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Preface 
 
 
 

The Tata Memorial Hospital has pioneered the cause of EBM in oncology in India and has been conducting 
the annual meeting on EBM in common cancers for the past eighteen years. The 19th conference on 
“Evidence Based Management of Cancers in India- EBM 2021” is being held from in a Virtual platform 
from 26th to 28th February, 2021 and 5th to 7th March, 2021.  Each year we have focused on different aspect 
of cancer care; collated and published the best available evidence in the form of “EBM book” which is also 
easily accessible at our official website. 
 
This is a broad and overarching theme, which will span all specialties involved in Cancer care including 
Surgical Technology and adjuncts; Theranostics - Radiodiagnosis/ Interventional Radiology/ Bio-imaging; 
Pathology, Radiation therapy planning and delivery; Diagnostics and Precision Medicine and Advanced 
technologies including Artificial intelligence, Big Data management. The focus is on evaluation of efficacy 
as well as practical utility and cost-effectiveness.  
 
 
This EBM conference will be led by a galaxy of national and international authorities in the multidisciplinary 
fields. The goal is to critically review and present the best available evidence and evolve management 
practices, which can be easily assimilated into clinical practice across the country. This book outlines and 
discusses these advances. 
 
 
 
 
 
 
Prof R A Badwe, 
Director, Tata Memorial Centre 
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SECTION I: IMAGE GUIDED SURGERY 

Introduction: 
               Dr. Ashwin D’souza 

Cross-sectional radiology, be it computed tomography or magnetic resonance imaging has undoubtedly 
revolutionized medical diagnostics. The standard diagnostic algorithm for every described solid tumor 
includes some form of cross-sectional imaging to diagnose or stage the disease. Surgeons for decades have 
wished for some form of real-time navigation that would transfer the image on the view box to a road map 
in real time on the operative table. 

Technology has evolved to offer options for real-time navigation in neurosurgery, orthopedic oncology and 
software for liver volumetry and localization of intrahepatic lesions. Indocyanine green, though first used for 
capsular staining in cataract surgery in 1998, has proved to be very useful in varied roles in surgery including 
defining bowel perfusion and estimating liver function. The particular affinity of ICG for the urothelium and 
its ability to accurately define organ perfusion has also led to its use in some novel applications in urology.  

This section presents the data on real-time navigation systems in neurosurgery and orthopedics, the role of 
the Myrian imaging system in liver, the novel applications of ICG in urology and the latest data on sentinel 
lymph node biopsy in head and neck surgery. 
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Intraoperative Imaging Guidance in Neurosurgery 

                                                            Dr. Vikas Singh, Dr. Prakash Shetty, Dr. Aliasgar Moiyadi 
Introduction 

The complex three dimensional structure and intraoperative deformation of the brain poses unique challenges 
during neurosurgical procedures. Intraoperative image guidance modalities assist in planning the surgical 
approach, intraoperative localization of the disease in relation to adjacent eloquent regions and offer accurate 
resection control in brain tumors. Gliomas are common intra cranial neoplasms and extent of resection has 
shown to have a significant prognostic benefit in both high and low grade gliomas. (1-3) Due to their 
infiltrative growth pattern merging imperceptibly into native brain parenchyma, complete excision is 
difficult, a challenge compounded manifold by close proximity to eloquent substrates. The discordance 
between the subjectively estimated extent of resection and the true objectively assessed extent is significant 
with surgeons overestimating a gross total resection in almost 70% of cases. (4) Most of these  “misses” are 
due to inadequate intraoperative visualization of tumor residue. Moreover, unintended damage to eloquent 
substrates can be minimized and completely avoided. Therefore, augmentation of intraoperative visualization 
is invaluable when dealing with these tumors.  
 
Commonly used Intraoperative imaging modalities in Neuro-oncology 

Intraoperative imaging techniques in neurooncological surgery can be broadly categorized into two types – 
Radiological imaging and Optical imaging. Both are complementary to each other and their use (singly or in 
combination) varies across neurosurgical setups. (5) 

 
Table 1 – Enlists radiologic and optical imaging techniques. 

Radiologic imaging Optical imaging 

Intra operative MRI (iMR) Amino levulinic acid (ALA) 

Intraoperative Ultrasound (iUS) Sodium Flourescein (SF) 

Intra Operative CT (iCT) Indo cyanine green (ICG) 

Flouroscopy  

Neuronavigation (NN)  

Angiography  

 
Conventionally, image-guidance has been synonymous with frameless stereotaxy or navigation which relies 
on preoperatively acquired radiological images (generally CT or MR). However, image-to-patient 
registration inaccuracies as well as the phenomenon of “brainshift”, limits the efficacy of preoperative 
images. Hence real-time navigation with alternative modalities is preferred when dealing with brain tumors 
in general. Methods like intraoperative x-ray fluoroscopy were applied in the past as quick, easy to use, and 
reliable real-time navigation tools showing where a surgical instrument is located in the patient in relation to 
bony landmarks. This modality continues to be used in some centers but poses a risk of radiation exposure 
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and is prone to inaccuracies especially for soft tissue landmarks and are more useful in spinal and skull base 
procedures.  Tomographic methods like CT and MRI need additional tools to provide localization and 
navigation, unless the procedure is performed directly in the scanner. CT/MRI guided navigation systems 
are based on the principles of frameless stereotaxy and can be employed intraoperatively. All tomographic 
modalities allow delineating the object of interest in three-dimensional (3D) space, as well as evaluating the 
extent of a resection. Another technique that has emerged in the last few years as an alternative or adjunct to 
the use of these radiologic imaging techniques is the application of optical imaging methods especially the 
application of a fluorescent dye/fluorophore that visualizes vasculature or tumor extent in the surgical field. 
Whereas any single given modality may be inadequate by itself, a judicious combination of modalities may 
be most appropriate. 
 
A. Intraoperative Radiologic imaging techniques  
 

1. Intra Operative US  

Intraoperative ultrasound (iUS) was the earliest modality to be used as an intraoperative adjunct in 
neurosurgery. Since then, it has rapidly emerged as one of the most commonly used adjuncts in 
neurooncological surgery. It is a versatile tool, relatively cheap, provides dynamic imaging and can be 
combined with navigation to further improve the extent of resection. (6) However, it is highly operator 
dependent and image orientation and interpretation requires experience and has a learning curve. Multimodal 
image fusion (combining preoperative MRI based navigation with iUS) has shown to improve orientation 
and interpretation and facilitates improved resection rates .(7-11){Figure 1-3} Few studies comparing 
different intraoperative imaging modalities have shown that 2D ultrasonography is a helpful adjunct as a 
real-time imaging modality, but the sensitivity of iMR was higher.(12,13) Tronnier et al have compared 3D 
navigated US (3DnUS) with iMR for detection and resection control of the tumors concluded that iMR 
imaging remains superior to iUS in terms of resection control in glioma surgery by virtue of superior 
resolution of images, though iUS is preferable for rapid updates during intermediate stages of the 
resection.(14) Moiraghy et al used navigated 2DUS (n2DUS) and neuronavigation (NN) in 60 glioma 
surgeries (31 n2DUS vs 29 only NN) and showed higher GTR rates (61 vs 45%) with a significantly lower 
rate of residual tumor volume (RTV > 1cc) for  n2DUS. (15) n2DUS had specificity of 42% and Negative 
predictive value 73% (both higher than NN).  Revonanz et al compared 2DUS and n2DUS and showed that 
the extent of resections was same in both but image interpretation was better with n2DUS and sensitivity and 
specificity in picking up residue was higher. (16) Seikmann et al analysed 2DUS, Nav3DUS and iMRI in 
phantom models and showed that 3DnUS had better accuracy than 2DUS and it was comparable to iMRI. 
(17) Moroever, the different features (multiplanar imaging, any-plane viewing, and creation of a 3D volume 
and spatial and temporal coregistration of serial images) of 3D nUS along with cost effectiveness and ease 
of use makes it a very attractive alternative.  There is virtually no alteration in the surgical workflow adding 
to the ease of use of iUS. As the iUS technology continues to evolve elasto-sonography and contrast, 
enhanced ultrasound will further add value to this modality (18). 

2. Intra operative MR 

The development of open configured magnets in the 1990s opened the doors for intra operative imaging 
based on MR technology to be used intraoperatively. Given the superior image resolution and full head views 
of iMR, it is the preferred gold standard intraoperative imaging modality. However, for its practical 
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deployment it was essential to modify the operating room to the magnet.  Since then the iMR has evolved 
from low field magnet strength of 0.5T to 1.5T-3T with simultaneous application of navigation and 
integration with pre-operative functional data from magnetic encephalogram or fMRI (19-21) and the most 
recent being integration of robotics in 3T intraoperative imaging technology. (22-23)  iMR allows an 
objective evaluation of the intraoperative situation and assists in guiding resections and thus acts as quality 
control during surgery. The simultaneous use of intraoperative MRI and functional navigation has allowed 
preservation of neurologic function despite extended resections. iMR has also enabled compensation for 
brain shift by an update of the intraoperative imaging data. (24-26) Intraoperative MR is an ideal 
intraoperative imaging tool because of its excellent image resolution and familiarity to the surgeon. Use of 
iMR in glioma resection has been shown to increase extent of resection (27-28). The combination of 
preserving function while optimizing the extent of resection seems to be the optimal intraoperative treatment 
strategy. However cost and logistic challenges (infrastructure, manpower and time) pose significant hurdles 
in widespread deployment of this technique. 
 
 

3. Intra op. CT  

Modern multislice CT scanning offers a reasonable technology for intraoperative imaging, especially in 
conjunction with a navigation system. The system can be installed in a preexisting operating environment 
without the need for special surgical instruments. It increases the safety of the patient, the surgeon, and the 
anesthesiologist without the need to change existing routine protocols and workflows. multi-disciplinary use 
improves the cost-efficiency relationship. It is used for intra operative guidance during transphenoidal 
surgeries and stereotactic procedures. It can also be used for intraoperative imaging updation and resection 
control however the resolution is inferior as compared to MR. (29, 30). Due to better visualization of bony 
anatomy, iCT is ideal for spine surgeries, pedicle screw placements and imaging the location of implants. 
(31, 32) Its role in intra-axial tumors however, remains limited. 

 
Table 2 – Comparison of commonly used intraoperative imaging modalities in Neurosurgery. 

 

 iMRI iUS iCT 

General 

Low field (0.5T) and 
high field (1.5/3T) 
variants. Recently role 
of iMRS has been 
evaluated 

Tumour characteristics studied in 
terms of echogenicity.  3DNUS, 
CEUS, elastography have been 
areas of interests 

Less studied in neuro-
oncology as compared to 
IOUS and iMRI. used 
commonly in trauma 
surgeries and emergency 
settings 

Availability Limited to a handful of 
specialized centres 

Freely available across almost all 
setups Limited 

Ease of use Needs a setup Portable Needs a setup. Mobile 
ICT scanners available 

Real time Image 
resolution 

Very Good. Familiar 
modality 

Good. Some studies suggest it to 
be as good as MRI 

Poor image contrast with 
respect to brain tumours 
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 iMRI iUS iCT 

Orientation of 
image Very good Requires training. Very good if 

navigated US used. Good 

Examination 
time 

Significant – 
depending upon 
additional sequences 
obtained, patient 
transport time, 
equipment draping 

Very little Less than iMRI 

Multiple image 
acquisitions 

Possible but is time 
consuming Possible. Very Convenient Possible but increases 

radiation exposure 

Field of view Whole brain Focal Whole brain 

3D Yes Yes, possible Yes 

Continuous 
guidance No Yes No 

Alteration of 
surgical flow 
 

Significant Minimal. Merges into existing 
workflow seamlessly Yes 

Additional 
infrastructure Significant Negligible Yes, but less than MRI 

Cost Very Expensive Inexpensive (even when 
navigated US used) Expensive 

Surgical team 
convenience 

Cumbersome and time 
consuming Convenient Cumbersome and time 

consuming 

User dependent No Yes No 

Evidence 
supporting role 
in Neurosurgical 
Oncology 

Yes Yes Limited 

 
(Courtesy - Moiyadi Aliasgar V, Shaikh Salman T, Singh Vikas kumar J. Optical Imaging in Neuro-
oncological surgery: Current practice in neuroscience. Neurology India, May 2020, Vol 2, issue 3)  
 

4. Navigation and multimodal image guidance techniques 

The integration of the stereotactic principle allowed using CT and MRI as a means of localization, leading 
to modern image-guided surgery in which navigation technology allows the co-registered visualization of 
the imaging space in the surgical field. In standard navigation the physical space of the surgical field is 
registered to the 3D image space, which is based on anatomic data from CT, MRI, or even 
ultrasonography.(Figure 4 and 5) Microscope-based navigation provides an intuitive data visualization 
directly in the surgical field. Navigation accuracy is influenced by a variety of factors like quality of imaging, 
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technical accuracy of the system and quality of patient registration. However major factors degrading 
navigation accuracy are positional shift and brain shift both of which can be corrected by updating the 
intraoperative image data. (33) 
 
Integration of additional data (fMRI, DTI, US) obtained from other imaging submodalities results in 
multimodal navigation development of functional navigation in which preoperative data from 
magnetoencephalography (MEG) (34, 35) and functional MRI (fMRI),(36) which both define localizations 
of cortical eloquent brain areas, such as the motor and speech areas, were coregistered with the standard 
anatomic data and thus could be visualized in the surgical field which allows safer resections.( Figure 6) 
Integration of fiber tracking data derived from diffusion tensor imaging (DTI) delineating the course of major 
white matter tracts extended this concept to subcortical areas (37) whereas the coregistration of PET data 
and information from MR spectroscopy added metabolic information leading to true multimodal navigation. 
(38) 
 
 

5. Fluoroscopy (continuous X ray imaging) 

Fluoroscopy is still used in many centers routinely as a reliable and quick means for intraoperative orientation 
for example, in transsphenoidal procedures to identify the trajectory to the sella turcica, in stereotactic 
surgeries, as well as in spine procedures for level identification and assisting pedicle screw trajectory 
adjustment. (39, 40) Iso-C arm technology provides quick, seamless, and accurate data acquisition for 
intraoperative imaging with or without navigation. It can be used during traditional open spinal and cranial 
base approaches and minimally invasive pedicle screw placements. (41) Principles of fluoroscopy are also 
applied in intraoperative angiography, which is used during vascular procedures, though its use in 
oncological procedures is limited.  
 
B. Intraoperative Optical Imaging techniques  

Optical imaging (OI) utilizes an optically active biomarker and a corresponding (compatible) detection 
technique which is combined in a practical and mutually compatible way. Depending on the biomarker 
properties which interacts with a suitable light (of specific wavelength range) by means of a host of physical 
mechanisms (including but not limited to scattering, reflectance, fluorescence and so on) an appropriate 
detection system can be used to provide actionable information intraoperatively. OI techniques are surface 
imaging techniques with minimal depth imaging using light in the visible spectrum (400-700nm). 

1. Amino Levulinic Acid (ALA) 

Intracellular uptake and subsequent metabolism of this prodrug leads to preferential accumulation of 
endogenous protoporphyrin IX (a fluorophore) producing violet red emission at 635-705 nm wavelength on 
excitation with a blue light (400 nm range). This provides fluorescence guidance which has potential in 
maximizing the extent of high-grade glioma resection. Different fluorophores (ie, fluorescent biomarkers), 
including 5-aminolevulinic acid (5-ALA), have been examined with the use of several imaging techniques. 
(42,43) 5-ALA is the mostly commonly used fluorophore in glioma surgeries. However, there are potential 
alternatives like hypericin that might have advantages with respect to photodynamic therapy. (44) The 
development of more tumor-specific fluorophores is needed to resolve problems with subjective 
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interpretation of fluorescent signal at tumor margins. Techniques such as quantum dots and polymer-based 
or iron oxide–based nanoparticles have shown promise as potential future tools. (43) 
 
The seminal paper by the ALA-Glioma study group by Stummer et al described the findings of a randomized 
controlled multicenter phase III trial-comparing 5-ALA guided surgery with surgery under the traditional 
white light and reported that contrast-enhancing portion was resected in 65% of cases under fluorescence 
and 36% of cases under white light. They also observed that patients who were given 5-ALA had a 6-month 
progression free survival of 41% as compared to 21% in the latter.(42)  Subsequent studies have published 
gross total resection rates of 76%.(45) Systematic reviews have also proven that there is level II evidence 
showing benefit of 5-ALA guided surgery in malignant gliomas with respect to parameters such as diagnostic 
accuracy, tumour resection extent, overall survival and quality of life as compared to the more widely 
practiced navigation guided surgery.(46) A literature review of paediatric brain tumours in 2019 from the 
pioneering group of W. Stummeret al found 5-ALA to be effective in resection of glioblastomas, anaplastic 
ependymomas and anaplastic astrocytoma while not so much in pilocytic astrocytomas and 
medulloblastomas.(47) Advancement in detection techniques and recent literature suggest role of ALA  even 
in LGG.(48) 

2. Sodium Flourscein (SF) 

Sodium fluorescein is an intravenous dye with extracellular accumulation leading to yellow-green emission 
when exposed to 500-550 nm wavelength light (yellow range). Even though its utility in malignant brain 
tumor was described in 1947, it came into mainstream clinical utility only after 2013 following integration 
of yellow filter for sodium fluorescein into the microscope. The first European approval for its application 
in neurosurgery was obtained in 2015 in Italy following which FLUOGLIO trial (multicenter prospective 
phase 2) was published in 2018 which demonstrated the sensitivity and specificity of SF localizing high 
grade glioma tissue were found to be 81% and 79% respectively. (49,50) 

3. Indocyanine green (ICG) 

ICG is an intravenous dye with extracellular accumulation with emission wavelength near infrared i.e., 805 
nm. Its utility has been most widely found in the subspecialty of vascular neurosurgery where it has been 
commonly used in aneurysm, angioma, and bypass surgeries. ICG video angiography provides high-
resolution, real-time images of the arterial, capillary, and venous flow of cerebral vasculature. (51) 
 
Table 3 – Comparison of ALA and fluorescein commonly used for optical imaging 

 ALA Fluorescein 

Biological Basis:  Active intracellular uptake and 
metabolic conversion to 
Protoporphyrin IX which 
accumulates selectively 

Passive extravasation into areas of 
increased permeability; marks all 
perfused tissues 

Imaging Characteristics: Violet red emission at 635-705nm Yellow Emission At 500-560nm 

Pharmacological profile:   
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 ALA Fluorescein 

Route of administration Oral Intravenous 

Time to fluorescence Peak at 4-6 hours Within seconds after administration 
in normal tissue 

Fluorescence intensity and 
background 

Weaker than fluorescein, less 
background information 

Strong; good background 
information 

Fluorescence lifetime 9-12 hours 48-72 hours 

Microscope modification: Required Required for low dose fluorescein. 
High dose fluorescein as previously 
used, does not require any special 
filter 

Operator dependent: Yes - needs training to operate 
under blue light and needs frequent 
shifting from white light to blue 
light 

Less so as it has better background 
light discrimination. 

Diagnostic Accuracy:   

Sensitivity High Very High 

Specificity V.  high High 

Positive Predictive value V.  high High - depends on threshold since all 
tissues show fluorescence 

Negative Predictive values Low High - due to extravasation into 
peritumoral edema and presence in 
normal tissue, CSF and blood 

Tumour delineation: Delineates the enhancing portion of 
the tumour as well as T2 Flair 
abnormalities – may assist in 
supramaximal resection which is of 
proven benefit  

Delineates only the contrast 
enhancing portion of the tumour 

Photo-bleaching: Yes No 

Side Effects:   

Photosensitivity  Yes – need to keep patient in dark 
room for atleast 24 hours 

No – does not need abstinence from 
sunlight in immediate post-operative 
period  
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 ALA Fluorescein 

Systemic toxicity Negligible Hypotension especially in cardiac 
patients. High dose fluorescein can 
stain skin yellow for 48-72 hours; 
reports of anaphylaxis 

Clinical Validity:   

 Validated in large clinical trials. 
FDA approved  

Few trials conducted. Approvals 
awaited. 

 Large volume of published clinical 
experience 

Limited clinical experience 

Cost: Very High Low 

 
(Courtesy - Moiyadi Aliasgar V, Shaikh Salman T, Singh Vikas kumar J. Optical Imaging in Neuro-
oncological surgery: Current practice in neuroscience. Neurology India, May 2020, Vol 2, issue 3) 
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Future Directives 

With a plethora of varied intraoperative imaging adjuncts, each with its own unique advantages has provided 
an opportunity to enhance the quality and quantity of information available to the surgeon intraoperatively. 
Integration of all these onto a common platform is the next logical step. The advanced multimodality image-
guided operating (AMIGO) suite in Boston may provide some insight as to how a future operating room 
would appear. (52) Real-time anatomic imaging modalities like radiographs and ultrasonography are 
combined with cross-sectional digital imaging systems like CT, MRI, and PET. In addition, molecular image 
guided therapy with the use of multiple molecular probes, such as PET, optical imaging, and targeted mass 
spectrometry, is available to increase the sensitivity and specificity of cancer detection. The application of 
these technologies is expected to improve the ability to define tumor margins to more completely excise or 
thermally ablate tumors. In addition several navigational devices, robotic devices, and therapy delivery 
systems are present that help physicians to localize and treat tumors and other targeted abnormalities. 
 
Smart Cyber Operating Theater (SCOT), the next generation treatment room developed by Japanese Agency 
for medical research and development allows online uniform management of devices within the treatment 
room and enabling time synchronization and relocation of 
their data using OPeLiNK (communication interface).(53) It permits collection of various data, such as 
images obtained from intraoperative modalities and surgical instrument position from surgical navigation 
systems, as well as surgical field images and biometric patient data. This information is sent through an 
application and displayed to the surgeon and surgical staff. 
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Figure Legends  
 

Figure 1 – shows a 2D US image with iso-hyperechoic tumor with adjacent falx and ventricles 
visualized. 

 
 

Figure 2 – shows a 2D navigated US image superimposed on the co-registered MRI image and probe 
orientation. 
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Figure 3 – shows a 3D navigated image in axial, coronal and sagittal sections in B and resection 
control image in C 

 
 

Figure 4 – shows neuronavigation been used for intraoperative guidance during a transphenoidal 
endoscopic procedure. Tumor has been marked in yellow 
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Figure 5 – shows neuronavigation guided biopsy procedure in a deep seated tumour (marked in red) 

 
 

Figure 6 – shows neuronavigation used along with DTI (multimodality navigation technique) 
demonstrating relation of the white matter tracts (marked in blue and green) to the tumor (marked 
in red) 
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Figure 7 – shows appearance of a high grade glial tumor under white light (A) and a corresponding 
appearance under blue light when ALA is administered pre operatively. 
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Scope for Navigation in Resection of Complex Bone Tumours 

Dr. Ajay Puri 

The increased efficiency of modern computers combined with more detailed, accurate imaging capabilities 
of computed tomography (CT) and MRI scanners, coupled with the development of precise intraoperative 
navigation technology and equipment have led to the adoption and incorporation of new techniques within 
the field of orthopedic oncology. The use of navigation in orthopaedic oncology surgery has enabled ever 
complex and detailed surgery to be performed to the benefit of surgeons and patients alike. The aim of 
surgery is to achieve resection of the tumor with clear margins thus enabling a reduction in the risk of local 
recurrence while retaining important structures and optimizing function. Navigation systems have played an 
important role within pelvic surgery, limb reconstruction, and limb salvage. Within the pelvis, access can be 
limited by anatomical constraints and, due to the extent of the tumour, intraosseous tumor margins can be 
difficult to appreciate. Preoperative imaging in the form of MRI and CT can be fused to form a three-
dimensional (3D) representation of the pelvis and tumor as described by Wong et al.1,2 and can be combined 
on the screen to form a visual representation. The benefit of this visual representation is that it allows detailed 
preoperative planning of osteotomies and their trajectories. Planned osteotomies can be marked on the 3D 
image or model to allow their visualization and preoperative rehearsal of their placement, which has been 
shown to improve surgical performance. 3 The degree of intraosseous disease cannot be appreciated with the 
naked eye, and therefore, the use of the preoperative scanning coupled with the preoperative resection 
planning has been shown to reduce the incidence of involved margins at resection. (4,5) 

Intraoperative navigation software requires matching to the patient on the operating table, enabling the 
software to assimilate the information obtained from the scans and map it to the patient. This process of 
registration combined with surface matching allows the software to establish a link between the real 
coordinates on the patient and the virtual coordinates within the imaging data, reducing the registration error 
to < 1 mm. Once this registration has been completed, an accurate image of the fused CT/MRI is displayed 
with an exact position of a hand-held probe placed on the surface of the exposed bone. This permits real-
time interactive assessment of the surgeons probe in space relative to the patient. It is possible to delineate 
distances between bone and soft tissue elements of the tumour without the risk of inadvertent intralesional 
resection. Instruments, such as osteotomes, can be calibrated to allow an accurate visualization of the exact 
position of the cutting blade of the instrument in relation to the osseous component of the tumour while 
performing a bone cut. The use of such devices has demonstrated accurate reproduction of the planned and 
actual margin achieved at resection. 6,7 

Jeys et al. demonstrated a reduction in intralesional margins in tumours excised from the pelvis and sacrum 
using navigation-assisted surgery. They showed a reduction from 29% before the use of navigation to 8.7% 
following the introduction of intraoperative navigation.8 Young et al. demonstrated clear margins in all 
patients who underwent navigation assisted tumour resection not only from the pelvis but also of diaphyseal 
tumours. 5 Cho et al. also showed clear margins were achieved in all 18 patients included in their study 
assessing the application of intraoperative navigation for both pelvic and metaphyseal tumours. 9  

Navigation has also been utilized in the field of limb reconstruction and limb salvage. Careful templating of 
tumours and soft tissues preoperatively can avoid unnecessary soft tissue resection and maintain function. 
Coupled with CAD-CAM software, allografts can be constructed that are tailor-made to fit into the precise 
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resections that the navigation can provide. These can be constructed for periarticular or diaphyseal tumours 
10 . Li et al. have described very promising results in their use of navigation for performing complex juxta-
articular resections in their limb salvage surgery with clear margins obtained in all cases, both around the 
knee and the proximal humerus. 11,12 Furthermore, the use of navigation has shown to be useful in joint 
preservation surgery whereby tumours located in the metaphysis require accurate, precise resection to spare 
the joint or physis of the adjacent joint.13 In a study of navigated chondrosarcoma excision around the knee, 
Aponte-Tinao et al. compared the resected specimens with the preoperative planned resections and found a 
high level of accuracy between the two. The mean difference between the planned and actual resections was 
2.43 mm.14 

A study by Wong et al. 15 has demonstrated the use of CT based navigation with arthroscopic techniques in 
performing curettage of benign bone tumours of the extremities. This small study notes the benefits of 
minimally invasive technique and the reduction in radiation dose through lack of continual intraoperative 
fluoroscopy. The margins of the tumour and tumour wall can also be better appreciated intraoperatively and 
thus ensure a more thorough debridement. Lee et al., who conducted a study on 8 patients with deep benign 
bone tumours who underwent arthroscopic curettage with a navigated burr, reproduce these findings. 16 

Image guided surgery has its pros and cons. While increased cost, increased preoperative planning time, the 
learning curve for development of surgical skills and the lack of evidence for long term outcome benefit are 
current drawbacks, the longer-term benefits of the use of navigation in oncological surgery will only be able 
to be measured with time. Logic dictates that any surgical technology that enhances patient safety, facilitates 
surgical accuracy and leads to improved patient care will be increasingly embraced with continuing efforts 
to overcome the logistic challenges in its implementation. 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5791227/?report=printable%2523ref48
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Utility of Semi-automated Myrian Software in Liver Resections 

Dr. Vikas Gupta, Dr. Shraddha Patkar, Dr. Nitin S Shetty,  
                                    Dr. Suyash Kulkarni, Dr. Mahesh Goel 

 
There has been a steady increase in liver resections for both primary and metastatic liver disease over the 
last few decades because of advances in surgical techniques, improvement in preoperative diagnostic 
assessment and perioperative management.  The central objective of any liver resection surgery is to achieve 
adequate functional liver parenchyma with preserved inflow and outflow so that the remnant liver is able to 
recover its synthetic ability and detoxifying functions to compensate for the lost hepatic parenchyma 1. At 
the same time, accurate determination of any hepatic parenchyma dysfunction is important as the presence 
of underlying liver disease can potentially influence the surgical resectability of a lesion. Patients undergoing 
major hepatic resection are at increased risk for peri- and postoperative complications 2 with post-
hepatectomy liver failure (PHLF) being a major cause of mortality.  

Liver resections require extensive pre-operative work up and planning due to a high incidence of vascular 
and biliary anatomical variations. Liver volume estimation forms an integral part of preoperative evaluation.  
Preoperative baseline liver function, standardized liver volume (SLV), and postoperative residual liver 
volume (future liver remnant or FLR) need to be estimated before planning surgery 3. The required FLR for 
each patient is a function of various patient as well as surgery related factors and therefore, a range of various 
cut-off percentages have been proposed in various studies. One of prospective studies found it to be 26.5 % 
in patients with healthy liver 4.  On the other hand, patients having underlying liver disease with impaired 
baseline function of the hepatocytes require considerably larger FLR than a normal liver. A patient with 
cirrhosis or high-grade steatosis will require an FLR of >40 % for major hepatic resections. 5. The SLV is 
based upon a formula that can be calculated either from a patient’s body weight (BW) or body surface area 
(BSA). The FLR-to-SLV ratio is used as an indicator in predicting the likelihood of postoperative liver failure 
after major hepatic resection, particularly in patients with pre-existing chronic liver disease. 3 

Multiple imaging modalities have been exploited to measure the volume of FLR, including computed 
tomography (CT), magnetic resonance imaging (MRI), as well as ultrasound 6. Among these, Computed 
Tomography Volumetry (CTV) is considered to be the current gold standard 6. Even while using CTV, FLR 
calculation can be done using manual, semiautomated, and automated tracing methods.  

a) Manual: Manual calculation involves manual contour tracing of the hepatic contours and summation 
of liver area on each axial section. Contour tracing can be carried out by a standard optical mouse or 
freehand electromagnetic pen contour-tracing method 7. Although this is routinely used for liver 
volume calculation, it is time consuming and prone to intra- and inter-observer variations 7. To 
further speed up the process, automated and semi-automated ways of volumetric measurements have 
been proposed.   

b) Automated: Various techniques and algorithms have been described for the automated methods of 
volumetry such as three dimensional (3D) active contour segmentation8  and active contour 
segmentation coupled with level set algorithms9. However, automatic segmentation often leads to 
error in certain CT images that are low in contrast or those having missing edges due to similar 
intensity of adjacent organs 3.  
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c) Semi-automated: Semi-automated methods on the other hand also seek inputs from the user to guide 

automated segmentation, thus providing more flexibility and control over the volumetric 
determination 3. Myrian XP-Liver (Intrasense) software is a type of Semiautomated FLR calculator. 

Myrian: 

All patients being planned for liver resection undergo a triphasic CT scan with axial images of the arterial, 
portal, and venous phases. The parameters evaluated by the software to estimate FLR included total liver 
volume, volume of normal liver to be respected, and tumor volume.  The estimated resection volume is the 
sum of volume of normal liver to be respected and tumor volume. Once the CT images are fed in the software, 
the liver outline, hepatic artery (HA), portal vein (PV), hepatic veins (HV), and their branches are drawn 
automatically by the software. After setting seed points into the hepatocaval confluence and the main stem 
of the PV, the system automatically segments the HV and PV while vessels that are not automatically 
identified by the software are drawn manually. Once the transection plane is defined, CT volume is recorded 
as the volumes of the intrahepatic vessels in the liver area marked to be included in resection. This is when 
the intended surgical resection plane as decided by the operating hepatobiliary surgeon is taken into account 
and virtual hepatectomy line is generated using volumetric reconstruction of the normal liver parenchyma, 
tumor, and hepatic vasculature. The software automatically calculates FLR using the formula, FLR = (Total 
Liver Volume–Resected Volume) / (Total Liver volume–Tumor Volume) which is expressed in percentage9. 
 
As the intrahepatic vessels are color coded in this software, liver sub segmentation can be performed in real 
time according to vascular supply (i.e., PVs and HAs) or drainage (i.e., HVs) rather than the standard 
Couinaud classification system, which does not take into account the different anatomical liver variants seen 
in individual patients.  This increases the precision in removing tumor with adequate margins without 
removing excess of normal liver parenchyma, more so while performing parenchyma sparing anatomical 
resections in cirrhotic patients9. Various studies have shown a high degree of correlation between FLR 
calculated by automated/ semi-automated methods with the intraoperative specimen volume10 as well as that 
of calculated pre-operative remnant liver volume and actual post-operative remnant volume on CT scan11. 

Conclusion : 
 
Volumetric determination is multidisciplinary and requires close coordination between the surgeon and the 
intervention radiologist. The plane of transection, resectability and exact tumour extent needs to be discussed 
in joint clinics so as to decide the optimum surgical plan for a given case. Myrian has allowed us to perform 
major hepatic resections and resections in patients with cirrhosis, with great precision, thereby increasing 
surgical safety. 
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Indocyanine Green (ICG) In Uro-Oncology  

                                                                            Dr. Sai Venkat, Dr. Manoj Tummala,  
Dr. Amandeep Arora, Dr. Gagan Prakash 

  
A step in the evolution of surgery over the years has been “image-guided surgery”, wherein, intra-operative 
optical enhancement aids identification of anatomical and functional features and facilitates surgery. One 
important technique of such enhancement, the use of which has increased greatly in recent years, is 
indocyanine green (ICG) with near-infrared fluorescence (NIRF). 
  
How does ICG work? 
ICG is an anionic, water-soluble tricarbocyanine molecule that does not have any metabolites. It is available 
as a powder which is reconstituted with sterile water. On injecting intravenously, ICG quickly binds to 
albumin and remains in the intravascular compartment. Incident light of 780 nm excites the ICG resulting in 
photon emission at 820 nm, thus enabling identification of ICG and in turn, identification of vascularity. 
Similarly, lymphatic channels and draining lymph nodes are highlighted when ICG is injected into malignant 
lesions. Both these wavelengths lie in the near infra-red range and thus don’t interfere with viewing when 
white light is used. While laparoscopic and robotic systems have an inbuilt mechanism for toggling between 
NIRF and white light, special hand-held cameras are available for open surgery. 
 
The recommended doses of ICG are summarized in the following table: 
 
Table: Recommended dosage of indocyanine green as per the indication 

Indication Dosage 

Intravenous use for assessing vascularity 1-2 cc of 2.5mg/ml solution 

Interstitial use for assessing lymphatics and draining 
nodes 

2-4 cc of 1.25mg/ml solution 

Intra-ureteral use to assess stricture length (off-label 
use) 

10-20 cc of 1.25 mg/ml solution 

 
 
The various applications of ICG in uro-oncology are summarized below. 
 
A. PARTIAL NEPHRECTOMY 

1. Tumor localization 
Normal renal cortex has the transporter bilitranlocase which binds ICG. Renal tumor cells especially the 
malignant ones, lack this transporter and appear hypo-fluorescent, which helps in their delineation. Benign 
tumours may appear iso to hyperfluorescent. Toggling between NIRF and white light can help ensure a 
negative margin. This technique was shown to have a sensitivity of 84% and specificity of only 57% in 
differentiating benign from malignant tumours. However, Angell et al described that using a test dose of 
ICG, the appropriate dose for delineating the tumour from normal parenchyma can be estimated and this 
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strategy led to differential fluorescence in 82% tumours. Thus, ICG dosing for differential fluorescence needs 
to be standardized before it can be routinely recommended. 
 

2. Selective arterial clamping 
The renal hilum is dissected to identify segmental arterial branches and the branch most probably supplying 
the area of the kidney containing the tumour is clamped and ICG is administered. NIRF will show the tumour 
containing part of the kidney to be hypo-fluorescent, allowing tumour resection without global ischemia. 
Borofsky and colleagues compared 27 patients with ICG guided selective clamping and 27 patients with 
main renal artery clamping. They concluded that there was superior renal function in the selective clamping 
group at a mean of 14 days (reduction in eGFR -1.8% vs 14.9%, p=0.03). In a similar study in 84 patients, 
Mcclintock and colleagues concluded that ICG guided selective clamping leads to better short term 
functional outcomes, but this benefit is attenuated at 3 months. Nevertheless, this technique of ICG guided 
selective clamping is widely used and is, in fact, one of the most common applications of ICG in uro-
oncology today. Some authors have also described using ICG at the end of renorrhaphy to assess perfusion 
to the parenchyma surrounding the excised tumour.  

 
B. RADICAL PROSTATECTOMY 

1. Identification of the neurovascular bundle 
ICG injection just prior to pedicle dissection will highlight the vessels in the pedicle and help in preserving 
the neurovascular bundle when a nerve sparing prostatectomy is planned. Kumar et al reported their initial 
experience in 10 patients for identifying the “landmark artery” during nerve sparing robotic radical 
prostatectomy for improving quality of neurovascular bundle (NVB) preservation. They were able to identify 
the artery in 17/20 NVB (85%). Similar conclusions were drawn by Mangano and colleagues in their 
prospective comparison study in 52 patients.  
 

2. Sentinel lymph node (SLN) mapping 
ICG is injected into the prostate transrectally before robot docking. It guides the pelvic lymph node 
dissection. A systemic review of 21 studies reported a median sensitivity of 95.2% (range 50%-100%); the 
discrepancies may be due to different tracer application sites within the prostate. Harke et al compared ICG 
guided ePLND (n=59) with standard ePLND (n=59). ICG use had a sensitivity of 78% in identifying nodal 
metastasis, which the authors concluded was not sufficiently high to recommend ICG guided ePLND alone. 
In another prospective study by Shimbo et al on 100 patients, lymphatic drainage routes were determined in 
90% cases with 34% sensitivity and 65% specificity, leading the authors to conclude that ICG currently has 
a limited role in SLNM for prostate cancer. To summarize, the evidence for use of ICG in robotic radical 
prostatectomy is still evolving. 
 
C. RADICAL CYSTECTOMY  

1. Sentinel lymph node mapping 
Manny and Hemal performed ICG guided pelvic lymph node dissection in robotic radical cystectomy in 10 
patients. ICG was injected in the submucosa and detrusor muscle under cystoscopic guidance. Sentinel 
drainage was identified in 9 of the 10 patients at a median of 30 mins after injection. They concluded that 
ICG guided PLND is safe and feasible. However, SLNM in bladder cancer is still experimental; and routine 
template PLND is the recommendation as of today.  
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2. Mesenteric angiography   
ICG is injected intravenously before beginning intra-corporeal reconstruction to identify bowel arcades and 
maintain vascularity. Again, Manny and Hemal reported the safety and feasibility of this technique in 8 
patients undergoing robotic cystectomy with intra-corporeal neobladder reconstruction.  
 

3. Assessing vascular integrity of distal ureter  
Just before creating the uretero-intestinal anastomosis, ICG is injected intravenously to identify fluorescence 
in the small periureteric arteries.  Ahmadi et al in a retrospective study, compared 47 patients in whom ICG 
was used with 132 patients without the use of ICG at the time of intra-corporeal reconstruction. In the ICG 
group, a greater length of ureter was excised, and a greater proportion of patients had long segment (>5 cm) 
ureteric resection. At 14 months follow-up, the ICG group had no uretero-enteric strictures compared to a 
per-patient stricture rate of 10.6% and a per-ureter stricture rate of 6.6% in the non-ICG group (p=0.02 and 
p=0.01, respectively). This particular application of ICG can be used even in open surgery using hand-held 
cameras. 

D. SENTINEL LYMPH NODE BIOPSY (SLNB) IN PENILE CANCER 

ICG is injected intradermally at the base of the penis. Lymphatic channels and sentinel inguinal nodes are 
identified about 15 minutes later. Traditionally, dynamic sentinel lymph node biopsy (DSNB) in penile 
cancer has been performed using a combination of a radioactive tracer (99mTc-nanocolloid) and blue dye. 
Brouwer and colleagues from the Netherlands Cancer Institute had first reported on replacing the blue dye 
with ICG. ICG had technical advantages in the form of enhanced tissue penetration compared to blue dye 
and it also did not stain the surgical field. ICG guided imaging enabled detection of 96.8% sentinel nodes 
compared to only 55.7% for the blue dye (p<0.001). This group recently published their work on using this 
hybrid ICG - 99mTc-nanocolloid technique in 740 inguinal basins. Of all excised sentinel nodes, 98% were 
detectable with the gamma probe and 96% were visible with NIRF. In the patients who, in addition, had also 
received the blue dye, the sentinel node detection rate was 35% higher for NIRF than blue dye. Of the sentinel 
nodes that turned out to be tumour-positive, the detection rate with NIRF was 100%, while only 84% of these 
nodes stained blue. The authors concluded that ICG-99mTc-nanocolloid led to a significantly improved 
sentinel node detection rate over blue dye. This work represents the largest published work on the use of ICG 
in the field of uro-oncology. The feasibility and oncological adequacy of ICG guided SLNB in robotic video-
endoscopic inguinal lymphadenectomy (VEIL) was demonstrated by Bjurlin and Savio in two separate small 
series.  

E. ADRENALECTOMY 
Adrenal cortical tumours appear hyper-fluorescent after intravenous ICG administration while 
pheochromocytomas are hypo-fluorescent. It has been reported in small series that this distinction of the 
borders of the adrenal tumour borders allows for precise detection and complete removal of all adrenal tissue 
in cortical tumours, and also facilitates cortical sparing adrenalectomy in pheochromocytomas. However, 
data on the use of ICG in adrenalectomy is still evolving.    

 Safety profile of ICG 
ICG use is fairly safe with reported incidence of mild, moderate and severe complications of 0.15%, 0.2% 
and 0.05% respectively. Anaphylactic shock has been reported with intravenous ICG use; and hence it should 
be avoided in patients with allergy to iodides.  
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Conclusion: 
ICG with NIRF has several applications across the spectrum of uro-oncology and is being increasingly 
utilized by surgeons. Although the technical advantage of ICG use is evident, the clinical benefit needs to be 
validated in prospective randomized studies. The largest reported and definitively proven advantage of ICG 
is in the field of SLNB for penile cancer. However, most of the remaining reported data is in the form of 
small series from experienced centres. With increasing availability and decreasing costs, it is hoped that more 
robust data will be generated in the near future. 
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Sentinel Node Biopsy in Head and Neck Cancers 

Dr. Shivakumar Thiagarajan, Dr. Nithyanand 

Introduction : 

Presence of nodal metastasis is an important prognostic factor for patients with head and neck cancer, 
especially head and neck squamous cell carcinoma. 1 Though there is consensus regarding the need to address 
the neck in patients with cT3/T4 head and neck cancer with cN0 neck of different subsites 2, there still 
remains some debate regarding the need for neck dissection in patients with cT1/T2 head and neck cancer 
with a N0 neck, especially in patients with oral cancer (squamous cell carcinoma). 3 This is despite the 
availability of level I evidence favouring elective neck dissection over watchful waiting 4,5 as evident with 
the ongoing trial in early oral cancer by the Head and Neck Cancer Study Group of the Japan Clinical 
Oncology Group. 6 

The need for elective neck dissection in early head and neck cancer is decided based on the clinico-
radiological assessment of the neck and the risk of occult nodal metastasis as perceived by the location of 
the primary tumor. It is in this clinical scenario of early head and neck cancer with an N0 neck, especially 
oral cancer, that the applicability of sentinel node biopsy (SNB) has been tested and found to be useful in 
certain instances. 7 Nearly 70% of early oral cancers (cT1-T2 N0) do not have metastasis in the cervical 
lymph nodes on final histopathology after selective neck dissection. With the low sensitivity of clinical 
examination and lower ability to detect microscopic metastasis through USG, CT, MRI and PET, the only 
possible way to pick up occult cervical metastasis was by neck dissection, which is associated with some 
morbidity. 8 Sentinel node biopsy is one possible approach for picking up patients with occult metastasis and 
providing further treatment without the morbidity associated with a neck dissection. Its applicability in other 
subsites such as oropharyngeal, laryngeal cancer, salivary gland cancer, thyroid cancer is still investigational 
as the available evidence is more varied and deficient to apply in routine practice. 9 

Concept and Technique: 

Sentinel node (SN) is the first node to which the tumour drains into. The sentinel lymph node biopsy (SLNB) 
is based on the concept of orderly dissemination of tumor cells from the peritumoral lymphatics to the SN 
and subsequently to a distant lymph node.  The concept of sentinel lymph node (SLN theory) was put forward 
by Canabas 10, which was initially developed for penile cancer and later extended to cutaneous melanomas, 
breast cancer and certain gynecological cancers. 11,12 The procedure was further extended to head and neck 
cancers in the 1990s. 13 The procedure of SLNB involves preoperative (within 24 hrs prior to surgery) 
peritumoral injection of 99mTc colloid radiotracer, which is then followed by lymphoscintigraphy using planar 
or SPECT imaging to locate the SN. Intraoperative peritumoral injection of blue dye or fluorescent tracer 
(indocyanine green) is at times done to enhance the visual detection of the SN. However, this technique is 
less favoured and its usefulness has been inconsistent. 14 The position of sentinel node (SN) is identified 
based on imaging and marked preoperatively. A gamma probe identifies the SN radioactivity and these nodes 
are harvested. The node is subjected to rigorous histopathological examination with serial step sectioning 
(SSS) and immunohistochemistry (IHC) to identify metastatic disease 
(macrometastasis/micrometastasis/isolated tumor cells). The need to do a subsequent neck dissection 
depends on whether the sentinel node is harbouring metastasis or not. 15 
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Accuracy of SLNB: 

A multicentre prospective study by Alqureshi et al 16 in 2010, evaluated 134 patients. The sentinel lymph 
node detection rate was 93% with a false negative rate of 9%. There was lower sentinel node detection in the 
floor of mouth tumours. A similar multi-institutional study by Civantos 17 in 2010  evaluated 140 patients 
and quoted a negative predictive value of 96% and false negative rate of 9.8%. The largest series of 415 T1-
T2 oral cancer patients by Schilling et al 18 found a higher false negative rate of 14% and accuracy of 96%. 
Two recent meta-analyses comprising 66 studies and 35 studies in each, found a pooled sensitivity of 87-
92% and negative predictive value of 94-96%. 19,20 

Randomized trials comparing selective neck dissection (SND) with sentinel lymph node biopsy 
(SLNB): 

The only published (full text) randomized trial at present, is the one by the French group (Senti-MER trial) 
21 consisting of 307 patients, predominantly with early oral cancers (cT1/T2, N0), comparing SND versus 
SLNB. The 5-year neck node recurrence free survival was 89.6% versus 89.4% in both the arms respectively. 
Also, disease specific survival and overall survival were not different in either group. This proves 
equivalence in both approaches. The authors also reported shorter median hospital stay duration and better 
shoulder function in patients undergoing SLNB. However, this trial has several limitations. 22 Though it has 
been called an equivalence study design, a closer look reveals it to be a non-inferiority study. Many patients 
included in the trial were those with oropharyngeal cancer (n=35/279, 12.5%). The assessment of shoulder 
function was not appropriate. Indications for adjuvant treatment were not standard and frozen section for 
SLNB were not used routinely.  

Hasegawa, et al 23 presented their study, a randomized non-inferiority trial comparing SLNB versus elective 
neck dissection for patients with early oral cancer (cT1/T2, N0) at ASCO 2019 (Only abstract available). 
The authors have reported a non-inferior 3-year overall survival and relapse free survival in the SLNB group, 
compared to elective neck dissection. Arm abduction at postoperative 1 and 3 months in the neck dissection 
group was disturbed significantly compared with the SNB group. The authors concluded that SLNB 
navigated ND could replace elective ND without compromise in survival and reduce postoperative morbidity 
associated with neck dissection in patients with early oral cancer. To overcome the limitations of the Senti-
MER trial, Lai S, et al have launched a trial (April 2020 and expected to conclude in May 2036) comparing 
SLNB with elective neck dissection (NRG-HN006 (ClinicalTrials.gov identifier: NCT043333537). 

Advantages of SLNB: 

The main advantage of SLNB is that at present it is the best approach to pick up occult metastasis. Studies 
clearly prove that survival in SLNB negative patients is better than in SLNB positive patients. Broglie et al 
24 found a higher 3year-overall survival of 98% in SLNB negative versus 71% in SLNB positive patients. 
SLNB also picks up micrometastasis and isolated tumour cells (ITC) by SSS (nearly 58% have ITC and 
micrometastasis), which is not usually done in routine histopathologic examination by SND. Schilling et al 

18 also found a significant overall survival difference between ITC, micrometastasis and macrometastasis. 

Secondly, SLNB is able to pick up contralateral metastases. Moya-plana et al 25 found 12.8% contralateral 
sentinel nodal metastasis in 195 patients. The SENT trial 4 had 12.4% contralateral metastases in the group 
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of well-lateralized T1-T2 oral cancers. A routine SND does not cover contralateral metastasis for a well-
lateralized tumour. 

Thirdly, patients who were earlier treated by radiotherapy or surgery would not have the same drainage 
pattern as in per primum setting. SLNB in a pre-treated neck appears to be an option, as it is able to pick up 
metastases from unexpected locations. 

Also, SNB is associated with lesser postoperative morbidity and better shoulder function than elective neck 
dissection. 26 

Selection of patients for SLNB: 

The consensus statement for use of SLNB in early oral cancer has been well laid out by Schilling, et al. 14 
Generally, SLNB is recommended for T1-T2 (7thAJCC) oral cancers which are resectable with clear margins 
without the need for cheek flap or neck entry for reconstruction. Tumours with greater depth of invasion 
have higher chances of neck metastasis. There was no clear consensus with respect to the choice of treatment 
to the neck in relation to the DOI. However, a recent study by Den Toom et al. had found 15% chance of 
metastasis with tumours with DOI <3.4mm. Hence, staging of the neck should be done with SLNB 
irrespective of DOI. 27 

Limitations of SLNB: 

There is lower sensitivity of SLNB in floor of mouth (FOM) tumours as there is a shine through effect, which 
hampers discrimination between the primary and sentinel node. In a series of 488 patients, SLNB had a lower 
sensitivity of 63% with (FOM) tumours. 28 The learning curve for surgeons practicing SLNB is slow and 
steep. Lack of spatial resolution of gamma camera to identify the sentinel node is another drawback 
Operation theatre logistics and setup required for performing the procedure and subsequent neck dissection 
merits consideration. Also, there is very little evidence comparing SND and SLNB. 

Methods to improve accuracy of SLNB: 

To improve the spatial resolution, the advent of SPECT-CT has improved the accuracy of detecting SLN. 
Den Toom et al. found that SPECT-CT identified 15 additional SLN in 14 patients. 29 It also improves the 
topographical orientation during surgery. Tc99-Tilmanocept is a novel radiotracer, which clears rapidly from 
the injected site, but stays longer in the sentinel node and lower spillage to other nodes. It may be particularly 
useful in floor of mouth tumours and other head and neck cancers with complex drainage patterns. 

Conclusion: 
 
To conclude, SLNB is a highly sensitive approach to detect occult metastases in early oral cancers, except 
for floor of mouth tumours. SLNB has lower morbidity when compared to SND. However, the main 
limitation of SLNB is that it may require a second-stage procedure, lower spatial resolution of 
lymphoscintigraphy and logistics issues regarding the setup. In terms of application of SLNB to other head 
and neck cancers, the evidence is varied and insufficient to warrant its routine use. 
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SECTION II: ROBOTIC SURGERY 

Introduction: 
                  Dr. Ashwin D’souza 

The approval of the DaVinci robotic surgical system in 2000 by the United States FDA offered great promise 
to the surgical community worldwide.  True three-dimensional vision, a stable camera platform, motion 
scaling, tremor filtration and most importantly endo-wristed instruments with seven degrees of freedom were 
some of the technological advantages offered by the robotic system over conventional laparoscopy.  

Over the last 20 years, surgeons have utilized robotic assistance for nearly every oncological procedure 
described, including advanced procedures like pancreaticoduodenectomy and liver resections. The years 
have seen novel applications of the robot in trans-oral resections, trans-anal resection of early rectal cancer 
and even in procedures like thyroidectomy and neck dissection, where the concept of minimally invasive 
surgery seemed a futuristic possibility.  

The initial promise and enthusiasm associated with robotic surgery has been tempered by the results of 
randomized trials published in the last 5 years. While these trials definitely do not condemn the robot as 
inferior, the results largely show equivalence with laparoscopy in terms of objective endpoints where a clear 
benefit of the robot was expected. Perhaps the only area where minimally invasive surgery in oncology has 
shown a detriment in survival outcomes has been in radical hysterectomy for cervical cancer. Although 
results from ongoing trials are still awaited, the recommendation at present is open surgery for early cervical 
cancer. 

Technology in medicine has never been stagnant. The DaVinci system itself has been upgraded thrice in the 
last 20 years. Unfavorable or equivocal results from randomized trials are not roadblocks to progress but 
rather serve as an impetus to further evolve and innovate. As we objectively evaluate how far we have come 
in minimally invasive and robotic surgery, we look to the future for better technology and novel concepts to 
further benefit cancer patients to enable them to live longer and better.  

This section presents the best available evidence for robotic surgery in a few fields where strong evidence 
has been generated through randomized clinical trials. We hope this will be a starting point to a more nuanced 
utilization of this exciting technology. 
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Robotics in Head and Neck Surgery  
Dr. Shivakumar Thiagarajan, Dr. Gurukeerthi. 

Introduction: 

Robots in surgery were first used to do a brain biopsy in 1985 (PUMA 560).(1) Subsequently, various types 
of surgical robots were manufactured and eventually, the present generation of Da Vinci surgical robotic 
systems took center stage. Since then, the Da Vinci system has been approved for use in various surgical 
procedures. (2) Trans Oral Robotic Surgery was pioneered in the field of Otolaryngology by Bert O'Malley 
and Gregory Weinstein in 2005 at the University of Pennsylvania. It utilized the principles of "Natural Orifice 
Transluminal Endoscopic Surgery" and provided access to the larynx, pharynx, and hypopharynx without a 
scar. TORS was finally approved by FDA in 2009. (3) With time, various other indications of robots were 
explored in head and neck surgery. (4) Robotic surgery, in general, has certain advantages such as reduction 
of tremors, better (3D) visualization of the operative field, enhanced dexterity, and surgeon friendly 
ergonomics. There are certain disadvantages such as the learning curve, the absence of haptic feedback, and 
the cost of the setup and the procedure per se. (4,5,6) Though there have been expanded indications of 
robotics in head and neck surgery, there has not been robust evidence to support its use in many areas. This 
article aims to critically appraise and draw a scientific summary of the available literature on the topic. 

Transoral Robotic Surgery (TORS):  

Oropharyngeal carcinoma: 
In 2005, McLeod and Melder used the Da Vinci robot to excise a vallecular cyst. (7) Subsequently, Weinstein 
and colleagues reported favorable results for TORS assisted radical tonsillectomy with acceptable morbidity. 
(8) Eventually, in 2009, FDA approved TORS for the treatment of early-stage oropharyngeal cancer. (9) 
However, since then the indications have expanded beyond OPSCC to include treatment of laryngeal & 
hypopharyngeal tumors as well among others. (9) TORS helps in maximizing exposure while minimizing 
surgical morbidity such as the requirement for a tracheostomy, pharyngotomy, and/or reconstructive 
procedures.  Rich et al (10) identified eight factors (the eight Ts) necessary to ensure proper access with 
TORS: teeth, trismus, transverse dimensions (mandibular), tori, tongue, tilt, treatment (prior radiation) & 
tumor. Patients with morbid obesity, micrognathia, microstomia, craniofacial abnormalities are not suitable 
candidates for TORS. 

Abundant data of TORS for oropharyngeal cancer is available including a recently published phase II 
randomized trial. Moore et al reported the first prospective case series of TORS to treat oropharyngeal 
squamous cell carcinoma (OPSCC) in 2009. This study concluded that TORS was a safe treatment option 
with an acceptable oncological outcome. (11) De Almeida et al carried out a retrospective review of 410 
patients (majority with early-stage OPSCC) from 11 participating institutions. In that study, the 2-year 
locoregional control rate was 91.8%, disease-specific survival 94.5%, and overall survival 91%. This large, 
multi-institutional study supported the role of TORS for patients with oropharyngeal cancer. (12) Park et al 
in their systematic review and meta-analysis of 9 articles consisting of 574 patients comparing TORS with 
open surgery for OPSCC concluded that patients undergoing TORS had a better DFS, lower risk of free flap 
reconstruction, shorter time for decannulation of the tracheostomy tube, and shorter duration of hospital stay. 
(13) De Almeida et al performed a systematic review and meta-analysis comparing the effectiveness of 
TORS with radiotherapy (IMRT) for patients with early-stage OPSCC. They concluded that the survival was 
similar between the two groups with the difference being in the adverse events. (14) 
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The only randomized trial (phase II) trial published recently comparing TORS and radiotherapy in early 
OPSCC was the ORATOR trial. (15) The primary endpoint of the trial was swallowing related QOL at 1 
year (MD Anderson Dysphagia Inventory (MDADI) score). A total of 68 patients (34 per group) were 
enrolled in the study & randomly assigned to two groups. Results indicated superior swallowing related QOL 
scores for the RT group than TORS at the end of 1 year. However, the oncological outcome did not differ 
between the groups. The toxicity pattern differed between the two groups. The authors concluded that 
patients with OPSCC should be informed regarding both treatment options. However, the trial had various 
issues such as the modest sample size, comparing patients receiving single-modality treatment to those 
receiving multimodality treatment and absence of information with regards to the margins based on which 
adjuvant treatment was given. (16) Hence patient ’s selection for different treatment modalities is of utmost 
importance. A number of ongoing trials are comparing various surgical and non-surgical treatment options. 
The results of these trials will most likely change the treatment of patients with OPSCC. (17) 

Laryngeal and Hypopharyngeal Carcinoma: 
The indications presently have expanded to include supraglottic & hypopharyngeal tumors with emphasis 
on organ preservation & quality of life. An increasing number of studies have reported the success of TORS 
in the treatment of laryngeal or hypopharyngeal cancers especially its utility in performing supraglottic 
laryngectomy. The first application of TORS for supraglottic cancer (SGL) was described by Weinstein et 
al in 2007. (18) A multicentric study was carried out by Razafindranaly et al to assess the efficiency, safety 
& functional outcomes of TORS-SGL in 84 patients. (19) Overall, outcomes were good, but 9.5% of patients 
required percutaneous gastrostomy feeding, 24% required a temporary tracheostomy, and 1% definitive 
tracheostomy. Besides, aspiration pneumonia was observed in 23% of the patients (with one death), and 
postoperative bleeding in 18% of patients. The results of that study led the authors to conclude that TORS is 
safe and achieves good functional outcomes with fast recovery, but that it also presents a risk of serious 
adverse events. Supraglottic laryngectomy requires a rather stringent case selection. T1, T2, and selected T3 
tumors can be subjected to SGL. Apart from general contraindications for TORS, TORS-SGL is 
contraindicated in patients with cartilage erosion, impaired cord mobility, post commissure invasion, 
paraglottic space invasion, and invasion of the base of tongue muscle. (20,21) Similarly, some reports suggest 
that TORS can be used for hypopharyngeal cancer. Park et al compared oncological and functional outcomes 
in patients who underwent TORS-assisted hypopharyngectomy (n = 30) vs. open surgery (n = 26), finding 
no significant differences in overall and disease-specific survival at 3 years. (22) 

Multiple case series of transoral robotic cordectomy for early glottic carcinoma have also been reported, 
however, there is no comparison with the well-established standard endoscopic cordectomy procedures. 
Kayhan (n=10), Lallement (n=13), De Vergili (n=18), and Wang et al (n=8) have reported outcomes on per 
primum and/or recurrent stage T1- T2 glottic carcinoma cases. (23) The worst reported complication was a 
breach of cricothyroid ligament leading to cervical emphysema and bleeding culminating in tracheotomy for 
15 days (n=1). Oral intake was successfully resumed 6-24 hours after surgery in most of the patients. 
 
Reports regarding transoral robotic total laryngectomy have emerged for certain select indications such as in 
salvage settings where limited disease is present, not amenable for partial laryngectomy. Other indications 
include laryngectomy for malignant tumors without the need for a neck dissection e.g., chondroma or low-
grade chondrosarcoma and laryngectomies for a dysfunctional larynx. Breach in the laryngeal framework 
with exolaryngeal spread of the disease is an obvious contraindication for the procedure. Very few reports 
of this procedure have been documented to date (n=15). Among the reported series, the rate of 
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pharyngocutaneous fistula has been up to 28.6 %. Long term morbidity and survival outcomes are yet to be 
reported for this procedure and this warrants guarded indications and needs further studies. (23) 

Robot-Assisted Thyroid Surgery: 
With an intent to avoid scar in the neck several endoscopic approaches to perform thyroidectomy were 
introduced, namely infraclavicular, bilateral axilla breast approach, etc. None of these approaches were 
shown to be superior to others. All the endoscopic thyroidectomies had issues such as restrictions of 
instrument movement, the requirement of gas insufflation, and multiple assistants and 2D vision. Robot-
assisted thyroidectomy caters to the patients' need for minimally invasive or scarless surgery, whilst 
obliterating the limitations of endoscopic surgery. (24) 
 
Robotic thyroidectomy is usually indicated for patients with T1-T3 differentiated thyroid carcinoma. Gross 
extrathyroidal extension, RLN involvement and esophageal involvement are absolute contraindications for 
the procedure. The presence of lateral neck metastasis is no longer a contraindication, as it can be addressed 
by the use of robotic neck dissection in the same sitting. However, no randomized trials are available 
addressing the difference in functional and oncological outcomes between robotic and open thyroidectomy. 
(24) The most robust evidence is in the form of systematic reviews and meta-analysis of retrospective and 
prospective series. 
 
The available evidence (level 2a) supports robotic thyroidectomy to be superior to open thyroidectomy in 
terms of feasibility, safety, and cosmesis.  No significant differences were reported about complications 
(transient and permanent hypoparathyroidism, temporary and permanent recurrent laryngeal nerve or 
hemorrhage) encountered following a robotic thyroidectomy in comparison to open thyroidectomy (level 2a 
evidence). (24,25) 
 
Many systematic reviews and meta-analyses have suggested the oncological efficacy of robotic 
thyroidectomy. Kanil et al (26) published a meta-analysis in 2015 of 18 articles comprising a total of 4878 
patients. 1902/4878 underwent robotic thyroidectomy and 1100 underwent endoscopic resection, the 
remaining underwent open thyroidectomy. Their report also showed similar rates of complications in all 
groups except temporary hypocalcemia. A major limitation of these studies is that they are based on 
retrospective literature and the patients included have undergone different types of thyroidectomies. 
Similarly, several systematic reviews and meta-analysis reporting the oncological safety of robotic surgery 
have asserted equal or nonsignificant difference in lymph node yield, post-operative serum thyroglobulin 
level, post- ablative radio-iodine uptake, locoregional recurrence, or overall survival (24) Recently, transoral 
robotic thyroidectomy or scarless robotic thyroidectomy has also gained popularity. 
 
However, certain novel complications have been reported following robotic thyroidectomy. Brachial plexus 
injury and tracheal injury are notable ones. Brachial plexus injury is encountered because of the position of 
the arm, wherein it undergoes 180 degrees of extension. It has been reported to be overcome by modification 
in the positioning by various authors. Tracheal injury has been reported but has never been severe enough to 
warrant active intervention. (24) 
 
There is no randomized controlled trial comparing open thyroidectomy versus robotic thyroidectomy looking 
at the oncological safety, complication rates, quality of life, and cost-effectiveness at present. Apart from 
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scar cosmesis, no apparent benefit is expected from robotic thyroidectomy. This approach has a high cost 
and limited benefit, and warrants guarded use especially in a resource-constrained setup. 
 

Robot-assisted surgery for salivary gland: 
Robot-assisted parotidectomy with or without robotic neck dissection via a retro auricular approach in 
patients with parotid benign and malignant tumors was reported by Park, et al.  They reported a series 
consisting of 53 patients, the majority being for benign lesions (n=35). They concluded that robot-assisted 
parotidectomy was a feasible and safe technique in patients with parotid, benign and malignant tumors with 
a caveat that long term follows up is essential to ascertain oncological safety and efficacy. (27) Robotic-
assisted excision of the submandibular gland using the retro auricular approach has also been reported. 
However, there is no robust evidence even in the form of large retrospective series to support its routine use 
as of today. (28) 
 

Robot-Assisted Neck Dissection (RAND): 
Given the acceptance of the use of robotic-assisted surgery in the head and neck, its application has increased 
to various head and neck surgical procedures. Like most other surgical procedures, there is no randomized 
trial comparing RAND and open neck dissection. RAND has mostly been used for primary oral, 
oropharyngeal cancers and differentiated thyroid cancer. Though there are studies which have reported on 
various outcomes post RAND, the level of evidence is still low. The best available evidence is the systematic 
review and meta-analysis of many retrospective and prospective studies. Sukato, et al in their systematic 
review and meta-analysis have concluded that RAND offers similar outcomes in comparison to open neck 
dissection. The total nodal yield, pathological nodal yield, recurrence rate, rates of perioperative 
complications, and length of stay, were not significantly different between the two methods. However, the 
operative time was significantly more in the RAND group. Though cosmesis was reported to be better in the 
RAND group, the authors have cautioned that the results have to be interpreted keeping in mind reporting 
bias and the use of non-validated tools to assess cosmesis. (29) 
 
 Parapharyngeal space: 
The parapharyngeal tumors encountered are most commonly salivary gland tumors followed by neurogenic 
tumors. O'malley et al had pioneered TORS for PPS in 2007 with a case series of 10 patients and a local 
control rate of 100% at 29.9 months. (30)  An appropriate patient selection algorithm has been suggested by 
Chu et al for PPS tumors. (31) TORS should be reserved for well-circumscribed tumors with intact fat planes 
with carotid and laterally placed ICA. The surgeon should be well versed with the open surgical approach 
and should convert to open procedure in case required. There is a definite lack of adequate literature 
addressing the surgical and oncological safety of this approach. 
 
Conclusion: 

Like in the past, the adoption of new technology, robotic procedures, in this case, has been widely done 
before the generation of reliable (level I) data. There are limited absolute indications for robotic surgery in 
the head and neck as of today. The only available randomized evidence for robotic surgery is for TORS for 
oropharyngeal carcinoma (Phase II RCT), the evidence for other procedures has been based on large 
prospective, retrospective series, and their subsequent systematic review and meta-analysis. There is still 
room for generating more robust evidence before these procedures are adopted widely in routine practice.  
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Robotic Radical Cystectomy – The Evidence So Far 
                           Dr. Amandeep Arora, Dr. Mahendra Pal, Dr. Ganesh Bakshi 
 
Radical cystectomy (RC) with extended pelvic lymph node dissection (PLND), following neoadjuvant 
chemotherapy, is the standard of care for muscle invasive bladder cancer (BCa). This technically demanding 
surgery has traditionally been performed by the open approach (ORC). The last decade has witnessed the 
evolution of Robotic RC (RRC), initially with extracorporeal urinary diversion (ECUD) and later with an 
intracorporeal one (ICUD). Multiple single centre retrospective studies have shown that RRC is technically 
feasible, safe and associated with a lower rate of complications than ORC. 
 
Level 1 evidence for RRC 
The first randomized controlled trial (RCT) comparing RRC with ORC, was reported by Nix and colleagues 
in 2010.1 With 20 patients in each arm, their results showed that RRC was non-inferior to ORC with regards 
to the primary endpoint of lymph node (LN) yield (mean of 18 in RRC vs 19 in ORC). LN yield was 
considered to be a surrogate indicator of surgical quality and thus, this study provided evidence for safety 
and technical feasibility of performing RRC in a manner equivalent to the ‘gold standard  ’at that time – ORC. 
Median operative time was longer in the RRC arm (4.2 hrs vs 3.5 hrs), while the robotic approach fared 
better with regards to estimated blood loss (EBL) and analgesic requirement. The incidence of peri-operative 
complications was similar in both groups. 
 
This was then followed by an RCT from the MSKCC group in 2015, with a primary end-point of 90-day 
complications.2 Sixty patients were randomized to each arm, and the RCT failed to identify a significant 
benefit of RRC over ORC. The 90-day complication rate, length of hospital stay (LOS), pathological 
outcomes and quality of life outcomes at 3 and 6 months were similar across the two groups. The trial was 
criticized for not being reflective of the general patient population that undergoes RC, as only 8% of patients 
in both arms had T3/4 disease while around 55% patients in both groups had non-muscle invasive disease. 
Other limitations included little prior RRC experience of the surgeons and lack of assessment of immediate 
peri-operative morbidity in the study. 
 
The Cystectomy Open Robotic and Laparoscopic (CORAL) trial (2009-2012) was conducted at Guy’s 
Hospital, London and randomized 20 patients to each arm.3 The trial concluded that the 30-day complication 
rates were significantly different in the 3 arms – open 70%, robotic 55%, laparoscopic 26% (p=0.02). 
However, this difference was only observed in Clavien-Dindo I and II complications and the numbers were 
too few to draw any meaningful conclusions. In fact, the trial was terminated after an interim analysis failed 
to show any significant difference between the 3 arms with regards to 30-day major and 90-day overall 
complications. The group recently reported their 5-year oncological outcomes and found no difference in the 
3 arms. 4 
 
The above 3 RCTs were single centre studies with a small sample size. With a non-inferiority trial design, 
the RRC vs ORC in bladder cancer (RAZOR) trial provided the first multi-centre randomized evidence for 
the oncological efficacy of RRC.5 Across 15 centres in the US, 150 patients were included in each arm. The 
trial did not find any difference between the 2 approaches for its primary end-point of 2-year progression 
free survival (RRC 72.3% vs ORC 71.6%). RRC was associated with a comparable incidence of major 
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complications with an improvement over ORC in per-operative parameters like EBL and LOS. A meta-
analysis of the above 4 RCTs drew similar conclusions. 6 
 
The RAZOR trial recently reported their 3-year oncological outcomes which were similar with ORC and 
RRC. The longest follow-up period after RRC was reported by the International Robotic Cystectomy 
Consortium (IRCC) in 2019; 10-year recurrence-free, disease specific and overall survival rates were 59%, 
65% & 35%, respectively. Thus, there seems to be enough evidence for the oncological non-inferiority of 
RRC. However, a significant benefit with regards to peri-operative complications has not yet been 
demonstrated.  A common criticism of all these 4 RCTs is that the urinary diversion in all robotic cases was 
performed extra-corporeally. It is well known that the primary cause of peri-operative morbidity resulting 
from RC is not the cystectomy itself, but rather the reconstruction for the urinary diversion. An extra-
corporeal urinary diversion (ECUD) dilutes the benefit that the robotic approach offers during a cystectomy, 
and thus results in an unfair comparison with ORC. To this end, a UK multi-centre RCT (iROC) is underway, 
comparing ORC with RRC and intra-corporeal urinary diversion (ICUD) 7 The trial has completed accrual 
and its primary outcome is to compare the number of days alive and out of hospital (DAOH) within 90 days 
from surgery. This particular end-point takes into account both LOS and readmission, providing a more 
accurate estimate of post-operative morbidity. 

 
Current evidence for intra-corporeal urinary diversion 
All current evidence for ICUD comes from retrospective studies. In 2017, the IRCC published the largest 
reported data comparing ICUD and ECUD. 8 In their entire cohort of 2125 patients across 26 centres, 1094 
(51%) underwent an ICUD. Patients in the ICUD cohort had shorter operative times (357 vs 400 min), less 
EBL (300 vs 350 ml) and a lower rate of blood transfusions (4% vs 19%). The use of ICUD in RRC increased 
from 5% in 2005 to 97% in 2015. This increase was primarily noted for intracorporeal ileal conduits and to 
a lesser extent for intracorporeal neobladders. Patients with ICUD had a higher incidence of complications 
(57% vs 43%), especially in the first 30 days. However, the incidence of Clavien Dindo 3-5 complications 
with ICUD reduced significantly over time from 25% in 2005 to 6% in 2015. A recently reported meta-
analysis comparing ECUD and ICUD included a total of 6 retrospective studies (2593 patients) and reported 
similar outcomes. 9 This review noted that there was an initial delay in the adoption of ICUD due to the 
technical difficulties associated with intra-corporeal bowel resection, anastomosis and uretero-ileal suturing. 
However, most studies showed operating times with ICUD to be comparable to those of ECUD, suggesting 
that with increasing experience, the technical challenges of ICUD can be overcome. Another thing to note is 
that most reports of ICUD come from high volume centres and thus, the outcomes may not be generalizable. 
ICUD with continent cutaneous urinary reservoirs have also been described in the form of single institute 
case series. 
 
A large 3-way comparison of ORC, RRC with ECUD and RRC with ICUD was reported from the Cleveland 
Clinic. 10 RRC with ICUD was found to be associated with a lower 30 and 90-day complication rate compared 
to the other 2 groups. 
 
An intracorporeal neobladder substitution is more intricate than an ileal conduit diversion and should 
inherently be associated with a higher incidence of peri-operative complications. However, none of the 
studies on ICUD report a comparative analysis of the outcomes with an intracorporeal neobladder vs conduit. 
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Functional outcomes (continence, urodynamic findings, sexual function) with an intra-corporeal neobladder 
have been found to be similar to those reported with an extra-corporeal substitution. 11 

 
Cost implications 
Cost comparisons across studies are confounded by differences in the public and insurance systems between 
countries and assessment of indirect costs associated with complications and readmissions. In their RCT, 
Bochner and colleagues found significantly higher cost associated with RRC compared to ORC, which was 
mainly attributed to the equipment and longer operating times. 2 Finer analysis in a recent review showed 
that there was no difference in costs between ORC and RRC for high volume surgeons and institutions. This 
could be explained by lesser complications, shorter LOS and lower re-admission rate. 
 
Health Related Quality of Life (HRQoL) outcomes 
The above-mentioned trials have used various tools to assess HRQoL and found no difference between the 
ORC and RRC groups at 3 and 6 months.  A criticism of such HRQoL reporting is that it does not take into 
account the immediate post-operative differences between ORC and RRC; and also, does not throw light on 
long term outcomes. 
 
Evidence from India 
Ram et al. reported a non-randomized prospective cohort study comparing ORC (n=45) with RRC (n=125) 
across 2 centres from 2014-15. The type of reconstruction (ECUD vs ICUD) was not mentioned. RRC was 
found to be associated with less EBL, a shorter LOS and a lower complication rate (39% vs 54%). The LN 
yield with RRC was found to be significantly better than that with ORC (median 22 vs 19, p = 0.04). 12 

Conclusion : 
Like with any other surgical technique, RRC has gone through the spectrum of initial case series followed 
by retrospective studies, non-randomized prospective studies and finally RCTs over the last 10-15 years. We 
have level 1 evidence for the technical feasibility, oncological equivalence and safety of performing a RRC. 
We have not yet been able to demonstrate a true benefit of RRC over ORC in terms of peri-operative 
morbidity. But this is largely due to the fact that the published RCTs used ECUD which mitigated the benefit 
of a minimally invasive cystectomy. A multicentre trial evaluating ICUD (iROC) is ongoing and its results 
are eagerly awaited. 
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Robotics in Rectal Cancer 
            Dr. Muffaddal Kazi, Dr. Avanish Saklani 

 
One of the reasons why certain trials that compared laparoscopic and open resections had negative results 
was that they included a higher proportion of low rectal cancers. Very low in the pelvis, it becomes 
exceedingly difficult for non-articulating instruments to perform intricate dissection, thus increasing 
conversions to open surgery and inadequate total mesorectal excision (TME) quality. These problems are 
compounded by neo-adjuvant radiation, narrow male pelvis and obesity. The robotic platform was expected 
to overcome some of these hurdles by wristed movements, 3D vision, seven degrees of freedom, tremor 
filtration and a stable optical system under the control of the operator.  
 
The validity of this hypothesis was supported by multiple non-randomized studies. The national cancer 
database (NCDB) comparison demonstrated a 9.5% conversion rate for robotic resection versus 16.4% for 
laparoscopic surgery 1. In terms of pathological quality, a small randomized controlled trial (RCT) of 163 
patients exhibited high quality TME specimen for both robotic and laparoscopic proctectomy 2. Few cohort 
studies have reported on the oncological equivalence of robotic and laparoscopic resections. A 3 year LR of 
2.7% for robotic and 6.3% for laparoscopic surgery (p – 0.42) with similar DFS and OS was reported from 
two single institution studies 3,4.  
 
All trial comparing laparoscopic to open resection in the long term showed similar oncological outcomes 
with short term benefits of reduced pain, early ambulation and discharge. However, apart from the COREAN 
study, they were associated with high conversion rates to open surgery ranging from 10 to 34 percent 5. The 
laparoscopic arm in the COLOR 2 trial demonstrated improved outcomes for low rectal cancer compared 
with open surgery, while mid rectal cancers had suboptimal outcomes in the laparoscopic arm 6. Studies that 
compared laparoscopic and robotic rectal resections showed similar short term outcomes but lower 
conversion rates in the robotic group which laid the basis for the ROLARR trial, the only randomized study 
comparing robotic and laparoscopic rectal resections 7.  
 
In the ROLARR trial, the primary end point was the conversion rate while pathological and quality of life 
parameters were secondary outcomes. Conversion rate was lower in the robotic surgery arm without 
statistical significance, 8.1% vs. 12.2% (OR – 0.61 p - 0.12). Similar CRM positivity and TME quality was 
noted in both groups. The trial began accruing when data only from MRC CLASSIC trial was available, 
where conversion rates for laparoscopic surgery was 34%. Trial design was based on these assumptions, 
which is why the difference in conversion rates did not reach statistical significance in this superiority study 
design. In a subset analysis, a higher BMI led to more conversions in the laparoscopic group. (OR – 16.1; p 
- <0.001) This suggests the potential role for robotic resection, where visibility and manipulation in the low 
pelvis becomes an obstacle. Similarly, male patients had higher conversions with laparoscopic resections 
(OR – 6.9; p- 0.04).  Lastly, when the intended procedure was sphincter preservation for low cancers rather 
than an abdominoperineal excision, laparoscopic cohorts experienced higher conversion (OR – 7.2; p – 
0.007). All of these 3 variables reflect in essence the same point that intricate dissection with precision is 
possible with greater comfort using the robotic platform. With regards to the secondary end points in the 
trial, there were no differences in pathologic margin positivity, TME quality, complications or quality of life 
at 6 months. Some retrospective studies also described early recovery of urinary and sexual outcomes which 
could not be confirmed by this trial. Another trial with similar study design has completed accrual whose 
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results are awaited. The COLRAR trial compares robotic and laparoscopic resections with primary outcomes 
being completeness of TME and pathologic CRM positivity. 
 
Another caveat of the ROLARR trial was that even though majority of the surgeons were experienced 
laparoscopists, they were still in the learning phase of robotic surgery. With increasing experience, the 
pathological results as well as conversion rates have reduced further 8. A secondary analysis of the same trial, 
to adjust for the learning curve of a relatively new procedure for the surgeons involved (robotic TME) against 
an established standard for which the participating operators are skilled, was performed. The learning effects 
model suggested that increasing robotic experience and not laparoscopic experience reduced the odds of 
conversion to open surgery 9. This however, does not imply that the laparoscopic learning curve is shorter or 
that the number of operations performed laparoscopically has no bearing on conversions. Rather, this may 
be due to the recruitment of already skilled laparoscopic surgeons in the trial.  
  
More complex operations are possible with the robotic platform with ease. These include lateral pelvic node 
dissection 10-12, extended TME 13 and beyond TME or exenterative procedures 14,15. Lastly, intra-corporeal 
suturing, which remains the greatest hurdle in laparoscopic surgery, is effortlessly performed robotically 
allowing creation of urinary conduits and urinary anastomosis after pelvic exenteration 16,17.  
 
However, the availability of the robot and the cost implications limit the universal applicability of the robot 
to all rectal resections in India 18. Thus, its use has to be triaged to complex, multi-visceral and extended 
resections and possibly for male patients with high BMI and narrow pelvis with low tumours planned for 
sphincter preservation. Overall, expenditure will undoubtedly reduce with time and the indications for the 
use of robot are likely to expand with emergence of competing robotic developments and wider availability 
of the machine. 
 
Level I evidence currently has given conflicting reports regarding superiority of robotic over laparoscopic 
resections while Level IV evidence suggests pathological and oncological equivalence of robotic and 
laparoscopic resections. Selective use of the robotic platform by experienced surgeons for low rectal cancers, 
high BMI and male patients, especially for sphincter preservation can be considered after deliberation on 
patient preferences and costs. Robotics provide a unique avenue to perform more complex resections 
including lateral pelvic node dissection, extended and beyond TME operations.  
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Robotic Radical Hysterectomy in Early Cancer Cervix – 
Current Evidence 

Dr. Shylasree TS, Dr. Stuti Gupta 
 
Radical hysterectomy to treat early-stage cervical carcinoma is an anatomically complex operation. Crucial 
steps involve lateralization of ureters for resection of adequate parametrium and vaginal margins, ligation of 
the uterine artery and many veins (uterine, vesical, parametrial) which wrap the pelvic ureter all along its 
course and sparing the pelvic autonomic nerves wherever indicated. All the above mentioned steps need a 
clear understanding of surgical anatomy, vascular variations and an adequate surgical learning curve.  
 
Minimally invasive surgery (MIS) for early stage cervical cancer evolved with   the implementation of 
laparoscopy in 1991, but gained standardization and popularity globally in the last one and a half decades.  
The introduction of robotic surgery in many centres in the last decade brought in advantages over 
conventional laparoscopy such as camera stabilization, better ergonomics, wristed instrumentation, tremor 
filtration, and flattened the learning curve. The 3D camera giving better depth perception and the intuitive 
nature of robotic surgery reduced conversion rates especially for morbidly obese women.  
 
Advantages of MIS surgery over open surgery include a magnified view of pelvic anatomy including 
identification of nerves forming the hypogastric plexus, early postoperative recovery and return to work. For 
the past two decades, multiple retrospective publications have reported the feasibility, advantages, and 
oncologic safety of MIS approach for radical hysterectomy (1,2,3,4). Although randomized trials evaluating 
oncologic safety were lacking, surgeons throughout the world adopted MIS to treat patients with FIGO 2009 
stage I to IIA cervical carcinoma. 
 
However, two recent publications in 2018 in NEJM (the LACC trial and a SEER database analysis in United 
States) demonstrated higher rates of recurrence and death in patients that underwent MIS radical 
hysterectomy for stage 1 < 4cm tumour (5,6). In this trial 4.5 years DFS in the MIS arm in the intention-to-
treat population was 86.0% compared with 96.5% for open surgery and hazard ratio for overall survival was 
3.74 in favour of open surgery. The inferior oncological outcomes were not seen in <2cm tumours, even 
though the study was not statistically powered to come to conclusions based on size of tumour. Quality of 
life was not significantly different between open and MIS group at 6 weeks and 3 months post-surgery in 
trial patients (7). 
 
On November 13, 2018, the Society of Gynaecologic Oncology (SGO) issued a statement to its members 
summarizing the LACC trial findings and encouraged Gynaecologic oncologists to consider all available 
data when counselling patients (8).  Subsequently, a number of retrospective studies (9,10,11,12,13) 
corroborated these findings, resulting in a recent modification of the NCCN and European Society of 
Gynecological Oncology (ESGO) guidelines stating that the open approach for radical hysterectomy is the 
preferred approach. In 2019, ESGO conducted a survey named “after LACC trial” in which one in two 
surgeons had changed their surgical approach from MIS to open (14).  
 
There are however a few shortcomings which the LACC trial failed to answer adequately. Vast majority of 
the patients were recruited from centres where the training (and performance) of radical hysterectomy had 
not been standardized with majority of recurrences concentrated in 14 out of the 33 recruiting centres (15). 
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The trial’s pre-requisite criteria of, number of cases (10 cases) to achieve proficiency in performing radical 
hysterectomy, might have been under estimated. Trial recruitment was very slow in the initial period of the 
study. Also the annual number of operable cervical cancers treated in each institution and each surgeon was 
not clear. Other probable reasons cited for poor oncological outcomes with MIS were use of a uterine 
manipulator, prolonged steep Trendelenburg position and intracorporeal vaginal colpotomy in the setting of 
high-pressure pneumoperitoneum contributing to dissemination of tumour cells in the peritoneal cavity.  
 
It may not be appropriate to combine the results of radical hysterectomy performed by traditional (straight-
stick) laparoscopy with those of robotic procedures. Extrapolation of LACC study to discourage the use of 
robotic radical surgery may not be appropriate, because only 15.6% patients in the MIS arm underwent 
robotic surgery. The anatomic and physiologic considerations concerning radical hysterectomy are complex, 
and the robotic surgical platform may potentially facilitate achieving clear margins and adequate parametrial 
resection for many MIS surgeons.  
 
Recently large population based retrospective studies from Denmark, Sweden and Netherlands failed to show 
differences in disease-free survival and overall survival between   open vs minimally invasive approach. 
(16,17,18).  
 
SUCCOR study is a recent European, multicentre, observational, retrospective, cohort study in which 1272 
patients who underwent radical hysterectomy by open or MIS technique for stage IB1 cervical cancer (FIGO 
2009) from 2013 to 2014 (19) were evaluated. Overall, the risk of recurrence and death for patients who 
underwent MIS surgery was twice as high as that in the open surgery group.  But patients who underwent 
MIS surgery with protective vaginal closure methods and without the use of uterine manipulator had similar 
rates of relapse compared to those who underwent open surgery. This outcome particularly pertained to 
tumours >2 cm in diameter. 
 
Taking patients from SUCCOR study database, Chacon E et al analysed the protective effects of cervical 
conization prior to radical hysterectomy (20). Patients who had cervical conization had 72 % reduction in 
risk of relapse and 90% decrease in risk of death and this effect was more evident in those with tumours 2-4 
cm in size or in those operated via MIS. This observation might throw light on the fact ‘why  cancers such 
as endometrium and bowel have shown non inferior oncological outcomes with MIS compared to cervix’. 
Cancer at these sites is located inside the walls of the organ as opposed to a friable cervical cancer which is 
open and gets exposed to peritoneal cavity during colpotomy’.  Safe practices such as avoiding uterine 
manipulator/vaginal colpotomy/ preoperative cervical conization to prevent tumour spill might prevent 
peritoneal recurrences but this needs to be proved. 
 
At present, there are two prospective randomized trials exploring the role of MIS in patients with cervical 
cancer. The first is the RACC trial (Robotic assisted approach to cervical cancer), a Swedish multicentric 
prospective trial comparing robotic vs open surgery for the treatment of early-stage cervical cancer (21). The 
use of uterine manipulator is not allowed, and the closure of the vagina before colpotomy is recommended 
but not mandatory. The second trial is a multicentre randomized controlled trial designed in China by Chao 
et al (22). In their protocol, the use of uterine manipulator and the method of vaginal excision is to be 
reported. There is a third trial also called the ‘ROCC trial’ in development stage through GOG addressing 
the role of MIS in cervical cancer.  
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In conclusion, in view of the recent evidence, open approach to radical hysterectomy is the preferred 
approach and patients should be appropriately counselled before offering MIS. Audits on oncological 
outcomes in individual centres should dictate the route of surgery both open and MIS with adequate 
counselling and follow up till robust data on technique and technology is available. 
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