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Abstract

Background: Mobile 3D fluoroscopes have become increasingly available in neurosurgical operating rooms. In

this series, the image quality and value of intraoperative 3D fluoroscopy with intravenous contrast agent for the
evaluation of aneurysm occlusion and vessel patency after clip placement was assessed in patients who underwent
surgery for intracranial aneurysms.

Materials and methods: Twelve patients were included in this retrospective analysis. Prior to surgery, a 360°
rotational fluoroscopy scan was performed without contrast agent followed by another scan with 50 ml of
intravenous iodine contrast agent. The image files of both scans were transferred to an Apple PowerMac®
workstation, subtracted and reconstructed using OsiriX® free software. The procedure was repeated after clip
placement. Both image sets were compared for assessment of aneurysm occlusion and vessel patency.

Results: Image acquisition and contrast administration caused no adverse effects. Image quality was sufficient to
follow the patency of the vessels distal to the clip. Metal artifacts reduce the assessability of the immediate vicinity
of the clip. Precise image subtraction and post-processing can reduce metal artifacts and make the clip-site
assessable and depict larger neck-remnants.

Conclusion: This technique quickly supplies images at adequate quality to evaluate distal vessel patency after
aneurysm clipping. Significant aneurysm remnants may be depicted as well. As it does not require visual control
of all vessels that are supposed to be evaluated intraoperatively, this technique may be complementary to other
intraoperative tools like indocyanine green videoangiography and micro-Doppler, especially for the assessment
of larger aneurysms. At the momentary state of this technology, it cannot replace postoperative conventional
angiography. However, 3D fluoroscopy and image post-processing are young technologies. Further technical
developments are likely to result in improved image quality.
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Introduction

Cerebral angiography is the standard procedure for the
diagnosis of cerebrovascular lesions [1, 2]. During
surgery of intracranial aneurysms micro-Doppler and
indocyanin green videoangiography (ICG-VA) are widely
used to assess the occlusion of the aneurysm and patency
of distal vessels [3, 4]. These techniques are easy and un-
complicated to use. However, a considerable disadvantage
of both of these techniques is that for intraoperative as-
sessment the vessels have to be accessible and visible. As a
result, the approach and the operative manipulation have
to be tailored to visualise the parent vessel, the aneurysm
and the departing vessels after placement of a clip.
Particularly in large aneurysms, this may result in more
manipulation than otherwise necessary to access the
aneurysm base and neck. Intraoperative angiography (IA),
in turn, does not require this kind of wide exposition.
However, it is more time-consuming and requires the po-
sitioning of an angiography catheter. We previously re-
ported about the imaging of intracranial aneurysms before
placement of an aneurysm clip [5] and the immediate use
of this technique in the case of emergency in a patient suf-
fering from intracerebral hemorrhage originating from a
ruptured intracranial aneurysm [6]. This series evaluated
if image acquisition by intraoperative 3D fluoroscopy with
intravenous contrast agent combined with conventional
post-processing software is, in principle, possible and sup-
plies appropriate images for clip control after microsurgi-
cal clipping.

Materials and methods

This article is the report of a retrospective analysis of
intraoperative 3D fluoroscopic angiography in a series of
12 patients with intracranial aneurysms for the assess-
ment of distal vessel patency and clip control after place-
ment of an aneurysm clip. Prior to aneurysm surgery,
the patients were offered intraoperative 3D fluoroscopic
angiography with the explicit information that the pri-
mary target of the procedure was the assessment of dis-
tal vessel patency after placement of the clip. They were
distinctly informed about the potential risks of the
administration of an iodine contrast agent and about the
radiation exposure. All patients had given informed
consent to the procedure and the possible publication of
the results in an anonymized form. The production of
data, analysis and publication were approved by the ethics
committee of the medical faculty of the Julius-Maximilians-
University Wuerzburg, Germany (Reference 268/13).

Inclusion criteria

Patients met the criteria for intraoperative 3D rotational
fluoroscopic angiography if they had an intracranial
aneurysm, were over 18 years of age, and if microsurgi-
cal clipping of the aneurysm was indicated. Exclusion
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criteria were a history of hyperthyroidism, an allergy
against contrast agent, or serum creatinine concentra-
tions over 100 pmol/l (1.2 mg/100 ml). 12 patients were
included in this analysis. Aneurysm details and assessi-
bility before and after clip placement are listed in
Table 1.

Patient positioning and image acquisition

All patients were under general anesthesia and had re-
ceived a central venous catheter in the right jugular vein
for infusions of fluid, medication and contrast agent
prior to the surgical procedures. Arterial blood pressure
was continuously monitored via an arterial line in the
left radial artery. All patients of the present series were
placed in a supine position with their head fixed in a
carbon Mayfield clamp. Prior to surgery, baseline im-
aging was performed as follows: Positioning of the 3D
fluoroscope (O-arm’, Medtronic GmbH, Meerbusch,
Germany) was verified by biplanar fluoroscopy. Subse-
quently, a 360° rotational native fluoroscopy scan was
performed. For image acquisition, the “high definition
mode” of the O-arm® (digital flat panel detector 40 x
30 cm, camera resolution 2000 x 1500, reconstruction
matrix 512 x 512 x 192) was applied requiring an image
acquisition time of 24 s for the 360° gantry rotation
followed by a reconstruction time of 24 s. Thereafter, a
second, contrast-enhanced scan with identical fluoros-
copy parameters was performed using 50 ml of iodine
contrast agent (Imeron® 350, Bracco Imaging, Konstanz,
Germany). During the second scan, 50 ml of contrast
agent were injected manually via the central venous line
over 25 s. To obtain selective contrast filling of the arter-
ial phase, the 360° fluoroscopy scan was started with a
delay of 12 s after the beginning of contrast injection.
After placement of the clips, all metallic surgical devices
and spatula that were potential causes of artifacts
were removed and the imaging procedure was repeated.
The image files (DICOM data) were transferred from the
O-Arm°® to an Apple Power Mac® workstation and post-
processed using OsiriX* imaging free software (OsiriX 4.0,
32-bit version).

Post-processing of DICOM data

Native and contrast-enhanced data sets were subtracted
using OsiriX® software. From the subtracted data set, a
reconstruction was produced (Volume Rendering Mode).
Bony structures were virtually removed and brightness
and intensity modified in order to selectively demonstrate
the contrasted cerebral vessels.

Evaluation of images

The images before and after placement of the clips were
assessed for visibility of the aneurysms, accessibility of
distal vessel patency, and complete aneurysm occlusion
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Table 1 Aneurysm locations and visibility by intraoperative 3D fluoroscopy before and after clipping. Vessel patency was well
assessable in the majority of cases after clip placement. Complete aneurysm occlusion, however, was not reliably assessable in most
patients. In patient 11, a neck remnant of the MCA aneurysm and clip displacement from the ICA aneurysm were confirmed by DSA.
(Acom = anterior communicating artery, Pcom = posterior communicating artery, MCA = middle cerebral artery, ICA = internal carotid

artery, A. = artery, SAH = subarachnoid hemorrhage)

Patient number Aneurysm (size)

Preoperative visibility ~Assessment of vessel patentcy Assessment of aneurysm/neck remnant

1 Acom, coiled (4 mm remnant), SAH (+) coil artifact

Pericallosal A. (3 mm), incidental +
2 Right Pcom (7 mm), incidental ++
3 Acom (14 mm), incidental ++
Acom (8 mm), incidental ++
Left MCA (6 mm), incidental ++
5 Left MCA (8 mm), incidental ++
6 Right MCA (7 mm), incidental ++
7 Left MCA (5 mm), SAH ++
8 Right MCA (9 mm), SAH ++
9 Left ICA bifurcation (5 mm), SAH ++
10 Left MCA (9 mm), incidental ++
" Left MCA (9 mm), SAH ++
Left ICA (4 mm) ++
12 left Pcom (11 mm), incidental ++

+ (+) no remnant

not treated not treated

++ + mild carotid stenosis
+ _

+ + no remnant
+ + no remnant
++ + no remnant
++ + no remnant
++ ++ no remnant
+ + no remnant
(+) -

++ + neck remnant
++ + neck remnant
++ + clip displaced
+ + no remnant

by two observers (C.S. and N.W.) blinded to the patients’
pathology using a four-grade scale: - not visible/assess-
able; (+) poorly visible/assessable; + sufficiently visible/
assessable, details not distinguishable; ++ clearly visible/
assessable, details distinguishable. The observers were
allowed to use all means of image reconstruction of the
OsiriX software for their evaluation including no —sub-
tracted and subtracted images, 2D- and 3D images, max-
imum intensity projections and volume rendering
reconstruction procedures. Examples of images of 2D pro-
jections in 3 planes and an Excel file with the observers’
ratings can be viewed under https://www.dropbox.com/
sh/3qw11d2z7djidwl/AACFxalr1gIPTs7MDjRcspqla?dl=0
and https://www.dropbox.com/s/6db2yzuw0y3ty2m/Aneu
rysm%20assessment.xls?dl=0.

Results

Patient characteristics

Twelve patients were included in the analysis. As most
patients with aneurysms in the posterior circulation are
treated by endovascular coiling in our department, all
patients included in this analysis had aneurysms in the
anterior circulation. Details on patients and aneurysms
are shown in Table 1.

Adverse events

We observed no adverse cardiocirculatory or anaphyl-
actic reaction during or after contrast injection. One pa-
tient with a middle cerebral artery (MCA) aneurysm

suffered an intraoperative seizure during retraction of
the temporal lobe, supposedly independent of the ad-
ministration of contrast agent.

Radiation dose

A “High Definition Mode” with a higher radiation dose
was used in order to improve image quality and to slow
down the movement of the X-ray generator. 2 rotational
fluoroscopy scans to be able to perform an image sub-
traction to reduce artifacts. The procedure was repeated
after occlusion of the aneurysm. Thus 4 rotational scans
were performed with a total dose-length product (DLP)
of 4 x 376.82 mGycm. This equals approximately 1-1.5
the DLP of a whole-brain CT [7, 8].

Image quality

The observers’ ratings for preoperative visibility of aneu-
rysms by 3D fluoroscopy and post-clip control of distal
vessel patency and complete aneurysm occlusion is
depicted in Table 1. In case 1, previous endovascular ther-
apy of an aneurysm of the anterior communicating artery
made the 4 mm neck remnant invisible to 3D fluoroscopy.
Similarly, the occlusion of the aneurysm and the originat-
ing proximal anterior cerebral artery (ACA) branches
could not be assessed. In contrast, the patency of the distal
ACA, including a small (3 mm) aneurysm of the left peri-
callosal artery could be readily visualized. In all other
patients of this series, the aneurysms were well assessable
before clipping. It was observed that small vessels,
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especially close to the skull base, may not be visualized
due to the occurrence of minor beam hardening artifacts
and due to the limited image resolution of the original
O-arm® images generated by the given image acquisi-
tion parameters. (see Fig. la-c). The patency of larger-
aneurysm-carrying-vessels and their main branches (Fig. 2)
was clearly visible after placement of the clip. Subse-
quently, a slight clip-induced narrowing of the internal
carotid artery was visualized by intraoperative 3D fluoros-
copy (Fig. 1f) and verified by postoperative digital subtrac-
tion angiography (DSA) (Fig. 1d and e). Similarly, the
vasospasm-induced narrowing of the distal MCA trunk in
case 11 which was most distinct close to the MCA
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bifurcation was depicted by DSA (Fig. 3a—c) and by intra-
operative 3D fluoroscopy (Fig. 3d). After positioning of
the clip, vessel patency distal to the clip was generally
verifiable. In general, the exclusion of the aneurysm
dome after clipping was also assessable. However,
metal artifacts immediately surrounding the clip
branches may remain in some cases in spite of image
subtraction and made the verification of complete
aneurysm occlusion not possible in most cases of this
series. The presence of neck remnants may, therefore,
remain undetected (Table 1). However, with precise
image subtraction and post-processing, it is possible
to depict larger aneurysm remnants (Fig. 3d).

Fig. 1 Preoperative DSA (a) with 3D reconstruction (b) and intraoperative 3D fluoroscopy after subtraction and reconstruction (c) before clip
placement in a patient with a carotid artery aneurysm (case 2). d-f depict the respective projections after surgery. Postoperative DSA confirms a
slight clip-induced narrowing of the ICA depicted by intraoperative 3D fluoroscopy
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Fig. 2 MCA aneurysm of case 4. MCA bifurcation before (a) and after (b) placement of the clip

Fig. 3 5 mm neck remnant after clipping of an MCA aneurysm in plain DSA images (a), 3D reconstructions (b and ¢) and intraoperative 3D
fluoroscopy (d and e)
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Discussion

The present case series shows that intraoperative imaging
of cerebral vessels and assessment of aneurysm occlusion
and vessel patency is possible using 3D rotational fluoros-
copy and intravenous contrast agent with appropriate
imaging parameters and post-processing software. After a
first report on the use of intraoperative 3D rotational
fluoroscopy and intraarterial contrast administration for
the imaging of cerebral vessels in preparation for electrode
implantation in epilepsy surgery [9, 10], we recently dem-
onstrated that cerebral aneurysms can be depicted at ad-
equate image quality using this imaging technology and
intravenous contrast administration [5]. Apart from its re-
ported usefulness for the diagnostic imaging of cerebral
aneurysms in highly emergent cases [6], evaluating this
method for intraoperative evaluation of clip-control and
distal vessel patency is a further step in its clinical use.
The fundamental advantage of angiographic techniques
over “local” techniques like micro-Doppler and ICG-VA is
that the vessels do not have to be completely exposed to
gain visual control. This is of particular relevance in large
aneurysms or after the placement of multiple clips. In
both scenarios, the branching vessels may be concealed by
the aneurysm or by the clips. In these cases, the applica-
tion of micro-Doppler or ICG-VA requires a wider expos-
ure which can be avoided by IA.

Intraoperative clip assessment

Washington et al. and Caplan et al. have thoroughly
evaluated the sensitivity of catheter-based IA and ICG-
VA for the assessment of appropriate clip placement. In
both studies, IA showed higher sensitivity than ICG-VA.
Consequently, the role of IA as the gold standard for this
purpose was underlined by the authors [11, 12]. Micro-
Doppler, in turn, is highly sensitive for the assessment of
vessel patency but neck remnants cannot be evaluated
with this indirect, non-visual technique [3]. These draw-
backs can be avoided using IA. Gantry tilts can supply
almost any desired perspective. The addition of 3D rota-
tional image acquisition adds a higher degree of image
plasticity. Digital image subtraction has further improved
image quality. Intraoperative rotational DSA is the ideal
technology for this purpose but is limited to hybrid-
operating rooms which are only available at a small
number of neurosurgical centers. In addition, patients
are exposed to a relatively high radiation dose by DSA
and its intraoperative use is comparatively time-
consuming. It is invasive as it requires the placement of
an intraarterial catheter, which necessitates heparinization
if placed before surgery or delays surgery if placed after
clipping. Intravenous contrast administration, as perfor-
med in the present series, can be integrated in the surgical
workflow without any further manipulations or invasive
procedures.
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Using advanced image processing technologies, com-
puted tomography angiography (CTA) has been reported
to have a similar diagnostic precision [13] regarding the
presence and shape of an aneurysm and the vessel-
anatomy for the primary screening for aneurysms [1].
Various series have been published that evaluated 3D
fluoroscopic angiography and flat panel detector CT
(FD-CT) for the diagnosis of a stenosis of intra- and ex-
tracranial vessels and ischemic stroke by intraarterial
[14] and intravenous [15] contrast administration and
found a good correlation with angiography findings [16].
These studies, however, addressed untreated vessel path-
ologies and did not have to deal with metal artifacts.
Leng et al. used intraoperative FD-CT and intraarterial
contrast agent for aneurysm imaging and post clip con-
trol in a hybrid operating suite. The authors found good
accuracy before and after aneurysm clipping [17]. Intra-
operative flat-panel detector 3D rotational angiography
with intravenous contrast has, to our knowledge, not
been evaluated for the assessment of clip-control after
aneurysm surgery. It may be superior in terms of redu-
cing metal artifacts due to the intraprocedural image
subtraction. However, an assessment of this technique
for its ability to detect aneurysm remnants still has to be
conducted. Schnell and coworkers assessed the accuracy
of ICG-VA and intraoperative CTA and CT-Perfusion
(CTP) for post-clipping assessment. As ICG-VA supplies
a good view of the local field, intraoperative CTA/CTP
offer conclusive information on the distal vessel patency
and tissue perfusion [18].

Mobile 3D-fluoroscopes can be positioned so that they
do not interfere with the operative setting and — in con-
trast to IA and intraoperative CT — can be completely
embedded into the surgical workflow. It is evident that
this time-frame is important in case of tissue ischemia
due to clip-induced vessel occlusion which is exactly the
matter of intraoperative assessment. In this case, a sig-
nificant delay of the intraoperative assessment of vessel
patency will favour the development of infarction [19].

Limitations

Our results demonstrate that this procedure can be eas-
ily performed and supplies images of acceptable quality
concerning the assessment of the parent vessel and the
perfusion of the branching vessels. Even smaller vessels
are depicted with good quality in locations surrounded
by brain tissue. However, quality seems to decrease in
the immediate vicinity of the skull-base, most likely due
to beam hardening artifacts, similar to CT [20]. The sen-
sitivity of CT angiography to detect cerebral aneurysms
has previously investigated and found to be low for aneu-
rysms smaller than 4 mm [21]. Metal artifacts originating
from clips and coils can further confine the diagnostic
quality [22, 23]. Likewise, the limitations apply for
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3D-fluoroscopy. Our images show that is similarly
susceptible to metal artifacts as case 1 of our series
affirms.

In spite of modern image subtraction techniques, the
resolution of the baseline images acquired by the O-
Arm® using the afore mentioned settings appears to have
arrived at a limit at the present developmental stage of
this technology. In unsubtracted images, star-like arti-
facts are produced by the clip. Similarly, coil artifacts in
aneurysms which have previously been occluded by
endovascular procedures cause metal artifacts. These
can partly be dissolved by image subtraction. However,
the immediate vicinity of the clip tends to be surrounded
by a slim artifact seam which will conceal a small neck
remnant, if present. This might be a problem of the
automated image subtraction mode used for post-
processing. This mode does not consider e.g. minimal
movements of the fluoroscope during the rotational
scan which may, however, be relevant in image subtraction
and may lead to these artifacts. Using professional post-
processing software, a further improvement of image sub-
traction and reconstruction can be expected. Slight move-
ments of the O-Arm or minor movements of the patient
due to mechanical ventilation may be further causes of
blurring that will lead to a minor incongruence of image
acquisition in spite of identical patient and fluoroscope
positions. However, even if the incongruence is only small,
it impedes the assessment of complete aneurysm occlu-
sion. Significant movements of the fluoroscope can be
prevented by a high definition image acquisition mode in
which the image transducer moves at slower motor speed.
The latter may be prevented by apnea during the 24 s of
image acquisition. One further drawback for intraopera-
tive use is the necessity to remove all metal instruments
such as retractors and the need for a carbon head fixation
to reduce artifacts.

Higher contrast doses, higher injection speed and a
body height dependent injection protocol may further
increase image quality. A faster image acquisition time
may, combined with optimized injection algorithms, in-
crease the arterial contrast load and selectively enhance
the arterial phase of cerebral circulation. Finally, the
images obtained by this technique are a summation of
X-ray shots gathered during a 360° turn of the trans-
ducer and, thus, do not supply information about a pos-
sible delay of contrast filling, e.g. caused by a moderate
vessel stenosis after placement of the clip. Since 180°
image acquisition is sufficient to reconstruct a 3D image,
this shortcoming could be solved by the assessment of
consecutive 180° sections obtained during the 360° turn.
By this way, an evaluation of a contrast delay could be
possible.

Rotational fluoroscopy and processing techniques are
evolving technologies. Paul and coworkers reported
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advanced post processing techniques superior to the
ones used on this current series to enhance image qual-
ity and diagnostic accuracy in liver tumors using ultra-
fast cone-beam computed tomography [24, 25]. Further
technical advances and improvements of image quality
may be expected in the near future.

Conclusion

Intraoperative 3D fluoroscopy with intravenous contrast
administration can produce images useful for the assess-
ment of vessel patency after aneurysm clipping. The pres-
ence of larger neck remnants can also be detected. Small
aneurysm remnants and small vessels, especially those
close to the skull-base may not be visible because the
image resolution is not high enough with the parameters
used for image acquisition in the present series. At the
current state, this method of 3D fluoroscopic angiography
is technically not mature, but advances can be expected in
the near future. 3D rotational fluoroscopy, micro-Doppler
and ICG-VA are not rival techniques but may be used
complementarily during aneurysm surgery.

Ethics approval and consent to participate

All patients had given informed consent to the proced-
ure and the possible publication of the results in an
anonymized form. The production of data, analysis and
publication were approved by the ethics committee of
the medical faculty of the Julius-Maximilians-University
Wuerzburg, Germany (Reference 268/13).

Consent for publication
Not applicable.

Availability of data

Examples of 2D projections in 3 planes and an Excel file
with the observers’ ratings can be viewed under https://
www.dropbox.com/sh/3qw11d2z7djidwl/AACFxalr1gIPT
s7MDjRcspqla?dl=0 and https://www.dropbox.com/s/6d
b2yzuwOy3ty2m/Aneurysm%20assessment.xls?dl=0.

Abbreviations

ACA: anterior cerebral artery; CTA: computed tomography angiography;
CTP: computed tomography perfusion imaging; DICOM: digital imaging and
communications in medicine; DLP: dose length product; DSA: digital
subtraction angiography; FD-CT: flat panel detector computed tomography;
IA: intraoperative angiography; ICA: internal carotid artery; ICG: indocyanin
green; ICG-VA: indicyanin green video angiography; MCA: middle cerebral
artery; SAH: subarachnoid hemorrhage; VA: video angiography.

Competing interests

The study was not sponsored by public or industrial funding. Dr Westermaier
received payments from Johnson&ohnson, Medtronic and Medicon for
lectures in spinal neurosurgery. None of the other authors has a conflict of
interest to declare.

Authors’ contributions

TW - Development of angiography protocol, data acquisition, writing of
manuscript. TL — Data acquisition, image post-processing. GAH — Image
post-processing. ML — Data acquisition. CS — Image reconstruction and


https://www.dropbox.com/sh/3qw11d2z7djidwl/AACFxalr1gIPTs7MDjRcspqla?dl=0
https://www.dropbox.com/sh/3qw11d2z7djidwl/AACFxalr1gIPTs7MDjRcspqla?dl=0
https://www.dropbox.com/sh/3qw11d2z7djidwl/AACFxalr1gIPTs7MDjRcspqla?dl=0
https://www.dropbox.com/s/6db2yzuw0y3ty2m/Aneurysm%20assessment.xls?dl=0
https://www.dropbox.com/s/6db2yzuw0y3ty2m/Aneurysm%20assessment.xls?dl=0

Westermaier et al. BMC Medical Imaging

assessment. NW — Image reconstruction and assessment. R-IE — Development
of angiography protocol, data acquisition. LS — Development of angiography
protocol, image post-processing. GHV — Development of angiography protocol,
data acquisition, writing of manuscript. All authors read and approved the final
manuscript.

Acknowledgements

The authors cordially thank Mrs. Jennifer Rohmann and Mrs. Nina Menhard
for technical assistance in the acquisition of the images. This publication was
funded by the German Research Foundation (DFG) and the University of
Wuerzburg in the funding program “"Open Access Publishing”.

Author details

'Department of Neurosurgery, University of Wuerzburg, Josef-Schneider-Str.
11, 97080 Wuerzburg, Germany. “Department of Neuroradiology, University
of Wuerzburg, Josef-Schneider-Str. 11, 97080 Wuerzburg, Germany.
3Abteilung fiir Neurochirurgie, Klinikum Klagenfurt, FeschnigstraRe 11, 9020
Klagenfurt am Woerthersee, Austria.

Received: 2 November 2015 Accepted: 12 April 2016
Published online: 19 April 2016

References

1. Zhang H1, Hou C, Zhou Z, Zhang H, Zhou G, Zhang G. Evaluating of small
intracranial aneurysms by 64-detector CT Angiography: a comparison with
3-dimensional rotation DSA or surgical findings. J Neuroimaging. 2014;24(2):
137-43.

2. Fischer G, Stadie A, Oertel JM. Near-infrared indocyanine green
videoangiography versus microvascular Doppler sonography in aneurysm
surgery. Acta Neurochir (Wien). 2010;152(9):1519-25.

3. Siasios |, Kapsalaki EZ, Fountas KN. The role of intraoperative micro-Doppler
ultrasound in verifying proper clip placement in intracranial aneurysm
surgery. Neuroradiology. 2012;54(10):1109-18.

4. Raabe A, Beck J, Gerlach R, Zimmermann M, Seifert V. Near-infrared
indocyanine green video angiography: a new method for intraoperative
assessment of vascular flow. Neurosurgery. 2003;52(1):132-9.

5. Westermaier T, Linsenmann T, Keler AF, Stetter C, Willner N, Solymosi L,
Ernestus R, Vince GH. Intraoperative cerebral angiography by intravenous
contrast administration with 3-dimensional rotational fluoroscopy in
patients with intracranial aneurysms: a feasibility study. Neurosurgery.
2015;11 Suppl 2:119-26.

6. Westermaier T, Willner N, Vince GH, Linsenmann T, Ernestus R, Stetter C.
Intraoperative 3D rotational angiography: an emergency tool for the
diagnosis of intracranial aneurysms. Emerg Radiol. 2015;22(1):97-100.

7. Smith-Bindman R, Moghadassi M, Wilson N, Nelson TR, Boone JM, Cagnon
CH, Gould R, Hall DJ, Krishnam M, Lamba R, McNitt-Gray M, Seibert A,
Miglioretti DL. Radiation doses in consecutive CT examinations from five
university of California Medical Centers. Radiology. 2015;277(1):134-41.
doi:10.1148/radiol.2015142728. Epub 2015 May 2015.

8. Geyer LL, Korner M, Harrieder A, Mueck FG, Deak Z, Wirth S, Linsenmaier U.
Dose reduction in 64-row whole-body CT in multiple trauma: an optimized
CT protocol with iterative image reconstruction on a gemstone-based
scintillator. Br J Radiol. 2016:20160003.

9. Cardinale F, Miserocchi A, Moscato A, Cossu M, Castana L, Schiariti MP,
Gozzo F, Pero F, Quilici L, Citterio A, Minella M, Torresin A, Lo Russo G.
Talairach methodology in the multimodal imaging and robotics era. In:
Scarabin JM (ed)), Stereotaxy and Epilepsy Surgery. John Libbey Eurotext.
2012,245-272.

10.  Westerlaan HE, Gravendeel J, Fiore D, Metzemaekers JD, Groen RJ, Mooij JJ,
Oudkerk M. Multislice CT angiography in the selection of patients with
ruptured intracranial aneurysms suitable for clipping or coiling.
Neuroradiology. 2007;49(12):997-1007.

11. Caplan JM, Sankey E, Yang W, Radvany MG, Colby GP, Coon AL, Tamargo RJ,
Huang J. Impact of indocyanine green videoangiography on rate of clip
adjustments following intraoperative angiography. Neurosurgery.
2014;75(4):437-43.

12. Washington CW, Zipfel GJ, Chicoine MR, Derdeyn CP, Rich KM, Moran CJ,
Cross DT, Dacey RGJ. Comparing indocyanine green videoangiography to
the gold standard of intraoperative digital subtraction angiography used in
aneurysm surgery. J Neurosurg. 2013;118(2):420-7.

13.

20.

21.

22.

23.

24

25.

Page 8 of 8

Sun G, Ding J, Lu Y, Li M, Li L, Li GY, Zhang XP. Comparison of standard-
and low-tube voltage 320-detector row volume CT angiography in
detection of intracranial aneurysms with digital subtraction angiography as
gold standard. Acad Radiol. 2012;19(3):281-8.

Struffert T, Deuerling-Zheng Y, Kloska S, Engelhorn T, Strother CM,

Kalender WA, Kohrmann M, Schwab S, Doerfler A. Flat detector CT in the
evaluation of brain parenchyma, intracranial vasculature, and cerebral blood
volume: a pilot study in patients with acute symptoms of cerebral ischemia.
AIJNR Am J Neuroradiol. 2010;31(8):1462-9.

Jeon JS, Sheen SH, Hwang GJ, Kim HC, Kwon BJ. Feasibility of intravenous
flat panel detector CT angiography for intracranial arterial stenosis. AJNR
Am J Neuroradiol. 2013;34(1):129-34.

Kamran M, Nagaraja S, Byrne JV. C-arm flat detector computed tomography:
the technique and its applications in interventional neuro-radiology.
Neuroradiology. 2010;52(4):319-27.

Leng LZ, Rubin DG, Patsalides A, Riina HA. Fusion of intraoperative three-
dimensional rotational angiography and flat-panel detector computed
tomography for cerebrovascular neuronavigation. World Neurosurg. 2013;
79(3-4):504-9.

Schnell O, Morhard D, Holtmannspotter M, Reiser M, Tonn JC, Schichor C.
Near-infrared indocyanine green videoangiography (ICGVA) and
intraoperative computed tomography (iCT): are they complementary or
competitive imaging techniques in aneurysm surgery? Acta Neurochir
(Wien). 2012;154(10):1861-8.

Samson D, Batjer HH, Bowman G, Mootz L, Krippner WJJ, Meyer Y],

Allen BC. A clinical study of the parameters and effects of temporary arterial
occlusion in the management of intracranial aneurysms. Neurosurgery.
1994;34(1):22-8.

Rozeik C, Kotterer O, Preiss J, Schutz M, Dingler W, Deininger HK. Cranial CT
artifacts and gantry angulation. J Comput Assist Tomogr. 1991;15(3):381-6.
Anderson GB, Steinke DE, Petruk KC, Ashforth R, Findlay JM. Computed
tomographic angiography versus digital subtraction angiography for the
diagnosis and early treatment of ruptured intracranial aneurysms.
Neurosurgery. 199945(6):1315-20.

Pechlivanis I, Konig M, Engelhardt M, Scholz M, Heuser L, Harders A,
Schmieder K. Evaluation of clip artefacts in three-dimensional computed
tomography. Cent Eur Neurosurg. 2009;70(1):9-14.

Watanabe Y, Kashiwagi N, Yamada N, Higashi M, Fukuda T, Morikawa S,
Onishi Y, lihara K, Miyamoto S, Naito H. Subtraction 3D CT angiography
with the orbital synchronized helical scan technique for the evaluation of
postoperative cerebral aneurysms treated with cobalt-alloy clips. AJNR Am J
Neuroradiol. 2008;29(6):1071-5.

Paul J, Vogl TJ, Chacko A. Detectability of hepatic tumors during 3D
post-processed ultrafast cone-beam computed tomography. Phys Med Biol.
2015;60(20):8109-27. doi:10.1088/0031-9155/60/20/8109. Epub 2015 Oct 1
2015.

Paul J, Jacobi V, Farhang M, Bazrafshan B, Vogl TJ, Mbalisike EC. Radiation
dose and image quality of X-ray volume imaging systems: cone-beam
computed tomography, digital subtraction angiography and digital
fluoroscopy. Eur Radiol. 2013;23(6):1582-93.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://dx.doi.org/10.1148/radiol.2015142728
http://dx.doi.org/10.1088/0031-9155/60/20/8109

	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Inclusion criteria
	Patient positioning and image acquisition
	Post-processing of DICOM data
	Evaluation of images

	Results
	Patient characteristics
	Adverse events
	Radiation dose
	Image quality

	Discussion
	Intraoperative clip assessment
	Limitations

	Conclusion
	Ethics approval and consent to participate
	Consent for publication
	Availability of data
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

