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Endoscopic endonasal transsphenoidal surgery is an effective minimally invasive procedure that 
can be considered for the resection of a variety of pituitary tumors, such as pituitary adenomas 
and carcinomas. While this procedure is well established and considered to be safe, there remains 
a very small, but nevertheless significant risk of accidental damage to the internal carotid arteries, 
potentially leading to severe hemorrhage and irreversible brain damage1,2. Patients that 
unfortunately sustain damage to these blood vessels during the procedure may suffer life-long 
disabilities that are associated with a poor quality of life and severe financial burden on healthcare 
systems. 

High resolution endoscopes can provide surgeons with detailed images of the surgical field, 
however visualization is limited to surface features and does not inform surgeons about critical 
structures that may be hidden behind bone. This motivated us to develop a robotic system that 
relies on an imaging modality, known as photoacoustic imaging, in order to detect critical blood 
vessels located behind bone accurately and in real-time. Photoacoustic imaging relies on the 
photoacoustic effect, during which light emitted from a pulsed laser is absorbed by blood vessels, 
which subsequently results in blood vessels to heat up and produce vibrations that can be 
detected by an ultrasound transducer3. Major advantages of this imaging technique compared to 
other imaging modalities, such as computed tomography and conventional ultrasound, is that no 
ionizing radiation is required and image quality is less prone to distortion due to sound attenuation 
by bone tissue. 

 

 

Figure 1: Our experimental robotic system for endoscopic endonasal transsphenoidal 
minimally invasive surgery based on a research da Vinci surgical robot. 

Previous work by Lediju-Bell et al.4 demonstrated that it is possible to detect anatomical structures 
using photoacoustic ultrasound where conventional ultrasound failed. In order to assess the 
feasibility of an accurate photoacoustic integrated surgical system in a simulated environment, we 
developed a proof of concept robotic platform using an open-source research da Vinci surgical 
robot5 combined with a photoacoustic image guidance based navigation system (Fig. 1). In our 
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experimental setup, a surgeon remotely operates the system using the da Vinci master console in 
order to control three arms, namely one arm for the endoscope, one for the surgical drill that is 
equipped with optical fibers attached to a pulsed laser, and one for the ultrasound transducer (Fig. 
2). In addition to endoscopic image data, the da Vinci master console display is enhanced by 
augmented reality which fuses data from different sources in order to guide surgeons by means of 
virtual fixtures informing where critical structures are located and thus what areas to avoid during 
drilling.  

 

Figure 2: Experimental setup for testing system accuracy using computer simulated data. 

Using artificial generated photoacoustic imaging data based on an optical tracker, we collected 
data regarding spatial relationship between the ultrasound image plane model, laser path model, 
and carotid artery model. The experimental procedure simulated the process of using 
photoacoustic imaging to find the carotid artery before or during drilling through bone. Specifically, 
the drill is swept along bone surface to collect a series of photoacoustic image data, which are 
subsequently processed to display a virtual fixture on the screen that indicates the approximate 
location of the internal carotid artery. Results from our experiments showed that the accuracy of 
localizing the internal carotid artery from the synthetic photoacoustic images is 1.89±0.93 mm. 
Despite limitations to our experiments, such as relying on synthetic photoacoustic image data and 
using computer generated models, results from our proof of concept system indicate that utilizing 
photoacoustic imaging during surgery can reduce the risk of damage to critical blood vessels. 
Nevertheless, further improvements are necessary in order to develop a robotic system for 
endoscopic endonasal transsphenoidal surgery that can be safely used in a clinical setting, 
however initial results are promising. 
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