
impact on intraoperative decision-making [7, 14, 15, 17]
However, one might assume that application of both
techniques is redundant and too time-consuming during
vaseular neurosurgery for aneurysm clipping
ical guidelines are missing, high expenses
tion of specifically ICGVA-equipped microscopes or. even
more, iCT have to be decided with care since there is no
evidence so far to show superiority of one technique over

Qspringer

o

hacmodynamically relevant stenosis, the neurosurgeon did ot
believe the results of the iCTA, which was considered not suffi-
sicnt cnough for detection of this small vessel, although ICTP (¢)
demonstrated perfusion deficit. Shortly afier surgery infarction
occurred in the postoperative CT (f). Luckily, there was no
clinical correlation and the patient recovered without symploms

the other. In our study. we investigated for the first time
feasibility and ICGVA and iCT
surgery and we evalusted indications and limitations for cach
imaging method

ICGVA has been implemented into aneurysm surgery
[13, 14] and has become a routine procedure for most
vascular neurosurgeons [14, 15]. It also provided valuable
information in 8/10 patients of our series. Yet, even if it has
the advantage that it can be casily embedded into the surgi-
eal workflow, in line with previous reports on the use of
ICGVA during vaseular neurosurgery [5, 14, 15], it only
helped to identify the local anatomy and vascular patency of
those vessels within the visual field of the operative micro:
scope. Moreover, these problems are even more severe,
the ancurysm clip has been applied in the operative field.
Therefore, these li ns may sometimes indicate an
additional DSA, for example when the ancurysm or its
branching vessels are located in the depth of the opera-
tive field or when the aneurysm is hidden behind relevant
brain structures.

CTA has been demonstrated to be equally sensitive for
detection of intracranial aneurysms larger than 3 mm [] and
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it allows to display small aneurysm remnants even after
clipping with adequate results [20]. Since CTA is also less
invasive than DSA, all together these capabilities would
render CTA an ideal method for this purpose. However, it
has not been used for intraoperative imaging in this context
50 far [18]. Inthis study, intraoperative imaging using iCTA
was acceptable for decision-making in 7/10 patients but
failed in one patient with a previously coiled supratentorial
aneurysm and in one case with an infratentorial aneurysm
localisation due to beam hardening artefacts by the petrosal
bone. Local conditions within the operative field like the
assessment of an aneurysm temnant or clip stenosis could.
wﬂbedmmdmmuembyncmudemnmmﬁx

skull base, but it has to be admitted that ICGVA was of
greater use in this context (Fig. 1). For all that, iCTA
provided additional information in two patients in our small
series of ten representative cases. In one patient, patency of
the ophthalmic artery was demonstrated by s intraorbital
course, which was not possible to be verified by ICGVA
alone (Fig. 2, Table 1, no. 6). In another case, iCTA did
comectly insufficient blood flow of a branching

interest (ROI) in any patient in our cohort, even if such
drawbacks have been reported [13]. Artefacts due to previ-
ously coiled ancurysms decision making via iCTA.
impossible though (Fig. 1). We would therefore recommend.
additional iCTA if patency of the aneurysm or branching
arteries cannot be definitely confirmed by ICGVA and per-
forating arterics have a diameter >| mm.

In addition to the intraoperative application of CTA,
which has been demonstrated to be of great use in selected
and complex ancurysms, iCTP has not been investigated
previously. One major advantage of iCTP is that it is per-
formed distant from the CT plane with clips or cois, so that

image quality is not degraded due to clip or coil artefacts.
:F.gnmaeﬁm it yields crucial information about dis~
tant and regional blood flow in dependent areas of even
small branching and perforating arteries. This was demon-
strated quite obviously in one of our eases (Fig. 3, Table 1,
pmmnm 4), where ICGVA and micro-Doppler did not

indicate haemodynamically relevant stenosis and iCTA was
ﬂmghmheuhmﬂymuﬁnmmduphymmn
branching vessel. As a matter of fact, the

(@H,uwlummmxmmmml
i, %

ﬁxdmmn Thercfore,
seanning protocols—especially for iCTP—have to be pre-
pared during skull opening by the technician or neuroradiol-
ogist 10 assure that contrast medium infusion will be
applicable immediately after clipping of the aneurysm.
Additionally, data acquisition has to be performed by
an experienced newroradiologist and preliminary calcu-
lations or incorrect detection of the depending ROI
might mislead the neurosurgeon 1o unjustified security
(Table 1, patient no. 9). In our opinion, iCTP is there-

arteries,
dlspllyedbyIOGVAwlcTA If reconstruction of a larger
1g artery will be necessary, iCTP might also
be helpful in order to obtain information. about the regional
and global blood flow of the depending brain areas. In these
cases, longer acquisition time will be counterbalanced by the
bencfit o be able to replace the ancurysm clip in due time.

Conclusion
Combination of ICGVA and iCTA/ICTP is feasible with
very good diagnostic imaging quality associated with short

acquisition time and little interference with surgical work-
flow. Each method has its indications and limitations which

cerchral
sion, which might be helpful in selected complex vascular
neurosurgical cases in specialised centres.
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A prospective study on the use of intraoperative computed tomography
iCT) for image-guided placement of thoracic pedicle screws

Shree Kumar Dinesh, Rajendra Tiruchelvarayan & lvan Ng

Department of Neurosurgery, National ie 9ap Hospital, Outram Road, Singapore
Abstract spinal procedures.! Frameless stereotactic image-guidance
Background. Placement of thoracic pedicle screwsis a has also been used with inereasing frequency to improve

technically demanding procedure. The risk of thoradic of intemnal fixation
le breaches range from 6.5 to 41%. Current image spine surgery 2 This was stimulated by the evidence of pedi-
i ist of computer il cle screw using techniques.
T scans or [ fluoroscopy. The initial use of pedicle screws, which began in the lumbar
pi ithout inet al. as well
ty and accuracy of a new intraoperative as Sheluze etal. showed approximately 20% of lumbar pedi-
for thoracic pedi cle screws had perforated the pedicle wall in their series.t
Methods i Roy-Camille et al. reported that 10% of ranspedicular serews

use of ICT for the first 43 consecutive cases for which thoracic in their early series were incorrectly placed.

le screws were inserted as part of the instrumentation Despite this initial difficulty, as surgeons became more
familiar with the complex anatomy required for safe pedicle
case, a post-instrumentationintraoperative check CTwas done  screw placement, they progressed to the placement of thora-
columbar as well as thoracic pedicle screws.” The place

Outcomes were analysed with regards to the incidence of ment of thoracic pedicle as well as cervical pedicle serews
pedicle wall violations detected on i i 3} y Assuch, ai
i the rateof i isionof  have been constantly developed to ensure safer and more
Pedicle violations P of pedicle screws.
toan established classification system, Results. A total of 261 One such technological aid that is used t0 increase the
i m-T1 i in 43 patients safety of pedicle screw placement is stimulus-evoked EMG
(agerange 13-83). Mean follow-up was 12months. Therewere  monitoring.* Although it is a promising technique, a breach
7 (2 ice violati i may have already occurred before electrophysiological
check CT. Out of the seven, three were grade | (<2 mm), two detection. aid that s bet
were grade Il (2~4 mm) and rest two were grade Ill {4 mm) is a CT based computer assisted navigation system, which
violations. Only four of the screws (1.5%) that breached the requires registration of anatomic fiducials in different planes
pedi o immed based on preoperative acquired CT data.®** The drawback
before wound closure. Conclusion. The iCT based spinal of this system is that the preoperatively acquired CT data
neuranavigation system allowed for highly safe and accurate is obtained with the patient supine but the surgery is often
3%) o thoracic ped inourinstitution  carried outwith the patient positioned proneleading (o inac-
with no neurovascular injury reported. curacies of the image guidance.
Keywords: intraoperative CT; thoracic pedicle screw; image e uaed o our, £
¢ intraoperative CT scan (iCT) based spinal image-guidance

uided spine surgery; spine navigation
a PIne surgeny: sp o system in 43 consecutive surgeries that required thoracic

pedicle screw instrumentation. The technique is performed

Fsdiician inour new operative theatre sulte equipped with a CT scan-

y rapid
To date, intraoperative CT scanning (iCT) with neuronaviga- ~ scanning of the sterile surgical field. This application allows
tion i However,  image guided placement of pedicle screws as well as intra-

insome centres amobile helical CT scanner hasbeenusedin  operative assessment of the accuracy of placement.

Comespondence: Rajendra Tiruchelvarsyan, FRCS, Singapore Genersl Hospital Outram Road Singapore 169608 Tel: (65)63213608. Fax: (85)63214524
E-mal. rsjendra tiruchelvaraysn @sgh.com. s
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Materials and methodology

iCT for thoracic pedicle-screw placement 839

about 30 seconds by the anaesthetist in order to minimize
the spi 1 theatre team

Wedid ict

i (BrainLab®) for the fi
for which pedicle serews were inserted as part of the instru-
mentation for spinal fusion from April 2008 to July 2011. All
operations were carried out by a single surgeon (KT). The
study was approved by the institutional ethics review board.

Intraoperative CT scan
‘The CT scan is a 24-slice helical intraoperative scanner that
moves on fixed rails on the floor. The aperture of the gantry
is 80 cm. Protocols for imaging of the spine are available with
slice thickness options of L5 mm, 3 mm or 5 mm. All our
cases were scanned at 1.5-mm intervals, and the images are

dal, These
images can be transferred to the Vector Vision image guid-
ance system (BrainLab') via the paxter server for purposes of

gation. The layout of
is as shown in Fig. 1A. Image acquisition time was less than
a minute in all cases. Image transfer time to the navigation
station was also less than a minute in all cases. Overall ime
from point at which decision was made for sean to image
wransfer was less than 7 minutes in all cases.

‘Ihe patient can be scanned in the supine, lateral or prone
position. We routinely performed a test movement of the CT
gantry over the radiolucent operative table prior to sterile
preparation. For upper thoracic instrumentation cases, the
head is secured in a radiolucent head frame. An initial scout

and anaesthetic staff would observe the scan proceedings
from , whit i -
itors and patient would be clearly visible through the glass
panel above the workstation thus ensuring patient safety.
After image acquisition and transfer via the paxter server
to the image guidance system, the autoregistration process
completes. Upto 10 vertebrallevels can belocalized in asingle
image acquisition. The accuracy of the autoregistration pro-
cess is verified by placing the pointer on known anatomical
landmarks at the operative site and ensuring that the position
displayed on the image guidance sereen corresponds to the
actual pointer position. Al vertebral levels above and below
the level of the reference frame, which is clamped onto one
of the spinous processes, are tested if instrumentation was
planned at these levels. Only after the surgeon is confident of

process,
ceed with the pediele serew insertion under image guidance.
[ I i il

the surgeon in ‘real time” during drilling, tapping and place-
ment of instrumentation. Prior to placement of the pedicle
screws, the pedicle wact is palpated for cortical breaches
using a ball tipped feeler probe. Using the intraoperatively
CT images and navigation, the senior surgeon (RT)
‘would plan and execute a trajectory that allows for maximum

plane. The wrajectory of the screw
would also be parallel to the end plate along the sagittal
plane. Thi

filmis taken using the CTto inter-

est with the help of skin markers if required. This is used to
help plan the skin incision over the appropriate spinal level
(Fig. 1B), thereby minimizing the length of the incision.

€T scan and image guidance procedure

After the initial skin incision followed by subperiosteal

muscle elevation, an intraoperative scan is performed wit

the radiolucent reference frame clamped to one of the

spinous process, usually the most proximal or distal one in
ig. 2 er-

ile drapes, and the scanner is then moved over the region of
interest. The CT marker fiducials as well as the tracker balls
on the reference frame are detected by the optical camera,
which allows for autaregistration (Fig. 24). During the scan,
the patient’s tidal ventilation volume is reduced by 50% for

After all the p ; ite is
covered with a sterile adhesive drape and an intraoperative
check CT scan would be done to confirm proper placement
of the screws prior to wound closure. The decision to intra-
operatively revise a misplaced screw was dependant on the
intraoperative check CT findings. All grade [l and [ breaches

2 mm are immediately revised as well although the neural
structures have already potentially been damaged.

Analysi
Data was collected with regards o patient demographics,
clinical i imaging,

use of image guidance, intraoperative imaging for implant
accuracy assessment and postoperative sequelae. Outcomes

Fig. 1. (A) The CT scan moves on fixed rails. The 3D optical LED localizer as well as the Vector Vision navigation screen are ceiling mounted.
T @ lesion level

() Scout Ci
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Fig. 2. (4) Both the CT marker siructures (short arrow) as well as reference star on spine clamp (long arrow) are detected by the optical camera
(=) P

allowing

were analysed with regards to the intraoperative pedicle
screw breach rate, the intraoperative pedicle screw revision
rate and the final pedicle screw breach rate. The intraopera-
tive pedicle screw breach rate was defined as the incidence
of pedicle violations detected on the intraoperative post-
instrumentation check CT prior to wound closure. All cases
had fine cut (1.5 mm) intraoperative CT of the spine, which
was used to evaluate for pedicle breaches in axial, coronal
and sagittal planes. Pedicle breaches were graded by an inde-
pendent blinded reviewer according to the system described
by Mirza et al ™ A breach of <2 mm is considered grade 1, a
breach of 2-4 mm is considered grade 11 and a breach of > 4

scanner
leading toinaceuracy of the image guidance, which was iden-
tified during the verification process. This was corrected for
and a repeat scan was performed. There was no failure of the
image guidance system and the autoregistration process for
all cases. In all 43 cases, verification of the autoregistration
pr i probe tip
tomical landmarks. There was no discordance between the
image data set and the surgical anatomy noted in our series.
Of the 261 pedicle screws inserted, there were a total of
7 pedicle screw violations detected on the intraoperative

mm is considered grade HL!! The icle
screw revision rate was defined as the number of malposi-
tioned screws that were ing the

intraoperative post-instrumentation check CT over the total
number of pedicle screws placed. The final pedicle screw
breach rate was defined as the incidence of pedicle breaches
detected on the final postoperative check CT, which wasanal-
ysed and graded similarly as described above. Post-operative
complications inclusive of worsening of any pre-operative
neurological deficits were also noted. The mean follow-up
period was calculated from the interval between surgery and

All patients had follow-up
radiographs in the outpatient clinic evaluated for the pres-
ence of instrumentation failure and pseudoarthrosis.

check CT imaging prior to wound closure (Table Il) giving an
Overall, out of the seven pedicle screw violations detected
on CT imaging, the three pedicle screws with

grade 1 (<2 mm) cut outs were left in-situ. However, the four
pedicle screws that caused grade II and grade III violations
were replaced immediately intraoperatively before wound
closure allowing for subsequent satisfactory imaging, an
example of which is shown (Fig. 3). The intraoperative pedi-
cle screw revision rate was thus 4 out of 261 screws or 1.5%.
Of the four pedicle screws with major cut out (grade 1I and
111, two of them oceurred when instrumenting more than six
vertebral levels away from the site of the reference clamp.
When taking into account the immediate correction of the
four grade II and Iil malpositioned screws in our study, our
final pedicle screw breach rate based on the postoperative

Results CT scan is 1.2% with all pedicle violations being minor grade
Lcutouss.
Y (RT). Atotal
of261 i 1 ) ~ .
tive patients from April 2008t July 2011. Efiology f the cases  mapvg cponn™ °f Pedicle screw vicludons detected on faea-
is presented in Table . The of th

cases were for spinal metastasis mainly due to our referral

Pedicle screw violations

E Level  Noofscrews Zmm_ 24mm imm
base from the National Cancer Centre = = = = —
Mean age of the patients was 52 years (range 13-83). Mean 13 o H & 3
dlinical » 1-19).1 ™ 1 o o o
technical failure related to the use of the intraoperative CT T4 2 o o o
5 16 o o o
™ 2 ! 1 o
Table . Etiology of cases. ™ 2 o 1 o
™ 1 o o o
Noofpatienss(n=10) 10 1 5 i =
£ o = ! o o
1 ™ 16 o o o
Trauma 2 2 18 o o o
Nerve sheath tumour (Dumbbell) 7 Total 26 7(29%)
Primary bone fumour 1 E
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Fig. 3. (A) Grade I pedicle screv violation detected oniCT. (B) Fnal iCT imasge afer replacement of the screw with a ew rgjectory.

None of the pedicle screw violations detected on the
intraoperative CT imaging was associated with any post-
operative neurological deficit including the two grade Il
violations, which was corrected immediately as depicted in
Fig. 3. There was one case of a superficial wound infection
in the elderly lady, which was resolved following a course
of antibiotics. It was also noted that five out of our seven
pedicle screw breaches occurred in the first 21 cases (126
screws) of our series. This was, however, not statistically
significant (p = 0.2).

‘The vast majority of our cases were that of spinal metasta-

i aswell i
stabilization as shown in Figs. 4 and 5.

Routine radiographs of all the cases during outpatient
follow-up did not reveal any failure of instrumentation or
pseudoarthrosis.

Discussion

‘The placement of thoracic pedicle screws is a challenging
procedure for a number of reasons. The anatomy of the
thoracic spine, in particular, the thoracic pedicle undergoes

The diameters of thoracic pedicles are also significantly
smaller than lumbar pedicles. Furthermore, in the Asian
population, the thoracic pedicle diameters are on average
30% smaller than the pedicles in the Western community."*
‘The smallest average pedicle width in Asians range from 3.6
mm to 4.3 mm at T5."*** In our study, the smallest pedicle

width for which we inserted a pedicle screw was 4 mm. We
avoided screw insertion at a particular level if the pedicle
diameter measured less than 4 mm on the CT scan images

The various studies on free hand placement of thoracic
pedicle screws have shown a high variabilityin screw cut out

, 5% t0.41%57 In the thorax, the proximity
ofvital structures such as the aorta, pleura, spinal cord and
nerve roots makes the potential consequence of a misplaced
serew disastrous,

Although intraoperative fluoroscopy has been widely
adopted in an attempt to improve precision, thoracie pedicle
serew cortical breach rates of up to 69% have been reported
especially for the upper thoracic spine® In another study
using intraoperative fluoroscopy by Guzey et ., screw cut
out rates of 27.4% from T2-T5 and 14.5% from T6-T8 were
described.'® The reasons for these high raes of screw
malposition are quite intuitive. Pedicle screw insertion is a
technically demanding procedure that requires the spinal
surgeon to have spatial rientation to the part of the spinal
anatomy that is not exposed in the surgical field. Even with
two ional (2D) imaging ia fluoroscopy, the
third dimension is extrapolated based on the surgeon'sinter-
pretation of the images as well as knowledge of the anatomy,
and this is tempered somewhat by his experience. In one
recent study, it was shown that there was a trend towards
decreased pedicle screw breach rate as surgeon experience
increased."”

Furthermore, for pedicle screw fixation procedures,
it is the axial plane that is critical, and this is not reliably

Fig 4 (A spine
(C) Intravperative view of final construct.

(8) Pedicle
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Fig s al

shown using conventional fluoroscopic or xeray imag-
ing. It therefore comes as no surprise that stereotaxy with
3D image guidance which was once solely the domain of
the cranial surgeon has now been used with increasing
frequency in spinal pedicle screw instrumentation in an
attempt to improve accuracy of placement. -2 Spinal ste-
reotaxy with 3D image guidance has now evolved into two
separate systems, one based on pre-operative computed
tomographic images with intraoperative registration to the
surgical space and the other based on intraoperative virtual
or 3D fluoroscopic imaging, 1522

Inthe spinal navigation based on preoperatively acquired
CT imaging, the rigid bony anatomy of the spine itself serves
as a frame of reference. There are currently two separate
registration techniques available. One is the ‘paired-point’
registration, whi

plas 0f 12 pedicle screw.

lance screen as one inserts the real screw through the
pedicle. When comparing imaging produced by intraopera-
tive cone beam 3D fluaroscapic systems, with that of intra-
operative CI(iCT) imaging, we find that the intraoperative
CT produces much better quality imaging. This is especially
evident when imaging the upper thoracic, and high cervical
spine. Nearly half (47.5%) of the pedicle screws inserted in
this study were in the upper thoracic spine (T1-T5

The 3D planning function on the image guidance system
allows us 1o maximize the diameter of the pedicle screws
to be placed into the spine. In addition, it allows us to plan
and safely execute a more medial trajectory of pedicle screw
insertion. It has been shown biomechanically that a more
‘medial riangulation of the pedicle screws improves the over-
all pull-out strength of the construct 22 Further strength to

points, usually spinous process, facet joint, lamina on the CT
imaging data set and localizing the corresponding points on

can be afforded by placing the transpedicular
screw parallel to the endplate rather than down the axis of
the pedicle* This can be achieved by utlizing the sagittal

the surgically exposed spinal anatomy.
s that of ‘surface mapping” whereby multiple non-discreet
points on the exposed surgical anatomy are selected 2
traoperative 3D fluoroscopy based system such
rm (Siemens, Erlangen, Germany) or O-arm
(Medtronic Inc), there is no need for “paired-point’ or
‘surface-mapping’ registration and multiple vertebral levels
can be autoregistered at once.

Our intrasperative CT based image guidance system is
in essence a marriage of the two systems described above.
With the availability of an intraoperative CT scanner with
fiducial marker structures as well as a radiolucent spinal

i et with

provided by the idance system.

Another advantage of having an intraoperative CT based
image guidance system is that the CT images used for naviga-
tion are acquired in the surgical prone position. This reduces

that use preoperative CT imaging data, which are acquired in
pine p: for ive i

In terms of pedicle screw placement accuracy, our intra-

operative pedicle screw breach rates of 2.7% based on the

CT scan ‘with most

figures quoted in the available English literature on image

guided placement of thoracic pedicle screws."=2 Notumeier

the surgical field is possible with computational software.

Furthermore, vertebral levels above and below the reference
during the i

process are also autoregistered. This single-time multilevel

autoregistration process significantly reduces the time taken

for getting the navigation system up and running. Moreover,

thereby facilitating the flow of surger

In all our cases, the intraoperative CT imaging together
with the image guidance system allowed trajectory plan-
ning using axial as well as sagitial and coronal planes. The
tip of the "virtual” screw could be visualized on the image

etal.in theirl totalof: pedi.
cle screws placed using 3D image guidance of which 22 (9%)
screws had breached the pedicle with the vast majority (95.5%)
inggrade [ breaches? Inanother randomized clinical study
comparing the accuracy of navigated and non-navigated
thoracic pedicle screws in deformity correction surgery, a
23% breach rate was noted in the non-navigated group as
compared to a 2% breach rate in the navigated group.2

In our study, four out of the seven pedicle screw violations
were deemed significant enough for immediate correction
in an attempt to improve the biomechanical construct and
provide an aesthetically pleasing final radiological image.
Based on the final postoperative CT scan, our pedicle screw

3/4/2015 3:24 AM
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breach rate is an impressive 3 out of 261 screws (1.2%) with
all pedicle violations being minor grade 1 breaches.

It must be emphasized, however, that the main advantage
of the iCT based navigation system is in its clinical accuracy
at the first instance of screw insertion, which in our study is
97.3%. Revising a large medial cortical screw perforation, done
however quickly, is unlikely to reverse the damage done to the
neural structures. Therefore, the main benefit of the iCT based

iCT for thoracic pedicle-screw placement 843

serew despite th image guid-

j
occurred at vertebral levels, which were more than six levels
away from the location of the radiolucent reference frame
clamp calling into question the accuracy of the navigation at
these levels. It may be possible that the process of tapping
and placement of the screws resulted in movement of the
spinal segment levels that were further away from the refer-

ring the initial i [h.
of pedicle breaches are dependent on the direction of occur-
rence. Medial breaches could potentially damage the spinal
cord, inferior breaches may harm the nerve root and anterior
vesselinjury.
There use
CT imaging and navigation for placement of thoracolumbar

y pinal naviga-
tion inaccurate at these levels. Frequent verifications of the
autoregistration process needs o be done especially prior to
instrumenting vertebral levels above or below the location of
the reference frame spine clamp. Fortunately, this verifica-
tion process does not entail more than 10 seconds. It would
also be prudent to move the radiolucent spinal clamp to the
area of interest and re-register the surgical anatomy via an

of lumbar pedicle screws. However, they had a 2.4% thoracic

CT imaging, which is fairly similar o our own data. However,
none of their thoracic pedicle screw breaches were revised
intraoperatively as they were minor pedicle breaches 2"
Another significant advantage of an intraoperative CT
based system is the negligible radiation exposure to the
surgeon and operating room staff. During the scanning pro-
cedure, all operating room staff s protected in lead shiclded
rooms. This compares favourably to image guidance systems
based on active fluoroscopy where radiation exposure to
taff for concem ® Radi
sure to the patient, however, is still an issue especially with

updated hy ‘mare than
from the spinal
clamp. However, this would entail repeated intraoperative
CT scanning for cases requiring screw insertions at multiple
levels with its attendant risks of radiation side effects such
tioned earlier3® elegant
way around this problem, as has been described recently in
a small study, would be to perform the initial drilling of the
pilot holes and trajectory holes for all the screws prior to tap-
ping and screw placement, thereby minimizing the interver-
tebral motion that arises from the latter.**
Another possible reason for the pedicle screw violations
despite the use of image guidance could be due to inadver-
tent knacking or movement of the reference clamp on the

regards 10 the small risk of
We minimize radiation exposure to the patient by scanning
only the instrumented levels, which in maost cases is only

to 3levels above and below Although

spinous as occurred in one
of our cases. Navigation accuracy can further be improved by
temporary halting ventilation during the scan acquisition to

" H ofour

dosing from our helical CT is likely lower than that of active
fluoroscopy due to a decrease in overall time used, this may

patients were elderly with diminished lung reserve, we opted
toreduce tidal volume by 50% instead.

be offsetif repeated CT imaging is acquired
Whe i beam CTimaging
‘acquired from the O-arm, although the image quality may be
inferior, the radiation dose is approximately halfthat of intra-

Another Tmisplaced

pedicle screws was that 5 out of the 7 breaches occurred in

the first 21 cases (126 screws) of our series. Although not sta-

istically significant (p=0.2), it thus suggests that the ‘human
d

operaive T data, the average

factor’ deseril the surgeon and

of radiation given to the organs in the chest during a single
intraoperative scan of the thoracic spine is approximately
19 mSV with the dose length product (DLP) of the scanner
approximating 1000 mGyem. As each patient received an
average of 2-3 intraoperative scans, the total dose received
would be in the range of 30-60 mSV. At these dose ranges,
there is epidemiological evidence for a slight increase in
radiation induced carcinogenesis. ! However, the individ-

i mall (0.01% lf — from
digestive tract cancer attributable to a diagnostic CT scan
of the abdomen). The benefits of accurate instrumentation

individual basis far outweigh the risk.

With regards to intraoperative assessment of
placement prior to wound closure, intraoperative CT imag-
ing in our series identified four major pedicle screw viola-
tions that were corrected for immediately allowing a mare
biomechanically stable final construct for the patient. When
analysing the reasons for the four grade 1 and I pedicle

lant

navigation system is a potential source of inaccuracy. Once
the leamning curve is surmounted and the surgical team is
comfortable with the image guidance system, near 100%
accuracy can be achieved. The learning curve entails famil-
iarity with the operating theatre set up, ideal placement of
spinal clamp to minimize movement, control of tidal volume
during scan acquisition, and familiarity as well as accurate

navigated images pl
An inadvertent consequence of intraoperative imaging is
that ire for a‘clean’ CT i

P
mal screw placement may lead to unnecessary intraopera-
tive revision of misplaced pedicle screws that may otherwise
be of little clinical significance. Each time a screw is revised,
the patient is subjected to further risk of complications. The
surgeon must keep this in mind when reviewing the intra-
operative check CT image. In our study, only the grade Il and
grade Il pedicle screw breaches were revised due to possible
injury from medial encroachment of the spinal canal o lack
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of biomechanical purchase from too lateral a cut out. It must
be emphasized though, that revising a malpositioned screw
is unlikely to avert a patential cord injury if it has already
been damaged by an excessively medial screw trajectory. The
aim of the iCT based navigation is to minimize this error at

the first instance PF scre:

sertion. The rate of intraopera-

ive revision of pedicle screws, which in our study is L5% is

therefore an assessment in itself of the !

ical accuracy of

the ICT based spinal navigation system.

One drawback of this study is the lack of a control group
to compare the accuracy of the iCT based imaged guidance
system. This is primarily because this study represents our
first experience with insertion of thoracic pedicle screws in
our institution.

Another drawback of the intraoperative CT based image
guidance system is the cost involved in the installation and

maintenance of such an operative suite. Our stud,
10 provide a cost benefit analysis (cost of

not able
stallation versus

9. Merloz P, Tonett |, Pitet L, eral. Computer assisted spine surgery.
ComputrAided Sury 1998.3237-305

10. Merlox P, Tonne (L, Coulomb M, Lavallée 5, Sautot P
Fots et it g gy gl Shinigors i
Onthop Relat es 1998,354:39-18.

11, Mirza SK, Wiggins GC, Kuntz C IV, et al. Accuracy of thoracic
vertebral body screw placement using standard fluoroscopy,
fluorascopic image guidance and computed tomograhic image

\m Som L. Suby of honac podice s
.ppmmn usiny unnel technique in Asians : @ cadaveric
acion, Eu i 150101978 31
14 Singh R, Srivastn 8K, Prasah G5, Rohilla R, Sivach 1, M

NK. Morphometric Measurements of cadaveric thoracic spine
in todian populaion and it clinical applcaion. Asian Spine /
2011:5:20-34,

15, Belmiont 71 T, Kiemme W, Divawan 4, Poly DIV Ji. n wivo

16 FK, EmelE,
screw placement for upper and middle tharacic pathologies
thout coronal plane spinal deformity using conventioral
methods. ]

1. Sarmdani AR Ranade A, Subdsba V,Yondor( M2 Learming curve

Conclusion

Wi the use of our intraoperaive CT based navigtion sys-

highlyaccurai

tem,
thoracic pedicle screws despite this being our early experi-
ence with pedicle screw instrumentation. The clinical accu-

racy of the iCT based spinal navigation system (97.

%) allows

us to prevent damage to adjacent neurovascular structures
during screw insertion. Furthermore, the ability to assess
implant placement intraoperatively using the ICT, allows us
10 revise the malpositioned screws for a more biomechani-
cally stable construct.

ration of interest: ‘The authors report no conflicts of

la
interest. The authors alone are responsible for the writing
and the content of the article

References

1

s B, g 3 Gl X, T B Enprotes
computed tomography for complex craniocervical operations

thoracic n the deformed spine.

Neurosurgery 20 £
18. Bledsos [M, fanmn D, Fogeson IL, Nowmeler EW. Accuracy of

image guidance. Spine. 812-21.
1. ey 5 ot Mk e puided spine surgery. Neurosurg Clin
N Am 19967:171-86.
20. Lekovic GP, Fotts EA, Karahalios DG, Hall G. A comparison of 2
ks i g e Ommrlc pakicle s placoment
A simmoctive mudy ok 31 ety wid 273 fedia sems
I Neurosurg Spine 20
1. Notmmaier o Seemer . YmmgPM Placement of thoracolumbar
pedicle screws using throe- dimensional image guidance:

22. Rajasekaran S, Vidyadhara S, Ramesh P, Shetty AP. Randomized
e accuracy of navigated and non
navigated thoracic pedicle screws in deformity correction

Nattmeier EW, Crosby TL. Timin of paiced poinis and surface

maching esiion in huse dipensionl (30) imase-sidd

spinalsaer. Spinal Discond Tech 20072025

. Fuland CM, Mchlce PG, Ward BW.
Trangulaion of pedicilsr aelainn SR
‘analysis. Spine 19 0-5.

. Somar B Miybet 1. Tramfel , Ventar R, Chalmers W

Experimental pullout testing and cor of variables in

transpedicular scrow fixation. A biomechanical study. Spine

i, Polly DW J5, Kuklo TR, Cunningham B, Kirk

KL, Belmont P Je. Straight-forward versus anatomic trajecto

technique of thoracic pedicle screw fixationza. biomechanical
i

and sp
Koumopaulos v, Schizas C. Pedicle scvew placement sccuracy:
meta-analysis. Spine 2007,32:11

Schulze CT, Mnzinger £, Weber L. Clinical elevance of accuracy

Spine 1996,23:2215-20.

anal
. Weinstein' TN, Spratt KF, Spengle D, Brick C, Reid 5. Spinal

pedicle fixation: reliabiliy and valiciy of

27. Tormenti MJ, Kostov DB, Gardner PA, Kanter AS, Spiro EM,

imaoperative computed tomography image-guided
sion for posterior thoracolumbar spinal instrumen-
tation in spinal deformity surgery. Neurasurgery Focus 2010;
e

B

. Jones D, Robertson PA, Lunt B, lackson SA. Radiation exposure

assisted pedicle screw insertion in the

‘assessment and surgical factors on successful serew pl
Spine 1988;13:1012-8.

ing,

lumbar spine.

29. Zhang], Weir, FajardoL, Lin], Hsiung H, Ritenour ER. Dosimetric
i xn

Roy-Camille R, Saillant G, Mazel C. lumbar

spine wi

Kim Y1, Lenke LG, Bridwell Kil, Cho Y5, Riew KD. Free hand
pedicle screw placement in the thoracic spine: s it safe? Spine
200429.333-42.

Vaccara AR, Rizzolo SJ, Balderston RA, et al. Placement of

sssessment. | Bone oin Sug A 1985;T7.1.
ly DF, Houlden D, N Kim M, Finkelstein JA. Eval

of electromyographic monitoring during insertion of thoracic

pedicle screws. J Bore foint Surg Br 2001383 1009-14.

7.
30. Brenner D, Hall E. Computed Tomography - An increasing
source of Radiation Exposure. N Engl | Med 2007;357:2271-84.

32. Nottimeier EW, Youns PM. Image-guided placement of
occipitocervical instrumentation using a reference arc sttached
1o the headhaldes. Neurosurgery 2010;66:138-42.

3/4/2015 3:24 AM

Help

[

B



€€« > CH lD eds.a.ebscohost.cos ds/pdivi 009e1a2-dbff-48e3-9830-37e371dc1e9f%40sessionmgrd0048wvid=18&thid ﬁ] =

A prospective study on the use of infraoperative computed tomography (iCT) ...

Copyright of British Journal of Neurosurgery is the property of Taylor & Francis Ltd and its content may not be
copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.

3/4/2015 9:24 AM



2 http:/h ds i _print - Wir Explorer =[P 2]
B8 i fworm mecape comyNiewarie/BI5086, print |

wunmedscape.com

Modern Intraoperative Imaging Modalities for the Vascular Neurosurgeon Treating Intracerebral Hemorrhage
©Cded Goren, M.D., Stephen J. Monteith, M.D., Moshe Hadani M.D., Mati Bakon M.D., Sagi Hamef, M.D.
Neurosurg Focus. 2013;34(5):e2

Abstract and Introduction
Abstract
This paper reviews the current intraoperative imaging tools that are available to assist neurosurgeons in the treatment of intracerebral hemorrhage (ICH). This review shares the authors’ experience with each modality and discusses the advantages, potential limitations, and disadvantages of each

Surgery for ICH s directed at blood clot removal, reduction of intracranial pressure, and minimization of secondary damage associated with hematoma breakdown products. For effective occlusion and safe obliteration of vascular anomalies associated with ICH, vascular neurosurgeons today require a thorough understanding of the
various intraoperative imaging modalities available for obtaining real-time information. Use of one or more of these modalities may improve the surgeon’s confidence during the procedure, the patients safety during surgery, and surgical outcome.

The modem techniques discussed include 1) green-based video which provides real-time information based on high-quality images showing the residual fillng of vascular pathological entities and the patency of blocd vessels of any size in the surgical field; and 2) intraoperative angiography, which remains
the gold standard intraoperative diagnestic testin the surgical management of cerebral aneurysms and arteriovenous malformations. Hybrid procedures, providing muttimodality image-guided surgeries and combining endovascular with microsurgical strategies within the same surgical session, have become feasible and safe.
Microdoppler is a safe, noninvasive, and reliable technigue for evaluation of hemodynamics of vessels in the surgical fisld, with the advantage of ease of use. Intraoperative MRI provides an effective navigation tool for cavernoma surgery. in addition to assessing the extent of resection during the procedure. Intraoperative CT scanning
has the advantage of very high sensitiity to acute bieeding, thereby assisting in the confirmation of the extent of hematoma evacuation and the extent of vascular anomaly resection. Intraoperative ultrasound aids navigation and evacuation assessment during intracerebral hematoma evacuation surgeries. It supports the concept of
minimally invasive surgery and has undergone extensive developmentin recent years, with the quality of ultrasound imaging having improved considerably.

Image-guided therapy, combined with modern intraoperative imaging modalities, has changed the f fonal vascular by presenting real-time visualization of both normal tissue and pathological entities. These imaging techniques are important adjuncts o the surgeor's standard surgical
armamentarium. Familiarity with these imaging modalities may help the surgeon complete procedures with improved safety, efficiency, and clinical outcome

Introduction

Intracerebral hemorthage occurs in many conditions and has a wide spectrum of causes;T 222428 moct commonly, ICH oceurs as a result of degenerative vascular disease, amyloid angiopathy, and hemorrhagic transformations of ischemic strokes. However, up te 10% of ICHs are due to underlying vascular structural anomalies
(AVMs, aneurysms, and cavernous angiomas being the most common). Other less common vascular malformations include sinus or cortical vein thrombosis, arteriovenous fistula, and arterial dissection

Intracerebral hemorrhage is associated with a high early mortality rate and a significant long-term morbidity rate. Among all stroke subtypes, it is considered to be the cne with the highest mortality rate. Hematoma volume is an important predictor of 30-day mortality, and hematoma growth is a principal cause of early neurological
deterioration."%*") One should especially emphasize the high percentage of vaseular pathological entities associated with ICH in the pediatric population, in which such entities were confirmed in a recent series in 61% of pediatric patients.**!

Therapy for ICH is directed at blood clot removal, reduction of intracranial pressure, and of secondary associated damage. In the International Surgical Trialin Intracerebral Haemorthage (STICH), ™ the effect of medical versus surgical management of ICH was compared, but, excapt for a small subgroup of patients who experienced a
benefit from surgery, no significant advantage was demonstrated for any of the treatments.

The concept of "suction surgeries” (referring to ICH removal through large craniotommies) is now obsolete. Vascular neurosurgeons treating ICH should be prepared to deal not only with clot removal but also with the undlerlying cause. These tasks are often complex, both from the morphological and the technical point of view, and
increase the risk for potential vessel compromise. For effective occlusion and safe obliteration of vascular anomalies, the today may require imaging modalities for obtaining real-time information. The use of intraoperative imaging modalities is of particular relevance when preoperative vascular imaging
studies are negative but the intraoperative findings reveal a discrete lesion. In these complex cases the surgeon has to adapt and perform the procedure without a complete picture of the task ahead. Intraoperative imaging assessment in such situations can be particularly informative

Aong with the advances in neurosurgical techniques, significant progress has been made in the field of intraoperative imaging. espeially imaging. From the of uniplane the first description of CT contrast infusion to identify vascular lesions, " and Doppler techniques™ to MR
angiography!*? and transcranial Doppler " reliabie infraoperative imaging technologies have been developed. Several ntracperative modaliies have been implemented: ICG-VA, iDSA, iCT, iMRI, MD, and 3D iUS. These new imaging techniques and the concept of true hybrid rooms providing multimodality image-guided surgeries
have improved diagnostics Such techs assist the surgeon in challenging cases,

This paper reviews the current intraoperativa imaging tools and the clinical use of each modalty. Our experience with the various modalities and their advantages and potential limitations are discussed,

Intraoperative Imaging Techniques

Based Video

Indocyarine gresn-hased 1ideo angiography provides reakime nformation on the residul ling of aneuryams and on the patency of blood vesses of any size inthe surgial fed,incluging perforators, based on high-qualfty images First ntroduse intothe nsurosurgcal operating room in 2003 %1 The ICG-VA technigue was faund
1o be a simple and safe way to assess blood flow intraoperatively Y Sequential studies compared the findings of ICG-VA with IDSA of postoperative DSA and reported them to be comparable in 0% of cases. ™ the use of DSA for evaluation of aneurysms has decreased "™ In the setting of ICH surgery
with an underlying vascular pathological entity such as cerebral aneurysm or AYM, ICG is @ powerful tool (Fig. 1). The ICG-VA technique is now widely used in multiple settings beyond aneurysms. ™ '2-23254 |t s routinely used for intracranial and spinal AVMs®3 and arteriovenous fistulas % Unquestionably. ICGVA has become an

important adjuvant in vascular neurosurgery.
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Figure 1.

Avight MCA aneurysm (asterisks) is on 3D of CTA (A) and on DSA (B). An attempted closure of the aneurysm ended in aneurysm rupture and significant ICH (C; artifacts are caused by coils). The patient was urgently transported to the operating
room and  right pterional approach was implemented. After evacuation of the ICH, an optical mode photograph (D) demonstrating the right M1 branch (arow;) and the 2 right Mx branches (arrowheads) was obtained. The area of the coil-treated dome portion of the aneurysm is depicted by the dashed line. Intracperative ICGVA
photographs showing patent circulation in the right M braneh (E; arrow) and in the 2 right Mz branches (F; arrowheads). Postoperative CT seans (G) showing a satisfactory evacuation of the ICH.

However, ICG is not sited for all applications. Its use is limited to the microscope’s field of view and only to exposed blood vessels, so that not all vasculature can be assessed. In addition, there are various factors that may limit the accuracy of ICG fluorescence signals, such as thick-walled or partially thrombosed aneurysms of cases

of deep-seated or giant aneurysms. " The ulity of this imaging modality in the setting of AVM surgery s siil unclear because of these visualization issues. Because only the parts of the AVM that are already visible in the surgical field wil be visible to ICG-VA, standard intraoperative DSA remains the gold standard imaging modalty in
the assessment of AVM resection

We use ICG-VA on a routine basis during vascular surgeries, including ICH evacuations, when the need arises (Fig. 2). It helps us assess residual filing of vascular lesions such as aneurysms and the patency of surreunding vessels afer clipping. Sometimes multiple injections are performed after complex clip reconstructions. Use of
ICG-VA has reduced our need for intraoperative DSA, which is now reserved for more difficult cases or those in which there is doubt following the ICG-VA

i A
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Figure 2.

CT scan showing right temporooccipital ICH invohving the ventricular system. B: Preoperative CTA scan demonstrating

Imaging studies obtained in a 20-year-old man under treatment for subacute bacterial endocardits who suddenly developed headache and left hemi lost
fight dstal sylvian fissure mycotic aneurysm (see inset, rrowhead) C: Preoperative neuronavigation images obtained using the Stealth S7 system for craniotomy planning. D: Intraoperative ICG-VA phulograph locating the mycotic aneurysm (asterisk] and differentiating it from the parent artery.

w

Intraoperative DSA
This is a powerful diagnostic tool in the surgical management of cereral aneurysms and AVMs and is still considered the gold standard procedure when assessing precise aneurysm clipping and vessel patency. It allows the neurosurgean to confirm complete occlusion of the aneurysm and to demonstrate patency of all surrounding
vasculature:

Several groups have evaluated iDSA efficiency and have revealed that it is both effective and accurate. **"# In the largest single-center study, of 1093 vascular eases in which patients underwent routine iDSA, a greater than 8% revision of elip placement due to abnormalities found on iDSA was reported ! In 9 (8.9%) of 101 patients,
iDSA demonstrated residual AVM requiring additional resection. Two of these patients (22.2%) required a second surgical revision, and successful excision of the residual AVM was confirmed by repeat iDSA in all 9 patients. With minimal risk of morbicity (0.99%) and neurological complications occurring in only 0.09% of cases, the
authors reaffimed IDSA safety and utifty in the surgical treatment of aneurysms and vascular mafformations.

As always, the value of IDSA must be weighed against the risk of complications and technical difficutties '*2"! The reported complication rate is as high as 3%. Various technical challenges include the need for skilled neurcradiology staff, high costs, the need for a DSA C-arm, a radiolucent operating table head holder, and angiography
equipment. At times the additional equipment can make the operating room particularly cramped (Fig. 3). In the setting of ICH treatment, iDSA may be too cumbersome to perform during an urgent operation due to availability of staff or equipment
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Figure 3.

Photograph showing the operating room setup for microsurgical clipping of an MCA aneurysm with iDSA guidance. Although this is stil considered the gold standard procedure when assessing precise aneurysm clipping and vessel patency. one should consider the various technical difficulties involved
The drawbacks of iDSA may lead some to conclude that it is not a practical tool for all vascular cases. It s therefore best applied selectively, for complex vascular malformations and lesions in challenging anatomical locations.

Hybrid Operating Room: Applications in ICH Surgery

The concept of a hybrid operating and strategies within the same surgical session is applicable, cost-effective, and safe.I"" "2 Full biplane neuroangiography in a fully equipped neurosurgical operating room provides a seamless transition between the operation and iDSA, which can be
performed without repositioning the patient or moving in a portable C-arm. The result is higher-quality angiography in 2 planes, which provides immedat of vessel patency and occlusion rate of different vascular pathological entities.
An example for this kind of setup is the addition of an iMRI unit to the hybrid operating room. Examph the Advanced Image-Guided Operating (A M..G.0.) Suite at the Brigham and Women's Hospital and Harvard Medical School™™ and the implementation of so-called IMRIS suites (IMRIS, Inc.) at various locations

internationally. ! These systems are able o integrate a 1.5-to 3-T iMRI unit into a fully operational neurosurgical operating room and a full biplane angiography suite-

Intraoperative Microdoppler Techniques

Microdoppler imaging is a safe, noninvasive, and reliable technique for evaluation of the hemodynamics of vessels in the surgical field and of vascular malformations. It is low cost, and the time to resultis 1-5 minutes in most cases. Additionally, it shows good correlation with and s therefore widely used 7 it
allows for the measurement of blood flow velocities in th itself and in the Itis a valuable tool for providing immediate feedback to the surgeon, thereby improving the chances for an optimal surgical outzome because i uch as vessel occlusion can be diagnosed and

dealt with immediately. Several groups compared iMD findings to those in iDSA or postoperative DSAL #132345 They found a high rate of concordance between the iMD and angiographic findings regarding proper clip placement and complete occlusion of an intracranial aneurysm and associated clip-induced adjacent vessel
stenosis.

There are several iMD techniques available on the market today. Some are simple and cost-efficient, whereas others, such as the ultrasonic perivascular flow probe, are more advanced but are expensive and more cumbersome. ! The iMD modality carries the advantage of speed and ease of use and is therefore very attractive during
surgery for ICH. The primary disadvantage of this technique is its inabilty to idenify residual aneurysm remnants in cases of thrombosed o low-flow aneurysms—which are readily identified by intraoperative angiography and ICG-VA, Thatis to say, iMD provides qualitative and not quantitative results to the surgeon. Additionally, itis
only useful for high-caliber vessels observed under the operating microscope

Intraoperative MRI

MRI has been into modern jical operating rooms for more than a decade as a guide for neurosurgical interventions.* 4> This technology has proved to be a useful modality in vascular neurosurgery. especially for cavemous angiomas and AVMs.1*¥ It provides a highly accurate and precise
navigation tool, with excellent resalution, which is a prerequisite for localizing and targeting vascular lesions. It also addresses the problem of the ever-changing organization of intracranial structures during surgery by providing near-real-time, high-quality images

One of the drawbacks of intraoperative MRI with regard to resection of vascular lesions is delineating the extent of resection. Clearly determining the edge of the lesion can be challenging due to the deposition of hemasiderin from hemorrhage. There are several types of MRI units used today ““! In our experience the use of iMRI in ICH
surgery is limited to cavemoma surgery, and in cases in which MRI may help in delineating the margins of deep lesions surrounded with hematoma, in those cases we consider the low-field portable systems as the most useful. An example of a low-field iMRI unit is the OdinPoleStar system, which was first introduced in 2001 This [
compact MR scanner can be installed in a standard operating theater without major modification (Fig. 4). It functions with both an integrated optical system and an MRI tracking system and is operated by the neurosurgeon from an in-room computer workstation !>

m

aurological Surgeos

Figure 4.

Photograph showing the compact and mobile Medtronic PoleStar N30 surgical MRI system, consisting of a 0.15-T MRI unit integrated with a Medironic StealthStation navigation system (A). Photographs showing the system being used for craniotomy approach for an ICH surgery related to cerebral cavernous angiomas (B}, and for a
transsphenoidal approach in a case of pituitary apoplexy (C). Reprinted with permission from Meditronic, Inc

Intraoperative CT

Intraoperative CT imaging is a standard tool in the successful planning and fa diverse range of procedures.® In the treatment of ICH, iCT systems such as the CereTom mobile scanner are used to assist in the confirmation of intraoperative positoning of catheters, the extent of hematoma evacuation, and the
extent of vascular anomaly resection. The iCT images can be obtained and merged with those obtained using other modalities such as MRI if desired. Limitations of iCT include lower resolution than the large CT scanners, technician availability, and intraoperative imaging of the skull base. In the setting of ICH surgery, iCT has the
advantage of very high sensitivity fo acute bloed #°%
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advantage of very high sensitivity to acute blood.”

50

Ultrasound-guided Evacuation of ICH

The iUS technique has undergone extensive development in recent years, and the quality of ultrasound imaging has improved considerably

[2851-5355-57] gill, many neurosurgeons have been reluctant to try advanced versions of iUS due to negative past experiences. The quality of iUS imaging has improved significantly, such that the

surgeon can readily assess ICH dimensions and identify structures within the brain in real time. This modality supports the concept of minimally invasive surgery by allowing the surgeon to identify which part of the clot presents closer to the cortical surface, thereby minimizing disruption to the surounding brain because the shortest

transcortical trajectory is taken to enter the clot. Orientation problems of iUS were improved by integrating navigation technologies. As a result, neurosurgeons find it relatively easy fo understand and use the iUS navigation systems found in the market today

53]

The integration of 3D iUS and neuronavigation technology has created a real-time imaging method that can accurately demonstrate ICH. The 3D iUS systems such as the SonoWand have made this technology an efficient tool that can combine the real-time feedback from {US with the detailed preoperative imaging from CT or MRI
studies. During ICH evacuation procedures, iUS facilitates directing an instrument such as a Cavitren ultrasonic surgical aspirator or an endoscope to a target point in real time. During various vascular operations the iUS helps localize lesions and characterize their internal structure, and distance from the surface to the target can be
calculated ¥ The relation of various lesions to the surrounding brain can be appreciated before, during. and after excision of vascular pathological entities.

Conclusions

There have been remarkable advances in the iniraoperative imaging techniques used in the surgical management of ICH. They have enabled neurosurgeons to visualize and delineate anatomical and jcal struch acourately, even during the surgery itself. Image-guided therapy has changed the fundamentals of
conventional surgery by presenting accurate visualization of both normal tissue and lesion. Particularly within the last decade. advanced imaging modalities have become standard tools of neurosurgical praciice. creating image-guided surgery as a subspecialty. In discussing the potential advantages and disadvantages of each
modeality. it should be pointed out that they are not mutually exclusive. On the contrary, the various intraoperative imaging modalities used in the surgery for ICH may be complementary, and therefore vascular neurosurgeons should be prepared to use any intraoperative imaging modality when the need arises.
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¥ Ceiling-mounted rails
effortlessly move the
ICT between rooms

The mobility of the VISIUS iCT enables multiple operating room configurations
to meet clinical requirements and increase system utilization. Layouts include
one- or two- OR configurations with a center room isolating the CT from the
surgical theater while not in use.

Advantages of ceiling-mounted rail system:
>> No patient transport required for imaging
>> No compromises due to floor rails or wheeled systems

>> Maintain familiar surgical protocols, workflow and
infection control procedures

== System can travel up to 36.3 ft between rooms

>> CT moves into or out of the OR in less than 30 seconds
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