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Abstract: 
 
Submillimetric precision is essential for stereotactic neurosurgical procedures. However, accuracy of standard neuro-
surgical procedures such as navigated biopsies and shunts is currently limited due to manual alignment of the biopsy 
needle or manual placement of the shunt catheter. The aim of this study is to evaluate the feasibility and accuracy of a 
novel robotic positioning device for stereotactic neurosurgical procedures. We conducted a preclinical phantom trial to 
evaluate the accuracy of the iSYS1® robotic device in a representative stereotactic neurosurgical procedure: Robotic 
guidance of a biopsy needle was compared to standard manual needle trajectory alignment. Biopsies were performed by 
7 neurosurgeons of different levels of experience either with robotic trajectory alignment (n=81) or manual alignment 
using a standard mechanical biopsy arm (n=81) under navigational guidance (Medtronic StealthStation S7®). The pa-
per describes the setup, the test methodology as well as the achieved results. 
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1 Introduction 

Operations involving positioning of needles and catheters are amongst the most common procedures in cranial neuro-
surgery. However, submillimetric precision is essential for the success of most neurosurgical procedures. Although 
some neurosurgical procedures are performed using a skull-mounted stereotactic frame for high precision (cf electrode 
placement for deep brain stimulation), this setup is costly and time-consuming. Therefore, many procedures that involve 
placement of a catheter for fluid drainage or a needle for obtaining tissue specimens are currently performed with lim-
ited accuracy, i.e. using a mechanical arm or even free-hand. This could potentially lead to procedural failure such as 
malpositioning of a catheter, inconclusive tissue sampling and even major complications, e.g. cerebral hemorrhage with 
consecutive neurologic morbidity.  
Therefore, navigation-guidance was implemented and established over the last two decades 1-12. Using preoperatively 
compiled anatomical patient data from radiological images (Computerized Tomography [CT] or Magnetic Resonance 
Imaging [MRI] scans) a trajectory from entry to target point can be defined and matched intraoperatively on the pa-
tient’s head. Alignment of the needle or catheter with the preplanned trajectory is then performed either freehand (shunt 
catheter placement) or using a mechanical stereotactic arm (needle biopsy). This, however, is associated with major 
drawbacks due to inaccuracy of the freehand trajectory adjustment method. 
Up to 40% of all shunts fail in the first year 13, 14, most commonly due to proximal obstruction with ingrowth of choroid 
plexus or gliosis around the catheter 15, 16 based on a misplacement of the catheter tip. Each malfunction carries the risk 
of additional morbidity and could lead to a shunt revision. It was reported, that approximately 4% of ventricular cathe-
ters are misplaced failing to cannulate the ventricle entirely 16 or having contact with the ventricle wall. However, 
Hayhurst et al compared the patient cohort undergoing electromagnetic-navigated shunt placement with the cohort un-
dergoing standard shunt placement using anatomical landmarks 4. 74% of the navigated shunts were classified as Grade 
1 (optimal shunt position) as compared with only 37% of the shunts in the standard group 4. 
In case of stereotactic needle biopsies, inaccuracy is associated with the acquisition of non-diagnostic samples in up to 
24% of stereotactic biopsy series 17-20 or non-representative tumor samples in up to 64% of biopsies 21-23. Therefore, se-
rial biopsies could be performed to overcome this drawback. Serial biopsies on the other hand are associated with an 
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increased risk of intracranial hemorrhages 24, 25 which have been reported in 
0.3 – 59.8% of the cases 17, 26-30 and contribute considerably to the reported 
morbidity of 0-16.1% 18, 19, 29, 31-33 of this procedure. Therefore, a safe and re-
liable trajectory-positioning device that improves accuracy of navigation-
guided stereotactic neurosurgical procedures seems warranted.  
In the last 10 years, different surgical devices have been developed to increase 
procedural accuracy in the field of neurosurgery. For instance, Bumm et al. 
presented an automated approach with redundant navigation for minimal in-
vasive extended transsphenoidal skull base surgery successfully performed on 
cadaveric heads 34. Further, Nimsky et al. developed an assistance system for 
extended endoscope transsphenoidal skull base surgery allowing the simulta-
neous use of two instruments under endoscopic view 35. Federspil et al. re-
ported increased accuracy for bone milling using a force controlled robotic 
system on bone specimen that could be beneficial for both otoneurosurgery 
and otological surgery 36. 
Recently, the Austrian enterprise iSYS Medizintechnik GmbH in cooperation 
with the competence center ACMIT (Austrian Center of Medical Innovation 
and Technology) developed the iSYS1® robotic device that has been estab-
lished in the field of interventional radiology since July 2011 38-40. The 
iSYS1® system is a modular guidance system for surgical invasive tools 
which provides a precise tool positioning according to the predefined navigation data. By using a software interface – 
StealthLink2® – this data can be made accessible to the iSYS1® system. A StealthLink® project has recently been con-
ducted at the Department of Neurosurgery, Medical University of Vienna 37.  
The aim of the present study is to evaluate the feasibility and value of the iSYS1® guidance device for intraoperative 
trajectory alignment in stereotactic neurosurgical procedures as compared to the standard freehand or mechanical arm-
based alignment method in a preclinical setting. iSYS1® provides a precise submillimetric trajectory alignment in ac-
cordance to navigation data and therefore may be a useful tool to overcome these described deficiencies. It has not been 
tested in neurosurgical interventions yet. By application of iSYS1 we expect that it may 
 

- increase procedural accuracy of stereotactic procedures,  
- decrease the number of procedure-related adverse effects, e.g. intracranial hemorrhages, in case of stereotactic 

needle biopsies,  
- decrease the number of punctures necessary to successfully place a ventricular catheter  
- decrease the number of early and long term shunt failure due to catheter tip misplacement in case of ventricular 

shunt placement. 
 
Therefore we conducted a preclinical phantom trial to evaluate the accuracy of 
the iSYS1® robotic device in a representative stereotactic neurosurgical proce-
dure: Robotic guidance of a biopsy needle was compared to standard manual 
needle trajectory alignment. 

2 Methods 

The iSYS1 device is a modular guidance system for surgical invasive tools (e.g. 
biopsy needle, catheter), which provides the possibility to precisely align the in-
strument direction according to a predefined plan (trajectory) derived from an 
(external) planning and navigation system. As soon as the positioning by iSYS1 has been completed, it holds the guid-
ance sheath at the appropriate position and the surgeon is in control to advance the instrument through this sheath to the 
target point. 
The core component is a four-axial robotic positioning unit (RPU), consisting of two 2DOF (degrees of freedom) mod-
ules that can be automatically relocated against one another. Combined with Needle Guide Extensions the robot mod-
ules allow a precise angulation (± 30 degrees in both angular positions) and positioning (± 20mm in both directions) of 
the guidance sheath. The RPU is being pre-positioned at the planned entry point and fixed by two passive 7DOF hold-
ing arms (MFA, iSYS Medizintechnik GmbH, Austria) – both MFAs are connected to the Mayfield head clamp by 
means of a dedicated connector bar. 
The routine planning of navigation-guided stereotactic procedures is based on radiological imaging data (MRI, CCT). 
This data is transferred into a navigation system (Stealth Station S7® with Synergy Cranial® 2.2.6 software, Medtronic, 
CO, USA). On the navigation workstation, the surgeon defines the optimal target and entry point and the system dis-
plays an imaginary line (the trajectory) between these two points. iSYS1® is connected to the navigation system using 
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the StealthLink 2® software (Medtronic, CO, USA) and a connecting software developed by ACMIT. Thereby, the data 
of the predefined surgical plan becomes available for automated positioning of the guidance sheath. 
For the study presented in this paper, nine trajectories in different angles were defined on a human skull base using 9 
titanium screws as targets. These targets were visualized with a standard axial CCT scan of 0.5 mm slice thickness and 
512x512 matrix routinely used for neuronavigation for stereotactic procedures.  
Biopsies were performed by 9 neurosurgeons of different levels of experience either with robotic trajectory alignment 
(n=81) or manual alignment using a standard mechanical biopsy arm (n=81) under navigational guidance (Medtronic 
StealthStation S7®).  
During the present study we evaluated the mean procedural time (min) from trajectory selection at the navigation 
system to complete needle insertion at target point. Further, we determined the mean target error (mm) for each biopsy 
by evaluating an arithmetic mean value of three measurements of the direct target error using a submillimetric slide 
gauge. 
3 Results 

Application of the iSYS1® robotic device for needle placement was feasible in all 81 cases. Mean procedural duration 
from selection of the pre-planned trajectory at the navigation system to complete insertion of the biopsy needle at target 
position was 2.6 minutes (range 1.3-5.5) for robotic guidance versus 3.7 minutes (range 2.0-10.5) for manual position-
ing (p<0.001, paired t-test). Mean target error was 0.6 mm (range 0.1-0.9) for robotic guidance versus 1.2 mm (range 
0.1-2.6) for manual positioning (p<0.001, paired t-test). 
 

 

4 Summary 

Our preclinical results indicate that the application of the iSYS1® robotic device significantly increases the accuracy 
and reduces operating time of stereotactic neurosurgical procedures. Its value in the routine clinical setting, however, 
has yet to be defined within a preliminary clinical study. During the following steps, we plan to conduct a clinical co-
hort study comparing robotic-assisted stereotactic procedures with the manual standard alignment of the trajectory. Fu-
ture studies could comprise the evaluation of the accuracy and feasibility of the iSYS1 robotic device for stereotactic 
procedures in functional neurosurgery (Deep Brain Stimulation) and drill/endoscope guidance. 

5 References 

1. Brinker T, Arango G, Kaminsky J, et al. An experimental approach to image guided skull base surgery employ-
ing a microscope-based neuronavigation system. Acta Neurochir (Wien) 1998;140:883-9.  

2. Ende G, Treuer H, Boesecke R. Optimization and evaluation of landmark-based image correlation. Phys Med 
Biol 1992;37:261-71.  

3. Glossop ND. Advantages of optical compared with electromagnetic tracking. J Bone Joint Surg Am 2009;91 
Suppl 1:23-8.  

4. Hayhurst C, Beems T, Jenkinson MD, et al. Effect of electromagnetic-navigated shunt placement on failure 
rates: a prospective multicenter study. J Neurosurg;113:1273-8.  

5. Hayhurst C, Byrne P, Eldridge PR, Mallucci CL. Application of electromagnetic technology to neuronavigation: 
a revolution in image-guided neurosurgery. J Neurosurg 2009;111:1179-84.  

6. Marmulla R, Muhling J, Wirtz CR, Hassfeld S. High-resolution laser surface scanning for patient registration in 
cranial computer-assisted surgery. Minim Invasive Neurosurg 2004;47:72-8.  

7. Maurer CR, Jr., Fitzpatrick JM, Wang MY, Galloway RL, Jr., Maciunas RJ, Allen GS. Registration of head vol-
ume images using implantable fiducial markers. IEEE Trans Med Imaging 1997;16:447-62.  

8. Pfisterer WK, Papadopoulos S, Drumm DA, Smith K, Preul MC. Fiducial versus nonfiducial neuronavigation 
registration assessment and considerations of accuracy. Neurosurgery 2008;62:201-7; discussion 7-8.  

9. Raabe A, Krishnan R, Wolff R, Hermann E, Zimmermann M, Seifert V. Laser surface scanning for patient reg-
istration in intracranial image-guided surgery. Neurosurgery 2002;50:797-801; discussion 2-3.  



 

90 
 

the StealthLink 2® software (Medtronic, CO, USA) and a connecting software developed by ACMIT. Thereby, the data 
of the predefined surgical plan becomes available for automated positioning of the guidance sheath. 
For the study presented in this paper, nine trajectories in different angles were defined on a human skull base using 9 
titanium screws as targets. These targets were visualized with a standard axial CCT scan of 0.5 mm slice thickness and 
512x512 matrix routinely used for neuronavigation for stereotactic procedures.  
Biopsies were performed by 9 neurosurgeons of different levels of experience either with robotic trajectory alignment 
(n=81) or manual alignment using a standard mechanical biopsy arm (n=81) under navigational guidance (Medtronic 
StealthStation S7®).  
During the present study we evaluated the mean procedural time (min) from trajectory selection at the navigation 
system to complete needle insertion at target point. Further, we determined the mean target error (mm) for each biopsy 
by evaluating an arithmetic mean value of three measurements of the direct target error using a submillimetric slide 
gauge. 
3 Results 

Application of the iSYS1® robotic device for needle placement was feasible in all 81 cases. Mean procedural duration 
from selection of the pre-planned trajectory at the navigation system to complete insertion of the biopsy needle at target 
position was 2.6 minutes (range 1.3-5.5) for robotic guidance versus 3.7 minutes (range 2.0-10.5) for manual position-
ing (p<0.001, paired t-test). Mean target error was 0.6 mm (range 0.1-0.9) for robotic guidance versus 1.2 mm (range 
0.1-2.6) for manual positioning (p<0.001, paired t-test). 
 

 

4 Summary 

Our preclinical results indicate that the application of the iSYS1® robotic device significantly increases the accuracy 
and reduces operating time of stereotactic neurosurgical procedures. Its value in the routine clinical setting, however, 
has yet to be defined within a preliminary clinical study. During the following steps, we plan to conduct a clinical co-
hort study comparing robotic-assisted stereotactic procedures with the manual standard alignment of the trajectory. Fu-
ture studies could comprise the evaluation of the accuracy and feasibility of the iSYS1 robotic device for stereotactic 
procedures in functional neurosurgery (Deep Brain Stimulation) and drill/endoscope guidance. 

5 References 

1. Brinker T, Arango G, Kaminsky J, et al. An experimental approach to image guided skull base surgery employ-
ing a microscope-based neuronavigation system. Acta Neurochir (Wien) 1998;140:883-9.  

2. Ende G, Treuer H, Boesecke R. Optimization and evaluation of landmark-based image correlation. Phys Med 
Biol 1992;37:261-71.  

3. Glossop ND. Advantages of optical compared with electromagnetic tracking. J Bone Joint Surg Am 2009;91 
Suppl 1:23-8.  

4. Hayhurst C, Beems T, Jenkinson MD, et al. Effect of electromagnetic-navigated shunt placement on failure 
rates: a prospective multicenter study. J Neurosurg;113:1273-8.  

5. Hayhurst C, Byrne P, Eldridge PR, Mallucci CL. Application of electromagnetic technology to neuronavigation: 
a revolution in image-guided neurosurgery. J Neurosurg 2009;111:1179-84.  

6. Marmulla R, Muhling J, Wirtz CR, Hassfeld S. High-resolution laser surface scanning for patient registration in 
cranial computer-assisted surgery. Minim Invasive Neurosurg 2004;47:72-8.  

7. Maurer CR, Jr., Fitzpatrick JM, Wang MY, Galloway RL, Jr., Maciunas RJ, Allen GS. Registration of head vol-
ume images using implantable fiducial markers. IEEE Trans Med Imaging 1997;16:447-62.  

8. Pfisterer WK, Papadopoulos S, Drumm DA, Smith K, Preul MC. Fiducial versus nonfiducial neuronavigation 
registration assessment and considerations of accuracy. Neurosurgery 2008;62:201-7; discussion 7-8.  

9. Raabe A, Krishnan R, Wolff R, Hermann E, Zimmermann M, Seifert V. Laser surface scanning for patient reg-
istration in intracranial image-guided surgery. Neurosurgery 2002;50:797-801; discussion 2-3.  

 

91 
 

10. Shamir RR, Joskowicz L, Spektor S, Shoshan Y. Localization and registration accuracy in image guided neuro-
surgery: a clinical study. Int J Comput Assist Radiol Surg 2009;4:45-52.  

11. Watanabe E, Watanabe T, Manaka S, Mayanagi Y, Takakura K. Three-dimensional digitizer (neuronavigator): 
new equipment for computed tomography-guided stereotaxic surgery. Surg Neurol 1987;27:543-7.  

12. Wolfsberger S, Rossler K, Regatschnig R, Ungersbock K. Anatomical landmarks for image registration in 
frameless stereotactic neuronavigation. Neurosurg Rev 2002;25:68-72.  

13. Drake JM, Kestle JR, Milner R, et al. Randomized trial of cerebrospinal fluid shunt valve design in pediatric hy-
drocephalus. Neurosurgery 1998;43:294-303; discussion -5.  

14. Kestle J, Drake J, Milner R, et al. Long-term follow-up data from the Shunt Design Trial. Pediatr Neurosurg 
2000;33:230-6.  

15. Kang JK, Lee IW. Long-term follow-up of shunting therapy. Childs Nerv Syst 1999;15:711-7.  
16. Sainte-Rose C, Piatt JH, Renier D, et al. Mechanical complications in shunts. Pediatr Neurosurg 1991;17:2-9.  
17. Dammers R, Haitsma IK, Schouten JW, Kros JM, Avezaat CJ, Vincent AJ. Safety and efficacy of frameless and 

frame-based intracranial biopsy techniques. Acta Neurochir (Wien) 2008;150:23-9.  
18. Dammers R, Schouten JW, Haitsma IK, Vincent AJ, Kros JM, Dirven CM. Towards improving the safety and 

diagnostic yield of stereotactic biopsy in a single centre. Acta Neurochir (Wien);152:1915-21.  
19. Hall WA. The safety and efficacy of stereotactic biopsy for intracranial lesions. Cancer 1998;82:1749-55.  
20. Zoeller GK, Benveniste RJ, Landy H, Morcos JJ, Jagid J. Outcomes and management strategies after 

nondiagnostic stereotactic biopsies of brain lesions. Stereotact Funct Neurosurg 2009;87:174-81.  
21. Aker FV, Hakan T, Karadereler S, Erkan M. Accuracy and diagnostic yield of stereotactic biopsy in the diagno-

sis of brain masses: comparison of results of biopsy and resected surgical specimens. Neuropathology 
2005;25:207-13. 

22. Jackson RJ, Fuller GN, Abi-Said D, et al. Limitations of stereotactic biopsy in the initial management of 
gliomas. Neuro Oncol 2001;3:193-200.  

23. Muragaki Y, Chernov M, Maruyama T, et al. Low-grade glioma on stereotactic biopsy: how often is the diagno-
sis accurate? Minim Invasive Neurosurg 2008;51:275-9.  

24. Dickerman RD, Mittler MA, Morgan JT. Stereotactic brain biopsies and operative complications: technique to 
further decrease risks. Acta Neurochir (Wien) 2005;147:911-2.  

25. Sawin PD, Hitchon PW, Follett KA, Torner JC. Computed imaging-assisted stereotactic brain biopsy: a risk 
analysis of 225 consecutive cases. Surg Neurol 1998;49:640-9.  

26. Field M, Witham TF, Flickinger JC, Kondziolka D, Lunsford LD. Comprehensive assessment of hemorrhage 
risks and outcomes after stereotactic brain biopsy. J Neurosurg 2001;94:545-51.  

27. Grossman R, Sadetzki S, Spiegelmann R, Ram Z. Haemorrhagic complications and the incidence of asympto-
matic bleeding associated with stereotactic brain biopsies. Acta Neurochir (Wien) 2005;147:627-31; discussion 
31.  

28. Kondziolka D, Firlik AD, Lunsford LD. Complications of stereotactic brain surgery. Neurol Clin 1998;16:35-
54.  

29. Krieger MD, Chandrasoma PT, Zee CS, Apuzzo ML. Role of stereotactic biopsy in the diagnosis and manage-
ment of brain tumors. Semin Surg Oncol 1998;14:13-25.  

30. Kulkarni AV, Guha A, Lozano A, Bernstein M. Incidence of silent hemorrhage and delayed deterioration after 
stereotactic brain biopsy. J Neurosurg 1998;89:31-5.  

31. Dorward NL, Paleologos TS, Alberti O, Thomas DG. The advantages of frameless stereotactic biopsy over 
frame-based biopsy. Br J Neurosurg 2002;16:110-8.  

32. Lunsford LD, Niranjan A, Khan AA, Kondziolka D. Establishing a benchmark for complications using frame-
based stereotactic surgery. Stereotact Funct Neurosurg 2008;86:278-87.  

33. Tilgner J, Herr M, Ostertag C, Volk B. Validation of intraoperative diagnoses using smear preparations from 
stereotactic brain biopsies: intraoperative versus final diagnosis--influence of clinical factors. Neurosurgery 
2005;56:257-65; discussion -65.  

34. Bumm K, Wurm J, Rachinger J, et al. An automated robotic approach with redundant navigation for minimal 
invasive extended transsphenoidal skull base surgery. Minim Invasive Neurosurg 2005;48:159-64.  

35. Nimsky C, Rachinger J, Iro H, Fahlbusch R. Adaptation of a hexapod-based robotic system for extended endo-
scope-assisted transsphenoidal skull base surgery. Minim Invasive Neurosurg 2004;47:41-6.  

36. Federspil PA, Geisthoff UW, Henrich D, Plinkert PK. Development of the first force-controlled robot for 
otoneurosurgery. Laryngoscope 2003;113:465-71.  

37. Schulze F, Buhler K, Neubauer A, Kanitsar A, Holton L, Wolfsberger S. Intra-operative virtual endoscopy for 
image guided endonasal transsphenoidal pituitary surgery. Int J Comput Assist Radiol Surg;5:143-54.  

38. Kronreif G, Kettenbach J, Fürst M, Kornfeld M, Ptacek W, Vogele M.; IntraROB - A programmable targeting 
device for interventional radiology; CARS 2005; CARS(Springer. 

39. .Kronreif G, Figl M, Kettenbach J, Fürst M, Vogele M. Modular automated targeting device for CT-guided bi-
opsies; European Congress Of Radiology, Volume 14, March 2004. 



 

92 
 

40 Kronreif G, Kettenbach J, Figl M, Kleiser L, Ptacek W, Fürst M. Evaluation of a robotic targeting device for in-
terventional radiology, CARS 2004 – H.U. Lemke, M.W. Vannier; K. Inamura, A.G. Farman, K. Doi & J.H.C. 
Reiber (Editors); CARS/Springer.    




