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Abstract

Purpose—Fluoroscopic systems in modern interventional suites have the ability to perform flat 

panel detector CT (FDCT) with navigational guidance. Fusion with MR allows navigational 

guidance towards FDCT occult targets. We aim to evaluate the accuracy of this system using 

single-pass needle placement in a deep brain stimulation (DBS) phantom.

Materials and Methods—MR was performed on a head phantom with DBS lead targets. The 

head phantom was placed into fixation and FDCT was performed. FDCT and MR data sets were 

automatically fused using the integrated guidance system (iGuide, Siemens). A DBS target was 

selected on the MR data set. A 10cm, 19G needle was advanced by hand in a single pass using 

laser crosshair guidance. Radial error was visually assessed against measurement markers on the 

target and by a second FDCT. 10 needles were placed using CT-MR fusion and 10 needles were 

placed without MR fusion, targeting based solely off of the FDCT, with fusion steps repeated for 

every pass.
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Results—Mean radial error was 2.75±1.39 mm as defined by visual assessment to the center of 

the DBS target and 2.80±1.43 mm as defined by FDCT to the center of the selected target point. 

There were no statistically significant differences in error between MR fusion and non-MR guided 

series.

Conclusions—Single pass needle placement in a DBS phantom using FDCT guidance is 

associated with a radial error of approximately 2.5–3.0 mm at a depth of approximately 80 mm. 

This system could accurately target sub-centimeter intracranial lesions defined on MR.

Keywords

Cone-Beam Computed Tomography; Interventional Radiology; Deep Brain Stimulation; 
Stereotactic Techniques; Neurosurgery

INTRODUCTION

Fluoroscopic systems in modern interventional suites have the ability to perform high-

quality flat panel detector cone beam computed tomography (FDCT) for diagnostic and 

interventional purposes.1–12 Integrated navigational software can be used to plan a needle 

trajectory and provide real-time guidance for percutaneous procedures throughout the body 

including for intracranial, spinal, and head and neck procedures.1–378101113–15 FDCT allows 

the performance of complex percutaneous procedures with the safety and convenience of 

performing these procedures in an interventional suite or hybrid operating room as opposed 

to a standard computed tomography (CT) suite.1–38101115 FDCT data acquired at the time of 

or during a procedure can additionally be fused with pre-procedure magnetic resonance 

imaging (MRI) data to allow navigational guidance towards FDCT occult targets.216

Neuronavigational software for intracranial use is well established in the field of minimally 

invasive neurosurgery, predominantly involving navigation towards targets defined on pre-

procedure MRI.17–23 While there is some shift of intracranial contents compared to pre-

procedure MRI, frameless and framed stereotactic navigational systems are highly accurate 

with positional errors in the range of 0.5 to 5 mm.17–23 Deep brain stimulation (DBS) lead 

placement in Parkinson’s disease patients requires highly accurate placement of wires into 

the subthalamic nucleus and is performed with real time interventional MRI guidance.2425 

Current interventional MRI navigational systems are associated with sub-millimeter 

positional errors at depths of 8–9 cm.2425

In this study we aim to assess the accuracy of single-pass needle placement with FDCT-

guided navigation using two different techniques that would be applicable in two different 

situations. The first, using fusion with a pre-procedural MRI and MRI based targeting, 

simulates the performance of FDCT-guidance to a lesion visible only on MRI. The second, 

without pre-procedural MRI and with FDCT based targeting, simulates the performance of 

FDCT-guidance to a lesion visible on CT. We have chosen to measure accuracy of these 

techniques in simulated DBS lead placement, a procedure that requires highly accurate 

placement of wires into the subthalamic nucleus at a depth of 8–9 cm and is performed with 

real time interventional MRI guidance.2425 This difficult task will test the limits of FDCT-

guidance although the results may be applicable to different intracranial, spinal, and head 
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and neck procedures that could be performed with these techniques. Our hypothesis is that 

FDCT-guided navigation will have a radial error of less than 5mm for single-pass needle 

placement in a DBS phantom with and without pre-procedural MRI fusion and MRI guided 

targeting.

MATERIALS AND METHODS

Head phantom

An established gelatin filled head phantom with deep brain stimulation lead targets and with 

pre-drilled frontal burr holes was used for this study.2425 The head phantom had 8 DBS lead 

targets, 4 on each side, accessible by either the right or left frontal burr hole. Each target was 

10 mm in diameter and had an inner 3 mm diameter notch. The target was marked with 1mm 

concentric rings that were visible through a large posterior hole in the phantom to allow 

visual assessment of radial error.

Pre-procedure MRI

For MRI fusion guidance experiments the head phantom was imaged on the day of the 

experiments with a clinical DBS lead pre-procedural MRI protocol at 3 Tesla. This included 

a volumetric T2 weighted inversion recovery sequence (TE 45 ms, TR 3000 ms, slice 

thickness 2 mm, no gap) and a volumetric T1 weighted magnetization prepared rapid 

acquisition gradient recalled echo (MPRAGE) sequence (TE 4.5 ms, TR 1800 ms, slice 

thickness 1 mm, no gap). For the FDCT only experiments this step was skipped.

Preparation and targeting

The head phantom was then placed in 3-point rigid fixation with a carbon fiber Mayfield 

skull clamp (Mayfield Modified Skull Clamp, Integra, Plainsboro, NJ, USA), which was 

attached to the procedure table in the interventional angiographic suite (Artis zee biplane, 

Siemens, Forchheim, Germany). An 8 second FDCT was then performed (syngo DynaCT, 

Siemens, Forchheim, Germany). The FDCT and the T2 MRI data sets were then 

automatically fused using the FDCT integrated guidance system (syngo iGuide, Siemens, 

Forchheim, Germany). No manual adjustment was performed. The FDCT and fusion steps 

were repeated for every needle pass in order to include any inaccuracy introduced by the 

FDCT and fusion steps. The MRI fusion step was skipped for the FDCT only experiments.

For the MRI experiments a DBS target was selected within the guidance software when 

windowed to the MRI data set to simulate guidance to an FDCT occult lesion (Figure 1). An 

entry site was then selected when windowed to the FDCT data set in order to visualize the 

pre-drilled burr hole entry site, our necessary entry site. For the FDCT only experiments 

both the target and entry site were selected on the FDCT data set to simulate guidance to an 

FDCT visible lesion. The depth from entry site to target was recorded.

Targets were confirmed and the flat panel detector was automatically moved to the correct 

in-line or “bull’s-eye” projection. The positioning was checked using the maximum 

fluoroscopic magnification setting (11 cm field of view), and without fluoroscopic 
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assistance, the table was manually shimmed to line up the projected target and entry site 

(Figure 2).

Single pass needle placement

A piece of tape was placed over the hub of a 10 cm, 19-gauge (1.067 mm outer diameter) 

needle (Chiba, Cook Medical, Bloomington, IN, USA) and a crosshair was manually drawn 

on the tape for alignment with the system’s laser crosshairs. The laser crosshairs were 

activated and the needle tip was positioned on the burr hole at the laser crosshair. The needle 

hub was aligned with the system’s laser crosshair and the needle was advanced in a single 

pass until the target was reached (Figure 2). The operator could not see the target during the 

procedure. Over 3 sessions, 10 needles were placed with MRI fusion and MRI based target 

selection and 10 needles were placed without MRI fusion and with FDCT based target 

selection.

Assessment of accuracy

We visually assessed accuracy by noting the location of the needle tip on the target against 

the measurement markers (Figure 3). This allowed measurement of the radial error as 

defined to the center point of the target. A second FDCT (Figure 2) was then performed and 

the radial error was measured from the center of the planned target to the actual needle 

position. The needle was then removed. We focused on 2-dimensional radial error as our 

summary of targeting accuracy, as depth error measurements would be artificial due to the 

operator being able to feel the needle hit the target plate.

Radiation output

The air kerma and dose area product (DAP) from the entire study and from each individual 

step (the first FDCT, fluoroscopy, and second FDCT) were recorded upon completion.

Statistical analysis

The mean and standard deviations were calculated for target depth, visual radial error to the 

center of the target, visual radial error to the 3 mm notch, radial error by FDCT to the 

planned target, and the radiation dose metrics. The measurement results were then separated 

between the two groups and tested with two-tailed Mann-Whitney tests. A two-tailed p value 

of <0.05 would be considered statistically significant.

RESULTS

Accuracy results are presented in Table 1. The mean depth was 83.12 mm and the mean 

radial error was 2.75±1.39 mm (±standard deviation) as defined by visual assessment to the 

center of the DBS target and 2.80±1.43 mm as defined by FDCT to the center of the selected 

target point. There were no statistically significant differences in error or depth 

measurements between the experiments using MRI fusion and targeting based off of MRI 

and the experiments without MRI fusion and targeting based off of FDCT.

Radiation output measurements are also presented in Table 1. Mean total air kerma was 

122.19 mGy and mean total DAP was 3272 uGy-m2. The operator was only in the room for 
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a mean fluoroscopy time of 0.16 min with an air kerma of 1.21 and DAP of 17.28. In 

practice the second FDCT that was used to measure the error could possibly be omitted.

DISCUSSION

In this study we have shown that single pass needle placement in a DBS phantom using 

FDCT guidance in the interventional suite is associated with a radial error of approximately 

2.5–3.0 mm at a depth of approximately 80 mm. We performed these experiments with 

fusion to a pre-procedural MRI and targeting based off of MRI and also without pre-

procedural MRI with targeting based only off of FDCT. Similar error measurements were 

found for both sets of experiments with no statistically significant differences detected. 

Radiation to the patient and operator were within expected and acceptable ranges with the 

operator only in the room for a small amount of fluoroscopy. This system could be used with 

or without MRI fusion to accurately target sub-centimeter intracranial lesions and provide 

guidance for spinal and head and neck procedures in the interventional angiographic suite or 

a hybrid operating room.

The protocols that we followed in this study could potentially be applied to targeting lesions 

only visible on MRI if performed with fusion to a pre-procedural MRI or could be more 

rapidly applied to targeting a lesion visible on CT without the need for pre-procedural 

imaging. A third potential lower radiation dose protocol whereby a pre-procedure MRI is 

registered to live, 2D fluoroscopy only, without the need of FDCT, is technically possible but 

was not evaluated in this study. The errors that we experienced in this study are larger than 

the sub-millimeter errors reported with current interventional MRI technology used for DBS 

placement.2425 Accuracy assessment in our study was largely performed in a DBS phantom 

as a difficult procedural test that may exceed the accuracy requirements of most 

interventional procedures. Our positional error of 2.5–3.0 mm was within the range of 

positional errors reported for neurosurgical stereotactic systems, which are generally in the 

range of 0.5–5 mm.17–23 A notable difference between the techniques that we used in this 

study and most stereotactic systems used for neurosurgical intracranial access are that we 

passed the needle freehand without any additional stabilization of the needle. Nonetheless, 

the fidelity of the navigation system is sufficient for targeting larger anatomic targets such as 

the ventricles, or pathology such as a hematoma, and could potentially be applied to 

navigation towards MRI defined targets with similar accuracy.1311 This system could be 

applied to intracranial access in either a hybrid operating room or an interventional 

angiographic suite with appropriate safety precautions. Burr holes have been performed in 

diagnostic MRI suites located in radiology for over a decade with complication rates that are 

comparable to the operating room setting.2627 FDCT and targeting could be performed 

following standard burr hole creation as with these experiments or potentially before if a 

safe location for a burr hole creation is considered in targeting.

The concept of FDCT procedural guidance has been successfully applied with slight 

variations to percutaneous procedures in the brain, head and neck, and spine.1–378101114–16 

There are some notable advantages to using FDCT guidance as opposed to conventional CT 

including potentially lower radiation doses depending on individual procedure specifics and 

the fact that a traditional CT room stays functional for diagnostic studies.42829 The radiation 
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metrics that we encountered in our study were within expected ranges of most interventional 

procedures and less than many angiographic procedures.43031 For our procedures, the 

operator was only in the room for a small amount of fluoroscopy (mean 0.16 minutes) in 

order to shim the table into position and the operator’s hand never entered the fluoroscopy 

beam. The second FDCT was performed as a second error measurement and could 

potentially be omitted in clinical practice depending on the need for needle confirmation. 

One notable difference between our technique and similar procedures described in the 

literature is that we did not advance the needle under fluoroscopic guidance, skipping any 

progression views (similar to Figure 2D) and instead only using the system’s laser to line up 

the needle and advancing the needle in a single pass.13112832 The progression view could 

potentially be useful as a guide for depth if needed. The radial error in our system could 

potentially be due to slight fusion mis-registration, mis-angulation in freehand targeting, or 

slight needle curvature along the course of its path. Our freehand technique likely 

contributed the most to error with slight mis-angulation expected and needle guidance 

devices could be explored in the future with our DBS phantom in order to potentially reduce 

error.32 In order to continuously use the laser guidance system as the needle was passed, the 

operator had to stand to the side of the detector and head phantom with his hand controlling 

the needle between the detector and head phantom, this somewhat awkward positioning 

relative to standing directly over the patient could have also introduced some error to the 

technique with slight mis-angulation. Needle curvature is unlikely to have played a major 

role in error, as the phantom brain was all one consistency.

There are several limitations to consider in our study. Our study includes a relatively small 

number of needle passes and individual experiments across three sessions. The same head 

phantom was used for all and needle passes and the MRI was not repeated for each needle 

pass, however all fusion steps and the FDCT were repeated for each for each needle pass in 

order to be able to include any variation in fusion in our error assessment. Two-dimensional 

radial error was used as our measurement of accuracy as depth error was necessarily 

artificial due to the needle physically hitting the target. Depth could potentially be addressed 

in the future by incorporating a lateral progression view.

In conclusion, navigational guidance for single pass needle placement in the interventional 

suite using FDCT with or without fusion to pre-procedural MRI is associated with a radial 

error of approximately 2.5–3.0 mm at a depth of approximately 80 mm and acceptable 

radiation to the patient and operator. This system with free-hand, single-pass technique and 

with or without MRI fusion can be used to accurately target sub-centimeter intracranial 

lesions including those defined on MRI and provide guidance for spinal and head and neck 

procedures in the interventional angiographic suite or a hybrid operating room.
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Figure 1. 
Target selection on FDCT navigational software. In this step the FDCT data sets and the pre-

procedural MRI data sets have been automatically fused and both displayed. The target was 

selected when windowed to the MRI data set and the entry site was selected when windowed 

to the FDCT data set. Sagittal (A), axial (B), and coronal (C) images are displayed for 

targeting as well as a path projection view (D).
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Figure 2. 
Procedure and FDCT Error Measurement (A) Manual table shimming. Using the maximum 

fluoroscopic magnification setting (11 cm field of view) as depicted here and while 

fluoroscopy was off, the table was manually shimmed to line up the projected target and 

entry site by lining up the inner circle and crosshairs in the center of the four outer arrows. 

The underlying image is ignored as it does not represent the current position while 

shimming but rather the last fluoroscopy image. (B) Single pass needle placement. With 

fluoroscopy off the needle hub was aligned with the laser crosshair and the needle was 

advanced in a single pass until the target was reached. (C) and (D) Post-procedure FDCT. 

Radial error as measured by FDCT (C) from the needle tip to the planned needle trajectory/

target. The green circle is a 10 mm sphere centered at the target. A lateral projection view 

(D) from the FDCT shows the needle in relationship to the planned needle trajectory. This is 

similar to a progression view that can be obtained during needle placement but was skipped 

during our procedures.
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Figure 3. 
Visual assessment of radial error. Through the large posterior hole in the phantom the target 

and concentric rings on the target could be visualized. A radial error measurement to the 

center point of the target was given for each needle placement. Each target is 10 mm in 

diameter and has an inner 3 mm diameter notch. The target is marked with 1mm concentric 

rings to allow visual assessment of radial error.
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Table 1

Results of Single Pass Needle Placement and Radiation Output. The operator was not in the room for either 

FDCT. In practice the second FDCT could potentially be omitted.

Depth and Radial Error of FDCT Navigation for Single Pass Needle Placement

Variable All (N=20) MRI Fusion (N=10) FDCT Only (N=10) Two-tailed p

Mean Depth 83.12 mm
(SD 2.06)

83.08 mm
(SD 1.72)

83.15 mm
(SD 2.45)

0.968 (NS)

Mean visual radial error to center point 2.75 mm
(SD 1.39)

2.55 mm
(SD 1.09)

2.95 mm
(SD 1.67)

0.596 (NS)

Mean radial error by FDCT 2.80 mm
(SD 1.43)

2.60 mm
(SD 1.05)

3.00 mm
(SD 1.77)

0.675(NS)

Radiation Output

Mean Air Kerma
(mGy)

Mean Dose Area Product
(uGy-m2)

Mean Fluoroscopy Time
(minutes)

First FDCT for Targeting 60.39
(SD 6.81)

1624.88
(SD 183.26)

NA

Fluoroscopy for Lining up Target 1.21
(SD 1.89)

17.28
(SD 17.88)

0.16
(SD 0.14)

Second FDCT for Error Measurement 60.58
(SD 6.76)

1629.84
(SD 181.73)

NA

Total 122.19
(SD 12.95)

3272.00
(SD 327.74)

0.16
(SD 0.14)

SD=standard deviation, FDCT=flat panel detector computed tomography, MRI=magnetic resonance imaging, N=number, NS=non significant, 
NA=Not Applicable, mGy=milligray, uGy=microgray.
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