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ABSTRACT  

The purpose of this study was to implement and evaluate a surgical navigation system for pelvic malignancies. 

For tracking an NDI Aurora tabletop field generator and in-house developed navigation software were used. For patient 
tracking three EM-sensor stickers were used, one on the back and two on the superior iliac spines. During surgery a 
trackable pointer was used. One day before surgery a CT scan was acquired with the stickers in-place and marked. From 
the CT scan the EM-sensors, tumor and normal structures were segmented. During surgery, accuracy was independently 
checked by pointing at the aorta bifurcation and the common iliac artery bifurcations. Subsequently, the system was used 
to localize the ureters and the tumor.  

Seven patients were included, three rectal tumors with lymph node-involvement, three lymph node recurrences, and one 
rectal recurrence. The average external marker registration accuracy was 0.75 cm RMSE (range 0.31-1.58 cm). The 
average distance between the pointer and the arterial bifurcations was 1.55 cm (1SD=0.63 cm). We were able to localize 
and confirm the location of all ureters. Twelve out of thirteen lymph nodes were localized and removed. All tumors were 
removed radically. In all cases the surgeons indicated that the system aided in better anatomical insight, and faster 
localization of malignant tissue and ureters. In 2/7 cases surgeons indicated that radical resection was only possible with 
navigation. 

The navigation accuracy was limited due to the use of skin markers. Nevertheless, preliminary results indicated potential 
clinical benefit due to better utilization of pre-treatment 3D imaging information. 
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1. INTRODUCTION
Surgery of advanced tumors in the pelvis can be challenging due to the narrow space, the presence of surrounding 
organs, nerve bundles and blood vessels. High resolution anatomical imaging, such as CT and MRI, play an important 
role in staging and assessment of operability of pelvic malignancies. However, during surgery, utilization of the 
preoperative anatomical information is generally limited to the surgeons mind.  

Navigation technology can be used to link preoperative anatomical information to the actual anatomical information of 
the patient during surgery. Surgical navigation has advanced to daily clinical routine in a variety of fields, such as neuro- 
and facial surgery, cochlear implantation and orthopedic oncology [1–5]. These fields have in common that the target 
area is relatively rigid due to surrounding bony structures.  

Part of the pelvic anatomy, such as pelvic muscles, sacral nerves, ureters, and iliac vessels are reasonably rigid with 
respect to the pelvic bones. For these more rigid components of the pelvis, current navigation systems might improve the 
anatomical insight. Recently, Atallah et al. reported on the use of an optical tracking system during transanal minimally 
invasive surgery for total mesorectal excision (TAMIS-TME) [6]. In a pilot study report on 3 patients they claimed an 
accuracy of 2-5 mm, and an improved insight in selection of the actual anatomical planes for dissection.  

We are currently developing a tracking system for abdominal surgery in which the standard view of the preoperative 
anatomy is combined with real-time data of implanted markers. The first step was to develop a navigation setup 
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Fig. 4: Example of a navigated external iliac lymph node dissection. Top: localization of the lymph node using the tracked pointer. 
Note that the lymph node is located in the retro-peritoneal space, and that it is not visible for the surgeon. Middle: screenshot of the 

navigation system at the same time as the top image indicating the lymph node in green. Bottom, resection  of the lymph node. 

4. DISCUSSION
To the best of our knowledge, this is the first study using EM-tracking based surgical navigation for pelvic malignancies. 
In our setup we assume that the most important anatomy of the patient is rigid, and as such, we can use the pre-operative 
CT scan during surgery. The main error source in our setup is the reproducibility of the EM-sensor stickers with respect 
to the bony anatomy. A major cause might be the difference in setup between the CT scan with the legs straight, and the 
rectal operations with the legs spread has an impact on the sensors which are placed on the superior iliac spines. In our 
dataset only one patient was operated with legs straight, so the actual influence of setup could not be estimated. In 3 
cases where the navigation system was used to assess lymph node positions, extra measurements on bony structures, 
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such as the promontory and os pubis, indicated navigation inaccuracies of more than 5 mm. Here a manual adjustment of
the registration was applied to minimize the miss-match and improve the accuracy for lymph node localization. After
applying the correction, several bony anatomy landmarks were localized to assess proper correction. In the remainder of
these procedures, surgeons indicated that the navigation system was accurate enough for lymph node localization.

Where we focused on the patients with rigid tumors and lymph nodes along the large vessels, the content of the pelvis 
can deform substantially, for example due to changes in bladder, bowel, and rectal filling [7], or by the surgical
procedure itself. If anatomical discrepancies occur between preoperative imaging and the actual surgery, the accuracy of 
surgical navigation is limited. To overcome the changing anatomy challenge several options are available. For example,
the anatomy could be reassessed frequently using intra-operative imaging in a hybrid operating room [8]. However, the
application of intra-operative imaging can be limited due to the use of ionizing radiation, logistic challenges in a sterile 
environment, and substantial increase of operation time. As an alternative, the anatomical changes can also be monitored 
using implanted tracking markers. For example, in radiation oncology wireless tracking markers in the prostate can be 
used for real-time prostate tracking [9]. A similar approach for rectal surgery was suggested by Wagner et al., who 
showed in a phantom study that one electromagnetic sensor implanted in the rectal wall could be used to monitor and 
compensate for tissue shifts [10]. Unfortunately, these tumor tracking solutions are not yet available for clinical practice.  

Several improvements can be made to our current pilot system. The main step that we are working on, is inclusion of 
intra-operative imaging (Philips Allura FD20 XperCT). The images will be used to better assess the EM stickers with 
respect to the bony anatomy, and also to assess if important structures and tumor tissue is moved with respect to the bony 
anatomy.  

5. CONCLUSIONS
As expected, the navigation accuracy was limited due to the assumption of rigid anatomy, and the use of skin markers for 
patient localization. Nevertheless, preliminary results indicated potential clinical benefit due to better utilization of pre-
treatment imaging information. Our surgeons are enthusiastic and we will further refine the system for future use.
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