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Accuracy of a CT-US fusion imaging guidance systesad for hepatic

percutaneous procedures

Abstract:

Objectives: To evaluate the accuracy of a Fusiaging guidance system using US and CT

as a real-time imaging modality for the positionofga 22-gauge needle in the liver.

Materials and Methods: The spatial coordinates3oéf@nal needles placed at the border of
hepatic tumors before radiofrequency thermal alnhatvere determined in 23 patients.
Needles were inserted up to the border of the tummimg CT-US fusion imaging. A control
CT-scan was carried out to compare real (x, ynehartual (X, y’, z') coordinates of the tip
of the needle (D for distal) and of a point on tieedle located 3 cm proximally to the tip (P

for proximal).

Results: The mean Euclidian distance was 8.5+4.7amin10.5+5.3 mm for D and P
respectively. The absolute value of mean differsrafehe three coordinates (|x’-x|, |y-y|, |z'-
z|, mean+SD) were 4.06+0.9, 4.21+0.84, 4.89+0.89forpoint D and 3.96+0.60,

4.41+0.86, 7.66x1.27 mm for point P. X=|x-x| arid|y’-y| coordinates were less than 7 mm
with a probability close to 1. Z =|z’-z| coordinataes not considered larger or smaller than 7

mm (Probability > 7 mm close to 50%).

Conclusions: Positioning errors using the US-CTidtugnaging used in this study are not
negligible for the insertion of a 22-gauge needléhe liver. Physicians must be aware of such

possible errors in order to adapt the treatmentwised for thermal ablation.
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Introduction

Percutaneous interventional procedures need aeatdeaice positioning, using
imaging guidance such as ultrasound (US), Comploadography (CT), fluoroscopy or
Magnetic Resonance Imaging (MRI). Fusion imaginglguce systems (FIGS) may be an
interesting solution when the interventional radgi$t needs a combination of information
provided by two or more imaging modaliti§his can be the cager the positioning of the
needle (biopsy) or for the evaluation of the aliathargins, for instance in radiofrequency
ablation (RFA) for malignant hepatic tumors [1-¥irtual navigation systems in pre-
operative 3D MRI or CT datasets bring the poss$ibdf improving real-time tumor targeting.
These systems can be used alone with optical otreteagnetic tracking platforms or
associated with US guidance [5]. With this secaridtgon, the operator can navigate within
the pre-operative CT or MRI 3D volume superimposét the real-time US exploration.
Hence, FIGS bring the possibility of navigatingaimenhanced 3D volume, such as contrast
enhanced CT or MRI (arterial or portal vein phasehosen depending on which one allows
the best visibility of the hepatic lesion). The mgier can at any time during the procedure
navigate through the 3D contrast enhanced volurosesh) even if contrast enhancement is
time-limited. However, the operator has to be $ba¢ when considering the virtual volume,
it corresponds to reality. This is even more imaotin case of tumors difficult to visualize

with ultrasound [6-9].

The evaluation of accuracy of FIGS using US astiea imaging modality for
positioning a needlm vitro [10] or in a mobile organ [11] has been scarceboreed. The
objective of the present study was to investigageatccuracy of this system by measuring the

distance between virtual (where the needle is asdumbe considering the fused navigation



CT) and real (where the needle is on the contrek€an) locations of a 22-gauge needle put

in contact with a hepatic tumor.

Materials and Methods

This prospective study was approved by the locstititional Review Board (IRB).
Patient anonymity was preserved and the principléise Declaration of Helsinki were
followed. Informed consent was obtained from atigras. Twenty-five patients were
included consecutively. Inclusion and exclusionecia are listed in Table 1. Two patients
were excluded. One patient was excluded becaudadios was performed with MRI, which
resolution is too low compared to the one of CThasémother patient was excluded for
technical reasons (fusion system not availableg. fWo operators who performed the
ablations had 6 and 7 years of experience in hepator radiofrequency ablation under US
guidance respectively, and 2 years of experientle the FIGS evaluated in this study. The
ablations were performed in the Department of ir@etional Radiology (University Hospital,
25 years of experience in oncologic interventiagadiology).

Twenty-three needles in 23 patients (mean agex%3B;8.1 years) treated by RFA
for hepatocellular carcinoma (HCC) were evalualdek evaluation of the accuracy of the
imaging system was performed during the first stiefe treatment, which consisted in the
insertion of a 22-gauge spinal needle (Chiba biosdle; Cook, Bloomington, Ind) in the
liver using the CT-US fusion imaging system (ToahibUS-A500, SmartFusion
application). This step aimed at positioning tipedi the needle at the external border of the
tumor, without penetrating it, based on the reaktechography guidance alone. The border
of the tumor is defined as the first contact of sheal needle with the limit of the tumor seen
on echography (Fig. 1). The aim was to evaluatetoeiracy of the system using a very fine

needle that would not injure the organs, as opptsé#ue larger final needle used for RFA



(Cool-tip™ RFA system, Medtronic, Minneapolis, USAhe pathway of this spinal needle
was later used for the insertion of the radiofreapyeneedle, but this step does not concern
the evaluation.

The system evaluated in our study uses electroniagreccking and is composed of a
tracking workstation and a magnetic field generditultimodality image fusion is possible
with that system but in this study, only a CT-spanformed on the operative table, was
employed for fusion. In brief, a magnetic positgensor was attached to the ultrasound
transducer shaft. A CT-scan (16-detector row saar8@matom; Siemens, Healthcare GmbH,
Forchheim, Germany) was performed just before tbequure and 3D Digital imaging and
Communications in Medicine (DICOM) datasets weredufor fusion. Scan parameters were
as follows: detector collimation, 32 x 1.2 mm; neswuction thickness, 3 mm; scan pitch,
0.8°; and gantry rotation speed, 0.5 seconds. @karesthesia was performed before the
CT-scan acquisition and the patient remained irstimee position on the CT table during the

whole procedure.

The coregistration procedure was performed accgriirthe manufacturer guidelines,
detailed in the following. The fusion points chogeasented two characteristics: first, it had
to be well identified on the CT-scan and with U&;and, it had to present the same
movement as the tumor, which means that it hag tddmlly situated next to the target. Some
examples are the portal vein (at the right anddifircation), the origin of one hepatic vein,
the origin of the celiac trunk or the gallbladderigundibulum. A liver cyst can also be used
if easily seen on both modalities. The quality xadéthe fusion indicated by the system
depends on the distance between the probe (magmsiition sensor put on the left side of
the patient) and the magnetic field generator. rAdefining an initial anatomic landmark, the
operator navigates through the fused volumes ierdevaluate the quality of the fusion. If

the fusion is judged correct by the operator arglteshnician, the coregistration procedure is



stopped. If not, new reference points are addetithetoperator considers the coregistration
satisfying. The choice of the anatomic points delsesn the echogenicity, which is patient
dependant. For each patient, the operator madeffibré to be as precise as possible, in order

to minimize operator dependant errors in regigirati

Each point is defined by its Cartesian coordin@tgsz) in the three-dimensional
Euclidean space (Fig. 1). XY-plane is the transalgukane, X corresponding to the left-right
axis (length) and Y to the anteroposterior axigptde Z is the craniocaudal axis (height). To
calculate the real coordinates of the needle, &€ was repeated once the spinal needle
was in its final position and at the end-expiratphase, before the insertion of the
radiofrequency needle. Differences between real,(x) and virtual (X', y,” z’) coordinates of
the tip of the needle (D for distal point) and ofeedle point located 3 cm proximally to the
tip (P for proximal) were determined (Fig. 1).

To obtain the virtual coordinates, the CT planensa@ethe US fusion had to be exactly
reproduced using the initial 3D CT volume (Figarl 3). The virtual location of the tip of
the needle was then carried over to the CT volumdetiae coordinates (X', y’, z') of the
points P and D were calculated, using the same g&mal construction elaborated on the
virtual scanner and US image showed on figure 2.r€lal coordinates were easily calculated

on the control scan (Fig. 4).

For each case, differences between real and vicagbinates of D and P on the three

axis, defined as X=|x"-x|,Y=|y’-y|,Z=|z’-z| respeely, was calculated. For each patient, the

+Yp+Zp+Xp+Yp+Z
global mean error(((” £ P6 p+Yp+Zp)

) was calculated. Mathematically, the Euclidian

distance is the Cartesian version of Pythagorastarém [12]. The distance (RV) between R

for real (X,Y,Z) and V for virtual (X’,Y’,Z’) in three-dimensional space is given by the

formula: /(x —x)2 + (y —¥)% + (z — z')2 =VX2 + Y2 + Z2. The Euclidean distance is



the best metric for representing the distance batveo points in a three-dimensional space

since it takes into account all of the three congod® of points position (X,Y,Z) equally [12].

The coordinates of the needle were calculatedarvtilume space of the operative
room. Pre-procedural and control CT-scan were ped with the anesthesia ventilator
stopped (end-respiratory pause). The operatortetséne needle and recorded its final
position when the patient was at the end-expirghtigse. However, as the respiratory pause
may not be exactly the same, the coordinates dii¢patic tumor and by extrapolation the
needle between the pre-procedural and the confreddan may change. In consequence, the
coordinates of the needle were calculated in tloel geferential taking into account
movements of the liver. For this, the differencésamrdinates of a liver point (A) easily
recognized on both scans performed befoge\x, za) and after the needle insertionx’

Y'a, Z'a), Were calculated. The liver point (A) may corresg to an anatomic structure next to
the tumor. Movement of the patients was not comsitl@ere as all the patients were under
general anesthesia and remained in the same positithe table. The difference between the
initial and the control coordinates of (A) was usedorrect those of the needle. Hence, the
real coordinates of the needle calculated on tied £ T-scan were rectified in the new

reference, that was the liver.

For each case, the duration of the procedure (dedtween the installation of the
FIGS and the CT-scan control), the distance betwleeskin entry point and the tumor, the
diameter of the tumor, the quality of the fusiocale between 1 (very bad) and 10 (very
good)) and the satisfaction of the operator (sbateveen 1 (not satisfied at all) to 5 (very
satisfied)) were determined. The quality indexd1®) indicated by the manufacturer on the
screen of the system (Fig. 4), depends on thesitieof the electromagnetic signal recorded

by the system.



Statistical analysis

The aim of the study was to estimate a distandeinvits interval of credibility. To determine
the sample size, a mean erpor 5 mm of accuracy for each axis, was considerdu av
standard deviatioa = 2.5 mm. A Bayesian analysis of the data (sofwRrOpenBUGS) was
performed to know the probability of the error {drfence between real and virtual
coordinates). The estimation determined a miniraale size of 20 patients, which was
increased to 25 in this study. No interim analygs scheduled. After the inclusion of the last
patient, the Bayesian analysis was performeg#$&r andu=7 mm. The differences were
compared to 7 mm by using gamma distributions asgkeBian methods. The relationship
between the quality of the fusion, the depth oflé#sgon, and the global mean error was

studied using Spearman'’s correlation coefficient.

Results

Mean tumor’s diameter was 22.6+£8.6 mm for a meagnthdéskin-tumor distance) of
90.1+30.8 mm (Table 2). Mean differences of (A) rchaates were 1.8£1.8mm, 2.1+2.0mm
and 3.8x4.3mm for |X-X al, [Ya™-Y al, |za’-z a| respectively. The absolute value of mean
differences of the three coordinates (|x’-X|, |i'{¥’-z|, mean+SD) were 4.06£0.9, 4.21+0.84,
4.89+0.89 mm for point D and 3.96+0.60, 4.41+0.B66+1.27 mm for point P (Fig. 5). The
X and Y coordinates were less than 7 mm with aabdity close to 1. Z coordinates were
not considered to be larger or smaller than 7 mmk@&bility > 7 mm close to 50%). The
mean Euclidean distancEY((xi*-xi)2 + (yi'-yi)? + (zi’-zi)?)/23) between vitual and real

coordinates was 8.5+4.7 mm and 10.5+5.3 mm fortdoiand P respectively (Fig. 6).

No correlation was observed between the deptheofuimor and the global mean error

for point P and D = -0.07). The mean duration of the procedure wilag+/-10 min. The use



of the fusion system increased the duration optieeedure for cases 6 and 8. In these cases,
fusion procedure took more time as orientationpiace (cranio-caudal inversion) was not

correct. This required restarting the initial stégusion which delayed the procedure.

Rigid coregistration was performed using one te {imean 2.2 + 1.2) internal
anatomic landmarks (portal vein, celiac artery,dtiepveins) to spatially match the two
imaging datasets to each other. No correlation éetvthe index of quality and the global

mean error{ = 0.097) was observed.

Globally, the operators were satisfied with thedosystem (mean of 3.75/5) and
used the system for the positioning of the finaddie (radiofrequency needle). No learning
curve effect was reported, as operators did not laay feedback on the accuracy of the

fusion system during the study.

Discussion

The accuracy of a fusion imaging guidance systanthi®insertion of a 22-gauge needle in
the liver was evaluated. The FIGS evaluated alloaxggation in both ultrasound and pre-
operatively acquired CT volumes with a mean diffieeein Euclidian coordinates of 8.5+4.7
mm and 10.5+5.3 mm for the tip of the needle andedle point located 3 cm proximally,
respectively. The error measured correspondsyfitstthe registration error, secondly to the
error due to the localized deformation of the orgad thirdly to liver motion during

breathing (even if precautions have been takeadster the data in expiration). Moreover,
an operator error may be added, as the needld seea on the virtual CT-scan: the operator
extrapolates the localization of the needle se¢h WE on the CT-scan picture. The aim was
not to report a clinical error, as the tip of theedle was not positioned at the center of the

tumor.



Different fusion systems using optical, electrometgnand cone beam CT-scan have
been evaluated and good accuracy of these syst&sriselen reported [13]. The use of FIGS is
very interesting when the operator needs informaftiom previous imaging modalities such
as positron emission tomography (PET), MRI or casttenhanced CT. The interest of the
multimodality image fusion is greater when the tunismnly seen on arterial or venous phase
CT or MRI: in this situation, the operator can agemor not visible with one modality alone
(US or non-enhanced CT) and can “fix” the enhancgragthe tumor for the time of the
procedure. Moreover, even if the tumor is seen Wii) only one part may be the target for
percutaneous biopsy or destruction. Fusion with B&h showing the metabolic activity of
the tumor may be helpful in these cases. In outystine operator was able to see the lesion
with US but the lesion was hardly identified or n@gtible on the unenhanced CT-scan. In
fact, the partial visibility of the lesion was repiuced which corresponds to the real

application and interest of the fusion system.

In previous studies, the overall error measuredesponds to the distance between the
needle tip and the center of the tumor [5,10,11164-n fact, the problem with the distance
of the needle tip to the tumor is that the targayine large (as in our study with a mean
tumor diameter of 22.6 mm): the system may be dansd as being accurate for larger
tumors but not for small ones. Moreover, the tiphaf needle can be in the tumor on the CT-
scan control and considered as being well pladdthwgh the operator may have thought to

be in a different location when performing the @dare.

Using the distance of the needle tip to the tacgeter, the accuracy of
electromagnetic systems in biopsy and ablationqatoes has been reported as being
clinically acceptable [17,18]. Using an electrometgmsystem, a spatial accuracy of 3.1+2.1
mm has been reported for image-guided interven{ib8f Authors of this article reported a

significant decrease of the radiation dose whengu$ie electromagnetic system. With a CT-



US imaging guiding system using electromagnetickiray, the mean registration error
reported was 3.0+0.1 mm using calf livers [10]alstudy using CT imaging alone with
electromagnetic needle tracking, the image registrarror was 1.4 mm in the phantom but
19 mm in the animal [17]. The accuracy of CT-USgmaystem was evaluated in pigs: from
6 mm for muscle and kidney, the accuracy droppelditoim in the liver [19]. This
discrepancy emphasizes the problem of respiratatyjom induced error. For an optimal
navigation in the US 3D volume, the operator nded=sert a pressure on the abdomen with
the probe that may stretch the liver in all threeahsions. This deformation is not taken into
account in the CT volume (rigid registration) ahd bperator has to adapt this pressure to
understand the location of the needle in the il3aCT volume. The liver motion during
breathing results in a modification of the realipos of the target, which is not shown in the
virtual CT volume [20]. Initial, final CT-scan amatocedure were performed in an ideal
situation as the patient was exactly in the sans#ipa on the table. With the system
evaluated in our series, there was no need of eatanfiducial skin markers for the
registration, but the operator had to choose anattandmarks visible on CT and with US.
This step is essential, and the operator has taptyulhe search of fusion points. Ideally, the
anatomic landmarks have to be fused exactly asah@e level and during the same breathing
cycle of the initial scan. For right intercostatass, the fusion quality index was
systematically low, situated between 4 and 5, wdeetbe quality index of the fusion point
was higher (between 8 and 10). This is explainethbyemoteness from the electromagnetic
field generator which has to remain fixed for bl procedures. When the index was low
(<5), the navigation in the CT volume was lessfl(the system had tendency to display the
image with a delay of few ms when moving the traicged). However, no correlation between

the quality of the fusion indicated by the systerd the precision was found.

10



The Euclidian distance (about 9 mm in our work)assn real and virtual points is
mathematically the most appropriate way to repbrspatial distances, but this measurement
has never been used in the literature for clireea@luations of fusion systems. This error is
substantial and may impact the quality of the attatparticularly concerning the margins.
However, the operators reported to be confidertt e system and the mean duration (delay
between the installation of the FIGS and the CTrsmantrol) was 14 min, which is correct.
The error measured should be reevaluated withgertion of the final needle that may
further modify the anatomy and when the prior MRC3 3D volume is performed away
from the procedure. This situation is closer td ex@ryday examinations. The interventional
radiologist must be aware of potential discrepanbigtween the reality and the virtual
information given by the fusion system, that mayehan impact on ablative margin or even

the safety of the treatment [21].

This study presents several limitations. Firsthg teconstruction of the virtual CT
plane added a supplementary error. It is difficolguantify the reproducibility of the virtual
plane. Secondly, the needle was not visible orvittheal CT-scan and an extrapolation of the
tip and angulation of the needle was made fromtBemage to the virtual CT-scan.
However, this extrapolation is mentally used bydperator when performing the puncture
and the same process was used for the measurerhedty, manual registration may be
changed for automatic image fusion techniques agipoing and sweeping auto-registration.
These techniques may improve the quality of thefuf?]. Fourthly, the error was
determined in ideal conditions as the CT-scan gambivas performed just before the
procedure in the exact position of the punctureer&f the ventilator was not halted during
the insertion of the needle, the patient was ugdeeral anesthesia and the insertion of the
needle was systematically performed at the endratquy phase. It would be interesting to

evaluate the accuracy of the system when the lo&descan or MRI is performed several

11



days before the puncture. Finally, the system leas lmupgraded with “needle-tracking” which
offers the opportunity to see virtually the neeatbethe CT-scan. This option has not been
used in this study. This option may help for th&uallization of the needle even if it does not
take into account the deformation of the needlmdy be more challenging to practice fusion
for other locations where anatomic landmarks magtitiicult to find (lung, peripheral bone

and articulations for example).

In conclusion, the results show that errors betweleat the operator sees on the
virtual CT-scan and where the needle actually ithencontrol CT-scan can be substantial. In
the situation of hepatic tumors that are diffidolivisualize, FIGS may be very helpful, but
the interventional radiologist has to be aware pbtential discrepancy between real and
virtual coordinates of the needle. It is recommehttepractice intermediate CT-scans to
confirm proper positioning of the probe. It mayrigeessary to insert two probes to

compensate the potential inaccuracies in ordebtaim sufficient margins.
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Table and figures legends:

Table 1. Inclusion and exclusion criteria.

Table 2. Details of the results for each patieatiddt’'s numbers correspond to a

chronological order. *delay between the installatod the FIGS and the CT-scan control.

Figure 1. Drawing showing the real pointg &1d R on the spinal needle (full line R) and the
virtual points Iy and R on the virtual needle (dotted line V)grnd B, correspond to the tip
of the needle. Pand R, correspond to a point located 3 cm proximally frbron the spinal
needle. The target (point (b) for border) corresisoto the entry point of the needle in the

tumor. The center (c) of the tumor is situatedl@needle’s path. For each point, the
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coordinates in the three-dimensional space oféhkand virtual points are compared and

used to determine the accuracy of the system.

Figure 2. Virtual CT image (left side) and corresgimg real-time US image (right side) used
for the insertion of the 22-gauge needle in therlihe distance between the tip of the needle
(white point in the circle in the US image) and liver capsula and angulation between the
needle and the tangent of the capsula are caldutei¢he US image and extrapolated in the

CT image.

Figure 3. Reconstruction of the virtual CT plan¢twihe initial CT volume to obtain virtual
coordinates of the tip of the needle (D’(x’, y’)xand a point on the needle 3 cm proximally
from the tip (P'(X’, y', 2')). All organs seen ohe picture have to present the same aspect as
on the virtual CT plane (Figure 2, left side fongmarison). Once the good plane obtained the
same angulation and distance of the needle invBeds seen on the real US image are

reported in the plane and on the virtual coordmatdculated.

Figure 4. Control CT-scan showing the spinal nedeiteximal (P) and distal (D) points

correspond to real coordinates of the spinal needle

Figure 5. Graphic representation of the mean doroX, Y and Z for the distal (D) and the

proximal (P) point. X-axis: mean error (mm); Y-axmimber of patients.
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Figure 6. Graphic representation of the mean Eeahddistance between virtual and real

coordinates. X-axis: mean Euclidian error (mm);Xsanumber of patients.
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Inclusion criteria Exclusion criteria

Age>18-year Pregnancy (contra-indication to X-ray
exposure)

Patient with primary or secondary hepatic Heart stimulator or defibrilator (contra-

tumor for which a radiofrequency ablation ighdication to the system’s electromagnetic

possible field exposure)

Patient who received clear explanation of Patient under tutorship

the radiofrequency and the study during a

consultation with an interventional

radiologist

Patient who signed the informed consent faontraindications to the radiofrequency

the ablation and the inclusion in the study treatment

CT-scan performed before the fusion and

after the insertion of the 22-G needle



Diameter Duration of | Number of Quality of
Depth of . .
Patient of 'Fhe the lesion the points used the fu.s,lon Global mean error
lesion procedure* for the (accordingto | for Pand D (mm)
(mm) (mm) (min) registration | the system)
1 22 89 20 1 9 3,0
2 16 82 10 1 10 4,8
3 41 89 11 2 5 3,3
4 35 70 10 2 4 2,4
5 40 75 8 2 7 10,1
6 18 120 40 1 8 4,2
7 22 80 15 3 4 4,0
8 16 150 45 3 4 2,3
9 12 80 7 1 7 4,6
10 13 128 17 4 5 4,0
11 27 60 10 5 4 4,8
12 25 120 8 2 6 6,4
13 25 150 8 1 8 3,6
14 30 140 13 5 7 8,5
15 12 60 11 2 5 5,0
16 28 70 7 1 7 9,3
17 15 70 25 2 5 2,1
18 12 50 8 1 9 2,9
19 15 100 17 3 4 5,5
20 30 90 8 2 9 2,1
21 25 40 8 3 7 7,0
22 20 80 14 2 4 51
23 20 80 18 1 4 3,5
Mean 22,6 90.1 14,7 2,2 6,2 4,7
SD 8,6 30.8 10,00 1,2 2,0 4.1






