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General Introduction and Thesis Outline

Introduction

The development of Cone-beam CT-guidance (CBCT-guidance) started as any
other ‘X-ray-using-technique’ with the fundamental discovery of the X-ray in
1895 by Wilhelm Conrad Réntgen [1].

In angiographic interventions the introduction of the floating table in 1973
was one step in the process of viewing different parts of the patient, but the
major change came when tube and image intensifier angulation was further
improved by also enabling rotation. This eventually resulted via the U-arm in
the C-arm in 1989 with full rotation and angulation around the patient now
being possible.

For angiography the development of digital subtractions angiography
(DSA) was very important [2,3] and for image-guided treatment many new
possibilities followed quickly like bolus chase, road mapping and eventually
rotational angiography (RA) in 1989. This technique was perfected resulting
in 3D-rotational angiography (3D-RA), introduced around 1998 [4]. With this
technique theimages of the region of interest are acquired in multiple directions
by rotating the C-arm over 180 degrees. With ‘back projection’a volume of the
contrast-rich structures was reconstructed making it possible to view the data
from any angle [5,6].

The next great leap was the development and introduction of the flat panel
detector (FPD) in 1995 [3]. The image intensifier with television was replaced
by a solid-state detector with direct production of a digital electronic signal
[7,8]. Because of the construction of the FPD the fluoroscopy images were not
subjected to distortion, as was the case in image intensifier systems. Further
advantages were the smaller size of the equipment setup, the more reliable
operation and the direct production of the electronic signal. Potentially the
radiation dose was lower than in image intensifier systems and is not different
in the different Field of View's (FOV) [3,7,8-11]. Among the disadvantages of FPD
systems is the fact that the separate elements of the FPD can degrade, resulting
in decreased image quality. Also FPD systems are more sensitive to temperature
changes and mechanical shocks. The spatial resolution of the FPD systems is
directly influenced by the size of the separate elements of the FPD [7].

One of the latest evolutions to the modern FPD fluoroscopy systems is
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rotational soft tissue cone-beam imaging. Evolving from 3D-RA there was also
an increasing need for viewing low-contrast structures in a 3D volume and
having CT-like imaging available. In the early days an angio-CT system was
developed, combining the conventional angiographic system with an in-room
CT-scanner. This system never became popular because of the high costs [12].
A better solution was offered by rotating conventional angiographic systems
>180 degrees. In this way the cone-beam shaped X-ray could be reconstructed
in a 3D CT-volume (cone beam CT imaging, CBCT). Feldkamp et al. [13] were the
first to describe a CBCT system. This system however used an image intensifier,
which had a very limited spatial resolution. With the introduction of FPD’s, that
have significantly better contrast and spatial resolution, a cone-beam CT with
sub millimeter isotropic volume reconstructions after a single rotation around
the patient was available [14]. This CBCT proved to have additional clinical value
to conventional angiographic fluoroscopy for example in suspected intracranial
hemorrhage, visualisation of highly flexible, minimal radiopacity stents and
in the perfusion of organs [15-17]. The further development of CBCT and its
clinical use is still an ongoing process. Where the first CBCT’s took 20 seconds
to acquire, these rotations are now possible in less than 6 seconds. The low-
contrast detectability of CBCT is now around 5 Houndsfield Units (HU) [18].

As stated by Orth et al.[12] and Hirota et al. [17], CBCT has a potential impact on
interventional radiology by allowing all types of interventional procedures to be
performed in the interventional suite, especially with the addition of dedicated
needle guidance software (navigation) to the interventional angiographic
C-arm fluoroscopy system in 2007: Cone-beam CT-guidance!

Using CBCT-guidance in a routine clinical setting has many advantages. The
availability of real-time fluoroscopic overlay makes it possible to biopsy moving
targets more accurately than with step-and-shoot modalities. For difficult to
reach lesions (e.g. lesions in the lower thoracic regions, in subphrenic locations
or in the upper pole of the kidneys) CBCT-guidance offers a competitive
(perhaps even better) method, compared to existing methods, to perform the
needle procedure. Using conventional CT-guidance for needle interventions
is of course possible but this often requires longer fluoroscopy times, larger
volumes to scan in order to follow the needle path, and good 3D insight of
the operator. Furthermore the workspace is much better in CBCT-guidance
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compared to CT-guidance (even when there is a dedicated large bore CT).
Over the past few years interventional radiology has seen a considerable
shift toward non-vascular interventions and especially toward interventional
oncology. For positioning biopsy needles but also for needle interventions in
ablation procedures there is an increasing need for reliable and accurate image
guidance in interventional procedures.

Thesis Outline

This thesis is divided in four parts. Part | focuses on the evaluation of Cone-

beam CT-guidance in percutaneous needle interventions in phantoms with
a comparison to conventional fluoroscopy (Chapter 1) and a comparison to
conventional CT-guidance (Chapter 2). In these chapters we mainly focused on
the accuracy, procedure-time, fluoroscopy-time and Dose-area Product (DAP).
The second part of this thesis describes the technique, accuracy and feasibility
in a clinical setting (Chapter 3), with special focus on percutaneous transthoracic
needle guidance (Chapter 4), kidney interventions (Chapter 5) and the use of
cone-beam CT-guidance in the treatment of type Il endoleaks (Chapter 6).
Part Il of this thesis highlights the radiation burden of this system when using
CBCT-guidance. In Chapter 7 the effective radiation dose for the patient was
investigated and compared to the resulting dose when using conventional
CT-guidance. Chapter 8 describes the results of the scatter radiation dose
measurements during Cone-beam CT-guidance procedures for the operator
and the effect of shielding on the scatter radiation dose.

The last part of this thesis outlines some important clinical features of the
navigation software. Since it is possible to import previously acquired CT- or
MRI data, the problem of the shift of major upper abdominal organs arises when
initially a supine position is used in these imported scans and a prone position is
needed for performing the intervention. The software enabling the needle path
planning was used to quantify specifically the movement of the kidney between
prone and supine patient positions (Chapter 9). In the last chapter (10) this
technique is evaluated in different types of procedures and different anatomic
locations and tips and tricks are provided based on our experience in over 600
procedures performed.
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Chapter 1

Accuracy Study of Needle Placement in

Percutaneous Vertebroplasty:
Cone-beam CT-Guidance versus Conventional Fluoroscopy



Chapter 1

Abstract

Objective:

To investigate the accuracy, procedure-time, fluoroscopy-time and dose-area-
product (DAP) in needle placement in percutaneous vertebroplasty (PVP)
between CBCT-guidance and fluoroscopy.

Summary of Background Data:

Accurate needle placement in PVP is crucial and conventionally performed
using fluoroscopy. More accurate needle placement technique can possibly
reduce complications and increase success rate of PVP. Recently, a sophisticated
technique to guide needles has been developed. This is achieved by a
combination of cone-beam CT (CBCT), navigation software and real-time
fluoroscopy.

Materials and Methods:

On four spine phantoms with 11 vertebras (Th7-L5), four interventional
radiologists (two experienced CBCT-guidance and two non-experienced)
punctured all vertebras bipedicular. Each side was randomization between
CBCT-guidance and fluoroscopy. The placement of the needle had to be to a
specific target point. After the procedure a CBCT was performed to determine
the accuracy, procedure-time, fluoroscopy-time and dose-area-product (DAP).
Analysis of the difference between the method and experience was performed.

Results:

Mean accuracy using CBCT-guidance (2.61 mm) was significantly better
compared to fluoroscopy (5,86 mm) (p<0.0001). Procedure-time was in favor
of fluoroscopy (7.39 vs 10.13 min p=0.001). Fluoroscopy-time during CBCT-
guidance procedures was lower, but this difference is not significant (71.3
vs 95.8 sec; p=0,056). The DAP-values for CBCT-guidance and fluoroscopy
were 514 and 174 mGy-cm?, respectively (p<0.0001). There was a significant
difference in favor of the experienced CBCT-guidance users in accuracy in both
methods, procedure-time of the CBCT guidance and of the added DAP-values
of the fluoroscopy.
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Conclusions:

CBCT-guidance allows users to perform PVP procedure more accurately at
the cost of higher patient-dose and longer procedure time. As procedural
complications are directly related to the accuracy of the needle placement,
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improvements of accuracy are clinically relevant. Training in CBCT-guidance is
essential to achieve higher accurate and decrease procedure time / dose values.
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Introduction

To stabilize and reduce pain of a fractured vertebra, the technique of
percutaneous Vertebroplasty (PVP) has been developed. During the PVP
procedure medical grade cement is injected via a large bore needle into a
fractured vertebra body. It is increasingly used as treatment for patients with
symptomatic vertebral compression fractures caused by osteoporosis (270,000
fractures yearly in the USA), but may also provide pain relief for patients
with vertebral hemangiomas and pathological fractures from vertebral body
tumors or bone metastases. It has been shown that immediate pain relief and
improvement of mobility, function and stature after PVP is significantly better
in the short term compared with optimal pain medication treatment [1-3].
Although, the success rate for this procedure in treating osteoporotic fractures is
73 10 90 percent, complications occur in about 1-10% of the cases, and they can
be severe [4]. Complications include postoperative mortality (rare), pulmonary
embolism and spinal cord lesions. They are often related to leakage of cement
outside the target vertebral body into adjacent anatomic structures and cause
problems such as nerve root irritation or cement embolization to the lungs via
the paravertebral venous plexus [5]. Accurate needle placement is crucial for
the procedures success and is conventionally performed using fluoroscopy.
More accurate and reliable needle placement technique can possibly reduce
complications and increase the success rate of PVP.

Recently, a sophisticated technique to guide the needle placement has been
developed. In the interventional radiology suite this is achieved by using Cone-
beam CT (CBCT), navigation software and real-time fluoroscopy guidance.

The aim of this study is to investigate the accuracy of CBCT with guidance
software (CBCT-guidance) in PVP compared to the use of only fluoroscopy
guidance. Besides the accuracy we focused on parameters like procedure time,
dose (dose area product (DAP)) and the effect of experience in using CBCT-
guidance.

Methods and materials

On four separate spine phantoms (Sawbones Europe AB, Sweden) with
11 vertebras each (Th7-L5), four interventional radiologists punctured all
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vertebra with a bipedicular approach at different moments. All radiologists
had experience with PVP using fluoroscopy. Two were experienced users of
CBCT-guidance (each >200 procedures in clinical setting). In every vertebra
two needles (Osteo-site® Vertebroplasty Needle 13 G, Cook Medical Inc,
Bloomington, USA), were placed, on one side with the use of only fluoroscopy,
and on the other side with CBCT guidance. The level of the vertebra and the
method of use were at random selected (Figure ).

Figure 1. A) Set-up of the procedure. B) Body phantom with a see-thru coverage of the spine phantom.
During the procedure the spine phantom was not visible because of a closed coverage. C) Lateral view
of the spine phantom (Sawbones Europe AB, Sweden).

Due to the development of flat panel detector in C-arm fluoroscopy systems
it is possible to make a Cone-beam CT. Merging the CBCT with dedicated
guidance software and real-time fluoroscopy the system is suitable for needle
interventions [6,7]. We used the Allura FD20 C-arm interventional system with
CBCT-guidance (XperGuide, Philips Heathcare, The Netherlands). In CBCT-
guidance a CBCT is made and within the reconstructed volume, the user draws
a needle path from the target to the skin, avoiding vital anatomic structures.
Once the virtual trajectory is determined, the optimal imaging angulation is
calculated and programmed instantly with automated coupling with the
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C-arm.The 3D data set and virtual trajectory are co-registered with the real-time
fluoroscopy image. The needle path (with a 5 mm safety margin) is projected
on to the fluoroscopy image, producing a highly accurate real-time image of
needle positioning and progression toward the target. The needle is fixed in the
proper angulation at‘entry point view'and with the‘progress view’ the progress

of the needle to the target is visualized (Figure 2).

Figure 2. Procedural images; overlay images of the CBCT slice (blue background) and the fluoroscopy
image (gray box, marked with arrowheads). The needle is indicated with a curved arrow. A) Shows the
entrypoint view and B) shows the progress view.

The defined target point is at the anterior 1/3 border of the vertebral body
and on 1/3 of the lateral sides of the vertebral body. The height of the tip is
at the lower 1/3 of the vertebral body (Figure 3). To measure this distance [in
mm] a control CBCT was performed after the placement of the needle, with
the needle still in place. The distances were measured in three dimensions
using the measurement tool. A failure was defined as placement of the needle
(-tip) outside of the vertebral body, checked during the control CBCT or when

I

Figure 3. The designated target point in the vertebra (axial and sagittal view), marked as a black dot.
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an iatrogenic fracture occurred due to the placement of the needle. The dose

values from this control CBCT were not included in the total dose measured

with the dose area product (DAP) value [mGy.cm2], since this extra scan is not
necessary in a regular percutaneous vertebroplasty procedure.

The following parameters were recorded for each needle placement and

are presented with mean and standard deviation (SD) for the two different

navigational techniques:

«  The accuracy of the needle placement [mm]

«  Procedure time: defined as the time from the start of the fluoroscopy until
the decision of the interventional radiologist that the needle is in place
[min]

«  The DAP value (the DAP is split up in the contribution of fluoroscopy and
total DAP including the planning CBCT) [mGy-cm2]

+  Fluoroscopy time [seconds]

Dataanalysiswas performed using Excel 2007 (Microsoft, Redmond, Washington)

and Minitab software (version 15.1.1.0). To measure statistical significance the

Two-sample T-test was used to compare the average difference between the

two techniques. Differences were considered significant when the p-value

was <0.05. Differences were also measured between the two interventional
radiologists with experience in using CBCT-guidance as a navigation tool

(both done >200 procedures in clinical practice) and the two interventional

radiologists that did not have any experience with CBCT-guidance.

Results

All four interventional radiologists punctured each their own spine phantom
with 11 vertebras on both sides. So in total 88 PVP procedures were performed,
half with CBCT-guidance and the other half with conventional fluoroscopy.
Two of the interventional radiologists placed all the needles successfully; one
interventional radiologist had one failure under fluoroscopic guidance. One
interventional radiologist had 5 failures in placing the needles. Three of these
were done using CBCT-guidance guidance, and two with fluoroscopic guidance.
All failures were excluded in the statistical analysis except for the success rate.
Overall success rate in needle placement is 86.4 %, with no difference between
the two navigation methods.
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Guidance by CBCT-guidance compared to guidance by fluoroscopy

A summary of the data is presented in Table 1. The mean (SD) accuracy when
placing the needle under CBCT-guidance was 2.61 (1.72) mm. This gives a
significant difference (p-value < 0.0001) to fluoroscopy guidance with a mean
of 5.17 (3.35) mm (Figure 4).

Table 1. Detailed information for needle placement in percutaneous vertebroplasty using CBCT-
guidance or Fluoroscopy and the difference between experienced CBCT-guidance users versus
inexperienced users in needle placement.

Experienced | Inexperienced

Method Mean (SD) p-value | Mean (SD) Mean (SD) p-value
Accuracy CBCT-guidance 2.61(1.72) 0.000 1.95(1.18) | 3.41(0.46) | 0.010
[mm] Fluoroscopy | 5.17 (3.35) 3.41(1.96) | 6.93(3.56) | 0.001
. CBCT-guidance | 10.23 (3.99) 7.73 (2.25) | 12.73(3.81) | 0.000

Procedure time 0.003
[min] Fluoroscopy 7.66 (3.77) 6.73(3.64) | 8.59(3.75) | 0.102
CBCT-guidance 514 (134) 468.1(91.3) | 562 (156) 0.019

DAP total 0.000
[MmGy-cm?) Fluoroscopy 174 (113) 134 (114) 215 (100) 0.014
CBCT-guidance | 101.4 (94.6) 64.2 (29) 144 (124) 0.009

DAP fluoroscopy 0.097
[MmGy-cm?] Fluoroscopy 134.1 (91) 98.1(88.3) | 170.1(80.2) | 0.006
. CBCT-guidance 71.3(59.2) 44.2 (22.7) | 100.0(72.3) | 0.002

Fluoroscopy time 0.056
[sec] Fluoroscopy 95.8 (61.9) 68.3 (35.0) | 123.4(70.8) | 0.002

The mean (SD) procedure time of the CBCT-guidance navigation had an average
procedure time of 10.13 (4.00) minutes, that was significantly longer compared
to fluoroscopy guidance with an average procedure time of 7.39 (3.67) minutes
(p-value = 0.001); see Figure 5.

The mean total DAP value of placing a needle with the CBCT-guidance technique
was 514 (134) mGy-cm2 compared to 174 (113) mGy-cm2 when using only
fluoroscopy to place the needles (p-value < 0.0001). Difference in DAP added
to the procedure due to fluoroscopy is not significant (p-value = 0.097) when
comparing the two navigation techniques. The fluoroscopy time did not show
a significant difference (p-value = 0.056) between the two techniques with a
mean (SD) for the CBCT-guidance navigation of 71.3 (59.2) seconds compared
t0 95.8 (61.9) seconds in using fluoroscopy for placing the needles.
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Figure 4. Boxplot of the accuracy of the needle placement. Horizontal line is the mean value; the box is
an interquartile range box; the vertical line extends to the maximum data point within 1.5 box heights
from the top of the box, the asterisk is an observation that is beyond the upper or lower whisker

Experienced CBCT-guidance users compared to inexperienced CBCT-
guidance users

Datais presented in Table 1.When comparing the accuracy using only fluoroscopy
guidancethere was a significant difference (p-value=0.001) for experienced CBCT-
guidance users with a mean (SD) of 3.41 (1.96) mm compared to inexperienced
users with a mean (SD) of 6.93 (3.56) mm. When using CBCT guidance as a
navigational tool, a significant difference (p-value = 0.010) in accuracy was
found for experienced users, 1.95 (1.18) mm, compared to inexperienced CBCT-
guidance users, 3.41 (1.96) mm (Figure 4).

The mean procedure time using the CBCT-guidance tool for navigation between
experienced users (mean (SD) 7.73 (2.25) min) and inexperienced users (mean (SD)
12.73 (3.81) min) of CBCT-guidance was significant different (p-value < 0.001). This
difference was not significant (p-value = 0.102) when using fluoroscopy guidance
(Figure 5). When comparing the dose added to the procedure by fluoroscopy
there was a significant difference between experienced and inexperienced users
of CBCT-guidance in both methods. (CBCT-guidance (p = 0.009) and conventional
fluoroscopy (p = 0.006)) (Table 7). The difference of DAP coming from fluoroscopy
for both the experienced and inexperienced users between the two techniques
was not significant (p-value =0.092 and 0.409 respectively).
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Boxplot procedure time
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Figure 5. Boxplot of the procedure time of the needle placement. Horizontal line is the mean value;
the box is an interquartile range box; the vertical line extends to the maximum data point within 1.5
box heights from the top of the box, the asterisk is an observation that is beyond the upper or lower
whisker

Discussion

This study shows that needle placement for PVP with CBCT-guidance is
significantly more accurate than placement of the needle with the use of
fluoroscopy only. Under fluoroscopy the average distance of the needle tip
to the target is over the 5 mm safety margin, while the average needle-tip-to-
target distance when using CBCT-guidance was 2.61 (1.72) mm. Furthermore
the differences in observations and results between the experienced CBCT-
guidance users versus inexperienced CBCT-guidance users suggest that
training with CBCT-guidance improves the outcome.

The use of CBCT without guidance software in PVP has been reported in
literature. Cone-beam CT aids correct evaluation of vertebral fractures and
vacuum phenomena in adjacent disks before PVP and can detect cement
leakage after PVP [8]. Compared to conventional CT and biplane fluoroscopy,
CBCT offers improved anatomic visualization allowing high accuracy
instrumentation placement, improving procedure results and minimizing risk of
complications [9]. The results suggest that high-quality CBCT is reliable and safe
as asingle technique for PVP guidance, control and post-procedure assessment.
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It permits fast and cost-effective procedures avoiding multi-modality imaging
[10]. Another case reported on the use of CBCT where the most suitable point
for needle insertion was determined by using a pilot needle during a second
rotational run [11].

However these studies only use the CBCT for start and outcome imaging. Our
study uses the additional needle planning’s software that shows an additional
value.

Maeda et al. [12] presented their experience with experimental phantoms using
the CBCT-guidance system. They reported technical success of 93.8% (15/16)
for reaching the desired target successfully on the first needle pass. The mean
distance from the final needle tip to the target was 3.83 +/- 1.92 mm in the
successful passes, which are comparable result to our study.

Clinical experience using CBCT-guidance with needle planning guidance was
reported in the following two studies. Tam et al. [13] used needle path overlay
to puncture 12 vertebral levels in 10 patients. Technical success rates were 92%
for both distance from planned path and distance from midline to final needle
tip. The success rate was 100% when distance from needle tip to anterior 1/3
border of the vertebral body was measured, and 75% when distance from
target to needle tip was measured. We previously reported on 145 needle
interventions performed using CBCT-guidance guidance on 139 patients with
a 100% technical success (within 5 mm safety margin) of which 18 procedures
were spinal interventions [7].

Our result shows that CBCT-guidance causes a longer procedure time for a
PVP procedure, which is a potential disadvantage. Since there is no statistical
significant difference in procedure time between the experienced and
inexperienced CBCT-guidance users when using only fluoroscopy guidance,
the extra procedure time is due to acquisition and planning of the needle
trajectory. Training in CBCT-guidance can decrease the procedure time as can
be suggested by the results of the comparison between the experienced and
inexperienced users.

Also CBCT-guidance has a significant higher dose value compared to
fluoroscopy, which is a disadvantage too. This is because the CBCT adds extra
dose to the procedure. The reduction of the fluoroscopy dose during a CBCT-
guidance is lower than the added value of the CBCT. Miller et al. [14] reports that
in general the PVP procedures do not have the issue that the total dose of the
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procedure is too high, especially compared to vascular procedures in general
in interventional radiology. We believe that the additional dose of a CBCT
in a PVP procedure is justifiable because of the additional value of the CBCT
(e.g. evaluation of the fracture, determine the target position of the needle,
evaluation of cement distribution) and the significant higher accuracy.

The dose received by the staff could be something to worry about. As the staff
is not exposed during the acquisition of the CBCT, the only contribution for
the staff dose is the fluoroscopy. Using CBCT-guidance the fluoroscopy time
is shorter than during fluoroscopy guidance so the staff dose will be lower
than during the conventional fluoroscopy method [14,15]. The exact dose for
the operator was not recorded in our study. There is a significant difference in
DAP added to the procedure by fluoroscopy when using CBCT-guidance when
comparing experienced CBCT-guidance users with the inexperienced CBCT-
guidance users. This indicates again that training on the CBCT-guidance systems
also increases the optimal usage of the X-ray equipment.

The use of CBCT in combination with electromagnetic tracking-based navigation
systems allows a precise needle positioning in the vertebra [16]. In the future
C-arm CT based navigation systems will probably allow simplified and safer
complex interventions and simultaneously reduce radiation exposure [17].

The main complications during PVP have to do with cement leakage. Cement
leakage can be caused by over augmentation [18]. Such overfilling also renders
the system more sensitive to the placement of the cement because asymmetric
distributions with large fills can promote single-sided load transfer. These
results suggest that large fill volumes may not be the most biomechanically
optimal configuration, and an improvement might be achieved by use of lower
cement volume with symmetric placement [19]. This shows that the placement
of the needle and distribution of the cement is important. Studies showed
that the middle third of the vertebral body is the optimal position regarding
cement distribution. It is possible to reliably determine the position of needles
in vertebral bodies with the aid of an intraoperative 3D scan. This can lead to a
reduction in complications associated with puncture errors in PVP [20]. CBCT-
guidance can probably have an additional value for the determination of the
target position of the needle and therefore for the distribution of the cement.
There are some limitations to this study; we used a phantom spine in which the
vertebra and pedicle structure are standardized. In clinical practice there will be
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deformation of the vertebra / pedicles, however to excluded these variability for
comparison of the two methods we chose deliberately for this setup. Despite
the potentially more difficult to access clinical vertebras we believe the same
results will apply with different target configuration. The next step will be to
perform a study in cadaver or in clinical setting to verify our results. Tan et al. [13]
described the first clinical results. They report a lower success but they only had
PVP performed on 10 patients. The reported DAP values are of no clinical value,
but give an estimation of the ratio between CBCT-guidance and fluoroscopy.

Conclusion:

CBCT-guidance allows users to perform PVP procedure more accurately at the
cost of more dose and procedure time. As procedural complications are directly
related to the accuracy of the needle placement, improvements of accuracy
are clinically relevant. Training in CBCT-guidance is essential to achieve higher

accuracy and decrease procedure time / dose values.
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Chapter 2

Cone-beam CT guidance Provides
Superior Accuracy for Complex Needle
Paths Compared to CT guidance



Chapter 2

Abstract

Objective
To determine accuracy of cone-beam CT (CBCT) guidance and CT guidance in

reaching small targets in relation to needle path complexity in a phantom.

Materials and Methods

CBCT guidance combines 3-dimensional CBCT imaging with fluoroscopy
overlay and needle planning software to provide real-time needle guidance.
The accuracy of needle positioning was assessed for inplane, angulated and
double angulated needle paths. Four interventional radiologists reached four
targets along the three paths using CBCT and CT guidance.

Accuracies were compared between CBCT and CT for each needle path, and
between the three approaches within both modalities. The effect of user
experience in CBCT guidance was also assessed.

Results

Accuracies for CBCT are significantly better than CT for the double angulated
needle path (2 vs. 7 mm, p<0.001). Angulated and double angulated CT guided
needle placements show significantly decreased accuracies compared to
inplane placements. CBCT guidance showed no significant differences between
the three approaches.

For double angulated needle paths, experienced CBCT users show better
accuracy than less experienced users (2 vs. 3 mm, p=0.003).

Conclusion

In terms of accuracy, CBCT is the preferred modality, irrespective of the level of
experience, for more difficult guidance procedures requiring double angulated
needle paths.
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Introduction

Needle guidance for puncture or other minimally invasive procedures is
increasing in standard interventional radiology practice. In local therapy
procedures, such as percutaneous ablations, accurate placement of one or
more needles is important in order to provide effective treatment [1]. Especially
in treatment or biopsy procedures of small lesions, the tip of the needle needs
to be placed within a range of millimeters of the target point. The role of image
guidance therefore becomes more significant as aid in accurate percutaneous
needle placement [2].

Currently, most needle placement procedures are performed using computed
tomography (CT) guidance, fluoroscopy or ultrasound [3]. CT images provide good
visualization of the target and surrounding tissues. For needle guidance, however,
CT has limitations mainly because it does not allow real-time feedback on needle
progression. For semi-real-time imaging within the CT scanner, CT-fluoroscopy can
be used at the expense of higher patient and operator radiation dose [4].
Fluoroscopy in the angio suite, on the other hand, provides optimal patient
accessibility and real-time imaging of needle progression but is limited to
2-dimensional visualization. A radiation-free technique that also provides
real-time imaging is ultrasound. However, the accuracy is operator dependent
and, due to ultrasound’s low penetration depth, the area of use is restricted to
superficial targets and moderate-sized patients [3].

New techniques combining cone-beam CT (CBCT) and fluoroscopy with
dedicated needle guidance software within an angiography C-arm system aim
to overcome the disadvantages of CT and allow real-time 3-dimensional needle
guidance in the interventional suite [5].

Several authors described the use of this CBCT with navigational tools in
various types of procedures [6-15]. Braak et al. [10] describe effective patient
dose of CBCT guidance procedures to be 13-42% compared to CT guidance
for abdominal and thoracic procedures. However, up until now the accuracy
of CBCT guidance for reaching small (millimeter-sized) targets has not been
addressed specifically.

The purpose of our phantom study was to determine and compare the accuracy
of CBCT and CT guidance in reaching small targets by paths with different levels
of complexity under standardized conditions.
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Materials and methods

Phantom

To analyze accuracy, a modified model 057 Interventional 3D Abdominal
Phantom (CIRS Inc., Norfolk, USA) was used for simulating abdominal needle
placements in a standardized setting. The phantom represents a small adult
abdomen (range T9/T10-L2/L3) and consists of materials mimicking tissues in
CT imaging. Four 2.3 mm spheres (CT spots #119, Beekley, Bristol, USA) acting
as targets were placed randomly spread in the phantom.

Needle placement procedure

The procedures were performed using CBCT guidance (XperGuide; Allura Xper
FD-20 Angio system, Philips Medical Systems, Best, The Netherlands) and CT
guidance (Siemens SOMATOM Sensation 16 CT scanner, Siemens, Erlangen,
Germany). Each of the four targets was reached with an 18 G, 20 cm long
Trocar needle (COOK Medical, Bloomington, USA) following three paths with
different degrees of difficulty (Figure 1). First an inplane path in which the skin
entry point and the target were in the same axial plane and on a vertical line
(direction of A-axis Figure 1). The second path followed an angulated line in one
axial plane (R/A plane in Figure 1). For the third, and most difficult needle path,
the skin entry point and target were located on a double angulated line, which
means an angulated needle path crossing several axial scanning slices. Four

experienced interventional radiologists (JF, SB, MS, LSK) were asked to reach all

Figure 1. Outline of the Interventional
3D abdominal phantom showing an
internal target (black dot) and three
corresponding needle trajectories:
dotted/dashed line = inplane trajectory,
dashed line = angulated trajectory, and
solid line = double angulated trajectory.
Grey spots represent the corresponding
skin entry points. The axes indicate the
right (R), head (H) and anterior (A) sides
of the phantom.
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four targets along the three paths, as if a clinical procedure, on both modalities.
All radiologists are experienced users of CT guidance (SB, JF >5 years; MS, LSK
>10 years). All four had received training using the CBCT guidance software by
a representative of the company and were allowed to practice. However, there
were differences in the level of clinical experience with the guidance software.
Two radiologists had performed only a few cases (i.e. <10; JF, LSK), the other two
(SB, MS) performed over 200 clinical guidance procedures. A slightly different
path was chosen for each puncture to avoid placing the needle in a previously
followed path possibly still present in the phantom material. The precise angle
of the needle path does not necessarily influence or determine the difficulty of
the needle placement, however, the direction of the angulation does (inplane
angulated vs. angulated through several axial planes).

CBCT

The CBCT guidance procedure started with acquiring an CBCT scan (312
projections over 240°) and reconstruction of a 3D data set. In this 3D data set
both target and skin entry point were defined by the interventional radiologist
so as to create a safe needle path. The 3D data set with planned needle path was
overlaid with the real-time fluoroscopy images and the projection followed the
movements of the C-arm [5, 6]. This allowed real-time visualization of needle
position and progression towards the target point.

The optimal imaging projections (i.e. rotations and angulations of the C-arm)
for needle guidance were automatically calculated after the needle path was
determined. The first view was the entry point view in which the skin entry point
is superimposed on the target point. This view was used to position the needle
at the entry point. Next the progression view, perpendicular to the needle path,
was used to monitor needle progression along the planned path allowing
real-time guidance of the needle. When the needle had reached the target, an
approximately 50% collimated CBCT scan was acquired to check the needle
insertion accuracy in 3D. In all CBCT procedures the same imaging protocols
were used for CBCT images as well as for fluoroscopy, hence the imaging
parameters were equal. A SeeStar needle holder (AprioMed, Uppsala, Sweden)
was optionally used to support the needle during insertion by preference of
the radiologist.
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CcT

The CT guidance procedure started with a scan of the entire phantom (45 slices,
120 kV, 110 mAs) to determine the entry point and needle path towards the
target. After placing the needle at the entry point repeated axial scans were
acquired for progression control (6-24 slices, 120 kV, 54 mAs). For the double
angulated needle paths, the complete needle path was scanned to visualize
needle progression towards the target.

Analysis

The needle guidance procedures with CBCT guidance were compared to the
procedures using CT guidance for each of the needle paths (inplane, angulated
and double angulated), based on the accuracies. The accuracy is quantified
by measuring the shortest distance from the needle tip to the centre of the
target, measured in mm in a reconstructed 3D volume. This deviation from the
target was determined on the verification CBCT scan or the last acquired CT
scan. As the level of experience in using CBCT guidance differed, accuracy for
the experienced users was compared to the trained users. For the CT guided
procedures we assessed whether there were differences in accuracies between
the four radiologists.

In addition, the needle placement time, from the beginning of the first scan
(for needle path planning) to the end of the verification CBCT scan or the last
acquired CT scan, was recorded (in minutes) and compared between CBCT and
CT procedures.

Statistical analysis

Statistical analysis was performed with use of SPSS version 18.0. The Mann-
Whitney test was used to compare the groups. Two-sided p-values < 0.05 were
considered statistically significant. All values are represented as median (range).

Results
Accuracy
The accuracies for both CBCT and CT guided procedures are represented in

Figure 2. The distance between the needle and target centre is smaller using
CBCT guidance, i.e. more accurate. The difference between CBCT and CT
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guidance is statistically significant for the angulated (3 mm (2-6) vs. 4 mm (3-
11), respectively) [p=0.024] and double angulated paths (2 mm (1-7) vs. 7 mm
(2-11), respectively) [p<0.001].

With CT guidance the accuracy decreases with increasing level of difficulty. The
accuracies of both the angulated [p=0.007] and double angulated [p<0.001]
paths are significantly worse compared to the inplane path. With the increasing
median deviation distance, also the range of the deviation distances increases,
from 6 mm for the inplane path to 9 mm for the double angulated path. For
CBCT guidance, however, the three needle paths result in the same level of
accuracy (about 3 mm) with no significant differences between the three paths

(Figure 2).
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Figure 2. Boxplot showing deviation of the needle tip from target point for both CT (solid) and cone-
beam CT guided procedures (white) for the three trajectories separately.

Experience level

The accuracies for the trained and experienced CBCT users are presented in
Figure 3. With a median of 2 mm for all three needle paths and all needles placed
within 4 mm of the target point, the experienced users are more accurate
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Experience level
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Figure 3. Boxplot showing the deviation from target point for each needle path as was reached by
experienced users (solid) and less experienced users (white) of CBCT guidance.

compared to the trained CBCT users (median 4 mm) [p=0.002]. The ranges
of accuracies achieved by trained users are larger compared to the ranges of
experienced users, while the median values are comparable. Comparing the
two levels of experience results in statistically significant difference for the
double angulated needle paths (3 mm (2-7) vs. 2 mm (1-2) for the trained and
experienced CBCT users, respectively) [p=0.003]. For this double angulated
needle path, both trained and experienced users show statistically significant
better accuracies using CBCT guidance compared to CT guidance [p-values are
0.016 and <0.001, respectively]. For the inplane and angulated needle paths,
the differences between trained and experienced users are not statistically
significant (3 mm (2-9) vs. 2 mm (1-4) and 4 mm (2-6) vs. 3 mm (2-4) for inplane
and angulated needle paths, respectively). Comparing the three needle paths
within the group of trained users, there are no significant differences. For the
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experienced users, however, the double angulated needle path shows a small
but significant increase (1 mm) in accuracy compared to the angulated needle
path [p=0.015]. The small range and low median value of the double angulated
path compared to the other paths might be explained by the limited number
of radiologists.

For the CT guided procedures, there are no statistically significant differences
between the four radiologists. This indicates that the large spread in accuracy
for the double angulated path is not influenced by experience in using CT

guidance.

Needle placement time

There were no significant differences between CBCT and CT guidance for any of
the used needle paths. A slight increase in placement time was only statistically
significant between the inplane and double angulated paths for both CBCT (7
min vs. 10 min [p=0.015]) and CT guidance (6 min vs. 8 min [p=0.018]).

Discussion

The salient result of the presented phantom study is that effective needle
guidance with approximately 3 mm accuracy was found to be feasible using
CBCT guidance irrespective of the difficulty of the needle path. This contrasts
to CT guidance where the accuracy decreases significantly with increasing
level of difficulty, resulting in deviations from target of up to 7 mm for the
double angulated path. The level of experience in using CBCT is another factor
influencing accuracy, as the results indicate a learning curve for more difficult
needle paths. However, even the less experienced users achieved significantly
better accuracies compared to CT guided needle placements.

This study shows no differences in needle placement time between CBCT and
CT. The measured time is only an indication for the time needed to actually
place the needle. Total procedure time in clinical practice comprises more
aspects, such as patient preparation and treatment time. Braak et al. have
reported median intervention time to be 28.5 minutes, with a range from 3 to
96 minutes [6]. Our phantom study results are in the lower part of the range
with 4 to 13 minutes for all needle placements.
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This study is, to the best of our knowledge, the first to evaluate accuracy of
needle guidance with regard to the level of the complexity of the used needle
path. Some authors have reported achieved accuracies using CBCT guidance
in small patient groups to be <5 mm in most of their cases [8, 12, 13], however,
these groups are small and there is no or little information about the used
needle paths. Nonetheless, this suggests that also in clinical practice accuracies
of around 3 mm can be reached irrespective of the complexity of the needle
path and the user experience level.

Accurate needle placement is essential for effective treatment in local therapy.
However, a minimal deviation from the target, in the order of a few millimeters,
will not always affect treatment outcome. The 7 mm deviation as observed in
the case of the double angulated procedures using CT guidance, on the other
hand, can be expected to impact treatment outcome. For instance, the targeted
small high contrast nidus in radiofrequency ablations of osteoid osteoma is
most often smaller than 10 mm [13]. Here, as the ablation zone is approximately
2 cm around the needle tip, a deviation from the target point of over 5 mm
will result in partial treatment, or even worse, missing the nidus completely.
Our phantom study results show that needle placement within 5 mm of target
point is most commonly achieved using CBCT guidance. Such accuracy was
not attained in most CT guidance procedures. We therefore suggest that these
procedures are performed using CBCT guidance.

Some limitations in our study have to be addressed. As we used solid targets of
2.3 mm inside the phantom, the maximal experimental accuracy to be achieved
was limited to 1-2 mm.

Radiation dose was not addressed in this study, partly because the small
abdominal phantom used resulted in dose values that are not representative
for patient care. Moreover, a comparison of effective patient doses between
CBCT and CT guidance has already been provided by Braak et al. who report
13-42% dose reduction for CBCT guidance compared to CT guidance [10].

As our study was a phantom study, all puncture conditions were optimized.
In clinical practice the conditions and the patient could result in increased
deviation from the target. A factor influencing accuracy, irrespective of the
guiding modality, is movement of either patient or target tissue. In CBCT
guided procedures, patient movement such as breathing results in a mismatch
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between the fluoroscopy overlay and the planned path on CBCT images. In
our phantom study this was not an issue, but in clinical practice this is likely
to influence procedure accuracy. For this reason we are currently looking into
methods to account for breathing motions to improve accuracy of CBCT guided
needle placement in tissues affected by breathing.

We have quantified accuracies of needle guidance using a model for high
contrast lesions. Clearly, the success of needle placement depends on the
visibility of the target and surrounding tissues. Low contrast targets are not
always well visible in CBCT images. Therefore, other methods of visualization
of the target tissue should be used. One method is contrast enhancement by
administering a contrast agent. Another method is to bring images of other
modalities into the angio suite by image registration with prior acquired CT or
MR images that do visualize the target and surrounding tissues.

In conclusion, CBCT shows significantly higher accuracy than CT in reaching

small targets with double angulated needle paths. Here, notwithstanding the

apparent learning curve, CBCT allows more accurate needle placement.
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During Needle Interventions:
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Abstract

Objective

Real-time 3D fluoroscopy guidance using cone beam CT with dedicated needle
path planning software is a promising new interventional technique. The
objective of this study was to evaluate the procedure and to assess the accuracy
and feasibility of this technique for use in needle interventions.

Subjects and methods

All procedures were performed using a flat panel-based fluoroscopy system
capable ofacquiring conebeam CTimagesand dedicated needle path-planning
software. This new technology allows the use of fluoroscopy coregistered
with a 3D data set reconstructed from the acquired attenuation information.
The needle trajectory is planned in the 3D data set using the needle path-
planning software. The calculated trajectory is then projected on to the real-
time fluoroscopy image. Fluoroscopy time, accuracy, technical success of the
procedures, median procedure time, and complications were recorded in 145
interventions.

Results

One hundred forty-five needle interventions were performed in 139 patients
using real-time 3D fluoroscopy guidance. Procedures were divided into five
groups according to anatomic region: upper thoracic (n = 19; 13.1%), lower
thoracic (n = 18; 12.4%), upper abdominal (n = 65; 44.8%), lower abdominal (n =
13;9.0%), and musculoskeletal (n = 30; 20.7%). Thirty needle interventions were
therapeutic, and 115 were diagnostic biopsies. All interventions were within
the predefined 5-mm safety margin and achieved 100% technical success. A
histopathologic diagnosis could be made in 91.4% of the diagnostic biopsies.
The median interventional procedure time was 28.5 minutes, and the median
fluoroscopy time was 2 minutes 58 seconds. There were minor complications in
six patients (4.3%) and one major complication (0.7%).

Conclusion

Real-time 3D fluoroscopy guidance is a new, promising, and feasible technique
providing high accuracy in needle interventions.
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Introduction

Several different techniques are available for performing imaging guided
needle interventions, all with their own specific advantages and disadvantages.
Ultrasound and CT are most commonly used. Cone beam CT is a new emerging
technology that allows 3D image acquisition via a C-arm fluoroscopy system.
It has been reported as a valuable imaging tool for preoperative planning in
(invasive) head and neck surgery because of its good bone and soft-tissue
resolution [1, 2]. Until recently, cone beam CT was not used with real-time
tracking and navigation. A newly developed real-time 3D fluoroscopy guidance
system for needle interventions merges cone beam CT with dedicated
planning software and real-time fluoroscopy (XperCT, XperGuide, and Allura
FD20 angiography interventional system, all from Philips Healthcare) [3]. This
prospective article explains the technique and describes the accuracy and
feasibility of real-time 3D fluoroscopy guidance during needle interventions in
a wide clinical setting.

Subjects and Methods

Patients

Patients were included from October 2006 to November 2008. All patients
with an indication for CT-guided needle intervention were included in the
evaluation and were referred for this new technique. Eligible patients included
those who needed percutaneous intervention for a target lesion that was not
accessible by ultrasound. In addition, patients had to be able to lie reasonably
still for < 45 minutes and, preferably, to comply with breath-hold commands if
needed. There was no target lesion size limit. Patients with contraindications for
percutaneous intervention (e.g., blood coagulation disorder) were excluded. If a
safe needle path was not possible in planning of the needle trajectory (because
of interposition of other vital anatomic structures), the patient was excluded.
This was never the case in our population. Informed consent was obtained for
all patients. One hundred forty-five procedures were performed in 139 patients:
90 (64.7%) were men, and 49 (35.2%) were women. The mean (+ SD) age at the
time of the procedure was 63.7 + 1.09 years (range, 23.9-91.0 years). The mean
(+ SD) diameter of the target lesion was 32.04 £ 1.8 mm (range, 9-124 mm).
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Table 1. Baseline Data Study Population

Characteristic Value

No. of procedures per patient, mean 1.04

Age (y), mean 63.7

Male (%) 64.7

No. of biopsy passes, mean + SD 27112

Diameter of target lesion (mm), mean + SD (range) 42.6 + 6.3 (14-124)
Upper thorax (n = 19) 39.4+4.9(9-77)
Lower thorax (n = 18) 32.7 £2.7 (9-102)
Upper abdomen (n = 65) 36.4 +5.0 (10-66)
Lower abdomen (n = 30) 17.9+1.1(10-33)

Note: There were 145 procedures performed for 139 patients.

The baseline data of the study population are shown in Table 1. In 21 patients,
a second location within the target lesion was biopsied to collect additional
tissue samples. To perform the biopsy of the second location, a different
(second) needle trajectory was defined within the available 3D data set (details
of the interventions are shown in Table 2).

Technique, System, and Method

Image acquisition is via a flat-panel detector C-arm system (XperCT, XperGuide,
and Allura FD20; Philips Healthcare). During a 180-240¢° rotation of the C-arm
around the patient, 312 (optionally 624) projections are acquired. The rotation
time is 4-10 seconds, depending on the scanning protocol used (thoracic,
abdominal, or spine and high or low dose). The flat-panel detector system
can provide high contrast resolution. The highest spatial resolution is 0.4
mm, depending on the resolution matrix used and the field of view. Contrast
resolution of the cone beam CT is approximately 5 HU at a slice thickness of
10 mm (N. J. Noordhoek, white paper, Philips Healthcare). A 3D soft-tissue data
set is reconstructed from the calibrated rotational acquisition. Within this 3D
data set, a needle path is drawn by the user from the lesion to the skin in the
proposed access route, avoiding vital anatomic structures (Figure 7). Once the
virtual trajectory is determined, the optimal imaging angulation is calculated
and programmed instantly with automated coupling with the C-arm. The 3D
data set and virtual trajectory are coregistered with the real-time fluoroscopy
image, and the calculated (parallax corrected) needle path is projected on to



Table 2. Details of the Performed Needle Interventions

Real-Time 3D Fluoroscopy Guidance During Needle Interventions

Category No. of Procedures
- 3
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Upper thorax
Lung Pleural 11 11
Parenchymatous 8 8
Subtotal 19 19
Lower thorax
Lung Pleural 3 1 4
Parenchymatous 8 1 9
Mediastinal Anterior 3 1 5
Subtotal 14 2 1 18
Upper abdomen
Adrenal 1 1
Liver 4 4 8
Stomach 1 1
Kidney upper pole Endophytic 1 4 5
Exophytic 4 4
Kidney interpolar Endophytic 9 3 12
Exophytic 5 5
Kidney lower pole Endophytic 4 4
Exophytic 3 3
Paraaortal mass 1 18 1 20
Paracolic abscess 1 1
Spleen 1 1
Subtotal 2 53 6 1 3 65
Lower abdomen
Ovarian mass 2 3 5
Iliac mass 3 3
Parasigmoid mass 1 3 4
Paraurethral mass 1 1
Subtotal 2 8 3 13
Musculoskeletal
Shoulder region 2 2
Thoracic region 7 4 11
Lumbar region 5 2 7
Pelvic region 7 1 2 10
Subtotal 21 1 2 6 30
Total 5 115 12 3 1 3 6 145

e
QU
=
=
o




Chapter 3

Figure 1. 77-year-old man with history of bladder cancer and adenocarcinoma of lung. Patient was
diagnosed with focal mass in left adrenal gland. During examination, mass showed malignant
enhancement pattern on CT and increased uptake at FDG PET scan. Histopathologic analysis revealed
adrenal adenoma. Insets in top right corner of images show orientation of cone beam CT volume
(blue) used with yellow line indicating slice position, x -axis (red), and z-axis (green). A, Adjusted user-
defined needle trajectory in acquired cone beam CT 3D data set in sagittal oblique plane avoiding vital
anatomic structures (lung and diaphragm) is seen. B, Control cone beam CT image obtained to check
for accuracy and possible complications shows oblique sagittal view of coaxial needle and planned
needle trajectory.

the fluoroscopy image, producing a highly accurate real-time image of needle
progression toward the target (Figure 2). The movement of the C-arm is coupled
with the fluoroscopy projection of the 3D data set. Consequently, the needle

trajectory is always visible in the appropriate projection of the data set.

Rot LAO 8°
Ang:
Needle 1

Figure 2. 66-year-old man with suspected mass in right upper lobe. Threedimensional data set and
virtual trajectory are coregistered with real-time fluoroscopy, and calculated needle path (blue) is
projected on fluoroscopy image (gray) producing real-time image of needle progression to target with
high accuracy. Histopathologic analysis revealed non—-small cell lung carcinoma. Ang = angulation,
LAO = left anterior oblique, and Rot = rotation.
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Two main C-arm geometry positions (Figure 3) are used for this type of
intervention. One view looks on top of the needle path (entry point view),
and the second view is perpendicular to the needle path (progression view).
Both are easily accessed with a single touch of a button on the tableside
controls. Once the C-arm is in the entry point view position, a central dot
depicting the needle path is shown encircled by two colored rings with an
adjustable diameter marking the beginning and end points of the needle path.
This entry point view is used for accurate needle positioning when entering
the skin, to administer local anesthetics and to advance the needle by a few
centimeters. When the C-arm is moved to the progression view, the angle of

the needle is fixed using a needle-guiding device or with the assistance of a

Figure 3. Two main C-arm geometry positions are used.

A, Schematic depiction of entry point view shows top of needle path (parallax corrected).

B, Image shows entry point view (yellow circle) in 67-year-old man with mass in right upper lobe.
Histopathologic analysis revealed necrotic granulomatous infectious mass, which proved to be
tuberculosis.

C, Progression view is seen in schematic depiction of second view, 90° perpendicular to needle path.
D, Image shows progression view in 73-year-old man with mass in right lower lobe. Histopathologic
analysis revealed metastasis of renal cell carcinoma. Ang = angulation, LAO = left anterior oblique,
and Rot = rotation.
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table-mounted laser. Needle progression along the planned path is visualized
on the progression view as a central needle path with centimeter markings,
surrounded by a cylinder corresponding to the size of the entry and target
point circles, providing a safety margin (standard diameter, 1 cm; Figure 4) on
the fluoroscopy image. With the use of a needle guide or laser guide, only the
progression view is used to advance the needle. During the intervention, a new
cone beam CT acquisition can be performed to check the needle position or to
check for possible complications. After the needle intervention, a control cone
beam CT is always performed, for checking needle accuracy and to check for
possible complications [3].

Figure 4. Safety margin during procedure.

A, Safety margin around planned needle path is shown as two circles (yellow and red) around single
dot (needle path) with standard diameter of 1 cm.

B, During progression of needle, trajectory is shown on progression view as central needle path with
centimeter markings with surrounding cylinder of 1-cm safety margin.

Procedure

Using the method described in the previous section for localizing the entry
point, the location is disinfected with either chlorhexidine (0.5%) or iodine (1%).
A sterile environment is created by using adhesive drapes. Local anesthetic
(lidocaine 1%) is used at the entry point and along the needle path. Depending
on the location (i.e., upper abdomen or lower thoracic procedures), patients
are given breath-hold commands at different steps of the needle intervention
procedure. During the procedure, the patient’s ECG and blood pressure are
monitored, and a precautionary IV line is inserted. Fluoroscopy time, accuracy
of the needle insertion, technical success, median (peri-) procedure time, target
size, dose—-area product (Gy.cm?), and possible complications were registered.
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Technical success was defined as a needle intervention in the marked user-
defined location with an acceptable safety margin of 5 mm, checked by a control
cone beam CT acquisition. The accuracy of the procedure was defined by the
result of the histopathologic diagnosis (diagnostic biopsies) and an adequate
procedure (correct placement of a drainage tube in the collection with a
positive aspiration, correct placement during vertebroplasty, and localization
wire for surgery) during therapeutic interventions. The median interventional
time was the median occupation time of the interventional room (median
procedure time) minus the median preparation time and postinterventional
time. The biopsy specimens were defined as being suitable for histopathologic
examination if a solid cylinder of tissue of at least 1.0 cm in length was obtained.
To obtain the adequate length, the mean (+ SD) number of passes was 2.7 +
1.2 (range, 1-7 passes). All biopsies were performed using a coaxial technique.
For the guidance needle, we used the TruGuide coaxial needle (C. R. Bard) of 7
or 13 cm length (17 gauge). For the biopsy needle, we used the Bard Magnum
core biopsy system (18 gauge) with 16-, 20-, or 25-cm biopsy needles. For
drainage procedures, we used a trocar needle (18 gauge, 15 or 20 cm length;
Two-Part Trocar Needle, ref 090020, Cook Medical), and a 100-cm (0.035 inch)
Schueller Exchange Wire (Angiomed) for eventually placing a 8.5-French Mac
Lock drain (Cook Medical) in all cases. The interventions were divided into five
different anatomic regions, because of the size of the panel detector (field of
view) and because of the expected largest movement of the target associated
with breathing movement around the diaphragm level. This could then be
separately evaluated using this categorization. The anatomic regions were the
upper thoracic category (clavicle to carina), lower thoracic category (carina
to lowest diaphragm level), upper abdominal category (upper diaphragm
level to umbilical level), lower abdominal category (umbilical level to ischial
tuberosity), and a separate musculoskeletal category. The most suitable cone
beam CT protocol for the position of the lesion was chosen. Complications
were divided into minor and major. A minor complication was defined as a
self-limiting complication (e.g., small pneumothorax) requiring no further
intervention or additional hospitalization or as easily treatable adverse effects
(e.g., minor bleeding) during the procedure. Major complications were defined
as complications needing additional therapeutic interventions or prolonged

hospitalization.
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Statistical Analyses
Microsoft Office Excel 2007 was used for summarizing the results and SPSS
software (version 16.0, SPSS) was used for the statistical analysis.

Results

Between October 2006 and November 2008, we performed 145 interventions
for 139 patients using the real-time 3D fluoroscopy guidance system. All
145 procedures were performed by the same board-certified interventional
radiologist with > 10 years’ experience. Of these procedures, 13.1% were in the
upper thorax (n = 19), 12.4% were in the lower thorax (n = 18), 44.8% were in
the upper abdomen (n = 65), 9.0% were in the lower abdomen (n = 13), and
20.7% were musculoskeletal (n = 30). Thirty procedures were therapeutic
interventions, and 115 were diagnostic interventions. Detailed information
about the needle interventions is shown in Table 2. All target lesions were safely
accessible on the basis of the initial cone beam CT. During all interventions, the
placement of the needle was within the user-defined acceptable safety margin
of 5 mm (Figure 4). Technical success was achieved in 100% of the procedures,
as verified by control cone beam CT (Figure 1B). All therapeutic interventions
were successful. Of the 115 diagnostic needle interventions, a histopathologic
diagnosis could be made in 91.3% of the biopsy samples. Eight of the 10 non-
diagnostic biopsies were in the upper abdomen group, one was in the upper
thoracic group, and one was in the lower abdomen group. As a result, the overall
accuracy in the total population (including the therapeutic interventions) was
93.1%.The median procedure time was 45 minutes (range, 15-110 minutes). This
includes the actual interventional time (28.5 minutes; range, 3-96 minutes) and
the peri-interventional management time (13 minutes; range, 5-49 minutes).
Separate category data are shown in Table 3. The median fluoroscopy time was
2 minutes 58 seconds (range, 54 seconds—13 minutes 55 seconds). The median
dose-area product was 44.4 Gy.cm? Using the dose-area product-to-effective
dose conversion factor of 0.28-0.29 (mSv x Gy~' x cm~2) reported by Suzuki et
al. [4], a median effective dose of 12.7 mSv was calculated using real-time 3D
fluoroscopy guidance. No significant difference in fluoroscopy time, procedure
time, and interventional time was observed between the subgroup data (Table
3). Complications occurred in seven patients (5.0%), of which six were minor.
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Table 3. Result of Procedure, Intervention, Periinterventional, and Fluoroscopy Time in the Separate
Anatomic Categories

Category

Procedure Time

Intervention Time

Fluoroscopy Time

Dose-Area Product

(Min) (Min) (Min) (Gy.cm?)
Upper Thorax 42 (23-79) 24 (6-60) 2:55(1:44-9:11)  26.4 (19.6-31.2)
Lower Thorax 46 (15-75) 26.5 (5-65) 2:40 (1:54-6:49) 27.4(16.9-37.9)
Upper Abdominal 42 (18-98) 26 (3-56) 2:47 (1:14-7:55)  48.9 (42.5-55.5)
Lower Abdominal 54 (26-75) 35 (20-58) 3:03 (1:33-7:10)  63.6 (50.6-76.5)
Musculoskeletal 52 (15-110) 34 (5-96) 4:49 (0:54-13:55) 50.7 (40.0-61.4)
Total 45 (15-110) 28.5(3-96)  2:58 (0:54-13:55) 44.4 (40.0-48.8)

Note: All data are median (range).

Four patients had a small pneumothorax, which was self-limiting. Two patients
had post puncture bleeding, which was easily controlled by simple coagulation
therapy (Spongostan, Baxter) during the procedure. One major complication
consisted of a pneumothorax requiring chest tube placement (0.7%).

Discussion

Real-time 3D fluoroscopy guidance with cone beam CT is a new, promising, and
feasible technique for needle interventions. Because of the integration of the
information of cone beam CT and live fluoroscopy, real-time 3D fluoroscopy
can be used for real-time needle intervention, with a high degree of accuracy.
The purpose of this study was to give a description of the procedure technique
and to determine the accuracy and feasibility of this new technique. To our
knowledge, there are no data concerning the accuracy and feasibility of
comparable techniques using real-time 3D fluoroscopy guidance. The only
available data are for CT or ultrasound. All the needle placements were a 100%
technical success, meaning that the target defined by the interventional
radiologist was correctly reached. Despite this, in 10 patients (7.2%), no
histopathologic diagnosis could be made. In three of these patients, the cause,
in retrospect, was found to be that the radiologist had inadvertently defined
the target just next to the lesion. The defined target had, in fact, been correctly
biopsied, as verified by a control cone beam CT scan. In all three cases, the
explanation for planning just next to the target was misinterpretation of the
position of the lesion in the 3D data set. In the remaining seven cases, the
predefined target was biopsied correctly but, according to the pathologist, the
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histopathologic material was either too necrotic (n = 4) for microscopic analysis,
or the pathologic diagnosis did not correlate with the expected diagnosis (n =
3), which was expected to be renal cell carcinoma. In the last three cases, the
diagnosis was post inflammatory changes (n = 2) and a finding of normal kidney
tissue (n = 1). During 18-month follow-up, no indications for malignancy were
found in these three cases. It is therefore debatable whether these cases were
not conclusive. The accuracy rate of 93.1% is comparable to that of interventions
performed using CT fluoroscopy, with no real difference in accuracy from that
reported in the literature (82-100%) [5-10]. The accuracy rate using CT
fluoroscopy in thoracicinterventionsis 88-100% [6-9]. The use of CT fluoroscopy
guidance for abdominal interventions has an accuracy rate of 82-98% [6, 9, 10].
For musculoskeletal interventions, an accuracy rate of 85.4-90.5% is reported
for CT fluoroscopy guidance [5, 6]. The recorded intervention time of 28.5
minutes is comparable to results reported in the literature (12 minutes 7
seconds-54 minutes) [5-8, 10]. Our median fluoroscopy time (2 minutes 58
seconds), compared with CT fluoroscopy time, is considerably longer [6-11].
The mean CT fluoroscopy time of these authors is 88.1 seconds (20.7-143.9
seconds). A reason for the considerable longer fluoroscopy time is because
many needle interventions performed needed a double oblique steep angle
approach (Figs. 1 and 4B). Using CT fluoroscopy, the needle interventions were
in the same (near) axial plane [6-11]. Ultrasound guided needle interventions,
in general, have a shorter procedure time, but is not always possible in difficult
to reach lesions. The median effective dose of 12.7 mSv during real-time 3D
fluoroscopy guidance is comparable to the effective dose using CT fluoroscopy
guidance [12, 13]. Complications are not completely avoidable during needle
interventions. We report a total of seven complications (4.9%) in seven patients,
all non fatal. In the group of minor complications (n = 6), four patients had a
small self-limiting pneumothorax after biopsy of the lung. A control radiograph
of the thorax showed no progression or clinically significant existing
pneumothorax 2 hours later, and the patients were released to go home within
the planned period for hospitalization. Two patients had some continued
bleeding through the coaxial guiding needle. Thrombotic material (Spongostan)
was injected at the end of the procedure. The bleeding stopped, and no
prolonged hospitalization or other intervention was necessary. One major
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complication occurred, a pneumothorax that did not resolve spontaneously.
The patient received a drainage tube and was discharged 3 days later (2 days
extra hospitalization). De Mey et al. [6] reported nine (11.1%) patients with
complications in their study group—six with minor complications (five small
pneumothorax and one parenchymatous bleeding) and three with major
complications (two pneumothorax for which the patient needed drainage or
prolonged hospitalization and one patient with fatal pulmonary bleeding).
There were no complications in the group with abdominal interventions.
Kirchner et al. [11] reported 12.5-16% of patients with major complications
after needle interventions, all confined to the thoracic interventions. Froelich et
al. [7] reported a 15% complication rate (three pneumothorax, two aspiration,
and one drainage tube). Compared with these studies, our complication rate is
reasonably low. The main limitation of this technique is the necessity for the
patient to remain still on the table during the entire procedure. Because of the
superposition of the planning trajectory in the acquired 3D data set, any
movement of the patient will result in a misplaced target position. Most
movement during the intervention is to be expected around the diaphragm
and, therefore, this categorization was made to evaluate the accuracy in the
case of moving targets (lower thoracic and upper abdomen category). The
potential interventional targets subject to breathing movement can be
approached accurately by using breath-hold commands during the 3D data set
acquisition. After adequate anesthetic preparation, progression of the needle
can be done by holding the respiration when a recognizable structure on the
fluoroscopy image (mainly the diaphragm) is in the same position as in the
overlay image of the 3D data set. In our population, we performed 62 biopsies
in lesions subject to respiratory movement. All interventions with movement
were a technical success (checked by a control cone beam CT). Because the
needle intervention is performed in real time, the radiologist can verify that no
movement of the patient has occurred. If movements have occurred and are
observed, small adjustments are possible to readjust the fluoroscopy overlay
image to match easily identifiable landmarks in the 3D data set. Despite the
open structure of the C-arm, the angulation has its limitations, depending on
the C-arm position (propeller or roll scan) and the patient size. Particularly in
interventions with very steep angulations, the entry point view position cannot
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always be completely reached. However, accurate needle placement can still be
achieved by switching between the positions close to the entry point view and
the progression view positions. All interventional procedures are operator
dependent. To eliminate interoperator variability and difference, all procedures
were performed specifically by one interventional radiologist. Nevertheless, we
think that our findings are applicable to others because this interventional
procedure is rather easy to perform and our accuracy and procedure time are
comparable to those reported in the literature. A limitation of this study could
be the prospective nature of the observations and the possible lack of a
(randomized) control group. Needle interventions are most often performed
using ultrasound. It is accurate, can be performed in real time, is safe, uses no
ionizing radiation, and is widely availably. In comparison with CT fluoroscopy,
ultrasound is faster. Limitations of ultrasound-guided needle interventions are
operator dependence, difficulty in visualization of the needle during needle
advancement to the target, and procedure-dependent performance.
Ultrasound provides insufficient imaging capability for interventions in bone
and in structures surrounded by air because of impermeability for sound waves
(e.g., overlying gastrointestinal gas) [14]. Furthermore, ultrasound has limited
spatial and contrast resolution, especially in obese patients [15]. The second
most often used technique is CT fluoroscopy, which is also widely available. It
has high resolution and is usable for needle interventions independently of
tissue type, and most radiologists are confident in using this technique.
Increasingly, more CT scanners are equipped with a fluoroscopy option that
allows real-time visualization of a small section of the relevant anatomy. The
disadvantages of CT fluoroscopy are limited patient access due to gantry size
and a usually nonsterile working environment. The major advantage of using
real-time 3D fluoroscopy for needle intervention over CT fluoroscopy is patient
access. The C-arm allows optimal patient accessibility and can be performed in
a proper sterile environment. The large range of motion in angulations and
rotations of the C-arm is a considerable advantage, compared with the limited
angulation of the gantry (+ 30°) in CT fluoroscopy. A potential problem is the
respiration motion when not using real-time CT fluoroscopy. The largest
disadvantage is the radiation dose to the patient and interventional radiologist
[16]. Regular fluoroscopy uses real-time visualization with a wide field of view,
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but provides only a 2D image with poor soft-tissue contrast resolution. Our
study shows the advantage of this new technique during needle interventions
with a high technical success, high accuracy, short fluoroscopy time and
procedure time, low complication rate, and easy operability. In addition to
biopsies and drainage, other therapeutic interventions can also be considered,
such as cryoablation or radiofrequency ablation. In conclusion, real-time 3D
fluoroscopy guidance is a new, promising, and feasible technique used for
needle interventions, with high technical success, short procedure times and
fluoroscopy times, comparable accuracy to CT fluoroscopy, low complication
rates, and is easy to perform. The C-arm architecture allows optimal patient

access, and it is easy to maintain sterility.
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Abstract

Objective

To evaluate the outcome of percutaneous lung biopsy (PLB) findings using cone-
beam computed tomographic (CT) guidance (CBCT guidance) and compared to
conventional biopsy guidance techniques.

Materials and Methods

CBCT guidance is a stereotactic technique for needle interventions, combining 3D
soft-tissue cone-beam CT, needle planning software, and real-time fluoroscopy.
Between March 2007 and August 2010, we performed 84 Tru-Cut PLBs, where
bronchoscopy did not provide histopathologic diagnosis. Mean patient age was
64.6 (range 24-85) years; 57 patients were men, and 25 were women. Records
were prospectively collected for calculating sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy. We also registered
fluoroscopy time, room time, interventional time, dose-area product (DAP),
and complications. Procedures were divided into subgroups (e.g., location, size,
operator).

Results

Mean lesion diameter was 32.5 (range 3.0-93.0) mm, and the mean number of
samples per biopsy procedure was 3.2 (range 1-7). Mean fluoroscopy time was
161 (range 104-551) s, room time was 34 (range 15-79) min, mean DAP value was
25.9 (range 3.9-80.5) Gy.cm?, and interventional time was 18 (range 5-65) min. Of
84 lesions, 70 were malignant (83.3%) and 14 were benign (16.7%). Seven (8.3%)
of the biopsy samples were non-diagnostic. All non-diagnostic biopsied lesions
proved to be malignant during surgical resection. The outcome for sensitivity,
specificity, positive predictive value, negative predictive value, and accuracy was
90% (95% confidence interval [CI] 86-96), 100% (95% CI 82-100), 100% (95% Cl
96-100), 66.7% (95% Cl 55-83), and 91.7% (95% Cl 86-96), respectively. Sixteen
patients (19%) had minor and 2 (2.4%) had major complications.

Conclusion

CBCT guidance is an effective method for PLB, with results comparable to CT/CT

fluoroscopy guidance.
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Introduction

The first step in the assessment of a patient with a suspicious lung mass is
usually bronchoscopy. Bronchoscopy can evaluate the nature of a lung mass,
and it allows for tissue sampling and determining the extent of the lesion.
Success rates of bronchoscopy for diagnosing malignancy range 30-80%
depending on the method of sampling (e.g., biopsy, fine-needle aspiration,
bronchoalveolar lavage), where the highest percentages are found in visible,
centrally located masses [1]. In the case of a non-diagnostic bronchoscopy, i.e.,
where bronchoscopy fails to yield a histopathologic diagnosis of a pulmonary
mass, an image-guided percutaneous lung biopsy (PLB) is usually performed.
In general, these procedures are performed under ultrasound or computed
tomographic (CT) guidance. Ultrasound is quick and safe, and it is the least
expensive method. This technique is limited to pleural-based lesions [2].
Nowadays, most PLB's are performed under CT guidance [3]. This technique
has good accuracy and is widely used [4,5]. With CT guidance, there is good
in-plane resolution, but double-oblique (e.g., an angulated needle trajectory
in both the axial and sagittal plane) biopsies are more difficult to perform [6].
Furthermore, workspace is limited by the bore of the CT system, and real-time
visualization of needle progression is only available using CT fluoroscopy (CTF).
3D cone-beam CT guidance (CBCT guidance) is a new real-time stereotactic
needle guidance technique using a combination of 3D soft tissue cone-beam
CT and fluoroscopy. This technique offers advanced needle planning and is
performed in a sterile workspace with good angulation/rotation capability as
well as real-time fluoroscopy feedback [7]. The aim of our study was to assess
the diagnostic outcome of CBCT guidance in a prospective cohort of patients

with suspicious lung masses.

Materials and Methods

Between March 2007 and August 2010, we prospectively included our cohort
of patients. All patients included were referred for percutaneous biopsy to
determine the nature of the suspected pulmonary mass. All patients had a
previous non-diagnostic bronchoscopy. There was no target lesion size limit.
Patients had to be able to lie reasonably still and comply with breath-hold
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commands. Patients with contraindications for percutaneous intervention (e.g.,
abnormal coagulation indices) were excluded. We performed 84 CBCT-guided
procedures in 82 patients. There were 57 men and 25 women, with a mean
age of 64.6 (range 23.9-84.7) years. Baseline data are shown in Table 1. The
procedure and possible complications were discussed with each patient before
the procedure. This study was approved by the institutional review board, and
informed consent was obtained from all patients.

Table 1 Patient data and tumor characteristics of PLB performed with CBCT guidance

Characteristic Value
No. of patients/no. of procedures 82/84
Sex (M/F) 59/25
Age, mean (range) (y) 64.6 (23.9-84.7)
Nondiagnostic bronchoscopy 100%
DAP, mean (range) (Gy.cm?) 25.9 (3.9-80.5)
Location of mass (N)

Left upper lobe 21

Left lower lobe 13

Lingula 2

Right upper lobe 23

Middle lobe 7

Right lower lobe 18
Lesion size, mean (range) (mm) 32.5(3-93)
Distance to pleura mean in parenchymatous lesions (range) (cm) 15.8 (2-49)

Note: DAP = dose-area product

Procedure

PLB was performed using CBCT guidance. This new technique is based on
a flat-panel-detector C-arm system with dedicated software (XperCT and
XperGuide, Allura FD20; Philips Healthcare, Best, The Netherlands). It combines
a 3D cone-beam CT volume with needle trajectory planning software and real-
time fluoroscopy. For sampling, two interventional radiologists (MvS, 10 years’
experience, and SB, 5 years'experience) used a coaxial cutting needle technique.
Our local experience in using this CBCT technique was 3.5 years. The sequential
steps for CBCT guidance are as follows [7]. Depending on the location of the
pulmonary mass (identified on the CT scan of the thorax performed during the
diagnosticassessment), the patientis placed in either a prone or supine position.
The patient is positioned under fluoroscopy in such a way that the mass will be
located centrally in the acquired CBCT volume. During a single breath hold, a
cone-beam CT scan is acquired with a 240° rotation in 4.1 s around the region
of interest. The radiologist then determines a safe needle trajectory within this
data set, taking into account the essential anatomic structures (Figure 1).
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Figure 1 Step 2 of a CBCT guidance
procedure. After the acquisition of a
soft tissue CBCT data set, a safe needle
trajectory (with centimeter markings)
is determined from the lesion (12 9 16
mm) to the skin, avoiding essential
anatomic structures

Using the information of the planned needle trajectory, a live fusion image of
fluoroscopy and a representative slice of the cone-beam CT is created in which
the needle can be accurately positioned (Figure 2) [7]. The skin entry location
is sterilized and a local anesthetic is injected (=10 ml lidocaine 1%). Using real-
time fluoroscopy and the CT slice overlay the guiding cannula (C. R. Bard Inc,;
Murray Hill, NJ; TruGuide; 17 gauge; 13 or 17 cm length) is positioned at the
proper angulation with the tip of the needle just in the subcutis.

Figure 2 Step 3 of a CBCT guidance
procedure. A fusion image is created
between the fluoroscopy image
(gray) and the CBCT slice (blue)
showing the needle trajectory,
making accurate needle placement
possible

=7 oy &:;;

The C arm is then moved to a 90° perpendicular position to allow the needle
to be advanced under real-time fluoroscopy over the needle trajectory.
A centimeter scaleis displayed to mark the proper depth. During the progression
of the needle, the patient is asked to stop breathing when the outline of the
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diaphragm of the fluoroscopy overlay matches the outline of the diaphragm
of the cone-beam CT slice (Figure 3). The guiding cannula is positioned just
outside of the pleura. For sampling, several 18-gauge Tru-Cut biopsy samples
are taken, until approximately 1 cm of tissue length is obtained; using a Tru-Cut
needle (Magnum; C. R. Bard Inc., 18 gauge; 16, 20, or 25 cm; side cutting, 22
mm), which is placed into an automated biopsy gun (Bard).

Figure 3 Step 5 of a CBCT guidance
procedure. A, In expiration. The
position of the diaphragm in the
live  fluoroscopy image (gray,
arrows) does not match the CBCT
slice with the planned trajectory
(blue, arrowheads). Progression of
the biopsy needle over the needle
trajectory would fail to get a
representative tissue sample of the
tumor mass (white star). B, After
the patient has been instructed to
breathe in, the fluoroscopy image
(gray, arrows) of the diaphragm
now matches the CBCT slice (blue,
arrowheads). Progressing the needle
in this situation will result in an
accurate biopsy of the tumor (white
star)

After the needle intervention, a collimated control cone-beam CT is always
performed to check needle position accuracy and to look for possible
complications (Figure 4). Patients remained under observation in the hospital
until the next morning. An erect chest radiograph was performed 2 h after the
procedure to detect any (late) complication. In the case of marked changes in
vital signs or clinical status, repeat imaging was indicated.
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Figure 4 Step 7 of a CBCT guidance
procedure. A (collimated) control
CBCT is performed to check the
accuracy of the (guiding) needle and
to check for possible complications.
In this case the guiding needle is
in the right direction and a small
hematoma (white star) can be seen
around and medial to the small
tumor (white arrow)

Data Collection and Analysis

For each procedure, radiologic reports, histopathologic data, and medical
records were prospectively collected. The result of a PLB was defined as truly
positive if the histopathologic examination revealed a malignancy. A falsely
positive biopsy finding was defined as a sample showing malignancy, where
surgical resection showed no evidence of malignancy (in the absence of
preoperative chemotherapy) or the lesion showed regression at follow-up
CT examination (>6 months) without any therapy. A truly negative sample
was defined as a proven histopathologic benign lesion at biopsy without
pathologic change during follow-up imaging or definite proof by histology at
surgery. A falsely negative sample was defined as a biopsy sample that showed
normal lung parenchyma or a benign histopathologic result, but proved to be a
malignant lesion during surgical resection. For the diagnosis of malignancy, the
sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and diagnostic accuracy were calculated. We also registered fluoroscopy
time, procedure time, dose-area product (DAP), location of the lung mass, and
mass aspect and length. Procedure time was split into two parts; room time was
defined as the time the patients actually were in the interventional suite, and
interventional time was defined as the time from the start of the fluoroscopy
(step 1) until extraction of the (guiding) needle after the control cone-beam
CT (step 7). The location of the pulmonary mass was categorized into anatomic
lobes, where the lingula was defined as a separate lobe. A differentiation was
made into masses subjected to breathing movement and masses that were
not influenced by breathing movement. A differentiation was also made
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between the anatomic location of the lesions: pleural or parenchymatous
masses. In the parenchymatous masses group, we measured the shortest
distance to the pleura (in millimeters) in addition to the largest diameter (in
millimeters) of the lesion. Complications were defined as described by Gupta et
al. [8]. Procedures with complications without sequelae were defined as minor
complications: hemoptysis with no additional treatment, small or moderate
pneumothorax (quantification of pneumothorax is explained below), and
prolonged admission for monitoring (<48 h). The complication was considered
major if additional treatment was needed (e.g., tube placement for a large
pneumothorax; treatment of hemoptysis) or if the patient was admitted longer
in the hospital (>48 h). A pneumothorax was graded as small if no additional
treatment was necessary, moderate if the pneumothorax could directly be
aspirated by the coaxial guiding needle at the end of the procedure with no
additional treatment later, or large if a tube placement was necessary [4]. Data
analysis was performed by Excel 2007 (Microsoft, Redmond, WA) and SPSS
software (version 16.0; SPSS, Chicago, IL). Subgroup analysis was performed by
the independent-sample t-test. The differences were considered significant for
p-values less than 0.05.

Results

Overall sensitivity was 90% (95% confidence interval [Cl] 86-96), specificity
100% (95% Cl 82-100), PPV 100% (95% CI 96-100), NPV 66.7% (95% Cl 55—
83), and diagnostic accuracy for CBCT-guided biopsies of pulmonary masses
91.7% (95% Cl 86-96). Of the biopsy samples, 70 (83.3%) of 84 proved to be
malignant. Fifty-two (74.3%) of 70 were primary lung malignancies, 14 (20%) of
70 metastases, and 4 (5.7%) of 70 lymphomas. Fourteen (16.7%) of 84 samples
were classified as definitely benign (Figure 5): 3 (21.5%) of 14 were infectious
changes, 9 (64.3%) of 14 chronic infectious changes with fibrosis, 1 (7.1%) of 14
normal lung parenchyma, and 1 (7.1%) of 14 fungus. This definite classification
was based on the histopathologic results and the fact that the lesions showed a
reduction in diameter or no changes of the diameter during follow-up CT scans
(mean 14.9 months, range 6-31 months). The histopathologic results of the
seven false-negative samples (7 of 84, 8.3%) (Table 2) were initially considered
to be necrotic (n = 2), normal lung parenchyma (n = 4), and infectious changes



84 procedures
(82 patients)
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Malignant outcome

P 63

Non-diagnostic outcome
(but with high suspicion)
7

-02 necrosis

-04 nomalluingparenchyma

-01 atypical cells

Benign outcome

14

Malignant outcome
70

Benign outcome
14

D -46 primary lungmalignancy
-13 metastasis

-04lymphomas

-06 primary lung malignancy

-01 metastasis

-03 infectious changes
-09 chronic infectious changes with fibrosis

-01 nomallung parenchyma

-01 fungus

Figure 5 Flowchart of the outcome of the CBCT-guided PLBs. Mean follow-up was 14.9 months.
P = primary outcome of biopsy, D = definite outcome of biopsy

but with suspicion of malignancy (n = 1). During surgical resection, these
lesions proved to be primary lung cancer (n = 6) and a metastasis of esophageal
carcinoma (n = 1). The total mean fluoroscopy time was 161 (range 104-551) s,
room time 34 (range 15-79) min, and interventional time 18 (range 5-65) min.
Mean DAP was 25.9 (range 3.9-80.5) Gy.cm?. Detailed data of the subgroups
are provided in Table 2. The overall complication rate of minor complications
was 19%. Eight patients (9.5%) had a small pneumothorax and five (5.9%) a
moderate pneumothorax. In one patient (1.2%) with a parenchymatous mass
in the left upper lobe, a brief period of hemoptysis occurred without need of
therapeutic interventions. Two patients (2.4%) were admitted longer (>48 h) for
observations without any other intervention to monitor their pneumothorax.
Two major complications (2.4%) consisted of a large pneumothorax requiring
chest tube placement in one patient, and one patient was admitted for a longer
period (7 days) to monitor a moderate pneumothorax. We did not find any
significant differences between the subgroups (pleural vs. parenchymatous
lesions; movement vs. non-movement; and the combination of these
subgroups) concerning the sensitivity, specificity, PPV, NPV, and accuracy
(p > 0.05) (Table 2). However, we found a significant difference (p = 0.001)
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Table 2 Outcome of PLB using CBCT guidance

Characteristics

Pleural (n =42)

Parenchymatous (n = 42)

Movement + = + -
No. 15 27 25 17
Mean diameter + SD (mm) 33.8+4.9 42.4+4.2 25.8+3.9 25.5+3.4
iI:/Iselgxr(]rr;:I:.\l),lral-lesion diameter ) ) 146417 17.643.6
No. of biopsies, mean + SD 3.3 £0.2 3.3 0.2 3.0 £0.2 3.2 £0.2
DAP + SD (Gy.cm?) 20.5+10.8 24.2+16.6 27.4+15.6 31.4+21.4
Minor complications

small pneumothorax - 5 3

moderate pneumothorax 2 - 2 1

hemoptysis - - - 1

Prolonged admittance (<48h) - 1 - 1
Major complications

large pneumothorax - - 1 -

prolonged (>48h) admittance - - 1 -
Truly positive 10 21 22 10
Truly negative 4 3 2 5
Falsely negative 1 3 1 2
Fluoroscopy time + SD (s) 132+6.5 156 +14.1 162 +15.9 194 +28.2
Room time + SD (min) 27.3+1.8 35.8+3.1 345+39 37.2+4.0
Interventional timex SD (min) 13.7+1.3 182+2.6 18.0+3.2 21.9+4.0
Sensitivity (%) (95% Cl) 90.9 (77-99)  87.5(81-97) 95.7 (90-99)  83.3(69-98)

Specificity (%) (95% Cl)

Positive Predictive Value (%)
(95% ClI)

Negative Predictive Value (%)
(95% Cl)

Accuracy (%) (95% Cl)

100.0 (61-100) 100.0 (48-100)

100.0 (72-100) 100.0 (93-100)

80.0 (49-99)  50.0 (24-81)

93.3(72-99)  88.9(77-98)

100.0 (39-100) 100.0 (65-100)

100.0 (95-100) 100.0 (93-100)

66.7 (26-94)  71.4 (47-92)

96.0(86-99)  88.2 (68-98)

Note: DAP = dose area product, SD = standard deviation

between the parenchymatous lesions (35.7%) and the pleural lesions (7.1%)

regarding total complication rate. There was no significant difference in the

total complication rate between the lesions subjected to movement (27.5%)

and the lesions without movement (15.9%). No significant difference was found

between the outcome of the biopsies performed by the two operators (Table

3). The effect of the lesion size showed that the smallest lesions had a lower

accuracy but the difference between the lesion size groups was not significant.

However, there was a significant difference (p = 0.027) in total complication rate

between lesions < 30 mm (30%) and lesions > 30 mm (11%) (Table 3).
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Table 3 Comparison of diagnostic outcome between the operators and between the different lesion sizes

Characteristics Operator | Operator Il Lesion Lesion Lesion Lesion
<15 mm 16-30 mm 31-45 mm 246 mm
Number 39 45 20 26 20 18
Truly positive 34 29 14 20 15 14
Truly negative 3 11 3 5 4 2
Falsely negative 2 5 3 1 1 2
Sensitivity 94.4% 85.3% 82.4% 85.2% 93.8% 87.5%
Specificity 100% 100% 100% 100% 100% 100%
PPV 100% 100% 100% 100% 100% 100%
NPV 60% 68.8% 50% 83.3% 80% 50%
Accuracy 94.9% 88.9% 85% 96.2% 95% 88.9%
Complication rate 25,6% 20% 20% 34.6% 10% 11.1%

Note: PPV = positive predictive value, NPV = negative predictive value

Discussion

In general, evaluation of a pulmonary mass by transthoracic biopsy is
considered to be safe and accurate [6, 9]. These reports concern biopsies that
use other methods than CBCT guidance. To our knowledge, only Jin et al. [10]
recently published data concerning PLB using CBCT guidance, with a sensitivity,
specificity, and accuracy of 97, 100, and 98.4%, respectively. There are two major
differences between his study and ours. The first is that our CBCT guidance
system combines fluoroscopy with an overlay of a CBCT slice with a predefined
needle trajectory with a centimeter scale, providing direct feedback of the
needle position.In the system used by Jin etal.[10], thereis no directfeedback on
the needle trajectory and needle depth, especially in targets that are not visible
on fluoroscopy. Second, Jin et al. [10] excluded indeterminate nodules, defined
as an inconclusive histopathologic outcome after PLB (no definite benign or
malignant), resulting in a possible higher accuracy, sensitivity, and specificity.
Concerning the recorded procedure time, the reported results on PLB range
13.4-23.8 min, depending on the definition of procedure time and procedure
method [11,12]. We divided the procedure time into the room occupation
time and actual intervention time. The definition of the procedure time in the
literature in general is the same as our defined interventional time. Jin et al. [10]
report a procedure time of 17.9 min, which is comparable to our interventional
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time of 18.1 min. Compared to CT guidance (mean reported procedure time
of 23.1 min), there is a slight difference in the procedure time in favor of CBCT
guidance, but compared to CTF guidance (mean reported procedure time 15.3
min), the advantage is more likely to be in favor of CTF [11-14]. The mean DAP
value of 25.9 Gy.cm2 is comparable to the value reported in the literature using
the same system [7]. To compare these dose values to CT/CTF guidance dose
values, transformation of DAP values into millisieverts is necessary because
both systems use different parameters to evaluate the dose used. The DAP to
effective dose conversion factor of 0.183 mSv.Gy'.cm? determined by Betsou et
al. [15] was used to calculate an effective dose of 4.7 mSv using CBCT guidance.
The effective dose during CT/CTF guidance reported in the literature ranges
2.7-6.5 mSy, which is comparable [11,13]. Complications are a calculated risk
during percutaneous needle interventions. There is great variation in the
pneumothorax rate in the literature, 0-61%, with a minority of these requiring
additional treatment. The rate of hemoptysis ranges 0-14% [4,6,9,10,12,13]. In
our study, a small or moderate pneumothorax was reported in 15.4% and self-
limiting hemoptysis in 1.2%, which is within the range reported in the literature
[16]. We report a major complication rate of 2.4%, including pneumothoraxes
requiring a chest tube (1.2%) and prolonged admission (1.2%). In most studies
in the literature, however, prolonged admission to the hospital is not reported
as a (major) complication, resulting in a lower reported (major) complication
rate (3.3-15%) compared to our study [4,9,10,13,14,16,17]. Movement of the
target lesion due to breathing during CT/CTF guidance as well as double
oblique approaches (e.g., an angulated needle trajectory in both the axial and
sagittal plane) are interventional challenges [6,18]. In our experience, one of
the advantages of CBCT guidance is the real-time fluoroscopy feedback of
movement due to respiration, which can then be controlled so that the depth of
respiration matches the CBCT slice overlay. Furthermore, as a result of the wide
range of angulation and rotation of the C arm, double oblique approaches were
easier to perform. Other advantages are the 3D soft tissue information include
needle planning software and real-time visualization of the needle progression.
Another advantage of CBCT guidance is the open sterile workspace, compared
to the restrictions of a CT system [7,10,12,18]. There are several limitations to
our study. First, no randomized comparison was made between CBCT guidance
and CT/CTF guidance. This is because all patients for PLB were routinely referred
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to CBCT guidance because of the good local experience and logistic reasons [7].
The results of CBCT guidance are comparable to the results of CT/CTF guidance
reported in the literature, but a prospective, randomized study between these
two should be performed to definitely determine this. Former studies have
shown a sensitivity, specificity, and PPV of CT/CTF guidance of 76.9-97.8%,
93.6-100%, and 95.9-100% respectively, with NPV ranging 61.4-96% and
accuracy ranging 80-98.4% [4,5,13,14,19,20]. The wide range of the individual
outcomes is due to different methods used, where CTF guidance results in
higher percentages than conventional CT guidance. Despite the comparable
results, our overall NPV was only 66.7% (which s in line of the reported NPV using
CT guidance). This is primarily the result of the combined 8.3% false-negative
rate and the predominance of malignant lesions effect [21]. This indicates that a
negative outcome for malignancy should be followed up. The bigger the size of
the target lesion, the higher the accuracy rate, with masses of 1.0-5.0 cm having
the highest accuracy rate [14,19]. The accuracy rate drops in lesions smaller
than 1.0 cm because these are more difficult to sample and in lesions sized >5.0
cm because there is substantially more necrosis, altering the possible outcome.
Our results reveal the same trend. A second limitation is that we were unable
to obtain a histologic confirmation of 10 lesions defined as nonmalignant (truly
negative), because all were treated conservatively. However, follow-up (mean
14.9 months) showed no changes indicating malignancy, so these were defined

as benign lesions.

In conclusion, CBCT guidance appears to be a safe and accurate method to
biopsy lung masses with a sensitivity 90%, specificity 100%, PPV 100%, NPV
66.7%, and accuracy 91.7%, which is comparable to the results of CT/CTF-
guided PLB reported in the literature.
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3D Cone-beam CT guidance,

a Novel Technique in Renal Biopsy
Results in 41 Patients with Suspected Renal Masses
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Abstract

Objective

To determine whether 3D cone-beam computed tomography (CBCT) guidance
allows safe and accurate biopsy of suspected small renal masses (SRM),
especially in hard-to-reach anatomical locations.

Materials and methods

CBCT guidance was used to perform 41 stereotactic biopsy procedures of
lesions that were inaccessible for ultrasound guidance or CT guidance. In CBCT
guidance, a 3D-volume data set is acquired by rotating a C-arm flat-panel
detector angiosystem around the patient. In the data set, a needle trajectory is
determined and, after co-registration, afusionimage s created from fluoroscopy
and a slice from the data set, enabling the needle to be positioned in real time.

Results

Of the 41 lesions, 22 were malignant, 17 were benign, and 2 were non-
diagnostic. The two non-diagnostic lesions proved to be renal cell carcinoma.
There was no growth during follow-up imaging of the benign lesions (mean 29
months). This resulted in a sensitivity, specificity, PPV, NPV, and accuracy of 91.7,
100, 100, 89.5, and 95.1%, respectively. Mean dose-area product value was 44.0
Gy-cm? (range 16.5-126.5). There was one minor bleeding complication.

Conclusion

With CBCT guidance, safe and accurate biopsy of a suspected SRM is feasible,
especially in hard-to-reach locations of the kidney.
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Introduction

The classic but nonspecific symptoms of a renal tumor are loin pain, hematuria,
or a palpable mass. In this setting most masses are malignant [1]. This classic
triad is rare nowadays. Due to an increase in the use of high-quality abdominal
imaging for other, unrelated reasons there is an increasing number of
incidentally found renal masses. Many of these masses are asymptomatic
and small (<4 cm) renal masses (SRMs). These SRMs tend to behave less
aggressively [2, 3]. Thompson et al. [4] found a relationship between tumor size
and malignancy. Larger masses have a significantly higher ratio of malignancy.
Marinez-Pineiro et al. [5] pointed out the important role in the diagnostic and
therapeutic algorithm of biopsying small renal masses for histopathological
proof [4] because a substantial percentage of SRMs are benign (13.0-46.3%).
Some SRMs can be diagnosed by imaging (e.g., fat in the lesion on CT indicating
an angiomyolipoma), but many SRMs cannot be diagnosed based on the
imaging alone. This will result in increased indications for performing biopsies.
A new real-time stereotactic needle guidance technique, 3D cone-beam
computed tomography (CBCT) guidance, uses a combination of cone-beam CT
and real-time fluoroscopy in the angiography suite [6, 7]. Lesions that cannot
be clearly identified on ultrasound (US) can be rendered visible. Compared with
conventional computed tomography (CT)-guided biopsy, CBCT guidance offers
more sterile workspace and better angulation/rotation ability because of the
C-arm configuration, making it easier to biopsy hard-to-reach SRMs, especially
in the upper pole and/or on the anterior side of the kidney [7]. The objective of
this study is to determine the outcome of biopsying SRMs, especially hard-to-
reach lesions, in a prospective cohort of patients.

Materials and methods

This study was approved by the institutional review board. Informed consent
was obtained from all patients. Between October 2006 and November 2009 we
performed 43 procedures in 43 patients using CBCT guidance. There were 28
men and 15 women, with a mean age of 61.9 years (range 35-81). The baseline
data of the study population are shown in Table 1. These patients had undergone
abdominal imaging for nonurogenital issues, during which a suspicious
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Table 1. The baseline data of the study population

Characteristic Value
Age (years), mean + SD 62.0+11.3
Male/female (N) 26/15
Body mass index (kg/m?), mean + SD 27.1+3.5
Diameter of lesion (mm), mean + SD 25.0+7.6
Number of biopsies per procedure, mean + SD 3.4+0.7
Lesion solid/cystic/both (N) 38/1/2
Procedure time (min), mean + SD 29.2+10.7
Dose area product (Gy-cm?), mean + SD 44.0£21.0

Note: SD = standard deviation

renal mass was discovered as an incidental finding. Based on the abdominal
imaging, the lesions were not (easily) accessible under CT guidance because of
the anatomical position of the lesion. Before referring these patients for CBCT
guidance, the patients were evaluated by ultrasound. Only patients with lesions
inaccessible under ultrasound guidance (due to body habitus, mass location,
invisibility due to gas or bone, or interposition of other organs) were included in
this study. There was no target lesion size limit. During CBCT guidance, patients
had to be able to lie reasonably still for a short period of time (approximately 30
min) and comply with breath-hold commands if needed. Furthermore, patients
with contraindications for percutaneous intervention (e.g., blood coagulation
disorders) were excluded.

Procedure

CBCT guidance uses a flat panel detector C-arm system (XperCT® and
XperGuide®, AlluraFD20, Philips Healthcare, the Netherlands). A 3D volume data
set is acquired during a 240° rotation of the C-arm around the upper abdomen
of the patient in 4-10 s. In six patients, intravenous contrast (50 mL with 4 mL/s
Xenetix® 300 mg/mL, Guerbet, the Netherlands; delay before data acquisition
of 40 s) was administered during the examination to discriminate the mass
from surrounding structures/parenchyma (Figure 1). For all other masses, no
contrast administration was needed because they were exophytic or had other
discriminating factors.The radiologist determines a safe needle trajectory within
the reconstructed data set, taking account of critical anatomical structures
(Figure 2a, b). Using the information of the planned needle trajectory, a fusion
image of fluoroscopy and the relevant double oblique slice of the cone-beam CT
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Figure 1. An 81-year-old man with a suspected endophytic kidney mass during abdominal CT imaging.
After biopsy, histopathological analysis revealed a clear cell renal cell carcinoma. Difference in cone-
beam CT (CBCT) without contrast medium (A) and contrast-enhanced CBCT (B). The endophytic renal
mass (white arrows) is only visible on the contrast-enhanced CBCT

is created in which the needle can be accurately positioned. The patient is asked
to breathe in until the diaphragm is in the same position as the double oblique
slice of the CBCT. When the diaphragm on the fluoroscopy image matches the
CBCT slice during inspiration, the patient was given a breath-hold command,
and under real-time fluoroscopy the needle is advanced over the predefined
needle path to the right depth (Figure 2c) [6, 7]. The procedure is performed
with local anaesthesia. Sampling was done using a coaxial technique with a
guiding cannula [Bard® TruGuide®;17 G; 13 or 17 cm (Bard Biopsy Systems,
Tempe, AZ, USA)] positioned just proximal to the renal mass. Three to six 18
G biopsies were then taken through the guiding needle to obtain at least 1
cm of biopsy length. The Tru-Cut needle (Bard® Magnum®;18 G; 16, 20 or 25
cm; side cutting, 15 or 22 mm) is loaded in an automated biopsy gun (Bard®).
After the needle intervention, a (collimated) control cone-beam CT was always
performed for checking needle position accuracy and to check for possible
complications (Figure 2d). The procedures were performed by an interventional
radiologist (M.S., >10 years of experience) and a radiology resident (S.B., 5 years
of experience), both with equal experience in CBCT guidance. Local experience
in using this CBCT technique is now 3 years. After the procedure, patients
remained under observation in the hospital for 4 h. In case of significant changes
in vital signs or clinical status, repeat abdominal imaging was indicated (e.g.,

ultrasound or CT depending on the clinical condition of the patient).
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Figure 2. A 73-year-old man with a suspected lesion at the dorsal side of the upper pole of the left
kidney. Histopathological analysis revealed a clear cell renal cell carcinoma. Cone-beam computed-
tomography (CBCT) guidance sequences during a procedure. A, After obtaining a CBCT the radiologist
determines in the axial CBCT the desired needle trajectory in the axial view (avoiding the costae).
B, The needle trajectory is adjusted by the radiologist (white arrow) to avoid essential organs (the
diaphragm/lung). C, Fusion image of fluoroscopy and the double oblique cone-beam CT slice with
the predefined needle trajectory, making real-time accurate needle placement possible. D, Control
cone-beam CT image (double oblique) with the guiding cannula in place over the predefined needle
trajectory, checking needle position and possible complications

Data collection and analysis

All the radiological reports, histopathological data, and medical records
were collected for each procedure. The result of a percutaneous renal mass
biopsy was defined as true positive (TP) if the histopathological examination
revealed a renal cell carcinoma or a metastasis. A false positive (FP) biopsy was

defined as a biopsy showing malignancy, where there was no evidence of a
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malignancy during surgery (in the absence of preoperative chemotherapy of
other (ablative) therapy). If the histopathology showed a benign result (e.g.,
normal renal parenchyma, infection, infarction, or oncocytoma), the biopsy
was considered true negative (TN) if the renal mass proved to be benign during
surgical resection or if there was no suspicion of a malignancy during follow-up
imaging for at least 12 months [8]. If the final diagnosis during surgery showed
malignancy and the diagnosis based on the results of the biopsy procedure
was benign or non-diagnostic, the biopsy result was defined as false negative
(FN). Sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and diagnostic accuracy were calculated. The dose-area product
(DAP) (Gy-cm?), which was obtained from the system, was also registered for
an indication of the radiation dose involved. Data registration was performed
using Excel (Microsoft® Office Excel, Redmond, WA, USA). The outcome was
determined by using a 2 x 2 table.

Results

The sensitivity, specificity, PPV, NPV, and accuracy of CBCT guidance in
renalmasses were 91.7, 100, 100, 89.5, and 95.1%, respectively (Table 2). In 41
biopsies, 22 (53.7%) malignancies were found: 10 clear cell renal cell carcinomas
(RCCs), two papillary RCCs, one chromophobe RCC, one eosinophilic RCC,
one sarcomatoid type RCC, four transitional cell carcinomas, two metastases
of non-small-cell lung cancer, and one B-cell lymphoma. All of these except
the metastases and lymphoma were also surgically proven. During follow-up
imaging of these patients, no evidence of tumor seeding on the needle track
was seen. Seventeen (41.5%) biopsies, without rebiopsying, were classified as
benign: four post-infectious changes, three oncocytomas, six biopsies showing
normal renal parenchyma, one organizing hematoma, one angiomyolipoma,

Table 2. Outcome of percutaneous biopsy of small renal masses using 3D cone-beam computed
tomography (CBCT) guidance

CBCT guidance Renal mass Total
Malignant Benign

Malignant 22 0 22

Benign 2 17 19

Total 24 17 41
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one inflammatory pseudotumor, and one infarction. The mean follow-up of the
benign lesions was 29 months (range 18-45), without evidence of malignancy
(e.g., lesion size growth). Two (4.9%) were non-diagnostic biopsies. The two
patients with non-diagnostic lesions of 23.3 and 31 mm underwent (partial)
nephrectomy because of suspicious cells found during histopathological
examination. These masses proved to be RCC after surgical resection. Twenty-
two (53.7%) lesions were endophytic. Contrast was used to visualize the lesion
on CBCT in six patients (14.6%). Detailed information on tumor location is
shown in Table 3. Mean diameter was 25.0 mm (range 10-40 mm), and the
mean number of biopsies per procedure was 3.4 (range 3-6). Mean DAP value
was 44.0 Gy-cm? (standard deviation (SD) 21.0; range 16.5-126.5). There were
no serious adverse events. In one patient (2.4%) a continuing minor bleeding
through the co-axial needle was present. This was treated directly by injecting
hemostatic material (Spongostan®; Baxter, Deerfield IL, USA)]. No additional
intervention or prolonged hospital admission was required.

Table 3. Anatomical details of tumor location

Lower half Upper half Total
Dorsal 2 11 13
Lateral - 8 8
Medial - 5 5
Ventral 7 8 15
Total 9 32 41

Discussion

CBCT guidance has a sensitivity of 91.7%, an NPV of 89.5%, and an accuracy of
95.1% for histopathological biopsies of renal masses. To the authors’knowledge,
only Kroeze et al. [9] has so far described CBCT guidance for biopsy of renal
masses. They reported a technical feasibility of 77% in a small patient population
(N=13) [9]. We report a better outcome, probably because of our larger
population and longer experience with CBCT guidance. Volpe et al. [10]
reviewed the technique, safety, and accuracy of sampling of renal tumors by
core biopsy using CT or US and reported a sensitivity of 70-100%. In the study
performed by Rybicki et al. [11], a sensitivity of 90% was reported. Several other
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studies have also evaluated the sensitivity of renal biopsies, resulting in an
overall sensitivity for diagnosis of malignancy of 80-95%. However the studies
show considerable variation in population and method of guidance (US or CT)
[1,12-14].Vasudevan et al. [1] report 47 malignant biopsies, 23 benign biopsies,
and 4 false negative biopsies resulting in an NPVof 85.2%. Rybicki et al. [11] had
an NPV of 64% in their population. In our study population, the NPV was 89.5%.
Nadal et al. [12] described an accuracy of 87% on the initial biopsy improving to
97% after a second biopsy. Biopsies were performed using an 18 G core biopsy
needle, and an overall accuracy of 89% was achieved [15, 16]. Shannon et al.
[17] reported a diagnostic biopsy rate of 78%, with 22% non-diagnostic biopsies
due to insufficient material or nonmalignant renal material. Our accuracy is in
the same range (95.1%). Our results of the percutaneous renal biopsies using
CBCT guidance are comparable with those in the literature. However in most of
our procedures the needle trajectory had to be at a (steep) double oblique
angle, which is more difficult to perform using CT(fluoroscopy) guidance. To
perform angulated procedures with CT guidance, there are a couple of
techniques available. One possibility is the gantry tilting method, whereby the
gantry of the CT system is tilted between 0 and 30° depending on the vendor,
making an angulated biopsy possible. The tilting method proved to be accurate
(90-96%) in biopsy of hard-to-reach upper abdominal masses [18]. The operator
can, during the tilting method, also use CT fluoroscopy, visualizing the slices of
interest in real time. A drawback of tilting is the negative influence on the sterile
workspace, which is already reduced during conventional CT (fluoroscopy)
guidance compared to the C-arm configuration [19]. Another technique, which
has a histopathological accuracy of 76%, is the triangulation technique as
described by vanSonnenberg et al. [20]. It requires calculation of the angle and
trigonometric tables. During the procedure a large number of slices need to be
scanned to visualise the whole needle trajectory, resulting in longer procedure
times and more radiation exposure to the patient. Because of the long needle
trajectory, the needle passes different soft tissues with different resistance; this,
in combination with respiratory movement, adds more complexity to the
procedure [21]. For angulated procedures, MRI also offers a good alternative to
a needle intervention, especially for lesions invisible on CT and US. Stattaus et
al. [22] reported a sensitivity of 95.5%, specificity of 100%, and an accuracy of
96% using a short, wide-bore 1.5 T MR system. Kiihn et al. [23] reported an
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accuracy of 94%. Both groups agree that MR-guided procedures are also
feasible for lesions with quite a steep angulation due to MRI’s capacity for
multiplanar viewing. However, they acknowledge that the gantry size in regular
MR systems is limited. Other possible disadvantages of MR-guided procedures
include that they are considered expensive because of dedicated materials and
biopsy systems, the reported mean procedure time is 42-48 min (compared to
our 29 min), and needle artifacts may be present. In our experience steep,
double-angulation procedures are easier with CBCT guidance because of the
C-arm geometry with an angulation range up to 50°. In addition to this, there is
real-time feedback of the fluoroscopy with a large field-of-view compared to CT
fluoroscopy. Breathing can be halted at a point where the diaphragm on the
fluoroscopy image exactly matches the diaphragm in the (double oblique)
overlay slice of the cone-beam CT. This enables real-time compensation of
breathing movements during the progression of the needle, compensating for
the respiratory movement and deviation due to different tissue resistance.
Therefore, in our experience, CBCT guidance is better for biopsying hard-to-
reach lesions than CT or MRI. The two non-diagnostic lesions presented normal
kidney parenchyma with atypical cells, but the biopsies were found to be
insufficient for diagnosis in the histopathological report. Because of this report
and the malignant features on abdominal imaging with CT, the decision was
made to perform a (partial) nephrectomy. Both of these lesions were exophytic.
The definite diagnosis in both patients was a renal cell carcinoma. Checking
with the control CBCT, it appears that the biopsies were most likely planned
slightly peripheral to the lesions. That is a possible reason for the presence of at
least some atypical cells in the specimen suggesting a malignancy, but there
was not enough material to make a definitive conclusion. The comparable
results of CBCT guidance and the literature suggest that this new technique can
be performed easily and accurately, but it is not as widely available as CT,
ultrasound, or MRI. Using the reported conversion factor from DAP to effective
dose of 0.28-0.29 (mSv-Gy~'-cm™) by Suzuki et al. [24] during abdominal cone-
beam CT, our mean effective dose was 12.5 (£ 5.9 SD) mSv. This conversion was
done to compare the dose of CBCT guidance to CT guidance in the literature.
Tsalafoutas et al. [25] report an effective dose of 23 mSv during conventional
CT-guided biopsies in which unenhanced, intervention, and control post-
procedure CT data acquisitions were performed. Other studies report a lower
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effective dose (7.1-12 mSv) during CT-guided biopsies; however in these
procedures no final post-procedure CT data acquisition was performed to
check for possible complications [26, 27]. No serious complications occurred
during our procedures. The literature on renal mass biopsy shows complications
of pain, hematuria, bleeding, and tumor seeding. The percentage of
complications depends on the size of the needle [28, 29]. Vaseduvan et al. [1]
used a 16 G needle and reported a complication rate in 100 biopsies of 1%, for
which the patient needed a blood transfusion. Nadal et al. [12] reported a
complication rate of 12% in biopsy of renal masses using an 18 G biopsy needle.
In this report 3% of the procedures needed a blood transfusion. In the report of
Whittier et al. [30], a 13% overall complication rate was reported using a 14 G
biopsy needle. Fifty percent of these were major complications (e.g., gross
hematuria, death). In our population we had one patient (2.4%) with some
persistent bleeding out of the co-axial needle (17 G), which could be directly
treated. No other complications or tumor seeding along the needle track was
noticed during the follow-up. A limitation of this study is the inability to obtain
a definitive confirmation of the lesions defined as nonmalignant (except the
two non-diagnostic lesions with suspicious cells which were operated), e.g.,
organising hematoma, pseudotumor, and the three non-diagnostic results,
because all were treated conservatively. However, no changes on subsequent
CT indicating malignancy (e.g., increasing size) were noted during follow-up,
and therefore the definitive diagnosis was assumed to be benign. A second
possible limitation is our relatively short follow-up period of 2 years. A new
image-merging feature has recently been introduced into the planning system
(XperGuide®, Philips Healthcare, the Netherlands). This tool allows recent cross-
sectional DICOM data (CT or MRI) to be used to plan the needle trajectory. After
importing these data into the system, a match is made manually between the
recent DICOM data and the (low-dose) cone-beam CT data. Preliminary
experimental results of this merging feature for accurate planning are promising,
possibly leading to even higher accuracy, especially in endophytic masses.

In conclusion, our results demonstrate acceptable sensitivity and accuracy of
renal mass needle biopsy using 3D CBCT guidance. CBCT guidance appears
to be a safe and accurate procedure for biopsy of small (<4 cm) renal masses,
especially those in difficult-to-reach anatomical regions.
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Type Il Endoleak Embolization after
Endovascular Abdominal Aortic
Aneurysm Repair with Use of
Real-time Three-dimensional
Fluoroscopic Needle Guidance
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Abstract

Current treatment for type Il endoleak includes transarterial embolization and
translumbar puncture, but each method has its drawbacks. With real-time
three-dimensional fluoroscopy guidance, a cone-beam computed tomography
(CT) image is created in which the needle trajectory is determined. The
trajectory is superimposed on the fluoroscopy image, allowing real-time needle
placement for precise embolization. We have used this method to treat five
patients with complex type Il endoleaks. All interventions were successful and
uncomplicated. At 6-month follow-up, CT scan showed no recurrences. Direct
puncture and injection with real-time three-dimensional fluoroscopy guidance
shows encouraging results as treatment for complex type Il endoleaks after
endovascular abdominal aortic aneurysm repair (EVAR).
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Type Il endoleak embolization after EVAR

Introduction

During the last decade, endovascular abdominal aortic aneurysm repair (EVAR)
has emerged as the preferred treatment in patients with suitable vascular
anatomy. Short-term results of EVAR are significantly better compared with
open repair (1-4). With the introduction of EVAR, new, treatment-specific
complications have also emerged, including endoprosthesis migration and
endoleaks. Type Il endoleak, defined as retrograde aneurysm sac filling by
backbleeding of patent aortic side branches, such as the lumbar arteries or
inferior mesentericartery, hasanincidence of 10%-25% at 3 months of follow-up
(5,6). Type Il endoleaks can be categorized as simple (lIA, to-and-from endoleak
from one patent branch) and complex (1IB, two or more patent branches) (5,7,8).
Most simple type Il endoleaks that are detected early are self-limiting; however,
complex type Il endoleaks may persist and may cause aneurysm enlargement.
Aneurysm rupture after EVAR because of a persistent type Il endoleak has been
reported (8). Most centers, including our own, abandon a conservative approach
and treat a type Il endoleak if the native aneurysm becomes symptomatic or
if persistent aneurysm volume growth is documented (9,10). There are several
options for treatment of persistent, mainly complex type Il endoleaks. One
option is catheter-derived transarterial embolization through a transfemoral
or transbrachial access. This technique is often labor-intensive, and even with
the use of microcatheters, some side branches are too small to catheterize.
Another treatment option is direct translumbar puncture guided by CT (11).
An alternative, invasive approach is laparoscopic clipping and division of all
patent side branches, sometimes with fenestration of the native aneurysm wall
to remove the thrombus. The search for a minimally invasive, reliable technique
for embolization of type II1B endoleaks without the limitations of catheter size
has led to the use of a real-time three-dimensional fluoroscopic technique that
can be used for optimal needle guidance (XperCT and XperGuide, Allura FD20
angiography interventional system; Philips Healthcare, Best, The Netherlands).
We describe this technique for the treatment of post-EVAR type IIB endoleaks
in five patients.
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Materials and methods

Between March 2008 and March 2009, we treated five men with complex post-
EVAR type Il endoleaks using real-time three-dimensional fluoroscopy needle
guidance in the angiography suite of the Interventional Radiology Department.
Patients had an average age of 78.2 years (range 74-82 years). The indication
for treatment was growth of the aneurysm with a type 2 endoleak visible on CT
scan. Average aneurysm size measured on the last CT scan before treatment was
66.2 mm (range 51-87 mm). Baseline characteristics are listed in the Table. The
patients were treated in the prone position under local anesthesia. No antibiotic
prophylaxis was given. Real-time three-dimensional fluoroscopy guidance
uses a flat panel detector system (XperCT and XperGuide, Allura FD20; Philips
Healthcare, Best, The Netherlands) capable of creating a three-dimensional soft
tissue cone-beam CT scan after rotating 180-240 degrees around the patient
in 4-10 seconds. Within the three-dimensional soft tissue data set, the optimal
needle trajectory is determined by the interventional radiologist, taking care to
avoid vital anatomic structures. In our series, visualization of the type Il endoleak
was obtained by administering 50 mL (4 mL/sec) of contrast agent (Xenetix 300,
Guerbet SA, Villepinte, France) 20 seconds before acquiring the cone-beam CT
volume. In the three-dimensional volume, the center of the contrast flush within
the aneurysm sac (endoleak nidus) is marked as the target, and the ideal needle
trajectory is drawn (Figure 7). The optimal C-arm geometry is calculated after
the virtual trajectory within the three-dimensional cone-beam CT volume is
determined. The three-dimensional cone-beam volume and needle trajectory
are coregistered with the movement of the C-arm. The fluoroscopy image is
superimposed over the three-dimensional volume slice, producing a guiding
path within the coupled images (Figure 2). This needle path can be used to
advance the 15- or 20-cm trocar needle (Cook Medical, Bloomington, Indiana)
accurately (within a safety margin of 5 mm) into the endoleak nidus in real time.
Digital subtracted angiography (DSA) is performed after direct puncture of the
endoleak to visualize the complex feeding vessels (Figure 3 and 4). The contrast
agent is injected through the needle; no separate catheter is placed. This is
followed by direct pressure measurement within the endoleak. Embolization
of the endoleak is performed using Tissucol (Baxter Healthcare, Deerfield
Illinois) in most patients or 1.0 mL of Lipiodol (Guerbet SA, Villepinte, France)
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Figure 1. Axial three-dimensional soft tissue Figure 2. Fusion image of patient 4 shows a
cone-beam CT after intravenous contrast agent transection image of three-dimensional volume
administration with the planned needle trajectory and fluoroscopy image, with planned needle
(arrow) from the nidus of the endoleak (asterisk) trajectory (arrow) and placed needle (asterisk).
to the skin.

Figure 3. Fluoroscopic image of patient 4 shows Figure 4. DSA from patient 1 confirms the
the needle in the type IIB endoleak (asterisk), with complexity of the endoleak (asterisk) with
multiple arterial feeding vessels (arrows). multiple feeding vessels (arrows).

mixed with 1.0 mL of Histoacryl (B. Braun AG, Melsingen, Germany) (Figure 5).
Directly after the embolization, the needle is gently flushed with a mixture of
saline and contrast agent so that the needle is not obstructed by the glue. A
second DSA is then possible to check the effect of the embolization. Depending
on the result, the embolization is considered completed, or more embolic
agent is added into the nidus. A control CT angiogram of the abdominal aorta
is performed 1 month and 6 months after the embolization for evaluation of
short-term results (Figure 6). Procedure time is defined as the room occupation

time. This study was approved by our institutional review board.
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Figure 5. Fluoroscopic real-time embolization
(arrow) of the endoleak, using Histoacryl and
Lipiodol, is shown in patient 1.

Figure 6. CT angiogram of patient 1, before and after real-time three-dimensional fluoroscopic needle
guidance embolization, shows contrast material outside the endoprosthesis (arrow) and embolization
material in situ after the embolization procedure (asterisk).

Results

All patients were successfully treated for type lIB endoleaks without initial
complications. Patient 1 was treated with a mixture of 1.0 mL of Histoacryl
and 1.0 mL of Lipiodol, and patients 2 through 5 were treated with Tissucol.
The median (+ SD) procedure time of the treatment was 35.5 minutes (range
34.0-37.0 minutes), and the median amount of contrast agent was 65.0 mL
(range 60.0-70.0 mL). Median radiation dose (dose area product) was 120,837
mGy.cm2 (range 107,123-150,060 mGy.cm?). The measured pressure in the
aneurysm sac was lower after treatment in all patients. All patients returned
for the 6-month follow-up CT scan, which showed no recurrence of treated

endoleaks and no occurrence of new endoleaks (Table).
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Discussion

We have described our results of real-time three-dimensional fluoroscopic
needle guidance for translumbar treatment of type IIB endoleaks after EVAR.
Within the three-dimensional data volume of the cone-beam CT, the endoleak
and the needle path can be visualized in relation to the surrounding anatomic
structures. This allows the interventional radiologist to choose the exact
trajectory and avoid damage to the soft tissues without the risk of graft puncture.
The coregistration of the fluoroscopy image and the three-dimensional cone-
beam CT volume provide visual real-time feedback on needle position during
the puncture in relation to the intestinal organs and the endoprosthesis. A
comparable technique was described previously, but that technique does not
benefit from direct superimposition of the fluoroscopy images on the three-
dimensional volume and the added real-time periprocedural feedback it gives
(12). Real-time three-dimensional fluoroscopic needle-guided treatment of
complex type Il endoleaks has several advantages compared with standard
transarterial microcatheter embolization. In transarterial microcatheter
embolization, coils are placed in the endoleak nidus or in the feeding arteries
to the endoleak nidus. This transarterial route is often labor-intensive and
time-consuming. Owing to direct puncture with real-time three-dimensional
fluoroscopic needle guidance, treatment time is likely to be shorter, and
less contrast agent is likely to be needed. The real-time three-dimensional
fluoroscopic guidance technique allows successful treatment of endoleaks that
cannot be reached through transarterial access because of the small caliber of
most of the feeding arteries. Another treatment option is direct translumbar
puncture after identifying the endoleak on CT and localizing it during the
fluoroscopic needle-guided procedure through fluoroscopically identifiable
landmarks and radiopaque markers on the stent (11,13). Embolization of the
endoleak itself prevents flow between different feeding vessels. This method
has been described to have good results in case series (11,13,14). A recent
larger retrospective study has shown no benefit of translumbar embolization
over transarterial embolization; however, both methods had a primary success
rate of less than 80% (15). In our series and in the series of Binkert et al. (12),
all patients have been successfully treated. Real-time three-dimensional
fluoroscopic needle guidance in essence works through the same mechanism as
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translumbar embolization but has advantages. In our opinion, more endoleaks
can be reached with cone-beam CT guidance compared with fluoroscopic
advancement of a needle based on the anatomy of a pretreatment CT scan.
Vulnerable structures can be spared because of real-time feedback in the
three-dimensional volume while still following the predetermined trajectory.
Endoleaks with a small nidus can be accurately reached. This problem has been
reported in previous descriptions of direct puncture methods (16). Puncturing in
steep angles in all planes is more easily visualized and executed under real-time
three-dimensional fluoroscopic needle guidance. To our knowledge, there are
no reports concerning the dose during similar percutaneous type llembolization
procedures. Our median radiation dose compared with interventional radiology
procedures generally is low (17). Limitations of our study are that only five
patients have been treated, with a relatively short average follow-up of about
8 months (range 6-15 months). Another shortcoming is that the embolization
is visible only using a Histoacryl and Lipiodol mixture, which was done in our
first patient. Histoacryl is known to be a good thrombotic agent, and Lipiodol
works well as a contrast agent. The combination of these two agents makes
the embolization itself visible; however, preparation of this mixture is labor-
intensive, compared with use of Tissucol. The mixture of Histoacryl and Lipiodol
creates a radiopaque scattering artifact during the follow-up CT scan, making
small repeat endoleaks difficult to see. To see any changes during the follow-
up examination, a noncontrast-enhanced CT should be performed just before
the CT angiogram, which is not necessary when using Tissucol. The advantage
of Tissucol is that it is ready to use after thawing. A disadvantage of Tissucol is
that it cannot be mixed with a contrast medium. The amount of Tissucol and
the speed of injection using the embolization should be titrated using test
contrast agent injections before injection of the thrombotic agent itself to
prevent thromboembolization distally to the mesenteric arteries in case of type
Il endoleaks from the inferior mesenteric artery. After the Tissucol is injected,
the embolization must be checked by a control DSA. Because of surrounding
essential anatomy, the planned trajectory of the needle to enter the nidus of
the endoleak can be limited. Selective catheterization of the feeding vessel for
embolization with coils is an option but is more labor intensive or sometimes
impossible (because of the small size of the nidus and the incoming angle of
the needle). In conclusion, direct puncture with real-time three-dimensional
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fluoroscopic needle guidance is a minimally invasive treatment for complex
type Il endoleaks after EVAR, with limited procedural time and limited contrast
agent use. All complex endoleaks in this case series of five patients were
successfully treated, but long-term follow- up data are lacking.
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Abstract

Objective

To determine effective radiation dose to patients during needle interventions
with cone-beam computed tomography (CT) guidance and compare it with the
dose during conventional CT-guided interventions.

Materials and Methods

Cone-beam CT guidance is a recently developed technique with image
acquisition on a flat-panel detector digital angiography system. It is based
on a combination of acquired three-dimensional soft-tissue cone-beam CT,
dedicated needle trajectory software, and fluoroscopy, providing stereotactic
needle guidance. To analyze effective dose, we prospectively recorded all
contributing parameters necessary to calculate it in 92 needle interventions
(in 88 patients [60 men]; mean age, 63.9 y) using a Monte Carlo program. For
CT guidance, we retrospectively scored the necessary parameters during 137
needle interventions (118 patients [81 men]; mean age, 59.5 y) to calculate
effective dose with a CT patient dosimetry calculator. The needle interventions

were categorized in four regions.

Results

Total mean effective doses with cone-beam CT guidance were 7.6 mSv in the
upper thorax, 12.3 mSv in the lower thorax, 16.1 mSv in the upper abdomen,
and 13.4 mSv in the lower abdomen. Effective doses with uncollimated cone-
beam CT alone were 2.0, 2.9, 4.2, and 3.5 mSv in the respective regions. Effective
doses with CT-guided interventions were 13.0, 15.1, 20.4, and 15.4 mSv in the
respective regions. Cone-beam CT guidance results in a reduction of 13%-42%
of total effective dose compared with conventional CT guidance. The dose
reduction is mainly attributable to cone-beam CT, not to fluoroscopy.

Conclusions
A new needle intervention technique with cone-beam CT guidance results in a
considerable effective dose reduction for patients compared with conventional
CT guidance.
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Purpose

In the past decade, there has been an increase in radiation dose to patients
that is attributable to an increase in the use of computed tomography (CT)
examinations and CT-guided interventions (1,2). For interventional radiologists,
needle interventions are part of daily practice for therapeutic drainage,
aspiration, or the performance of biopsies. During these interventions, precise
positioning of the needle is essential, specifically in small lesions. Ideally, the
imaging equipment used for needle interventions should image in real time,
with the availability of volumetric images such as CT or magnetic resonance
(MR) imaging. Needle interventions with conventional CT guidance are
accurate (3), but the gantry of a CT scanner can limit the workspace available,
and advancing a needle through an out-of-plane path can be difficult (4). With
multiple vendors offering cone-beam CT fluoroscopy as part of flat-panel
angiography systems, it has become possible to track the needle in real time,
and to have volumetric imaging available at the tableside. This approach and
the associated technology are relatively new, so there is a need for reports that
define comparative radiation dose values in cone-beam CT guidance. To this
end, we prospectively measured and calculated effective patient doses and
compared them with those of previously performed conventional CT-guided
interventions.

Materials and methods

Cone-beam CT Guidance

Cone-beam CT guidance uses a flat-panel detector system mounted on a
C-arm (XperCT/Allura FD20 angiography system; Philips, Best, The Netherlands)
capable of acquiring cone-beam CT images (5). A three-dimensional soft-tissue
dataset is reconstructed from the cone-beam CT acquisition. The user can then
apply dedicated software (XperGuide; Philips) to determine a safe and preferred
needle path from the skin to the target lesion through the reconstructed three-
dimensional dataset, avoiding vulnerable structures (ie, vessels, organs) (6,7).
When the virtual trajectory has been determined, the three-dimensional
data and virtual trajectory are coregistered with real-time fluoroscopy. The
calculated needle path is projected in the fluoroscopy image, producing a real-
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time (fluoroscopic) image of the needle advancing to the target with a high
degree of accuracy, compared with CT guidance with comparable procedure
times (7).

Patients

Cone-beam CT guidance.

From October 2007 to December 2008, all patients with an indication for
a CT guided needle intervention (i.e., in lesions not amenable or visible by
ultrasound) were included in the study and underwent a percutaneous needle
intervention with cone-beam CT guidance. There was no target lesion size limit.
A total of 88 patients who underwent 92 cone-beam CT-guided interventions
were included. All the cone-beam CT guidance procedures were performed by
two radiologists with 5 and 11 years of experience, respectively. The baseline
data in this population are shown in Table 1. Written informed consent was
obtained from all patients, and the study was approved by the institutional
review board.

Conventional CT guidance.

We retrospectively analyzed the data for needle interventions with CT
guidance in the period from November 2004 until August 2008. In total, 223
CT-guided needle interventions were performed, of which 137 interventions
(in 118 patients) were suitable for analysis. In 86 patients (90 interventions), the
recorded data were insufficient because of incomplete or missing scans. The
procedures were performed by five radiologists with 4-12 years of experience.
The baseline data of this patient population are shown in Table 1.

Dose Calculation Method

Cone-beam CT guidance

To perform the intervention with cone-beam CT guidance, at least two cone-
beam CT acquisitions were performed during a complete procedure (Table 2).
The first cone-beam CT acquisition was used to plan the optimal needle path.
After needle placement, cone-beam CT images were obtained to assess needle
positionand potential complications. Initial cone-beam CT runs were performed
with a maximum field diameter of 48 cm, without collimation, covering a z-axis
of approximately 30 cm. The field diameter at the axis of rotation was 32.5 cm.
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Table 1. Baseline Data in Patients Treated with Cone-beam CT—guided and Conventional CT-guided
Needle Interventions

Cone-beam Conventional
Variable (n=88) (n=118)
No. of procedures 92 137
Age (y) 63.9+1.4 59.5+1.3
Range 24-85 29-83
Sex (M/F) 60/29 81/37
Weigth (kg) 79.7+1.7 81.2+15
Length (m) 1.75+0.01 1.74 £0.02
Anatomic category
1: Upper thorax 17 procedures 11 procedures
Target diameter (mm)
Mean 29.2+3.6 23.1+28
Range 9-66 10-75
2: Lower thorax 16 procedures 20 procedures
Target diameter (mm)
Mean 36.0+5.5 35375
Range 14-85 12-90
3: Upper abdomen 45 procedures 58 procedures
Target diameter (mm)
Mean 29.8+3.3 31429
Range 9-124 12-115
4: Lower abdomen 14 procedures 48 procedures
Target diameter (mm)
Mean 39.6 4.7 68.3+2.4
Range 20-78 35-140

Note: Values presented as means + SD where applicable.

The total filtration used was 1.0 mm aluminum and 0.9 mm copper. The distance
between the x-ray tube focal spot and the image receptor was 119.5 cm. The
distance from the focal spot to the center of rotation was 81 cm. Collimation was
frequently used for the cone-beam CT check scans to image only the necessary
field of view. Fluoroscopy was used to position the needle and follow its progress.
If necessary, fluoroscopy used a smaller field diameter (48 ¢cm) for increased
visibility, with all other settings (filtration and distances from focus to skin and
focus to center of rotation) kept the same. Needle interventions were divided
into four categories depending on anatomic location: upper thoracic (category 1,

—117—

"
(<]
=
—~
X
Q
=
QU
=
o
>
m
X
©
[}
(%)
(=
=
D




Chapter 7

lower neck to the level of the carina), lower thoracic (category 2, level of the carina
to lower diaphragm level during inspiration), upper abdomen (category 3, from
the level of the upper diaphragm on inspiration to the umbilical level), and lower
abdomen (category 4, umbilical level to lower level of the ischial tuberosity). With
a standard record form, we prospectively recorded the dose—area product value
(in mGy.cm?) of all individual procedure steps (eg, cone-beam CT and fluoroscopy
runs). A dedicated PC-based Monte Carlo program (PCXMC, version 2.0; Radiation
and Nuclear Safety Authority, Helsinki, Finland) was used to calculate effective
doses during these procedures (8). PCXMC 2.0 calculates the effective doses with
the present tissue-weighting factors of International Commission on Radiation
Protection Publication 103 (9) and the old tissue-weighting factors of Publication
60 (10,11). To calculate the effective dose, we mimicked the calculation method
as described by Suzuki et al (12). The cone-beam CT imaging was acquired in a
240° rotation. To simplify the calculation, the rotation of the tube was reduced to
nine separate projections at 30° intervals (330°, 0°, 30°, 60°, 90°, 120°, 150°, 180°,
and 210°), and doses were calculated in these nine projections. To calculate the
effective dose of each projection, the projection data (projection angle, position,
field size, tube voltage, filtration, and dose-area product [ie, total product divided
by nine]) and patient parameters were entered in the PCXMC program. The sum
of the reported dose of all nine projections provide nearly the total effective
dose of a cone-beam CT study. Positioning and advancing the needle was done

Table 2. Scan Protocol Parameters of Cone-beam CT—guided and CT-guided Needle Interventions
Parameter

Low-dose Cone-beam CT Conventional CT
Parameter Thoracic Abdominal T/A Very Fast  Thoracic Abdominal Axial,
Sequential
Shots
Voltage (kV) 95 119 116 120 120 120
Charge (mAs) 267 252 171 140 165 50
Increment (mm) NA NA NA 1.6 6.5 NA
Pitch NA NA NA 1.5 1.5 NA
Slice Thickness NA NA NA 3.2 3.0 5
(mm)
Collimation (mm) NA NA NA 4x3 4x5 4x5
Scan time (s) 10 10 4 20 25 1
Z-axis coverage (cm) 30 30 30 30 30 2

Note: NA = not applicable; T/A = thoracic/abdominal.
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under real-time fluoroscopy. The total effective dose of the intervention was
the summed dose of the separate cone-beam CT runs performed during the
intervention added to the fluoroscopy dose. Effective dose was expressed in mSv.

Conventional CT guidance.

All interventions were performed with a four-slice helical CT scanner (MX8000;
Philips). Scan protocol parameters are shown in Table 2. To analyze these CT
intervention data, the same anatomic categorization was used as for the patients
who underwentcone-beam CT. During the procedure, a planning and final check
scan was performed without contrast enhancement. During advancement of
the needle, sequential axial shots were used. Procedures were routinely stored
in the department’s picture archiving and communication system, from which
they could be retrieved for viewing. To determine the effective dose, we used
the dedicated ImPACT CT Patient Dosimetry Calculator (version 1.0.2) (13). The
total effective dose during the intervention was calculated as the sum of doses
from the CT scans performed and the separate axial shots for monitoring the
progression of the needle.

Statistical Analyses

Excel 2007 (Microsoft, Redmond, Washington) was used to summarize results,
and SPSS software (version 17.0; SPSS, Chicago, lllinois) was used for statistical
analysis. The magnitudes of the differences of the mean total effective doses
between cone-beam CT guidance and conventional CT guidance per category
were analyzed by the independent-samples t test. The differences were
considered significant at P values lower than .05.

Results

Cone-beam CT Guidance

Between October 2007 and December 2008, we performed 92 needle
interventions in 88 patients with cone beam CT guidance. After the procedure,
four patients returned for an additional needle intervention. In two patients,
the biopsy material of the lesion was insufficient: one patient returned for a
second, new lesion, and one patient returned because of a recurring abscess
(all in the upper abdomen group). In total, we performed 253 cone-beam CT
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studies, with an average of 2.8 per guidance procedure. The mean effective
doses of uncollimated cone-beam CT runs were 2.0 mSv (95% Cl, 1.5-2.4 mSv)
for category 1, 2.9 mSv (95% Cl 2.3-3.5 mSv) for category 2, 4.2 mSv (95% Cl
3.8 - 4.6 mSv) for category 3, and 3.5 mSv (95% Cl 3.0 -3.9 mSv) for category 4.
Horizontal collimation of the cone-beam CT scan shows a linear decrease in the
effective dose of the scan (Figure 7). The total mean effective doses during cone-
beam CT guidance procedures were 7.6 mSv (95% Cl, 5.1-10.0 mSv) for category
1,12.3 mSv (95% Cl, 9.1-14.6 mSv) for category 2, 16.1 mSv (95% Cl 13.8 -18.4
mSv) for category 3, and 13.4 mSv (95% Cl 9.4 -17.4 mSv) for category 4.

Total effective dose was divided into effective dose of the cone-beam CT studies
and effective dose of fluoroscopy (Table 3). Fluoroscopy used for positioning
and advancing of the needle was responsible for 35%-43% of the total cone-
beam CT guidance dose (Table 3).

Conventional CT-guided Needle Interventions

Between November 2004 and August 2008, we performed 137 needle
interventions in 118 patients with conventional CT guidance. Nine patients
underwent 22 drainages in total. Three patients underwent three procedures

5
Category 1

‘é 4 —e—Category 2
";' —¥#=Category 3
]
DO 3 —=—Category 4
e
g%
i

1

0

0% 20% 30% 40% 50% 60% 70%
Percentage of collimation

Figure 1. The effect of horizontal collimation for the effective dose of cone-beam CT scans of the upper
thorax (category 1), lower thorax (category 2), upper abdomen (category 3), and lower abdomen
(category 4).
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Table 3. Effective Dose with Cone-beam CT Guidance

Dose (mSv)
Category Cone-beam CT Fluoroscopy Total
1: Upper thorax (17 procedures) 4.3 (2.7-5.8) 3.3(2.0-4.6) 7.6 (5.1-10.0)
2: Lower thorax (16 procedures) 7.8 (4.5-11.2) 4.5 (2.5-6.5) 12.3(9.1-14.6)
3: Upper abdomen (45 procedures) 10.4 (8.8-11.9) 5.7 (4.6-6.8) 16.1 (13.8-18.4)
4: Lower abdomen (14 procedures) 7.6 (5.8-9.3) 5.8 (2.9-8.8) 13.4(9.4-17.4)

Note: Values in parentheses are 95% Cls.

each. Two patients had one biopsy and two abscess drainages each, and one
patient underwent two biopsies and one abscess drainage. The total mean
effective doses during CT-guided interventions were 13.0 mSv (95% Cl, 12.4
-13.6 mSv) for category 1, 15.1 mSv (95% Cl, 14.7-15.5 mSv) for category 2,
20.4 mSv (95% Cl, 20.1-20.6 mSv) for category 3, and 15.4 mSv (95% Cl, 14.9
-15.5mSv) for category 4. The individual data of planning CT, fluoroscopy shots,
and control CT are shown in Table 4. Advancing the needle using sequential CT
shots was responsible for 6%-22% of the total effective dose of the procedure.

Table 4. Effective Dose of CT-guided Needle Interventions

Dose (mSv) Dose (mSv)
Category Planning CT Axial, Mean No. of Control CT Total
Sequential Fluoroscopy
Shots Shots
1: Upper thorax 6.9(6.7-7.1) 2.8(2.4-3.1) 21.9 3.3(2.9-3.7) 13.0(12.4-13.6)
(11 procedures)
2: Lower thorax 7.5(7.4-7.6) 2.4(2.1-2.6) 9.7 5.2 (4.9-5.5) 15.1(14.7-15.5)

(20 procedures)

3: Upper abdomen 10.1 (10.0-10.2) 3.3 (3.1-3.4) 17.5 7.0 (6.8-7.2) 20.4 (20.1-20.6)
(58 procedures)

4: Lower abdomen 8.6 (8.4-8.8) 1.8 (1.7-2.0) 9.8 4.8 (4.6-5.0) 15.4(14.9-15.5)
(48 procedures)

Note: Values in parentheses are 95% Cls.

Cone-beam CT Guidance versus Conventional CT Guidance

Comparison of the total mean effective dose between cone-beam and
conventional CT guidance shows a dose reduction of 13%-42% depending
on the anatomic category (Figure 2). The differences in mean effective doses
between cone-beam CT guidance and conventional CT guidance are significant
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for the upper and lower thorax and upper abdomen (P =.001,P =.012,and P <
.0001, respectively). There was no significant difference in mean effective dose
between cone-beam CT guidance and conventional CT guidance in the lower
abdomen (P = .075). The difference between cone-beam CT guidance and
conventional CT guidance in the relative dose contribution of planning/control
CT and fluoroscopy/single CT shots is shown in Figure 2. The dose reduction is
mainly attributable to cone-beam CT, not to fluoroscopy (Figure 2).

TOTAL DOSE
2% 19% 21% 13% 9
30
20
Effective Dose
(mSv)
10
0
catl. cat2. cat3. cat4.
O CBCT-guidance
B CT-guidance
'NEEDLE GUIDANCE' PLANNINGS & CONTROL (CB-) CT
15% ™ 47% 2%  69% 58%  39%  39%  44%
6 20
4 15
Effective Effective
Dose Dose 10
(mSv) 2 (mSv)
0 0
catl. cat2. cat3. cat4. catl. cat2. cat3. cat4.

Figure 2. Effective dose of cone-beam CT guidance compared with conventional CT guidance in the
upper thorax (category 1), lower thorax (category 2), upper abdomen (category 3), and lower abdomen
(category 4). Values above the bars represent the difference between cone-beam and conventional CT
guidance. NS = not significant. (*Needle guidance gives the effective dose during needle positioning
using fluoroscopy in cone-beam CT guidance and using axial, sequential CT shots during conventional
CT guidance).
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Discussion

Previous studies have been performed to determine the effective dose of cone-
beam CT (12,14). Suzuki et al. (12) reported an effective cone-beam CT dose
of 4.2 mSv in the abdomen. The results for the effective dose of a cone-beam
CT scan presented in the present study are similar to those reported by Suzuki
et al. (12) even though we calculated the dose in nine separate projections
(to simplify the calculation) instead of the 13 used by Suzuki et al. (12). The
highest effective dose during cone-beam CT guidance was found in the upper
abdomen category. The main reason for this is that these procedures are more
difficult to perform because of smaller target size and organ movement caused
by breathing (7). In general, CT-guided needle interventions can be performed
in two ways: the sequential approach and the CT fluoroscopy method. In the
present study, the first approach was used for the CT-guided interventions.
Our effective dose value result with CT guidance with the sequential “quick-
check” method is comparable to those in the literature, with reported effective
dose ranges between 6.1 and 23 mSv (13,15,16). With the sequential approach,
the effective dose is lower than that with real-time CT fluoroscopy, but the
intervention time with the sequential approach is prolonged compared with
real-time CT fluoroscopy (17). The results of the present study show a 13%-42%
reduction of effective dose in the different anatomic categories with cone-beam
CT guidance during a complete procedure compared with CT-guided needle
interventions. Hirota et al. (14) found a dose reduction of 45.7 % in cone-beam
CT compared with helical CT. They did not examine the effective dose during
a complete interventional procedure. By comparing only the effective doses of
uncollimated cone-beam CT and conventional CT, we showed a reduction of
58%-71%, which is comparable to previous data reported by Hirota et al. (14).
Anatomic category 4 (lower abdomen) showed the lowest dose reduction (13%).
This could be related to the difference in the number of patients in this category
between cone-beam CTguidance (n=14)and CTguidance (n=48), thedifference
in target size (39.6 mm vs 68.3 mm), and the types of needle interventions
performed between the two modalities. In the lower abdomen category in the
conventional CT group, most interventions were abscess drainages, and these
were generally larger collections, making needle placement easier. In the cone-
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beam CT guidance group in this category, most interventions were biopsies,
which required more accurate needle positioning because of the smaller size
of the target lesions. There are several limitations to the present study. Data
collection was prospective for cone-beam CT guidance but retrospective for
CT-guided needle interventions. This was inevitable because logistic reasons in
clinical practice dictated that all CT-guided procedures at our institution now
use the cone-beam technique. Despite the difference in data collection, the
calculated effective dose is believed to be accurate, and therefore comparison
is possible. The effective dose of the scanogram cannot be calculated on the
ImPACT CT Patient Dosimetry Calculator. Tsalafoutas et al. (13) reported that
the contribution of the scanogram is 2.2%-2.4% of the total effective dose in
biopsy and drainage procedures. Because we did not include the contribution
of a scanogram in our analysis, our reported effective dose during CT-guided
procedures is slightly lower than the actual effective dose. The calculations
of effective dose during needle procedures are based on different programs
and calculation methods. Despite these different programs, we assume the
calculated doses are representative, especially because both programs are
widely accepted for calculating effective dose (8,11,12,13,16) and our doses
are comparable to the reported doses in the literature. In our experience so
far, we expect that a greater dose reduction will be possible with cone-beam
CT guidance in the near future. By default, all planning cone-beam CT scans
could be performed with collimation. In addition, during advancement of the
needle, the contribution of the fluoroscopy is relatively high (35%-43% of the
total effective dose). By adjusting the fluoroscopy protocol (e.g., lowering the
frame rate), further reduction of the effective dose of fluoroscopy, as described
by Vetter et al. (18), should be possible, resulting in a lower overall effective
dose. Reducing the charge (mAs) during fluoroscopy would also lower the
dose but would have a negative influence on image quality. The relationship
between fluoroscopy with lower mAs and acceptable image quality has to be
investigated. In the current system, asymmetric collimation during fluoroscopy
is not possible. When asymmetric collimation becomes possible for eccentric
puncture sites, an even lower effective dose will be the result. In addition, in
the procedures described here, a control scan was always performed to rule
out any complications, but with relatively limited collimation (most with <
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50% collimation). Based on the “as low as reasonably achievable” principle,
there would be an argument for waiving the standard control scan in specific
procedures. Finally, with the recently introduced option to coregister CT or MR
data within the cone-beam CT guidance modality, it is possible to perform
needle guidance based on previously acquired datasets. In this case, only very
low dose protocols would be needed to register both volumes. The effect on
dose reduction of this option should be investigated. The use of angular beam
modulation for CT or other experimental navigation and guiding systems
(e.g., electromagnetic tracking system) for cone-beam CT guidance can also
lower the effective dose during percutaneous needle interventions in the
future (19,20). Despite the dose reduction for the patient during cone-beam
CT guidance compared with CT guidance, the scatter radiation dose for the
interventional radiologist might actually increase, especially compared with
sequential CT guidance procedures. The amount of scatter radiation during
cone-beam CT-guidance is still under investigation. The effective radiation dose
to the patient with cone-beam CT guidance is in the range of 7.6-16.1 mSy,
depending on anatomic category. Compared with the effective radiation doses
of 13.0-20.4 mSv with CT guidance, there is a considerable dose reduction
across the different anatomic categories (13%-42%). This reduction is mainly a
result of the considerably lower effective dose of cone-beam CT compared with
the conventional CT equivalents.
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Abstract

Objective
Quantitative analysis of operator dose in cone-beam CT-guidance (CBCT-
guidance) and the effect of protective shielding.

Materials and Methods

Using a Rando-phantom® a model was set-up to measure radiation dose for
the operator hand, thyroid and gonad region. The effect of sterile lead drapes
and ceiling/couch shielding was measured. Using this model we calculated
the dose, based on relevant clinical parameters. The procedures were divided
in thoracic and abdominal group. Furthermore dosimetry measurements were

performed during clinical cases to correlate with our calculations.

Results

113 procedures were included between December 2007 and January 2010 (47
thoracic, 66 abdominal). The mean hand doses were 34.2 and 54.6 uSv (thoracic/
abdominal respectively). The thyroid and gonad regions doses were 83.2 and
34.3 uSv in the thoracic, and 66.2 and 47.2 pSv in the abdominal group. Lead
drapes reduced the dose for the hand, but increased for the thyroid/gonad
significantly. Combined shielding reduced dose by 98.2-98.9% (p<0.05). The
radiation dose in clinical setting in the thoracic group (n=17) was 32.9 uSv for
the hand, 11.4 pSv for the thyroid and 16.0 uSv for the gonad region. In the
abdominal group (n=20) the doses were 43.4, 21.7 and 18.8 puSv respectively.

Conclusion

The operator dose in CBCT-guidance without shielding is quite low, compared
to the literature. Compared to clinical cases, the model overestimated the
radiation dose. Based on the model approximately 240 cases can be performed
staying below the yearly limit. Best significant dose reduction is achieved by a
combination of different types of shielding.
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Introduction

Scatter radiation of fluoroscopy is the major source of radiation dose for
the interventional radiologist during procedures. There is an increase in
X-ray fluoroscopy use in the angiosuite, because of increasing complexity of
procedures performed. There are many reports concerning the radiation dose
for the staff in the angiosuite. Only a small part of the described performed
procedures concerned percutaneous needle interventions [1,2].

For biopsies and drainages the interventional radiologist can use ultrasound,
CT (-fluoroscopy) (CT-F), MRI and fluoroscopy or a combination. In most
cases ultrasound or CT(-F) is used. By using ultrasound there is obviously no
radiation exposure but many lesions are inaccessible by ultrasound due to the
superposition of gas or bone. In these instances CT(-F) is then commonly used.
The X-ray exposure for radiologists during CT(-F) guided interventions has been
investigated by many authors. A mean dose outside the lead aprons of 71 pSv is
reported [3-6].

Since the introduction of flat panel detectors in the angiosuite, the capability
of performing a soft tissue cone-beam CT (CBCT) is available, combined with
needle planning software and overlay imaging with fluoroscopy allowing to
perform real-time guided needle interventions [7,8]. During a CBCT-guided
intervention the interventional radiologist potentially stands relatively close
to the X-ray beam to position the needle (that is: compared to most common
vascular interventional procedures). During CBCT-guidance the C-arm also
takes an oblique and possibly lateral position resulting in a possible higher
scatter radiation dose. There is currently no literature available on studies
investigating the amount of radiation exposure for the operator during these
CBCT-guidance interventions. In order to determine the radiation dose for the
interventional radiologist during a CBCT-guidance we performed a prospective
study to quantify scatter radiation dose. The standardly equipped couch &
ceiling shielding of the C-arm is used to determine the effect on the scatter dose.
However this shielding will protect mainly the gonad and thyroid region and
not the hand region. We used commercially available disposable lead drapes to
determine the effect of this shielding especially for the hand. Also a combination
of different types of shielding will be evaluated. Also we performed a prospective
real-time measurement study on a cohort of clinical patients.
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Materials and methods

Cone-beam CT-guidance procedure

CBCT-guidance is based on a flat panel detector C-arm angiosuite system
(XperCT® and XperGuide®, Allura FD20, Philips Healthcare, The Netherlands). A
soft tissue 3D volume is created during a 4-10 seconds rotation (240 degrees)
around the patient. Within this calibrated 3D soft tissue data set the operator
determines a needle access route from the skin to the target lesion, avoiding
critical structures. This needle path determines the angulation and rotation of
the C-arm for visualizing entry point and progression views. The fluoroscopy
image is co-registered with the relevant needle path slice of the CBCT, making
it possible to position and advance the needle in real-time. There are two main
C-arm positions; one looking right on top of the trajectory (entrypoint view; EP)
(Figure 1 a & b) and the second view is perpendicular to the planned needle path

with parallax correction (progress view; PV) (figure 1 c & d).

Figure 1. Cone-beam CT-guidance procedure on a 59-years-old male with a suspected mass in the
hilum of the right kidney. Histopathological result revealed a small cell neuroendocrine carcinoma for
which this patient underwent a nephrectomy. A, Entrypoint (EP) geometric configuration of the C-arm,
looking ‘down-the-barrel’ (with arrow). This view is shown in B with a merged image of the CBCT-
slice and the fluoroscopy with the target circles (curved arrow) making accurate needle placement
possible. C, shows the common geometric configuration of the C-arm in the Progress view (PV). This
clearly shows the close position of the operator to the radiation beam. D, shows the progress view
during a CBCT-guidance procedure with merged images of the CBCT-slice and fluoroscopy with the
needle trajectory (curved arrow) with centimeter markings.
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During the acquisition of the CBCT the operator steps outside of the angiosuite.
For positioning and progressing the needle the radiologist uses fluoroscopy
and has to stand close to the patient/needle/X-ray beam. After selecting the
first view the needle can be placed within a safety margin of 5 mm, however the
depth of the needle cannot be monitored real-time in this view. After securing
the right EP position of the needle the second position (PV) is selected to
progress the needle until the right depth is reached.

The total filtration during fluoroscopy was 1.0 mm Al and 0.9 mm Cu. The X-ray
focal spot - image detector distance (FSD) was 119.5 cm. The distance from
the focal spot to the center of rotation was 81 cm. The operator could choose
the field diameter (FD) and the amount of collimation. The position of the

interventional radiologist depends on the C-arm geometry.

Scatter Radiation Model:

To set up a scatter-radiation model during CBCT-guidance we used a human-
shaped phantom (Rando® phantom; Phantom Laboratories, Salem, NY). This
phantom represents a 175 cm tall and 73.5 kg (body mass index (BMI): 24
kg.m?) hermaphrodite phantom. We measured the scatter radiation dose of
the interventional radiologist to the thyroid region (150 cm above ground),
gonad region (90 cm above ground) and hand region (next to the needle, right
outside the direct X-ray beam) of the operator by using electronic personal
dosimeters (EPD) (Mk2, Thermo Fischer Scientific). This dosimeter measures
the penetrating dose (Hp(10), uSv), i.e. the individual dose at a depth of
10 mm tissue. Cumulative dose value is displayed on the LCD display of the
EPD [5]. The distance of the operator to the radiation source depends on the
angulation and rotation of the C-arm. For every geometric position of the C-arm
a representative position was chosen to measure the operator dose based on
the position during equal clinical procedures (50cm from center point of C-arm
outside of the rotational arc). Also we measured the scatter dose behind ceiling
and couch attached shielding (0.5 mm Pb equivalent), as well as using sterile
disposable lead drapes (Drape Armour®; 0.25 mm Pb equivalent, 41 x 25 cm;
Microtek Medical BV, Zutphen, The Netherlands) which are placed on top of
the patient around the needle (Figure 2) and a combination of lead drapes and
shielding. We measured the dose in every combination of rotation projections
of the detector between -120 degrees to +120 degrees at an interval of 30
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Figure 2. The disposable lead

Disposable sterile drape armor (Pb equivalent of
lead drapes 0.25 mm) as positioned during
the model measurement with a

Rando® phantom.

degrees, to simplify the measurements. In every angulation projection the dose
was measured with an interval of 20 degrees in a range of -40 degrees to +40
degrees (figure 3). In every geometric setting the backscatter was measured
during 15 seconds of fluoroscopy. After every 15 seconds of fluoroscopy
the EPD’s display was read and recorded. The effect of changing the FD and
collimation (0% or 50% collimation) in every combination of geometry and
shielding was also determined. The above measurements were performed
in the abdominal region and thoracic region of the phantom. This resulted
in a scatter dose rate (uSv/s) for every combination of geometric setting, FD,
collimation, ceiling/couch shielding and sterile disposable lead drapes.

Figure 3. The rotation (A) and angulation (B) of the C-arm used during the model measurements of
scatter radiation for the operator. Dose measurement was performed in every combination of rotation
projections between -120 degrees to +120 degrees at an interval of 30 degrees and in every angulation
projection with an interval of 20 degrees in a range between -40 degrees to +40 degrees.

—134—



Operator radiation exposure

Patients

Written informed consent was obtained from all patients and the institutional
review board approved the study design. Patients were included from
December 2007 and January 2010. All patients (N= 186) included in this study
had an indication for a CT-guided needle intervention (lesions not accessible by
ultrasound due to overlaying gastro-intestinal gas, bony structures or lesions
in the lung parenchyma) and underwent a percutaneous needle intervention
using CBCT-guidance. There was no target size limit. The phantom used in our
model had a BMI (body massindex) of 24 kg.m2. Therefore we excluded 73 patients
with a BMI outside of the normal range of 22 -26 kg.m-2. In total 113 patients
were included. The baseline data of this population is shown in Table 1. The CBCT-
guidance procedures were performed by two radiologists (SB & MvS) with 5 and
11 years experience and equal experience in CBCT-guidance. The procedures
were divided in 2 groups: thoracic (n = 47) and abdominal procedures (n =
66). During the procedures relevant parameters were prospectively recorded
(C-arm position, fluoroscopy time, FD and collimation).

Table 1. Overview of patient characteristics used for the model and during the clinical cases

Thorax Abdomen total
Scatter radiation model N =47 N =66 N =113
Sex 19 women / 19 men 28 women / 47 men 47 women / 66 men
Mean age (y) 62.1+11.8SD 63.9+12.3SD 63.3+12.1SD
L\:re;e”t '(f;’rg]:;’ of 31.0£22.15D 25.1+18.35D 27.8420.25D
Mean BMI (kg/m?) 23.9+1.425D 23.9+1.50SD 23.9+1.46 SD
Clinical cases N =17 N =20 N =37
Sex 5women /12 men 8 women /12 men 13 women / 24 men
Mean age (y) 67.3+10.9SD 62.6 +11.3SD 64.7 +11.2 SD
Mean length of 23.7+8.55D 229+7.25D 233+7.85D
target (mm)
Mean BMI (kg/m? 24.4+1.9SD 24.0+1.7 SD 24.2 +1.8 SD

Note: SD = standard deviation

Scatter radiation dose calculation:

Based on the scatterradiation model we extrapolated the dose for the radiologist
at the thyroid region, gonad region and hand region during procedures
performed in a routine clinical setting. We multiplied the fluoroscopy time
(sec) of the detailed obtained data during CBCT-guidance procedures with the
scatter radiation dose rate (uSv/s) measured in the model, resulting in a scatter
radiation dose in uSv per procedure.
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Real-time dose measurement

In June 2010 a Dose Aware System (DAS) (Philips Healthcare, The Netherlands)
was introduced in our radiological department. In the period between June and
November 2010 we performed 37 CBCT-guidance procedures in which we used
this system. Baseline data of these patients are shown in table 1. The dosimeter
measures the scatter dose rate (uSv/h) and cumulative scatter dose Hp(10)
(uSv) and sends this information every second wirelessly to a base station. The
dosimetry data from the base station was downloaded to a laptop for further
analysis. The dosimeters were placed in the same position as in the scatter
radiation phantom measurement (thyroid region (150 cm), gonad region (90
cm) and hand that placed and progressed the needle (closest to the beam).
During these clinical procedures we routinely worked with ceiling and couch
mounted protective lead shielding.

Analyses

Microsoft Office Excel 2007 was used for registering and summarizing the
results and SPSS software (version 16.0, SPSS) was used for the statistical
analysis. The magnitudes of the differences between the mean of the different
groups of shielding were analyzed with a paired-sample T-test. The differences
were considered significant for ‘p’values less than 0.05.

Results

The mean fluoroscopy time, kV, mAs, FD, angulation and rotation for the EP
position, PV position in the thorax and abdomen group are summarized in table 2.

Scatter radiation dose calculation

Thorax group

Radiation dose rates without radiation protection of the operator’s hand,
thyroid and gonad region ranged from 0.14 to 0.18 uSv/sec; 0.06 to 0.67 uSv/sec
and 0.13 to 0.18 pSv/sec respectively. The mean calculated dose per procedure
was 34.2 uSv (95% Confidence Interval (95% Cl) 26.9-41.5uSv), 83.2 uSv (95% Cl
11.1 =155.3 uSv) and 34.4 pSv (95% Cl 26.0-42.7) for the hand, thyroid region
and gonad region respectively without the use of ceiling/couch mounted
protective shielding or lead drape coverage.
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The use of ceiling/couch shielding resulted in a significant dose reduction,
compared to the dose without any shielding. No difference on the hand dose
due to the use of ceiling/couch shielding was found. Using only the lead drape
reduced the hand dose significantly but increased the dose to the thyroid and
gonad region. The highest reduction was achieved by using both the ceiling/
couch shielding and the lead drapes. In this setting the hand dose did not
change compared to the use of only the lead. Detailed information of the dose
differences is shown in Table 3.

abdominal group

In this group the radiation dose rates of the operator’s hand, thyroid region and
gonad region ranged from 0.28 to 0.33 uSv/sec; 0.19 to 0.53 pSv/sec and 0.24
to 0.29 pSv/sec respectively. The mean calculated dose per procedure was 54.6
USV (95% Cl 46.9-62.4 uSv), 66.2 puSv (95% Cl 31.4-100.9 uSv) and 47.2 pSv (95%
Cl 39.9-54.5 pSv) for respectively the hand, thyroid region and gonad region
without the use of ceiling/couch shielding or lead drape coverage.

Table 4 shows the detailed information of the dose differences. The use of
ceiling/couch shielding resulted in a significant dose reduction, compared to
the dose without any shielding. No difference was found on the hand dose due
to the use of ceiling/couch shielding. Using only the lead drape reduced the
hand dose significantly, butincreased the dose to the thyroid and gonad region.
Just like in the thoracic group in the abdominal group the highest reduction
was achieved by using both the ceiling/couch shielding and the lead drapes.
The hand dose did not change compared to the use of only the lead drapes.

Real-time dose measurement

The mean total scatter radiation dose during 17 thoracic procedures was
32.9 pSv (95% Cl 16.5-49.4 pSv) for the hand, 11.4 pSv (95% Cl 6.5-16.3 uSv)
for the thyroid and 16.0 puSv (95% Cl 6.7-25.4 uSv) for the gonad region. For
the abdominal procedures (N=20) the mean scatter radiation dose was 43.4
MSv (95% Cl 30.3-56.5 pSv), 21.7 pSv (95% Cl 11.8-31.7 pSv), 18.8 uSv (95% Cl
7.1-30.5 pSv) for the hand, thyroid and gonad region respectively. Compared
to the mean dose results of the scatter radiation model, the dose measured
during the live cases were 11.9%, 417.5% and 132.8% lower for respectively
the hand, thyroid and gonad region compared to calculated dose without any
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Table 3. Thorax group: percentages of dose difference compared to the setting without any radiation
shielding. All percentages represent significant (p<0.05) changes expect the one marked with an
asterix (*).

Couch / Lead drape Shielding Couch /
Ceiling Shielding Ceiling and Lead drape Shielding
Hand
Entrypoint No difference - 68.9% No difference compared to lead
Progress View - 80.4% drape shielding
Total -76.8%

Thyroid region

Entrypoint -97.5% +38.4% -99.8%
Progress View -96.6% +13.8% -99.5%
Total -97.4% +33.9%* -99.7%

Gonad region

Entrypoint -93.2% +90.3% -97.9%
Progress View -91.6% +59.3% -98.4%
Total -92.4% +75.3% -98.2%

Table 4. Abdominal group: percentages of dose difference compared to the setting without any
radiation shielding. All percentages represent significant (p<0.05) changes expect the one marked
with an asterix (*).

Couch / Lead drape Shielding Couch /
Ceiling Shielding Ceiling and Lead drape Shielding
Hand
Entrypoint No difference -60.4% No difference compared to lead
Progress View -71.3% drape shielding
Total -67.8%

Thyroid region

Entrypoint -98.4% +80.5% -99.9%
Progress View -95.8% -7.7%* -99.8%
Total -97.4% +49.0% -99.8%

Gonad region

Entrypoint -92.8% +65.2% -98.9%
Progress View -92.0% +42.9% -98.7%
Total -92.4% +52.8% -98.9%

form of radiation protection. Compared to the mean dose with couch & ceiling
protection of the scatter radiation model the live doses were 86.2 and 82.4%
higher for the thyroid and gonad region without any difference in the hand
dose.
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Discussion

Interventional tools are continuously improving. Low dose at no compromise
to high quality imaging and accuracy is an important topic. The recently
developed interventional tool using CBCT-guidance has proven to be accurate
and uses less radiation dose for the patient compared to CT-guidance, however
there is to our knowledge currently no data on the scatter radiation dose for
the interventional radiologist in CBCT-guidance [8-12]. The results of this study
provide information on the radiation dose for the radiologist using CBCT-
guidance and demonstrate that additional adequate lead protection can
reduce the dose significantly.

In our study, the mean radiation dose ranges from 34.2 to 83.2 uSv per
procedure and radiation dose rates ranges from 0.06 to 0.67 pSv/sec; all without
any radiation protection. Many studies are performed on scatter radiation dose
during interventional procedures, but these concern fluoroscopic interventions
or CT-fluoroscopy guided interventions.

A recent study by Martin et al. [1] reviewed the staff dose over the last 20
years. He concluded that there is a wide range of radiation dose to the hand
and thyroid reported in the literature. The reported mean scatter dose in his
review is 350 pSv per procedure for the hand and approximately 97.5 uSv for
the thyroid. Percutaneous procedures result in the highest dose, however these
procedures were not the majority of the interventions. During procedures
with percutaneous access the reported mean hand dose is 920 pSv. These
procedures were mainly transjugular intrahepatic portosystemic shunts (TIPS),
biliary drainages and nephrostomy procedures. These high operator radiation
dose are the result of long fluoroscopy times but not due to the radiation beam
geometry [13-15]. In CBCT-guidance the fluoroscopy time short, resulting in a
lower radiation dose to the interventional radiologist. However the wide range
of the C-arm geometry can result in high backscatter radiation during CBCT-
guidance. This is the same in coronary interventional procedures where the
radiation beam projections have a wide range in C-arm geometry with high
backscatter radiation for the cardiologist, especially in the beam projection
where the tubeis nearest to the operator[2,16]. Hausler et al. [2] reported a mean
personal dose of 82.5 uSv with shielding per coronary procedure. Depending
on the beam projection the maximum radiation dose rate is reported between
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0.83-3.3 uSv/sec for the head, waist and knee region [16], which is higher than our
reported personal dose and dose rate. Reason for this is the longer fluoroscopy
time during coronary procedures.

Needle guidance using conventional CT can be performed without any radiation
dose to the operator and is considered to be accurate and safe, but is however
time consuming [3,17]. With the introduction of CT-fluoroscopy, first described
in 1994 by Katada et al. [18], real-time visualization was possible making needle
placement quicker, at least with the same accuracy, but resulting in a higher
radiation dose to the radiologist [17]. There is a large variation in the reported
scatter radiation dose during CT-fluoroscopy guidance procedures, due to
different CT-fluoroscopy settings, use of needle guidance devices, lead drapes,
operator experience and method and region of measurement [6]. The reported
dose per CT-fluoroscopy guided procedure is between 7-2200 pSv and dose rate
between 0.2-39.5 pSv/sec [3-6]. Using CBCT-guidance the highest dose rate is in
progress view with the tube near to the interventional radiologist. This dose rate
is 0.67 pSv/sec, which is well in the lower part of the reported CT-fluoroscopy
dose rate. In this position the gonad region is behind the tube, which in itself
absorbs the dose but the thyroid region is in the peak scatter region.

Compared to the live cases we found a considerable difference in dose especially
for the thyroid and gonad region. A probable explanation for this is that the
calculated doses are, despite being clinical representative measurement points, in
fact static points. During a live case the operator will move and the use of shielding
is not always maximal. Therefore the measurement in the scatter radiation model
with shielding is definitely lower because here optimal shielding was always
present. However, the extrapolated dose without any form of shielding still results
in a very low scatter radiation dose for the operator. To reach the maximal annual
dose limit an interventional radiologist can perform approximately 240 cases a
year. Considering this, the model without shielding overestimated the dose and
the true scatter radiation dose will be in the lower half between the dose without
shielding and with shielding. Despite the quite low doses in the model without
the shielding, the use of shielding is always recommended.

Using radiation shielding (couch and ceiling) the scatter dose can be reduced
by 25-99% [2,16,19,20]. In our study we found dose reductions comparable to
the reported upper limit in the literature. Disposable lead drapes are reported to
reduce the scatter dose, but this was during CT-fluoroscopy guided procedures
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[4,21,22]. Using only disposable lead drapes we found that the total scatter dose
is even higher for the thyroid and gonad region than without any shielding.
Probably this is because the drapes are only horizontally on top of the patient
and result in more backscatter because of the automatic fluoroscopy settings
of the system. Using both the disposable lead drapes and the couch / ceiling
shielding the additional effect of the lead drapes is significant. Also the dose to
the patient can be altered due to these disposable lead drapes, but this should be
investigated separately.

It should be emphasized that the scatter radiation dose to the radiologist reported
in this study represents the dose outside a protective lead gown. Because of the
ALARA (as low as reasonably achievable) principle, the interventional radiologists
wore appropriate lead aprons and thyroid shielding despite the fact that scatter
dose during CBCT-guidance procedures was low. Because of these protective
measurements the dose will be further reduced. Lead gloves for the hands are
available, but they are not commonly used during the procedures because this
decreases the touch and feel of the operator which is generally considered not
desirable.

A possible comment to this study is the validity of the assumption that the
phantom is a real patient. This type of phantom is however widely used to
measure patient dose and operator dose; therefore we believe the results of
this study are representative and in line with published data [4,16,19]. Also one
can comment that for comparison of the extrapolated radiation dose we used
a relatively small live cases group. Our reported scatter radiation dose is also
only suitable for patient with a BMI of 22-26 kg.m-2. Nowadays multiple vendors
offer commercially available CBCT-guidance solutions. Our finding concerns only
one vendor. Comparison with other vendor systems should be performed to
determine the difference in dose between the other systems.

Furthermore experienced CBCT-guidance users produced the data for the scatter
dose calculation. In first time users with a learning curve in using CBCT-guidance
the dose will probably be higher in the beginning.

We expect that the scatter radiation dose can be even lower in the future by
adjusting the fluoroscopy settings (e.g. kV, mAs and lowering the pulserate)
[19,23]. Also asymmetrical collimation could contribute but is currently not
available in this system. When performing a procedure with the needle trajectory
at the edge of the imaging field little to no collimation can be used.
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Conclusion

We determined the radiation dose for the interventional radiologist based
on a scatter radiation model and clinical cases. The mean scatter radiation
dose without shielding in the scatter model was 53.3 pSv, which is quite low
compared to the reported scatter radiation dose. Compared to the clinical cases
(mean dose 24.0 pSv), the scatter model without shielding overestimated the
radiation dose. Based on the model without shielding approximately 240 cases
a year can be performed staying below the yearly limit. The best significant
dose reduction of 98.6% can be achieved by a combination of lead drape and
ceiling/couch shielding.
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Abstract

Objectives
To quantify kidney movement as result of patient transfer from supine to
prone position and to investigate if Body Mass Index (BMI) influences these

movements.

Materials and Methods

New software is able to merge upper abdominal supine CT-scan with upper
abdominal prone cone beam CT (CBCT) scan. Retrospective analysis was
performed on merged volumes of 43 patients (30 men, mean age 66.9 + 8.2 yr,
mean BMI 27.3 + 3.9 kg/m?) using needle guiding software. Kidney movement
was assessed in four directions: deformation, rotation, 2D and 3D translation.

Results

There was a mean rotation of -2 + 4 degrees in coronal plane and -6 + 9 degrees
in sagittal plane (P = .01 and P= .01 respectively). BMI influenced the dorsal
and cranial translations significantly (r= 0.317; P = .046 and r= 0.427; P=.002
respectively). The 3D translation was 2.65 £ 1.50 cm and BMl also influenced the
3D translation significantly (r= 0.413; P =.008).

Conclusions

Our study demonstrated that quantifying kidney movement in a merged scan
is feasible. There is a significant rotation of the length axis in coronal and sagittal
view from supine to prone position and BMI influences cranial, dorsal and 3D
translation.
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Quantification of kidney movement from supine to prone position

Introduction

Kidney movement is an important issue in procedures performed in
endourology, radiotherapy and image guided interventions such as biopsies,
drainages and thermal ablative techniques.

Patient positioning plays a pivotal role in how the kidney is approached and
is an important factor in the safety of a percutaneous approach. For instance,
the prone position was previously the standard position in percutaneous
nephrolithiomy procedures (PCNL) [1]. Valdivia et al [2] were the first to describe
PNL in a modified supine position (Galdakao-Modified Supine Valdivia position)
to benefit the procedure in obese and respiratory compromised patients.
Specific patient characteristics such as the stones’ complexity, their size, their
location in the renal collecting system and the presence of staghorn calculli
have lead to modifications in the standard positions. These include the reverse
lithotomy position [3], prone split-leg position [4, 5], lateral decubitus position
[6-8] and the modified lateral position (“Barts” technique) [9].

A recent global review of the Clinical Research Office of the Endourological
Society (CROES) by Valdivia et al [10] stated that despite PCNL being widely
adopted, it lacks a standardized technique. Moreover, they stated that
operation time and stone-free rates favor prone PCNL, while patient safety
favors supine PCNL so that the choice of patient position should be tailored
to individual patient characteristics and the surgeon’s preference. The debate
on which position to use is mainly due to the complex relationship between
patient positioning and kidney movement.

In October 2006 a newly developed interventional system was introduced in
our radiology department. The system is based on a flat panel detector C-arm
system (Allura FD20, Philips Healthcare, Best, The Netherlands), capable of
acquiring CBCT. This system is also equipped with needle planning software;
XperGuide® (Phillips, Healthcare, The Netherlands) which combines CBCT
with fluoroscopy and needle planning software making needle interventions
possible with a predefined trajectory. [11]

Furthermore it is possible to import previously aquired DICOM data (e.g. CT or
MRI) into the workstation where these volumes can be merged with an acquired
CBCT. In general an upper abdominal CT is made in supine position, whereas for
kidney biopsy a CBCT is usually made in prone position. By merging these data
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sets it is possible to quantify, analyze and interpret kidney movement due to

the transfer from supine to prone position. Measuring the effect of this transfer

on kidney movement could possibly lead to a prediction of kidney movement
during the change in patient positioning, especially when the body mass index

(BMI) is taken into account. Predicting kidney movement prior to intervention

could benefit procedure time, sterility, costs and eventually patient’s outcome.

The objects of this study were:

1. To quantify kidney movement between the transfer from supine to
prone position using a calibrated merged CBCT/CT volume concerning:
deformation, 2D translation, rotation (in coronal and sagittal view) and 3D
translation;

2. To correlate BMI to these quantifications.

Materials and methods

Patient population

We pre-selected 63 upper abdominal CBCT-scans. Inclusion criteria were: CBCT-
scan obtained in prone position, upper abdominal supine CT-scan available prior
to the CBCT-scan (<6 months) and at least one kidney fully shown on both scans
with appropriate spatial resolution. In total we included 43 patients. We could not
determine the BMI of three patients due to missing data on weight and length.
Baseline characteristics of our study population are shown in Table 1.

Table 1. Characteristics of our study population including age, sex, BMI, the amount of left or right
kidney’s studied and the time between the CT- and CBCT-scan in years.

Characteristic (N=43) Value
Age (y), Mean £SD 66.9 (£8.2)
Sex, M/F 30/13
Body Mass Index [N=40] (kg/m?), Mean +SD 27.3 (¥3.9)
Kidney (No.), Left/Right 21/22
Time between CT and CBCT (y), Mean +SD 0.1(0.18)

Merging method

In order to merge the CBCT-scan with the CT-scan we selected both the scans
in the merging window on the workstation. The merging window offers an
automated merging tool and manual merging tools. To accurately merge
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the imported CT-scan with the CBCT-scan, we preferred the manual merging
tools. As stable reference points we used the vertebral column which is clearly
visible on the CT-scan as well as the CBCT-scan (Figure 1). Individual vertebral
characteristics such as osteophytes were used as an additional reference point.
It is imperative to match the overlay from all three viewpoints (e.g. coronal,
sagittal and axial) to establish a merged CBCT/CT volume as accurately as
possible. In total 43 scans were merged.

Figure 1. Merging window in coronal, sagittal and axial view, displaying the CBCT-scan (blue) and CT-
scan (yellow). The vertebral bodies were used to accurately merge the two volume data sets because
of its stable consistency within the patient and its good visibility in both scans.

Image analysis

To analyze kidney movement in the calibrated merged CBCT/CT volume we
considered the kidney as an ellipsoidal object. In this ellipsoidal object we
defined three axes: one major length axis from the upper pole (UP) to the lower
pole (LP) and two transverse perpendicular width axes crossing in the exact

middle of the major length axis. A model of this object is shown in Figure 2.
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Figure 2. Ellipsoid model. Note that the two width axis are
perpendicular to each other.

The workstation’s software was then used to draw line tracks to represent the
axis in the merged CBCT/CT volume. In order to do so, the UP and LP points were
determined in axial view by marking the most cranial noticeable kidney tissue
(UP point) and the most caudally noticeable kidney tissue (LP point). Between
these two markings a line was automatically drawn by the workstation. This
line track was revised in all three viewpoints until the line track represented the
length axis of the kidney at its best. Thereafter the exact middle of the length
axis was marked with a green dot (Figure 3). The first width axis runs from a
tangent line that represents the medial limit of the kidney, runs through the
green dot and terminates on a tangent line representing the lateral limit of the
kidney.This line track is drawn perpendicularly to the medial tangent line. In the
same way, a line track was drawn perpendicularly to the first width axis (Figure
4) to represent the second width axis. A total of six line tracks were drawn in
the merged CBCT/CT volume, one length axis with two width axes in the same
kidney times two (Figure 5).

Data acquisition

Once aline track is planned, the software displays the X, Y and Z-coordinates of
the beginning and end points of this line and its total length in cm. The software
can implement alterations and automatically display the new coordinates and
length of the altered line track. Moreover, it can determine the distance in
cm between beginning or end coordinates which do not belong to the same
needle track.
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Figure 3. The first visible
kidney tissue of the lower
pole (A) and upper pole
(B) in axial view was
marked in the calibrated
CBCT/CT volume. A line
track was automatically
drawn by the system. This
line track was revised in
all three views (sagittal,
coronal and axial) until
it represented the length
axis of the kidney at its
best. Thereafter the exact
middle was marked with
a green dot (C).
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Figure 4. In the axial view in the exact middle of the length axis (green dot), the first width axis (green
line) was planned perpendicular between two tangent lines representing the medial and lateral
contours of the kidney (dotted lines) (A). The second width axis was drawn perpendicular to the first
width axis (red line) until the contours of the kidney were reached (dotted lines) (B).

The three intra renal axes were compared to quantify deformation. The volume
of the kidney was calculated using the following formula: volume in cm® =
(4/3 x m x (V2 length-axis (cm)) x (2 first width-axis (cm)) x (V2 second width-
axis(cm))). Figure 6 and 7 illustrates how rotation, 2D and 3D translation were
measured using the axes and the coordinates of the UP and LP. We would like
to emphasize that 2D translations are a projection of a 3D translation vector.

3D translation of the UP and LP was assessed using the determined distance
between both UP and LP coordinates in all three planes: medial-lateral
translation (dX), ventro-dorsal translation (dY) and cranio-caudal translation
Figure 5. Merged CBCT/CT
volume with all line tracks
planned in sagittal plane. 1:
Length axis CT, 2: First width
axis CT, 3: Second width axis
CT, 4: Length axis CBCT, 5: First

width axis CBCT, 6: Second
width axis CBCT.
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Merged volume, sagittal view

— | in e track
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- : rotation FROM SPINE

TRANSLATION

UP= Upperpole
LP = Lower pole

dY= + : DORSALTRANSLATION
- : VENTRAL TRANSLATION

Figure 6. Ventral-dorsal translation and rotation measurement.

Merged volume, coronal view

% Line track
% ROTATION
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Figure 7. Medial-lateral, cranio-caudal and rotation measurement.

(dZ). The 3D translation of the UP and LP was calculated with the following
formula: 3D translation (cm) = /((dX)*+(dY)*+(dZ)). All line tracks were drawn
three times. After collecting the data of one merged volume the planned line
tracks were erased to minimize the memory effect. This process was repeated
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until the data of all 43 merged volumes was collected. The collected data was

subsequently averaged for each subject.
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Statistical analysis

All data is presented as mean + SD, unless otherwise indicated. Data was
collected using Excel (version 2007; Microsoft, Redmond, Washington).
For statistical analysis SPSS (version 17.0; SPSS, Chicago, lllinois) was used.
Associations between variables were assessed using Spearman’s correlation
test or Pearson’s correlation test where appropriate. A two-sided P-value <0,05
was considered significant.

Results

Deformation

Measurements of the lengths, widths and volumes of the kidneys are shown in
Table 2. No significant difference was found between the axes and the volumes.
There was a mean deformation of the kidney of -0.92 + 6.20 cm’. No correlation
between BMI and any of the axes was identified.

Table 2. Mean length in cm and volume in cm? of the kidney in the merged scan, separated for CT and
CBCT and their significance, followed by their differences (A) and significances with BMI.

CcT CBCT Sign. A Sign.
Length 11.74+1.16 11.78+0.95 .683 +0.04+0.60 .097
Width-1 5.21+0.69 5.20+0.67 .769 -0.11+0.33 .537
Width-2 5.85+0.70 5.76+0.77 .084 -0.08+0.31 .169
Volume 60.73+18.47 59.82+17.91 .337 -0.92+6.20 461

2D translation and rotation

Table 3 shows data of the 2D translation of the UP and LP differentiated by the
left and right kidney. There was a mean medial-lateral translation of +0.11 + 0.44
c¢m, which had no significant correlation with BMI. The ventro-dorsal translation
was -0.22 + 1.50 cm and the cranio-caudal translation was +1.36 + 1.91 cm.
BMI influenced the dorsal and cranial translations significantly (r= 0.317; P =
.046 and r=0.427; P=.002 respectively). The rotation data shows that the angles
of the length axes in coronal and sagittal plane between supine and prone
position were significantly different (respectively, P=.01 and P =.01). There was
a mean rotation of -2 + 4 degrees in coronal plane and -6 + 9 degrees in sagittal
plane (Table 4). BMI had no correlation with this mean difference between the
coronal and sagittal angles (P =.236 and P=.540 respectively).
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3D translation
The 3D translation was 2.65 + 1.50 cm. BMI is positively correlated with the
mean 3D translation (r = 0.413, P=.008) (Table 5).

Discussion

Until now, there are no studies available in the literature using a calibrated
merged volume and needle planning software to measure kidney movement
between supine and prone position of a patient, therefore no published
literature is available for comparison. The only relevant studies found concern
two-dimensional translations of the kidney as a result of respiration and
measurements of normal kidney sizes.

Our results show that the 2D translations of the right kidney are larger than
the left kidney. We hypothesized that this was due to the mass-effect of the
intestines that would probably affect the more caudally located right kidney
first. Concerning the total cranio-caudal translation for both kidneys together,
the data indicates that a cranial translation took place (+1.36 + 1.91 cm).
Furthermore, the cranio-caudal translations are larger than the medial-lateral
and ventro-dorsal translations. It is the dominant 2D translation in both kidneys.
Additionally, BMl is positively correlated with the cranial and dorsal translation.
Our results are comparable to the results of the supine respiration-induced
study by Draney et al. [12] They demonstrated that the right kidney was part of
a greater translation than the left kidney during respiration (cranial 1.32 + 0.07
cm versus 1.01 £ 0.54 cm and dorsal -0.63 + 0.34 cm versus -0.23 = 0.17 cm),
indicating that we could not attribute the larger translations of the right kidney
solely to mass effect. Moreover, Brandner et al [13] found that the cranio-caudal
translation (mean: 1.2 cm) is the predominant translation compared to the
medial-lateral (mean: 0.16 cm) and ventro-dorsal (mean: 0.53 cm) translation
during respiration in the supine position.

According to our data there is a significant rotation of the kidney in the coronal
and sagittal plane. This indicates that there is a significant rotation of the
kidneys'length axis from the spine in the coronal and sagittal plane during the
patients’ transfer from supine to prone position. BMI did not influence these
rotations significantly. No studies concerning the rotation of the kidneys have
been found.
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In our study the differences in the deformation of the kidney were not
significant and the mean differences between the axes were small (maximum
mean 0.11 cm and maximum SD 0.60 cm). We assumed that the mass effect of
the intestines during the transfer to prone position could be responsible for the
difference with the mainly ventro-dorsally placed second width axis, although
the difference is not significant (P = 0.084). According to Glodney et al. [14],
BMI is an independent positive influencing factor of pole to pole kidney length,
cortical width and parenchymal width. However, in our study BMI does not
influence the kidneys deformation.

BMI is positively correlated with the three-dimensional translation (P =.008). An
increasing BMI, results in increased 3D translations (r = 0.413).

There are limitations to our study. The merging process and the planning
of the line tracks are operator dependent, which can lead to a different
interpretation of the kidneys’ outline. To reduce the line track planning bias
we therefore performed the process three times. On addition, the studies
of Draney et al. [12] and Brandner et al. [13] showed the inevitable effect
of respiration on two-dimensional translations of the abdominal organs.
Apart from the two-dimensional translations, respiration has probably also
influenced our quantifications of the kidneys' deformation, rotations and
three-dimensional translation. Determining the position of the diaphragm to
correct our quantifications was not possible, therefore we could not rule out
the influence of breathing. However, we assume this effect to be small because
both examinations were performed on inspiration.

Future imaging studies concerning kidney movement as a result of a patient
positioning should meticulously develop a method to minimize the influence
of breathing. All patients should receive clear and brief breathing instructions
prior to the acquisition of both scans. For this purpose breath-hold monitoring
devices have been developed [15]. Shyn et al. [16] and Carlson et al. [17]
described the use of the same breath-hold monitoring device that successfully
improves both PET/CT image registration and depiction of mobile target lesions
in the lung and upper abdomen.

In our opinion reliable automatic merging is not possible in the current system.
Technical innovations could improve the reliability of the automatic merging
of both scans. In the future a process of automated measurements of the
kidneys’ volume based on Hounsfield-units and automated contour detection,
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discriminating the kidney from the surrounding structures, could be possible.
Besides endourology, kidney movement also plays a role in radiotherapeutic
planning strategies. The kidneys are the dose-limiting organs for radiotherapy
for gastrointestinal cancers, gynaecological cancers, lymphomas and sarcomas
of the upper abdomen [18]. Moreover, organ motion is unequivocally important
in the daily radiotherapeutic planning. If our method is applied to a merged
scan consisting of scans (MRI or CT) obtained in different patient positions,
it is possible to analyze organ motion as a result of these transfers. These
analyzes could lead to changes pre-interventional planning of radiotherapy,
endourology, surgery and interventional procedures such as biopsy, drainages
or minimally invasive therapies (e.g. ablation), saving costs and benefitting a
patients outcome.
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Introduction - Cone-beam CT

Although conventional interventional radiology (IR) is associated with mainly
two dimensional x-ray imaging and predominantly for vascular work, the
scope of IR is expanding continuously towards a higher diversity in vascular
and non-vascular procedures, and towards more complex 3D imaging. This
phenomenon is partly due to the innovative nature of this clinical field, but
may also be attributed to technical developments in medical imaging. While
rotational capabilities of the C-arm have initially been used for 3D rotational
angiography [1], the introduction of faster graphics boards and especially the
introduction of flat panel detectors have made the equipment now capable of
performing cone-beam CT imaging [2,3,4]. This emerging technology can be
very useful for needle-guided interventions in the angiosuite.

Technique

A cone-beam CT (CBCT) volume is acquired by a rotational scan (=180°) of
the C-arm of a fluoroscopy flat panel system. Compared to conventional CT
imaging there are some important differences. In general, CT makes use of a so-
called fan beam, whereas CBCT uses the entire cone-shaped beam. On a single
slice helical CT scanner the detector acquires 2-dimensional line projections.
In conventional CT-scanners a volume-CT is made by changing a stationary
circular rotation around the patient to a helix by simultaneously moving the
table through the X-ray beam. In CBCT the table remains stationary in often one
single rotation, because the cone shape of the bundle on the detector already
provides a scan volume, instead of only one slice. The stationary rotation in
CBCT is needed as the rotation of the C-arm is much slower compared to the
rotation of the tube built in a conventional CT scanner.

The size of the detector determines the dimensions of the CBCT.When beam and
2D-detector are rotated around the body (in C-arm technology usually a single
rotation up to 360°) a volume is acquired with dimensions defined by the size
of the detector. The 3D volume is reconstructed by using special reconstruction
algorithms [5]. Since the resolution of the individual detectors in a flat panel is
higher than the resolution of a conventional CT detector, in theory images with
higher spatial resolution can be obtained. Due to current technical limitations
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of the detector cone-beam CT volumes have lower contrast resolution (varying
between 5HU and 20HU, depending on the different manufacturers) compared
to conventional CT systems. Apart from that this technique is more subject to
artefact formation like movement (due to slower rotation), noise and beam
hardening because of the cone-beam acquisition (FigureT).

Figure 1. typical example of a cone-beam
CT volume. Although some artefacts are
present the quality is definitely sufficient to
perform CBCT needle guidance.

Combining cone-beam CT and 3D needle guidance

A cone-beam CT volume can be used for checking the result of an interventional
procedure or quick imaging in case of sudden complications during an
intervention (e.g. bleeding, stent migration). Combined with dedicated
software the volume can also be used to make a virtual needle path planning
prior to a percutaneous needle-based intervention. Philips Healthcare (Best,
The Netherlands) was the first to develop a working system and called the
technique of real-time needle guidance XperGuide. Currently more vendors
have these options available with different proprietary names (Siemens: I-guide,
GE: Innova). By also identifying important and vital surrounding anatomical
structures a possible safe window for placement of a needle or determining a
needle path for performing a procedure is feasible [6,7].

Merging cone-beam CT with pre-interventional CT and MR
Although the image quality of CBCT is sufficient for performing the needle path
planning, additional information from pre-interventional CT or MR images may

sometimes be required or can be very helpful in hard to visualize structures.
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Especially the unique soft tissue information of MR scans can sometimes be
very helpful for needle path planning or targeting. In these cases it is possible
to import DICOM-images in the system. The imported volume is registered to a
CBCT volume based on anatomical landmarks, after which the needle planning
can be performed on the merged volume. This technique is very helpful in
needle interventions in soft tissue lesions or lesions only visible on contrast
enhanced CT (Figure 2).

Figure 2. Two examples of merging previous acquired MR images with a cone-beam CT volume. On
the left the imaging characteristics of a tendinitis are superimposed on the CBCT. On the right a bone
metastases only visible on MR which is used for needle path planning on the CBCT.

Cone-beam CT needle guidance - the procedure

The first step in performing a procedure is positioning the patient in such a way
that the target area will lie within the foreseen scan volume. Due to the limited
physical dimensions of the detector and the C-arm this requires some careful
planning. In addition, attention should be paid to position the patient in such a
waythatthe C-armisable to rotate around the patient uneventfully. Foracquiring
a cone-beam CT volume two basic C-arm positions are possible: patient head
position (propeller scan, usually 240° rotation) or the C-arm alongside the table
(nurse position/roll scan, usually 180° rotation). Better image quality is achieved
by performing a scan with as many degrees of rotation as possible, where a
larger number of projections (images) help reduce the artefacts as much as
possible. Depending on the angiosystem characteristics usually the propeller
scan is quicker in acquisition and provides therefore better image quality.

After the acquisition the CBCT volume is reconstructed, and with dedicated
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needle guidance navigation software a virtual needle path can be drawn in the
volume. Special software links the planned virtual 3D path to the C-arm, after
which real-time feedback is provided between the motion of the C-arm and
the virtual planning. This feature allows automatic positioning of the C-arm in
the exact desired angle that is for optimal real-time needle guidance based on
the planned needle path. During the procedure separate additional volume
acquisitions can be made for verifying the position of a needle or the progress
of the intervention, for instance in the event of organ or patient movement. A
diagnostic or therapeutic intervention is usually concluded by a check CBCT,
for verification of the needle position and for checking possible complications
(e.g. bleeding, pneumothorax), that need treatment while the patient is still on
the table.

Guiding devices

The fluoroscopy image, with or without a CBCT-volume slice overlay, provides
only 2D information on the needle position and angulation. For providing
positional information in the other dimension several different tools and
techniques are available. Apart from the freehand technique, with the inherent
uncertainty of maintaining the needle position while manoeuvring, several
guiding devices are available. The use of a guiding laser, preferably situated
at the caudal end of the table, can provide addition angulation information
(SimpliCT, Neorad AS, Norway). The Seestar device (Apriomed, Sweden) and
Simplify (Neorad, Norway), originally designed for conventional CT-guidance,
are very useful tools for needle guidance providing a solid base for guiding
needles (Figure 3). New devices are currently under development and also the
first robotic-assisted devices are under evaluation (Isys Medizintechnik Austria).
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Figure 3. Overview of guiding devices for CBCT needle guidance. From left to right: SimpliCT (Neorad),
Simplify (Neorad), Seestar (Radi Medical), and Isys device (Isys Medizintechnik)
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Clinical indications

Diagnostic biopsy

In general the technique of CBCT needle guidance is suitable for all patients
with lesions inaccessible for US guided intervention, and in whom a CT or MR
guided needle placement is indicated. One of the important pre requisitions is
that the patient is able to lay still for the entire procedure, or that appropriate
measures can be taken to ensure that the patient maintains the same positions
all along the procedure (proper fixation of the relevant anatomy, conscious
sedation or general anaesthesia with full muscle relaxation). This is needed
as the accuracy of the needle position relies on complete immobilisation
after the acquisition of the scan used for planning the needle path. Currently
no automatic movement compensation techniques are available. Possible
solutions movement compensation currently under investigation are the use
of optical systems for detecting patient movement, the use of fiducials, and
intelligent image analysis algorithms providing real time adjustment of the
CBCT volume and needle path relative to the live fluoroscopy.

Thorax

In the thoracic cavity this technique can be used for diagnostic biopsies in the
lung parenchyma, mediastinal structures,andin the surrounding soft tissuesand
skeletal anatomy. Ultrasound guided biopsy is impossible for intrapulmonary
lesions and bone, and visibility of mediastinal structures is limited where the
precarious nature of these interventions requires good visibility instead. And
although ultrasound can be used for pleural based masses, the benefit of
performing these procedures in the angiosuite lie in the fact that complication
management is much easier in a more dedicated environment. Compared to
conventional CT, CBCT guidance proves to be quicker and uses less radiation
dose [8] although there is a distinct learning curve for physicians new to the
technique.

Movement of the target during the procedure is largest in the basal parts of
the lungs and needs including a part of the diaphragm in the CBCT volume for
identification of the moment it coincides with the visible part of the diaphragm
on the overlying fluoroscopy. Possible complications include pneumothorax (to
be avoided by limiting needle sizes and transpleural movement of the needle
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within one breath hold, to avoid tearing of the pleura), mediastinal haemorrhage
etc. In our experience we also see that especially peripherally located lesions
are also referred, as these are difficult to reach with bronchoscopy.

In our institution we mainly use a 17G coaxial technique, taking biopsies with
short length 18G thru cut devices. To prevent a pneumothorax as much as
possible it is important to position this guiding needle outside of the pleural
space to prevent tearing of the pleura in breathing (less important in the apical
lung). Since the amount of soft tissue of the thoracic wall is limited quite often
a guiding or stabilizing device is helpful for fixing the coaxial needle, but also
quite often we use a freehand technique, especially in somewhat larger lesions
also faintly visible on fluoroscopy. Breathing instructions are used to position
the level of inspiration in accordance with the initial planning CBCT [9].

A post procedural pneumothorax can be identified directly on the CBCT after
completing the intervention as well as parenchymal haemorrhage. In our
experience these are nearly always small and self-limiting. If the pneumothorax
is too extensive direct treatment by suction with a blunt tipped needle
connected to a large syringe with three-way stopcock and occlusive dressing
can prevent the insertion of chest tube in the majority of cases (Figure 4). In our
5-year experience we have performed a bronchial embolisation for parenchymal
bleeding in only one patient. The number of patients with a pneumothorax is
considerably lower than figures reported in literature [9-12]. Because of proper

planning we never had an accidental intercostal bleeding.

Figures 4. XperGuide example of a coaxial 18G lung biopsy. From left to right: planning CBCT, check
CBCT with large pneumothorax and very low-dose check CT after aspiration.
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Abdominal

The indications for using CBCT guidance in the abdomen is comparable to the
indications in the thorax. Lesions located deep in the abdomen, poorly visible
with ultrasound or difficult to reach because of adjacent critical anatomic
structures. CBCT is especially useful for needle guidance for lesions under the
diaphragm (e.g. adrenal mass, subphrenic abscess etc.) because of the angulated
needle paths. Patients for abdominal interventions are usually placed in a prone
position, as most important organs and lesions in the retroperitoneal space can
be safely approached from posterior (Figure 5). In the upper abdomen we face
the same problem as in the basal lungs, where breathing movement can cause
misalignment of needle and target. The technique used to overcome this is the
same as described under lung biopsies. The limited contrast resolution can be a
problem for identifying liver lesions, but in this situation overlay imaging using
previously acquired contrast enhanced high resolution CT or MRl scans is feasible.
By comparing CBCT and the available conventional CT scans we noticed that a
considerable shift in the upper abdominal organs can be caused by switching
from supine to prone position. Deformation of liver anatomy can be observed
and has to be taken into account when performing liver biopsies. Kidneys can
rotate around longitudinal and transverse axis, to an extent that is related to
body mass index of the patient [research in progress, submitted for publication].
These deformations and displacements are especially important when the CBCT
is used in combination with previously acquired conventional CT images or MRI.
In these cases it is important to focus only on the target organ on the most recent
CBCT, and less on the surrounding structures when matching these data sets. In
mesenteric procedures bowel movement can pose a problem where keeping the
procedure as short as possible (to prevent shift of the target) or using supportive
medication can be the solution.

Pelvic

In pelvic interventions CBCT needle guidance is mainly used for biopsying
lymphadenopathy in the deep perivascular regions, pre-sacral biopsy and abscess
drainage in deep locations. Again, this is especially useful when the penetration
of ultrasound is insufficient or the visualization window is small.

One of the challenges in pelvic interventions can be the drainage of pelvic fluid
collections or abscesses. Quite often these fluid collections are in difficult to reach
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Figure 5. Example of a retroperitoneal mass
between the aorta and the inferior vena
cava. These hard to reach lesions can be
safely biopsied by using the potentially high
accuracy of cone-beam CT guidance.

positions with important overlying vital structures. A good overview is crucial just
as well as proper needle guidance. Sometimes in perivascular lymph node biopsy
itis necessary to use an approach were fluid dissection or lifting obstructive tissue
by using a guiding needle is mandatory.

Bone

Bone is impossible to visualize with ultrasound, CT again has the limitation of
gantry tilt and small working space in the gantry. Contrast resolution of CBCT
for bone interventions is excellent, especially overlying fluoroscopy over the
reconstructed volume. Therefore in case of bone biopsy for suspected metastasis,
vertebroplasty/cementoplasty, and thermo ablation treatment for instance in
osteoid osteoma or painful metastases CBCT needle guidance is a very useful

tool.

Vascular

When combining CBCT volumes with vascular procedures a whole new field
of hybrid imaging procedures becomes feasible. We have previously published
our initial experience in using this technique together with DSA to effectively
treat type Il endoleaks [13] (Figure 6). Also CBCT needle guidance can be used
for difficult vascular access, for performing vascular interventions and treating
vascular pathology with limited use of contrast by using CBCT for registering for
instance CTA or MRA for roadmapping [14]. Another type of procedures currently
under investigation is embolisation of vascular lesions by again combining
angiographic information and soft tissue information on tumour size (liver

metastases).
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Figure 6. Endoleak treatment using CBCT guidance. The availability of DSA at the same time enables
depiction of the complex feeding vessel anatomy in this type IIB endoleak.

Cone-beam CT and diagnostic biopsy: results

In our hospital this technique has now been used in over 600 procedures with
an indication for CT guided biopsy or intervention, with low complication
rate [7]. This new needle guidance technology is considered valuable, since
an accomplished 100% technical success in terms of reaching the correct
target position is feasible and has been described in our first 150 patients. The
use of live fluoroscopy on top of CBCT guidance has resulted in a significant
reduction of procedure time. In addition, the open architecture of the C-arm
not only provides a lot of working space but also results in a less claustrophobic
experience by the patient.

Therapeutic needle interventions

RFA and cryo ablation

This technique is also useful for placing needles in renal cell tumours to perform
thermal ablations. In clinical practice using real time needle guidance and CBCT
proves to be a lot quicker than using CT or MR. There is also a considerable
time gain in comparison with procedures using a laparoscopic approach. In
laparoscopy dorsally located tumours can be a separate complicating factor,
since the kidney has to be surgically dissected completely and lifted for access.
In a prone position the CBCT needle guidance procedure can be performed

easily and specifically dorsally located tumours are easily accessible. Despite
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the present needle artefacts on control CBCT’s the formation of the ice ball in

cryo-ablation can be visualized sufficiently during the treatment.

Cone-beam CT and radiation dose

Extensive dose measurements in our initial patients have shown that a
considerablereductionin radiation dose for the patient can be achieved by using
this technique instead of conventional CT. The dose reduction varied between
13-43% depending on the anatomical location [7]. Apart from the initial CBCT
acquisition for planning a typical needle path CBCT procedure consists of at
least a check CBCT after the needle intervention. Further dose reductions are
possible by consistently using the recently introduced horizontal collimation for
the check CBCT (smaller volume, only in the direct area of interest). The largest
reduction of patient dose is attributed to the CBCT compared to a conventional
CT. Some of total dose reduction is unfortunately compensated by the higher
dose caused by fluoroscopy compared to single CT shots, but not when CT
fluoroscopy is being used. The total fluoroscopy time with these procedures is
limited and seldom exceeds 3 minutes.

Expanding the horizon of 3D needle guidance

As described above various clinical applications are now feasible replacing
the use of conventional CT. Especially difficult anatomical positions, that are
cumbersome to visualize using ultrasound, or procedures requiring a dynamic
monitoring of needle progression may benefit from this technique. Some
examples of challenging procedures where XperGuide was used successfully
are the treatment of iliac aneurysm treatment, celiac plexus block, trigeminal
nerve ablation, drainage of peri-aortic fluid collections in the mediastinum, and
pre-operative tumor localisation in small lung tumours by using fiducials and
localisation wires (Figure 7).

Limitations

Apart from higher accuracy for needle placement and the considerable
reduction in dose for the patient there are also minor disadvantages, that
need additional effort of the operator or will probably be solved by ongoing
research and development. When using overlay imaging the exact position of
the organs of the upper abdomen can vary considerably in prone or supine
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Figure 7: CBCT in placing a localisation wire
il ) in a small lung nodule in a patient with
wouss L lung carcinoma. A localized resection of the
area surrounding the localisation wire was
performed the same day by using video
assisted thoracoscopy (VATS).

h: Male

position, causing considerable differences between the diagnostic CT scan and
the cone-beam CT during the planning stage of the intervention. Currently
there is also not yet an active movement compensation available. Patients
unable to lie still for a limited period of time are a problem for using this
technique, and movement caused by breathing needs active manual counter
movement compensation by the interventional radiologist. Proper fixation or
the use of general anaesthesia with muscle relaxation are possible solutions.
Apart from that very obese patients may be too large for proper positioning
and prevent unobstructed rotation of the C-arm. Architectural redesign will
lead the way here, but is currently limited by dose issues when enlarging the
distance between tube and detector. Further improvement of image quality
can be achieved by better artefact correction/reduction.

Future improvements

A lot of effort is put in facilitating this technique and make it more widely
available for interventional work. It is to be expected that in the next years
the flat panel technology will be replacing the conventional image intensifier
technique in a vast amount of hospitals, thereby opening the doorway to CBCT
guided procedures. Also the focus will be on enhancing image quality by using
sophisticated reconstruction algorithms and volumetric information based on

fewer projections.
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The use of already acquired images will further reduce dose for the patient and
will help in enhancing image quality and accuracy of this technique. Accuracy
and speed of the procedure will further improve by using robotic assistance for
needle guidance. Additional software tools currently under development will
help expand new approaches to existing interventional techniques (ablation
planner software combined with needle guidance, embolisation guidance)
or enable the development of new techniques (virtual ablations, no contrast
no radiation interventions based on electromagnetic device tracking in
combination with registered previously acquired image data sets, Figure 8).

Figure 8: CBCT needle guidance with use of
the ablation planner tool. With this tool not
only the needles can be planned, but also
the area affected by the ablation. In this
example previously acquired conventional
CT (in grey) is used as an overlay for the CBCT
(in red). The different zones surrounding the
needles graphically represent the isotherms
belonging to this type of needle.

Conclusion

Cone-beam CT and 3D needle guidance are promising new techniques in the
angiosuite, replacing conventional CT guided procedures with equal or higher
accuracy and less dose for the patient. These technical developments may
enable us to further expand the spectrum of clinical applications in the field of
interventional radiology.
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Summary

With the introduction of flat panel detectors and faster computer technology
cone-beam CT guidance (CBCT) is now feasible. CBCT-guidance is a stereotactic
needle guidance technique for interventions, combining 3D soft-tissue
cone-beam CT imaging, navigation needle planning software, and real-time
fluoroscopy. CBCT-guidance is possibly a very good alternative for needle
interventions.

For evaluating this new technique we studied four aspects of CBCT-guidance:

« Accuracy in phantoms with comparison to fluoroscopy guidance and CT-
guidance.
Clinical applications of CBCT-guidance.

«  Radiation dose aspects of CBCT-guidance.
Clinical aspects of the merging capability of CBCT-guidance technique.

Because CBCT-guidance is based on overlay imaging of CT-images and
fluoroscopy we decided to compare the results of CBCT-guidance to
conventional fluoroscopy guidance and to CT-guidance in two phantom
studies. Conventional fluoroscopy for needle guiding is especially useful and
feasible in visible fluoroscopic anatomic structures. In a spine phantom for
vertebroplasty the accuracy of needle placement was significantly better using
CBCT-guidance than when using the conventional fluoroscopy method. Also
the fluoroscopy time was lower with CBCT-guidance and therefore the dose for
the operator was lower as well, but both procedure time and patient dose were
higher (Chapter 1).

The study described in Chapter 2 compared the accuracy of CBCT-guidance to
CT-guidance in a different phantom. We determined the accuracy of needle
placement to small targets (2.3 mm) in three different trajectories; easy (in
plane straight down), medium (in plane angulated) and hard (out of plane
and angulated). Furthermore a distinction in the results was made based on
the experience of the operators. The results showed that CBCT-guidance is the
preferred modality for more difficult procedures with angulated needle paths or
in small targets. This is contributable to significantly higher accuracy combined
with comparable procedure times. Also the results suggest a learning curve
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is definitely present in this new technique, especially in performing needle
placement in double angulated needle paths.

The general performance of CBCT needle guidance in a clinical setting (Chapter
3), CBCT guidance in pulmonary biopsies (Chapter 4) and CBCT guidance in
renal biopsies (Chapter 5) are described respectively. In Chapter 4 we report the
outcome for sensitivity (90%), specificity (100%), PPV (100%), NPV (66.7%) and
accuracy (91.7%) in biopsying lung lesions. The results using CBCT-guidance for
biopsying renal masses that are hard to identify with US are presented in Chapter
5. The sensitivity, specificity, PPV, NPV, and accuracy of biopsying renal masses
were 91.7%, 100%, 100%, 89.5%, and 95.1% respectively. In all interventions
a 100% technical success (within the predefined 5 mm safety margin) was
achieved (Chapter 3).

The mean interventional procedure time was 25.2 minutes and the mean
fluoroscopy time was 2 minutes 49.5 seconds. These results indicate that CBCT-
guidance in routine clinical setting definitely does have technical advantages.
For difficult to reach lesions, for example lesions in the lower thoracic regions, in
subphrenic locations or in the upper pole of the kidneys, CBCT-guidance offers
a good and accurate alternative method to perform the needle procedure with.
The availability of real-time fluoroscopic overlay makes it possible to biopsy
moving targets more accurately than with step-and-shoot modalities. Of course
it is possible to use conventional CT-guidance for these needle interventions,
but this often requires longer fluoroscopy times, larger volumes to scan to
follow the needle path and higher experience and dexterity of the operator.
Furthermore due to the C-arm configuraton the workspace is larger and patient
accessibility is better in CBCT-guidance compared to CT-guidance (even when
there is a dedicated large bore intervention CT). Because CBCT-guidance is
based on an interventional C-arm configuration there is the possibility to use it
for angiography as well.

In Chapter 6 we described the use of both CBCT needle guidance and angiography
in patients with a complex type Il endoleak after endovascular abdominal
aneurysm repair (EVAR). With CBCT guidance a direct puncture of the endoleak
nidus was performed and after angiography through the puncture needle we
embolized the endoleak with glue. The digital subtraction angiography (DSA)
depicted the feeding vessels and the amount of glue and pressure that should
be needed to treat. All patients were treated successfully. Based on the results of
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Chapters 3-6 we conclude that CBCT-guidance is a safe and accurate method to
perform a needle intervention in a clinical setting.

When introducing a new technique for needle interventions using ionizing
radiation the question always arises how much the dose will be for the patient
and the operator. In Chapter 7 we report a significant dose reduction (13 to 42%)
of CBCT-guidance compared to procedures using conventional CT-guidance (7.6-
16.1 mSv versus 13-20.4 mSv). To quantify the operator dose a phantom study
measuring the dose for the hand, thyroid region and gonad region was performed
without using any protection, with the use of disposable lead aprons, the use of
couch and ceiling mounted lead shielding and a combination of all (Chapter 8).
Furthermore, dose measurements were made during clinical cases. The hand
dose in the model was 34.2 uSv - 54.6 pSv (thoracic / abdominal procedures
respectively), The doses for thyroid and gonad regions were 83.2 uSv and 34.3
pSv in the thoracic, and 66.2 uSv and 47.2 pSv in the abdominal group. Based on
the scatter model and the results of the measurements of the clinical cases the
mean scatter radiation is quite low compared to the reported scatter radiation
dose. However, the model without protection overestimates the dose, and
approximately 240 cases a year can be performed without exceeding the yearly
limit. The best significant dose reduction (98.2%-98.9%) can be achieved by a
combination of lead drape and ceiling/couch shielding.

Another important feature underlining the multimodality capability of the
system is the ability to import previously acquired DICOM data (e.g. CT or MRI).
Merging this with a low dose CBCT makes it possible to create a combined
volume that provides excellent visibility of the target and no need for repeated
contrast administration. A disadvantage of this function is that previous
DICOM data usually is obtained in supine position and quite often the CBCT-
guidance procedure is performed in prone position. This position change can
cause considerable shifts in internal organs, especially in the upper abdomen.
Based on the available data of renal interventions a retrospective analysis of
the change of kidney position was determined and the results are described in
Chapter 9.

In the last Chapter (10) CBCT-guidance technique is evaluated in different types
of procedures and different anatomic locations. Tips and tricks are provided
based on our experience in over 600 performed procedures.
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General discussion and implications:

CBCT needle guidance is a promising new interventional tool with high
accuracy and specific advantages compared to conventional CT scanners.
One might wonder if in the near future it will replace conventional CT guided
interventions completely?

In most hospitals in Europe the workload on the CT scanners available is
considerable, and the possibilities to reserve time for interventions is limited.
Some dedicated centres (mainly academic) have dedicated interventional CT
scanners available, but in most other hospitals these procedures have to fit into
a regular daily schedule. If an accidental finding, needing immediate treatment
and is easy to perform in the same session on the CT scanner, there is no need
or rationale to move the patient to the angio suite. In these cases it's better
to perform the procedure (usually abcess drainage) immediately following
the diagnostic scan, especially if an (near) axial approach can be used. In some
cases though, the approach is difficult to perform because of steep needle
angulations and difficult to reach locations, and the trouble of having to move
the patient will pay off in the benefits associated with using a CBCT-guidance.
Another important reason to perform interventional procedures with CBCT-
guidance is the fact that the angio suite is dedicated and equipped for sterile
and even complex procedures where most of the CT-suites usually are not
(disregarding dedicated intervention CT suites). The room is designed and
intended to perform interventions under sterile conditions, the required
materials are at hand and the personnel involved specifically trained. Also
there is a benefit in the geometry, where patient accessibility is much better
in the working space in C-arm configurations. Apart from CBCT-guidance the
presence of fluoroscopy, the ability to perform angiography and the integration
of interventional ultrasound turns this into a multimodality system. The hybrid
imaging definitely facilitates the direct management of possible complications.
For instance the post lung biopsy pneumothorax is easier to manage in the
angio suite than in the CT scanner, because of the ability of fluoroscopy to
overview the complete pneumothorax in all directions and the effect from
drainage can be monitored in real-time.

In case of an intractable bleeding there is always the possibility to directly
convert to a conventional angiographic embolization procedure, again with
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the benefit of working in a dedicated intervention suite with embolization
materials at hand.

Although ultrasound remains the method of choice because of the lack of
ionizing radiation, the imaging characteristics and the field of view can make
it hard to overview the complete trajectory of the wire or drain in drainage
procedures. Combining it with fluoroscopy provides an overview of the wire
or drain trajectory. By moving these kinds of procedures to an angio suite with
CBCT, CBCT-guidance and integrated ultrasound not only every procedure is
feasible but a reduction on the workload of CT and ultrasound is a beneficial
effect as well.

CBCT-guidance is a relatively new concept that can pose a challenge for the
interventional radiologist to become familiar with. Changing once’s working
routine can require some effort at first, especially since we know from the
results in Chapter 1 and 2 that a learning curve with this new method is
inevitable. The accuracy and speed, as well as the beneficial effects of dose
reduction for operator and patient will make this investment worthwhile.
For a radiologist who already has or soon will have this technique available
in his or her department, we believe that hands-on courses, proctoring and
e-learning are essential, also since these are now available. When replacing
outdated equipment many hospital administrations will now choose this new
equipment with CBCT because of the aforementioned benefits, and because
this equipment is now becoming state-of-the-art in interventional radiology.
This new technique not only has advantages. There are definitely also some
disadvantages and current limitations. The main challenge for these types of
procedures is accidental patient movement after acquisition of the volume and
during the needle positioning. This becomes noticeable during the procedure
when fluoroscopically identifiable structures are no longer overlaying the
CT volume, and in case of minor movements in the plane of the table can
be overcome by manually adjustments of the overlay position or gentle
movements of the table. Obviously this can be prevented as much as possible
by making the patient as comfortable as possible, providing proper fixation of
the anatomic region or maybe even the use of general anaesthesia.

Another relative limitation is the available space in the C-arm, where larger
patients can restrict the movement of the arm. Currently this can be solved by
using a different approach (runway approach), or by using a roll movement with
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the C-arm positioned sideways instead of a propeller movement at the head of
the table. The redesign and development of larger C-arms has started already
and it is only a matter of time for new geometry to overcome this limitation.

Future perspectives

After the introduction of CBCT-guidance in our department only very few CT-
guided interventions are performed nowadays. It's our conviction that with
the combination of conventional fluoroscopy, cone-beam CT, needle guidance
software, and merging capabilities another step is made to full, hybrid imaging
and that this will be the future of performing dedicated interventions.
Developments are still continuing at a rapid pace though, and there are some
issues in improving the user interface, usability and technical aspects. The
merging function is still laboursome and difficult at times. The option to do this
automatically is available but is not sufficiently reliable in our experience. One
of the main reasons for this is the fact that many procedures are performed in
a different patient position than the previous acquired CT- or MRI data. For the
kidneys we have described and quantified this movement between prone and
supine positions. Probably there will be software in the future taking this into
account, also enabling the dynamic plastic deformation and relative position of
this anatomy into account as well.

The visualization and overlay of both the fluoroscopy image and the CBCT-
slice breathing movement can be overcome by comparing the position of the
diaphragm and giving the patient breathing commands to make the position of
the diaphragm to coincide with the CBCT image. Automated motion detection,
not available yet, could make the intervention easier and more accurate. Several
different options using different methods are currently being investigated and
will probably result in further improvements of needle guidance in the near
future. Lowering the radiation dose will always be of great importance. Although
CBCT guidance already results in a lower dose to the patient compared with
conventional CT guidance, further improvements are not only desirable but also
definitely feasible. One of the easiest changes would be the use of asymmetrical
collimation, needed when working in the outer quadrants of the viewing field.
Changing the table position to center the area of interest is already feasible, but
does require special adjustments with parallax distortion in mind.
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In a routine procedure fluoroscopy accounts for approximately 55% of the dose
administered to the patient. Further adjustments in fluoroscopy technique are
therefore also desirable.

Needle positioning in the current setup of the procedure is still very much
dependant on the operator. We mainly used a fixation tool for the coaxial needle
on the patient (Seestar, Apriomed Sweden) and recently evaluated a laser
guidance tool (SimpliCT, Neorad, Sweden). Both of them have a clear benefit in
providing additional stability to the needle [1]. A new development in this area
is the recent introduction of a robot arm to assist in needle guidance and further
reduce the dose for the operator because of the remote operation [2].

In the field of ablation procedures a new development is the use of pre
intervention tumour segmentation and ablation planner software. Ablation is
a well-established method for treatment of primary cancers or metastases [3].
The effect of an ablation relies heavily on proper needle positioning as well as
predicting the ablation zone (extending the tumour boundaries, safety margin).
These additions to the system are already being investigated and evaluated in a
clinical setting and the results of these studies are expected soon.

One option which is not yet feasible, but subject to extensive research already is
the ability to use electromagnetic (EM) needle navigation, [4], further reducing
dose and improving accuracy.

General conclusion

CBCT-guidance is a hybrid imaging guidance technique and is being used in
a clinical setting more frequently. With this technique, CT-like imaging and
accurate needle guidance is available in the interventional suite. CBCT-guidance
is especially useful in hard to reach lesions with an indication for CT guided
intervention, but probably will not replace the use of ultrasound if ultrasound
guidance is feasible. Combining the CBCT-guidance system with ultrasound
(whether or not combined with EM-tracking) results in a multimodality system
in a dedicated intervention room that will be ideal for all interventions. Because
of good accuracy, the added functionality for importing previous exams and
the expected future developments (e.g. tumor segmentation, ablation planner
and EM tracking) CBCT-guidance will claim its place in the expanding field of
interventional oncology.
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Appendix

Samenvatting

Door de introductie van flat panel detectoren en snellere computer-
technologie is het mogelijk om cone-beam CT (CBCT) te gebruiken voor ‘naald-
navigatie. CBCT-geleiding is een stereotactische naaldgeleiding techniek voor
interventies. Hierbij wordt er gebruik gemaakt van de combinatie van 3D weke
delen cone-beam CT, naald-navigatiesoftware voor traject planning en real-
time fluoroscopie. CBCT-geleiding is mogelijk een zeer goed alternatief voor
naaldinterventies.

Om deze nieuwe techniek te evalueren onderzochten wij vier aspecten van

CBCT-geleiding:
Nauwkeurigheidsbepaling van CBCT-geleiding op fantomen, dit in
vergelijking met conventionele fluoroscopie en in vergelijking met CT-
geleiding.

«  Klinische toepassingen van CBCT-geleiding.

«  De stralingsdosis van CBCT-geleiding voor de patient en radioloog.
Klinische aspecten van de fuserende toepassing bij de CBCT-geleidings
techniek.

Omdat CBCT-geleiding gebaseerd is op een combinatie van CT-gelijkende
beelden en fluoroscopie hebben we besloten om de resultaten van deze
techniek separaat te vergelijken met conventionele fluoroscopie-geleiding
en met CT-geleiding. Interventies met conventionele fluoroscopie zijn
vooral nuttig en haalbaar bij zichtbare structuren onder doorlichting. In een
wervelkolomfantoom voor vertebroplastiek onderzochten wij onder andere de
nauwkeurigheid van het plaatsen van de naalden. De nauwkeurigheid van de
plaatsing was significant beter gebruikmakend van CBCT-geleiding dan bij de
conventionele fluoroscopie methode. Daarnaast was de fluoroscopietijd korter
bij CBCT-geleiding en daarmee de dosis voor de interventie radioloog lager,
maar de proceduretijd was langer en de dosis voor de patiént waren hoger
(hoofdstuk 1).

De studie beschreven in hoofdstuk 2 vergelijkt de nauwkeurigheid van
CBCT-geleiding ten opzichte van CT-geleiding in een ander fantoom. De
nauwkeurigheid van de plaatsing van de naald naar kleine doelen (2,3 mm) werd
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bepaald door drie verschillende moeilijkheidsgraden: eenvoudig naaldtraject
(in het scanvlak recht naar beneden), middelmatig (in het vlak onder een hoek)
en moeilijk (buiten het scanvlak en onder een hoek (dubbel schuin)). Daarnaast
werd onderscheid gemaakt door de resultaten op basis van de ervaring van
de radiologen met CBCT-geleiding te vergelijken. De resultaten toonden
aan dat CBCT-geleiding de voorkeur heeft voor middelmatige en moeilijke
procedures. Dit vanwege de significant betere nauwkeurigheid bij vergelijkbare
proceduretijd. Daarnaast doen de resultaten vermoeden dat er een leerproces
aanwezig is bij deze nieuwe techniek, met name bij het uitvoeren van moeilijke
procedures.

De resultaten van CBCT naaldgeleiding worden respectievelijk beschreven in
de algemene klinische setting (hoofdstuk 3), bij longbiopten (hoofdstuk 4) en
bij nierbiopten (hoofdstuk 5). In hoofdstuk 4 rapporteren wij bij longbiopten
een sensitiviteit van 90%, specificiteit van 100% en een positief voorspellende
waarde (PVW) van 100%. De negatief voorspellende waarde (NVW) bedroeg
66,7% en de nauwkeurigheid 91,7%. De resultaten van nierbiopten met
behulp van CBCT-geleiding, welke niet echogeleid benaderd kunnen worden,
zijn beschreven in hoofdstuk 5. De sensitiviteit, specificiteit, PVW, NVW en de
nauwkeurigheid waren respectievelijk 91,7%, 100%, 100%, 89,5% en 95,1%.

Bij alle interventies werd een 100% technisch succes bereikt (binnen de vooraf
gedefinieerde 5 mm veiligheidsmarge). De gemiddelde procedure tijd was
25,2 minuten en de gemiddelde fluoroscopietijd was 2 minuut 49,5 seconden
(hoofdstuk 3). Al deze resultaten impliceren een voordeel van CBCT-geleiding in
de dagelijkse klinische praktijk. Bij moeilijk bereikbare laesies zoals laesies laag
thoracaal, subfrenisch of in de bovenzijde van de nier, biedt CBCT-geleiding
een goede en nauwkeurige alternatieve methode om de procedure uit te
voeren. Door de overprojectie van het fluoroscopie beeld over een cone-beam
CT snede is het mogelijk om bewegende doelen nauwkeurig te biopteren in
tegenstelling tot de step-and-shoot modaliteiten. Uiteraard is het mogelijk om
conventionele CT-geleiding te gebruiken voor dit soort interventies, maar dit
vereist vaak meer fluoroscopietijd, grotere volumes welke gescand moeten
worden om het gehele naaldtraject te visualiseren (dus meer dosis voor de
patient) en meer ervaring en behendigheid van de interventie radioloog.
Verder is door de C-arm configuratie de werkruimte en de toegankelijkheid
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rond de patient beter bij CBCT-geleiding ten opzichte van CT-geleiding
(zelfs bij speciale interventie CT-scanners met grote doorgang). Omdat CBCT-
geleiding gebaseerd is op een interventie C-boog, is het tevens mogelijk om
gecombineerd gebruik te maken van ‘standaard’ angiografie.

In hoofdstuk 6 beschrijven we het gebruik van zowel CBCT-geleiding en
angiografie bij pati€énten met een complexe type Il endoleak na endovasculaire
abdominale aneurysma reparatie (EVAR). Met behulp van CBCT geleiding
werd een directe punctie verricht in het centrum van het endoleak. Na
angiografie werd het endoleak geemboliseerd door middel van weefsellijm.
De digitale subtractieangiografie (DSA) visualiseerde de aanvoerende arterieén
verantwoordelijk voor het endoleak en bepaalde mede de hoeveel weefsellijm
en druk die nodig was om het endoleak te emboliseren. Alle patiénten werden
met succes behandeld.

Op basis van de resultaten van hoofdstukken 3-6 concluderen wij dat CBCT-
geleiding een veilige en nauwkeurige methode is om een naaldinterventie uit
te voeren in een klinische setting.

Bij de introductie van een nieuwe techniek (voor naaldinterventies) gebruik
makend van ioniserende straling is het belangrijk te weten wat de dosis zal zijn
voor de patiént en de radioloog. In hoofdstuk 7 wordt een significant lagere dosis
(13 tot 42%) beschreven tijdens CBCT-geleiding ten opzichte van soortgelijke
procedures met behulp van conventionele CT-geleiding (respectievelijk 7,6-
16,1 mSv versus 13-20,4 mSv). Om de strooistralingsdosis te kwantificeren
voor de interventie radioloog werd er met behulp van een fantoom een
strooistralingsmodel gemaakt om de dosis voor de hand, schildklierregio en
gonadenregio te bepalen. Hierbij werd er ook gekeken naar het effect van
stralingsbescherming door middel van wegwerp looddoeken, het gebruik
van tafel/plafond afscherming en een combinatie van beide (hoofdstuk 8).
Naast de dosis bepaling op basis van het fantoom werden er ook metingen
verricht tijdens klinische casussen. De handdosis in het strooistralingsmodel
was 34,2 - 54,6 mSv (resp. thoracale / abdominale procedures), de dosis voor
de schildklierregio en gonadenregio waren 83,2 en 34,3 mSv bij thoracale
interventies en 66,2 en 47,2 mSv bij abdominale interventies. Gebaseerd op
het strooistralingsmodel en de resultaten tijdens de klinische casussen is de
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gemiddelde strooistraling tijdens een CBCT-geleidings procedure vrij laag in
vergelijking met de gerapporteerde strooistraling in de literatuur. Hoewel de
resultaten van het strooistralingsmodel zonder bescherming de dosis overschat
(ten opzichte van de klinische casussen), kunnen er ongeveer 240 casussen per
jaar worden uitgevoerd zonder de jaarlijkse dosislimiet te overschrijden. De
beste significante verlaging van de strooistralingsdosis (98,2% - 98,9%) wordt
bereikt door een combinatie van de wegwerp looddoeken en de plafond/tafel
afscherming.

Een ander belangrijk kenmerk welke de multimodaliteits mogelijkheden
onderstreept van het systeem is de mogelijkheid om eerder verworven
onderzoeken (bijv. CT of MRI) te importeren in het systeem. Door deze samen
te voegen met een lage dosis CBCT is het mogelijk om een gecombineerd
volume te maken met goede zichtbaarheid van het doel en herhaalde
toediening van contrast is niet nodig. Een nadeel van deze functie is dat de
eerder verworven onderzoeken meestal worden uitgevoerd in rugligging en
dat de CBCT-geleiding procedure vaak wordt uitgevoerd in buikligging. Deze
positie verandering kan leiden tot aanzienlijke verschuivingen van de interne
organen vooral in de bovenbuik. Op basis van de beschikbare gegevens van de
nierinterventies is er een retrospectieve analyse uitgevoerd van de verplaatsing
van de nieren door de positie verandering. Deze resultaten zijn beschreven in
hoofdstuk 9.

In het laatste hoofdstuk (10) wordt de CBCT-geleidings techniek geévalueerd in
verschillende soorten procedures en anatomische locaties. Tevens worden er
aanbevelingen bij het gebruik van CBCT-geleiding gedaan op basis van onze
ervaring in meer dan 600 uitgevoerde procedures.
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ledereen die heeft bijgedragen aan de totstandkoming van dit proefschrift wil
ik hiervoor heel hartelijk danken. Een speciaal woord van dank verdienen in
ieder geval de volgende personen:
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Alle XperGuide’ patiénten, zonder U voor mij geen promotie. Hartelijk dank

voor uw medewerking!
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‘niet te veel uitweiden, gewoon kort maar krachtig’ Het is een eer dat u mijn
promotor wilde zijn, hartelijk dank!

Dr.M.J.L.van Strijen, geachte co-promotor, beste Marco, interesse in wetenschap
had ik al, maar door jou ben ik begonnen en meegenomen in het XperGuide
project. Bijna vanaf het prille begin ben ik betrokken geweest bij de procedures.
Wat ik bijzonder gewaardeerd heb is het meedenken over studieprojecten,
het nalezen en corrigeren van mijn manuscripten, fantoomstudies o.a. in de
avonduren, bezoeken aan Philips Healthcare, meegaan/begeleiden tijdens
(inter-)nationale presentaties, de workshops, gesprekken in Houten en
promotie-ontwikkeling-etentjes. Eigenlijk het totale palet. Maar niet alleen heb
jij mij begeleid in mijn promotie maar ook ben je een van mijn ‘oud bazen’ en
heb jij mij vele knepen van het vak geleerd. Mijn bijzondere grote dank!

Dr. JPM. van Heesewijk, geachte co-promotor, beste Hans, als co-assistent
beoordeelde jij mij met de aanvullende opmerking “is geschikt voor een
opleidingsplaats Radiologie” en zie hier, mijn promotieboek en ondertussen
collega Radioloog. Tijdens mijn gehele promotietraject ben jij altijd zeer
betrokken en geinteresseerd geweest. Jij was altijd bereid om mee te denken
en een kritische noot te plaatsen daar waar nodig. Onder andere jou snelle
correcties en hulp bij het engels heb ik zeer gewaardeerd. Bedankt dat jij als
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