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‘ ABSTRACT ’ Objective of this study is to evaluate the Robot-assisted Navigation System for CT-guided Intervention procedures with

the assessment of the accuracy of needle placement, radiation dose and performance level. All the procedures were done
using MAXIO (Perfint healthcare Pvt Ltd.) machine using 16 slice CT scanners, under local anesthesia and aseptic precautions, under the
supervision of trained radiologists. After marking the point of entry and target lesion, path of the needle is confirmed on the planning software and
the system calculates, coordinates angle & depth and positions the biopsy arm. All procedures were successfully performed. Procedure duration,
radiation dose precision of needle Diagnostic performance of the biopsy and rate of complications were evaluated. .This method is more patient
friendly and ensures maximum safety. The average procedure time and radiation exposure is reduced by 70% as compared to the routine manual
method. This clinical trial depicts the advantages of the automated CT guided planner in reducing the procedure time and radiation dose and
ensuring patient safety with high diagnostic accuracy, thus making it acceptable for the routine clinical practice.
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INTRODUCTION

CT-guided interventions are the effective procedure of choice to obtain
diagnoses& treatment in patients with lesions suggestive of
malignancy at imaging. CT-guided biopsy can be performed either
with the step-and-shoot or the fluoroscopic technique: the step-and-
shoot approach is preferred in larger, non-moving lesions, while CT-
fluoroscopy is more advantageous when targeting smaller lesions and
lesions that are susceptible to respiratory motion []. Both procedures
have technical limitations that should be taken into consideration; in
particular the step-and-shoot technique is based on the operator's
subjective assessment of needle path and positioning and may result in
increased procedure duration and complication rate, whereas CT-
fluoroscopy is significantly faster and more precise but significantly
raises radiation dose to both operator and patient [, ]. Various assisting
technologies have been proposed to increase the diagnostic accuracy
and reduce the duration of CT-guided biopsies, including external laser
targeting [] and augmented reality []. Dedicated interventional robotic
systems that operate under imaging guidance also became available
recently []. The MAXIO (Perfint Healthcare Pvt. Ltd) is a FDA
approved robotic positioning system that facilitates percutaneous
needle placement during CT-guided interventional procedures and that
has been successfully tested for CT-guided biopsy and ablation on
phantoms [] and for clinical radiofrequency ablation of liver lesions [].
The objective of this study was to evaluate the clinical performance of
this system for CT-guided interventionof percutaneous lesion.

BACKGROUND

» Imaging-guided biopsy procedures are usually challenging due to
patients breathing, especially during local anesthesia procedure.

» This is an ongoing prospective study with 100 patients targeted in
Barnard institute of radiology, RGGGH Chennai.

» This was an initial phase assessment of the efficacy involving 100
patients underwent the CT-guided interventions utilizing the
Robot-assisted Navigation system (Maxio, Perfint Healthcare).

PURPOSE

To evaluate the new Robot-assisted Navigation System for CT-guided
Lung procedures with the assessment of the accuracy of needle
placement, radiation dose and performance level

MATERIALSAND METHODS

PATIENT POPULATIONAND STUDY DETAILS

This study was done by receiving the approval of local institution
review board. Between March 2018 and March2019, 100 patients with
previously diagnosed suggestive of malignancy at CT imaging both
were referred to the radiology department of our hospital for the
analysis. All enrolled patients gave their written informed consent to
participation after being thoroughly informed of the benefits and
potential risks of the procedure.

PRE-PROCEDURE

All procedures were performed by the radiologist on a 16-slice scanner
(SIEMENS). An axial breath-hold scan (Detector configuration 16x 1
mm, slice thickness 1 mm, reconstruction interval 1 mm) was acquired

in all cases prior to procedure, to confirm the presence and to assess the
position of the target lesion. Patients were laid on a vacuum
stabilization mattress and positioned to reduce the patient movement
as well as to avoid critical structures and visceral organs (No-Go
regions). Local anesthesia was performed with lidocaine/lignocaine
along the projected path of the biopsy needle into the soft tissues. In all
cases, quick core biopsy end-cutting needle was used for tissue
sampling. Targeting CT scans were acquired with a low-dose
interventional protocol (Detector configuration 16x1 mm, slice
thickness 1 mm, reconstruction interval 1 mm).

METHODS AND MATERIALS

*  Allthe procedures were performed under local anesthesia.

¢ Thelesions were identified in the baseline plain CT scans.

* The targeted needle pathway was then planned in the provided
software of the Robotic system.

¢ The primary end point was the satisfactory instrument position for
the intended intervention.

« Patientdemographics were captured.

e Adequacy ofneedle tip placement was measured.

o Target parameters such as lesion size and depth from skin were
noted.

* Planning time (time from baseline CT scan to local anesthesia
needle insertion, including planning procedure in provided
software) wasrecorded.

» Navigation time (time from local anesthesia needle insertion to
interventional needle to target lesion) were recorded.

*  The performance level was documented for each procedure on a
five-point scale (5-1: excellent-poor).

¢ The total radiation doses were recorded and compared against 10
patients with conventional CT-guided thoracic procedures and 10
patients with CT fluoroscopy thoracic procedures.

e All procedures were performed by experienced interventional
radiologist.

ROBOT-ASSISTED TECHNIQUE

Positioning and docking of the robotic system were performed as
previously described [], with the arm and planning console located to
the side of the CT bed (left or right, depending on the required access)
and firmly fixed to ground metal plates on the floor to ensure stability.
Images were then transferred over a local area network to the MAXIO
workstation for biopsy planning. Planning is done using the planning
software. Each parameter was readily modifiable by the operator to
avoid critical structures, such as the visceral organs, ribs and vessels.
Once the plan was confirmed, the CT table was moved to the
coordinates displayed on the workstation and the robotic arm was
activated and positioned for biopsy execution. A disposable bush was
placed at the end effector of the robotic arm to guide needle insertion.
Subsequently, the needle was manually inserted through the skin
surface directly into the lesion in a single pass. After releasing the
needle from the end effector, the robotic arm is pulled back and the
needle positioning was confirmed with a further CT scan and
adjustments were performed if required. Procedure was then
performed similarly to the conventional approach.
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Fig. 8: Verification images after the biopsy needle insertion (Left:
original planning pathway; Middle: Combined images; Right:
The biopsy needle within the lesion). The biopsy needle position
was almost the same as the original planning pathway.

RESULTS

*  S0males and 50 female are patients in Robotic group.

» Averageage was 67.1 years (range from 25 to 85).

*  Mostofthe cases underwent CT guided tumor FNA and/or Biopsy.

e Very few had lung tumor thermal ablation, fiducial marker
insertion and lung abscess drainage.

*  Average lesion size was 3.0cm (range from 0.8 to 7.8cm).

* Lesiondepth was 5.6cm on average (range from 2.8 t0 9.5¢cm).

*  All of the interventions met the primary end point of satisfactory
instrument positioning.

Fig. 1&2: Overall view of Robot-assisted Navigation system in the

CT suite. * 6 cases required a second planning procedure for targeted needle
pathway as these patients cannot achieve the same breath holding
during the procedures.

* 1 case required a third planning procedure due to the above same
reason.

* Average Planning time was 3mins and Navigation time was 7
mins.

e Performance levels were 4.69 on average.

* 10 cases complicated with minimal to small pneumothorax while
only 3cases needed chest drain insertion.

Fig. 3: Robot-assisted Navigation system for CT-guided percut ane +  Robotic group: Radiation dose (Dose Linear Product) was

ous lung procedures. Planning procedures in the provided 262.7mGycm on average (range from 83.7 to 512.7mGycm).

software. * Conventional CT-guidance group: Radiation dose (Dose Linear

Product) was 645.4mGycm on average (range from 285.1 to
2043.5mGycm).
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CONCLUSIONS

Fig. 4, 5&6: Robot-assisted Navigation system for CT-guided *  Our experience demonstrated the effectiveness of the Robot-
. 4, :

percutaneous lung procedures. Needle placement via the robotic gssmted‘ Nav1'gat101'1 system ff)r CT-guided percutaneous
arm at the location of planned pathway. interventions (including FNA, Biopsy, RFA, abscess drainage)

with a lower radiation dose compared with conventional CT-
guidance procedures and similar radiation dose compared with CT
fluoroscopy procedures.

* No radiation exposure to the interventional radiologists as
compared with CT fluoroscopy procedures.

* The average Planning and Navigation time were 10 minutes and 8
minutes respectively, which was relatively not time-consuming.

*  Performance level was excellent. The planning software was easy
to learn and the robotic device was easy to handle.

¢ The targeting success rate for a satisfactory intervention was

100%.
. . . » Robot-assisted Navigation system is potentially valuable for more
Fig. 7: Planning Software projected the needle pathway. The lung technically demanding procedures, like Irreversible Electro
lesion was targeted for lung biopsy. poration (IRE).

10 | INDIAN JOURNAL OF APPLIED RESEARCH ]




Volume -10 | Issue - 3 | March - 2020 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar

REFERENCES

1. MacMahon H, Austin JH, Gamsu G, Herold CJ, Jett JR, Naidich DP, Patz EF Jr, Swensen
SJ, Fleischner Society (2005) Guidelines for management of small pulmonary nodules
detected on CT scans: a statement from the Fleischner Society. Radiology 237:395-400

2. Naidich DP, Bankier AA, MacMahon H, Schaefer-Prokop CM, Pistolesi M, Goo JM,
Macchiarini P, Crapo JD, Herold CJ, Austin JH, Travis WD (2013) Recommendations
for the management of subsolidpulmonari nodules detected at CT: a statement from the
Fleischner Society. Radiology 266:304-317

3. LalH,NeyazZ,Nath A, Borah S (2012) CT-guided percutaneous biopsy of intrathoracic
lesions. Korean J Radiol 13:210-226

4. Kim GR, Hur J, Lee SM, Lee HJ, Hong YJ, Nam JE, Kim HS, Kim YJ, Choi BW, Kim
TH, Choe KO (2011) CT fluoroscopy-guided lung biopsy versus conventional CT-
guided lung biopsy: a prospec-tive controlled study to assess radiation doses and
diagnostic perfor-mance. EurRadiol 21:232-239

5. Prosch H, Stadler A, Schilling M, Biirklin S, Eisenhuber E, Schober E, Mostbeck G
(2012) CT fluoroscopy-guided vs. multislice CT biopsy mode-guided lung biopsies:
accuracy, complications and ra-diation dose. Eur J Radiol 81:1029-1033

6. Hong CW, Xu S, Imbesi KL, Wood BJ (2013) Integrated laser-guided CT biopsy. Clin
Imaging 37:1135-1137

7. Grasso RF, Faiella E, Luppi G, Schena E, Giurazza F, Del Vescovo R, D'Agostino F,
Cazzato RL, BeomonteZobel B (2013) Percutancous lung biopsy: comparison between
an augmented reality CT naviga-tion system and standard CT-guided technique. Int J
Comput Assist RadiolSurg 8:837-848

8. Kettenbach J, Kronreif G, Melzer A, Fichtinger G, Stoianovici D, Cleary K (2007)
Ultrasound-, CT- and MR-guided robot-assisted interventions. In: Neri E, Caramella D,
Bartolozzi C (eds) Image processing in radiology: current applications. Springer,
Heidelberg, pp 391-404

9. Koethe Y, Xu S, Velusamy G, Wood BJ, Venkatesan AM (2014) Accuracy and efficacy of
percutaneous biopsy and ablation using robotic assistance under computed tomography
guidance: a phantom study. EurRadiol 24(3):723-730

10.  Abdullah BJ, Yeong CH, Goh KL, Yoong BK, Ho GF, Yim CC, Kulkarni A (2014)
Robot-assisted radiofrequency ablation of primary and secondary liver tumours: early
experience. EurRadiol 24:79-85

11. Sacks D, McClenny TE, Cardella JF, Lewis CA (2003) Society of Interventional
Radiology clinical practice guidelines. J VascIntervRadiol 14:S199-S202

12. vonJako CR, Zuk Y, Zur O, Gilboa P (2013) A novel accurate minioptical tracking
system for percutaneous needle placement. IEEE Trans Biomed Eng 60:2222-2225

13. Kiriicker J, Xu S, Glossop N, Viswanathan A, Borgert J, Schulz H, Wood BJ (2007)
Electromagnetic tracking for thermal ablation and biopsy guidance: clinical evaluation
of spatial accuracy. J VascIntervRadiol 18:1141-1150

14.  B.J. Abdullah, C.H. Yeong, K. Goh, B. Yoong, G. Ho, A. Kulkarni. Early experience of a
commercial available robot (Maxio) for CT-guided radiofrequency ablation of liver
tumours. ECR 2014 Scientific Paper, 14-P-1001-ECR.

15. D.A. Valenti, T. Cabrera, L.N. Boucher, V. Demers, U. Shreter, C. von Jako. High
technical success rate for liver needle placement with the CT-guide navigation system.
JournalofVascularandInterventionalRadiology. Volume24,Issue4,Supplement,April
2013, Pages S163. SIR 2013 38th Annual Scientific Meeting, Abstract No. 382.

16. Sascha A. Miiller, Lena Maier-Hein, AysunTekbas, Alexander Seitel, Stefanie
Ramsauer, Boris Radeleff, Alfred M. Franz, Ralf Tetzlaff, ArianebMehrabi, Ivo Wolf,
Hans-Ulrich Kauczor, Hans-Peter Meinzer, Bruno M. Schmied. Navigated Liver Biopsy
UsingaNovelSoftTissueNavigationSystemversusCT-GuidedLiverBiopsyinaPorcine
Model. A Prospective Randomized Trial. Academic Radiology. Volume 17, Issue 10,
October2010, Pages 1282-1287.

| INDIAN JOURNAL OF APPLIED RESEARCH | 11




