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PART B – TECHNICAL DETAILS 

1 Title of the dissertation Intraoperative near infrared  guided 

surgery using indocyanine green (ICG) 

for identification of positive margins in 



oral squamous cell carcinoma – A 

Diagnostic accuracy test 

2 Introduction  

A. Problem statement  Oral squamous cell 

carcinoma (OSCC) is the 

most common cancer in 

India. Current methods of 

intraoperative margin 

assessment including frozen 

section and intra-operative 

ultrasound are labor 

intensive and time 

consuming. Hence new 

techniques for detection of 

tumor margins using 

molecular imaging are 

necessary. There is limited 

literature evident regarding 

use of molecular imaging in 

OSCC when compared to 

other cancers like breast, 

ovarian, hepatocellular and 

sarcomas. 

 

B. Rationale  India has the largest number of 

oral cancer cases and one-third 

of the total burden of oral cancer 

globally. Oral cancer poses a 

serious health challenge to the 

nations undergoing economic 

transition. In India, 

around 77,000 new cases and 

52,000 deaths are reported 

annually, which is 

approximately one-fourth of 

global incidences.  

 

 Globocan 2018 data reveals that 

oral cancer is the most common 

cancer in india amongst men 

(16.1% of all cancers) and 

second most common cancer in 

india amongst women (10.4% of 

all cancers). 

 Findings from case-control 

studies have suggested that 

around 80-90% of oral cancers 



are directly attributable to 

tobacco use. 

 There is a large proportion of 

oral cancer patients in the North 

Karnataka geographical area 

reporting to our unit mainly due 

to the adverse habit of tobacco 

chewing. 

 Current methods of 

intraoperative margin 

assessment including frozen 

section and intra-operative 

ultrasound are labor intensive 

and time consuming, 

 Advanced methods like 

molecular imaging has been used 

to detect human ovarian and lung 

cancers, hepatocellular 

carcinoma and sarcomas. 

 However, there are very few 

studies in literature regarding 

OSCC 

 

 

C. Novelty  India has the largest number of 

oral cancer cases and one-third 

of the total burden of oral cancer 

globally. There is a large 

proportion of oral cancer patients 

in the North Karnataka 

geographical area reporting to 

our unit mainly due to the 

adverse habit of tobacco 

chewing. 

 Conventional methods of 

intraoperative visual inspection 

and palpation may not be 

accurate in detecting positive 

margins. 

 Hence to identify intraoperative 

cancer margins newer methods 

like molecular imaging is 

required using Indocyanine 

green(ICG) dye and Near 

infrared(NIR) cameras. 

D. Expected outcome and application  Molecular imaging using 

intraoperative ICG and NIR 

camera will detect positive 



margins after resection of tumor 

and will thereby improve the 

prognosis and quality of life of 

the patients. 

3 Research question(s)  Will intraoperative NIR imaging 

using ICG detect positive tumor 

margins? 

4 Research hypothesis (es), if any Null hypothesis: There will be no 

difference in diagnostic accuracy in 

detecting positive margins in the 

“Molecular imaging using 

intraoperative ICG-NIR camera 

method” compared to the conventional 

method.  

 

Alternate hypothesis: There will better 

diagnostic accuracy in detecting positive 

margins in the “Molecular imaging 

using intraoperative ICG-NIR camera 

method” compared to the conventional 

method.  

 

 

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

A. To identify intraoperative 

positive margins during the 

procedure 

 

6 1. Review of literature 1. Marcus J. Brookes et al states 

that Sarcomas are rare, 

aggressive cancers which can 

occur in any region of the body. 

Surgery is usually the 

cornerstone of curative 

treatment, with negative surgical 

margins associated with 

decreased local recurrence and 

improved overall survival. 

Indocyanine green (ICG) is a 

fluorescent dye which 

accumulates in sarcoma tissue 

and can be imaged 

intraoperatively using handheld 

near-infrared (NIR) cameras, 

theoretically helping guide the 

surgeon’s resection margins. 

This study demonstrates that, not 

only is the use of ICG for NIR 

fluorescence guided surgery 

feasible in high grade sarcomas, 

but that it may reduce the 

unexpected positive margin rate. 

2. Jane Keating, Julia Tchou, et al 



states Current methods of 

intraoperative breast cancer 

margin assessment are labor 

intensive, not fully reliable, and 

time consuming; therefore novel 

strategies are necessary. They  

hypothesized that near infrared 

(NIR) intraoperative molecular 

imaging using systemic 

indocyanine green (ICG) would 

be helpful in discerning tumor 

margins. Traditional margin 

assessment identified 30% of 

positive margins while NIR 

imaging identified 90% of 

positive margins. In their clinical 

trial, all tumors were detected by 

NIR imaging and there was 

fluorescent evidence of residual 

tumor in the tumor bed in 6 of the 

12 patients. None of these 

patients had positive margins on 

pathology 

3. According to Antoine Digonnet,  

Sophie van Kerckhove, Michel 

Moreau,  Esther Willemse, 

Marie Quiriny, Bissan Ahmed,  

Nicolas de Saint Aubain,  Guy 

Andry, Pierre Bourgeois, 

Indocyanine green (ICG) has not 

been studied during therapeutic 

lymph node dissections after 

intravenous injection. The 

purpose of this study was to 

explore the distribution of ICG 

in lymphatic nodes during neck 

dissection Mean fluorescence of 

invaded nodes was 22.6 AUs 

(SD 5 24.9) and 3.9 AUs (SD 5 

8.1) in negative nodes (p 5 .016). 

After adjustment for the size of 

the node, the risk of invasion 

when fluorescence was observed 

was 12.2 (95% confidence 

interval [CI] 5 5.3–28.2; p < 

.0001).  This study demonstrates 

the feasibility of ICG to bring a 

contrast during surgery between 

healthy and invaded nodes after 

i.v. injection 

4. A study of Joost R.van der 

VorstaBoudewijn 

https://www.sciencedirect.com/science/article/abs/pii/S136883751200245X#!
https://www.sciencedirect.com/science/article/abs/pii/S136883751200245X#!
https://www.sciencedirect.com/science/article/abs/pii/S136883751200245X#!


E.SchaafsmaaFloris 

P.R.VerbeekaStijnKeereweerdJe

roen C.JansenbLilly-Annvan der 

VeldenbAntonius 

P.M.LangeveldbMerlijnHuttema

naClemens 

W.G.M.LöwikcCornelis J.H.van 

de VeldeaJohn 

V.FrangioniefAlexander 

L.Vahrmeijera states that 

Elective neck dissection is 

frequently performed during 

surgery in head and neck cancer 

patients. The sentinel lymph 

node (SLN) procedure can 

prevent the morbidity of a neck 

dissection and improve lymph 

node staging by fine pathology. 

Near-infrared (NIR) 

fluorescence imaging is a 

promising technique to identify 

the sentinel lymph node (SLN) 

intraoperatively. This feasibility 

study explored the use 

of indocyanine green adsorbed 

to human serum 

albumin (ICG:HSA) for SLN 

mapping in head and neck cancer 

patients. In all 10 patients, NIR 

fluorescence imaging enabled 

visualization of one or more 

SLNs. A total of 17 SLNs were 

identified. The mean contrast 

between the fluorescent signal of 

the lymph nodes and of the 

surrounding tissue was 8.7 ± 6.4. 

In 3 patients, of which 1 was 

false-negative, lymph node 

metastases were found. After 

administration of ICG: HSA, the 

average number of fluorescent 

lymph nodes significantly 

increased over time. 

This study demonstrated 

feasibility to detect draining 

lymph nodes in head and neck 

cancer patients using NIR 

fluorescence imaging. However, 

the fluorescent tracer quickly 

migrated beyond the SLN to 

higher tier nodes. 
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5. Marius G Bredell states that: 

Sentinel lymph node (SLN) 

detection and biopsy is gaining 

popularity in the treatment of 

Head and Neck cancer. Various 

methods in this regard have been 

described, each with their 

respective advantages and 

disadvantages. The aim of this 

paper was to evaluate the 

potential application of 

Indocyanin Green (ICG) in the 

mapping and detection of 

sentinel lymph nodes (SLN) in 

cancers of the head and neck. : 

Detection of cervical SLN was 

only possible when 5 mm or less 

tissue covered the sentinel lymph 

node. Accurate and clear 

detection of the lymph drainage 

pattern and SLN was possible. 

There is some uptake in other 

tissues such as the 

submandibular gland which is 

easily distinguishable from 

lymphatic tissue. : Indocyanin 

green fluorescence is a potential 

valuable potential tool in the 

detection of SLN in patients with 

oropharyngeal cancer which 

warrants further investigation 

6. In the study done by Junkichi 

Yokoyama* Mitsuhisa 

Fujimaki* Shinichi Ohba 

Takashi Anzai Ryota Yoshii 

Shin Ito Masataka Kojima 

Katsuhisa Ikeda In order to 

minimize surgical stress and 

preserve organs, endoscopic or 

robotic surgery is often 

performed when conducting 

head and neck surgery. 

However, it is impossible to 

physically touch tumors or to 

observe diffusely invaded deep 

organs through the procedure of 

endoscopic or robotic surgery. In 

order to visualize and safely 

resect tumors even in these 

cases, we propose using an 

indocyanine green (ICG) 

fluorescence method for 



navigation surgery in head and 

neck cancer. Objective was to 

determine the optimum surgical 

time for tumor resection after the 

administration of ICG based on 

the investigation of dynamic 

ICG fluorescence imaging. ICG 

fluorescence imaging is effective 

for the detection of head and 

neck cancer. Preliminary 

findings suggest that the 

optimum timing for surgery is 

from 30 minutes to 2 hours after 

the ICG injection 

7. According to Vanessa C. Stubbs 

, Samantha Jaffe , Karthik 

Rajasekaran , Steven B. Cannady 

, Rabie M. Shanti, John Y. K. 

Lee and Jason G. Newman, 

While optical imaging with near-

infrared (NIR) fluorescent dye 

has been used in oncologic 

surgery, its use in the head and 

neck has not been 

established.They aimed to 

evaluate the feasibility of using 

NIR to visualize primary tumor 

and regional metastasis in head 

and neck malignancy. This study 

supports NIR optical imaging 

with ICG infused a day prior to 

surgery for intraoperative 

visualization of primary head 

and neck lesions. 

8. Nilda Sütay Süslü1  · 

Oğuzhan Katar1  · Murat Tuncel 

states that Neck dissection (ND), 

whether therapeutic or elective, 

is an essential component of the 

treatment of head and neck 

squamous cell carcinoma 

(HNSCC). Due to altered 

anatomy and fbrosis caused by 

initial treatments, surgeons face 

challenges during salvage ND. A 

combination of Technetium-

99 m and indocyanine green 

(ICG) previously used in the 

sentinel lymph node (SLN) 

biopsy for oral cavity cancers, 

may be useful in diferent types of 

neck surgeries. We aimed to 



show the additional advantage of 

this combination in detecting 

HNSCC and thyroid cancer 

recurrences, as well as individual 

lymphatic drainage in elective 

ND. Among all 14 patients in 

NS-ROLL group, recurrent 

diseases, hidden behind tissues 

were 100% successfully 

localized. In ND-SLNS group, 

238 lymph nodes were 

harvested, metastasis rate was 

31.3% (10/32) in sentinel nodes. 

SLNS revealed 100% accuracy 

in detecting metastasis in 

clinically N0 neck (10/238). 

Contralateral lymphatic drainage 

was observed in three patients 

(lateral-sided oral cavity SCC). 

In two patients (floor of mouth), 

three sentinel nodes were 

detected by NIR only. 

Conclusion The use of ICG-

radiotracer provides additional 

value in disease removal for both 

primary and recurrent tumors of 

the head and neck 

9. A review done by Zhe Fan 

Jingjing Zong, Wan Yee Lau , 

Yewei Zhang: Indocyanine 

green (ICG) is an amphiphilic 

dye, which has been used as a 

diagnostic agent for decades. It is 

becoming increasingly utilized 

for the diagnosis and treatment 

of several diseases. Primary liver 

cancer is a common malignancy, 

particularly in China. We review 

the published literature 

describing how ICG plays 

increasingly important roles in 

the diagnosis, surgical planning 

and treatment of hepatocellular 

carcinoma. ICG is a safe, 

increasingly utilized diagnostic 

reagent that can be used to 

outline HCC in situ and evaluate 

liver function. It plays a vital role 

in HCC surgical mapping. Some 

nanoparticles that have the 

potential to treat HCC have been 

fabricated based on ICG. Future 



research and subsquent 

development of nanometerials to 

specifically treat HCC are 

needed 

10. Gabriel Liberale, Ali Bohlok, 

Anne Bormans, Fikri Bouazza, 

Maria Gomez Galdon, Issam El 

Nakadi, Pierre Bourgeois, 

Vincent Donckie states that 

Indocyanine green fluorescence-

imaging (ICG-FI) has emerged 

as a potential tool for increasing 

the accuracy of staging of 

patients with primary colorectal 

cancer (CRC) through the 

detection of sentinel lymph 

nodes (SLNs). Here, we report 

the results of a systematic review 

of the available literature in the 

clinical setting of ex vivo and in 

vivo ICG-FI for the detection of 

SLNs in primary colorectal 

cancer. PubMed, Scopus, and 

Cochrane literature databases 

were searched for original 

articles on the use of ICG in the 

setting of clinical studies of CRC 

ICG-FI for SLN detection in 

patients treated for primary 

colorectal cancer has been 

clearly demonstrated to be a safe 

and feasible technique with a 

detection rate of 65.5% to 100% 

for colon cancer and 28% to 92% 

for rectal cancer [28-37]. 

However, ICG-FI for SLN 

detection has not yet been shown 

to perform better than the 

standard blue dye technique in 

terms of sensitivity. 

7 2. Methodology  

A. Study design A Diagnostic accuracy test 

B. Study participants (human, animals or both) Human 

i.          Inclusion criteria 

 

 

 

 

 

1. Incisional Biopsy proven cases 

of oral squamous cell carcinoma 

and planned for surgical 

resection of tumour 

 

 



 

 

 

ii. Exclusion criteria 

 

 

 

 

 

iii. Withdrawal criteria, if any (trial-related 

therapy, follow-up and documentation are 

terminated prematurely as it is indicated to 

ensure safety of the participants)   

iv. Rescue criteria, if applicable (starting 

symptomatic therapy either to control 

symptoms of disease or to overcome lack of 

adequate efficacy of the study drug or placebo)                                                                 

v. Number of groups to be studied, identify groups 

with definition 

 

 

 

1. Previously treated case of 

OSCC with recurrence 

2. Patient with known allergy to 

iodine or any contrast media 

3. Patient with Renal disorders 

 

 

 

1. Allergic reactions to the dye 

 

 

In case of allergic to the dye 

administer  

INJ HYDROCORTISONE 100mg 

IV 

INJ AVIL 25mg IV  

 

 

 

One 

C. Sampling  

a. Sampling population 

 

 

 

 

 

b. Sample size calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Incisional Biopsy proven case of oral 

squamous cell carcinoma and planned 

for surgical resection of tumour visiting 

SDMCFU 

 

 

Sample size- All the incisional biopsy 

proven case of OSCC visiting SDMCFU 

from 2022 to 2024 

N Master 2.0 

Diagnostic Test - Comparing the 

sensitivity of the new test with reference 

test 

Sensitivity of the new  test (%) = 5 

Sensitivity of the reference  test (%) = 25 

Both values taken from a study by 

Brookes et.al., 2021 

Difference  = 20 

Power (%) = 80 

Alpha Error (%) = 5 

sided = 2 

No. of diseased subjects needed = 4 



 

 

 

 

 

 

 

 

c. Sampling technique 

 
 

  

 

 

None 

D. Randomization details (for interventional 

studies)- Intervention details with standardization 

techniques (drugs / devices / invasive procedures 

/ noninvasive procedures / others) 

None 

E. Ethical Clearance from the Institution’s Ethics 

Committee Obtained? 

Obtained 

F. Study procedure  The demographic data 

and habits will be 

recorded. 

 All the patients will be 

subjected to thorough 

clinical examination and 

site of the primary lesion 

will be recorded. 

  Incisional Biopsy report 

of the patients 

documented. 

 All the preoperative 

reports are verified 

including urea 

,creatinine, albumin and 

globulin value to assess 

the renal function and 

liver function 

 Administration of 

Indocyanine green dye is 

done 16- 24 hours before 

the procedure using 

intravenous route under 

supervision in ICU and 



patient is closely 

monitored 

 Dose of ICG is calculated 

as 1mg/kg body weight 

(maximum 

recommended dose is 

2mg/kg body weight 

 This agent has a half-

life of 150 to 180 

seconds, is removed 

exclusively by the liver 

from circulation to bile 

juice and has no effect 

on urine output 

 The dye has no effect 

cellular morphology 

and does not affect 

histopathological 

report 

 On the day of surgery, 

before surgeon starts the 

procedure, pre-operative 

pictures are taken using 

NIR camera 

 The surgery is done and 

tumor resection is carried 

out. Using near infrared 

camera pictures are 

clicked and assessed for 

positive margins 

 After resecting the tumor 

Pictures of both the 

resected specimen and 

the surgical site is taken 

to check for the margins 

G. Data collection methods including settings and 

periodicity 

 The data will be collected and 

assessed through a series of 

pictures taken through NIR 

camera both during preoperative 

and intraoperative period. The 

results obtained from the images 

will be verified through the 

histopathological report 

obtained through frozen sections 

sent during the intraoperative 

period. All the data will be 

collected on the day of surgery. 

H. List of statistical tests to be used for data analysis Tests to used 

 

1. Sensitivity 

2. Specificity 

3. Positive predictive value 



4. Negative predictive value 

5. Diagnostic accuracy 

6. Measure of agreement 

 

For measure of agreement, p-value less 

than 0.05 will be considered as 

statistically significant. 

I. If it’s a Clinical Trial: Clinical Trials Registry of 

India or equivalent registration number to be 

mentioned 

 

8 3. List risks and benefits of the study  Risk- Allery to dye 

 Benefits – positive margins will 

be assessed intraoperatively and 

hereby prognosis will be 

improved 

                                                              

m 
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6. Declarations/Remarks by the Guide Oral cancer has been a burden in 

developing country like India, especially 

in our North Karnataka geographical 

area mainly attributed to tobacco usage. 

There have been very few literature 

regarding the above mentioned study. 

This study will increase the prognosis 

and overall survival of the patient. 

Hence I declare that this study will be 

beneficial to the large number of oral 

cancer patients and will have a positive 

impact on the society. 

 

 

 

 

 

 



 

 

 

 



 

 



 
  

Department of Oral and Maxillofacial Surgery  

S.D.M. College of Dental Sciences & Hospital  

  Sattur, Dharwad-580009  

  

PATIENT INFORMATION SHEET  

  

STUDY TITLE: INTRAOPERATIVE NEAR INFRARED  GUIDED SURGERY USING 

INDOCYANINE GREEN (ICG) FOR IDENTIFICATION OF POSITIVE MARGINS IN ORAL 

SQUAMOUS CELL CARCINOMA – A DIAGNOSTIC ACCURACY TEST 
  

RESEARCHER – Dr TEJASWINI M (Post graduate, Dept. of Oral and Maxillofacial Surgery )   

  

GUIDED BY- Dr. DEEPTHI SHETTY ( Additional Associate Professor, Dept. of Oral and Maxillofacial surgery)   

  

INVITATION   

You are being invited to take part in a research study. Before you decide it is important for you to 

understand why the research is being done and what it will involve. Please take time to read the following 

information carefully and discuss it with others if you wish. Ask us if there’s anything that is not clear or if 

you would like more information. Take time to decide whether or not you wish to take part in it.   

Thank you for reading this information.   

  

What is the purpose of the study?   

Our research aims to identify and assess the  intraoperative positive margins  using indocyanine green dye( 

ICG) and near infrared(NIR) camera during resection of the tumor, which aims to improve the prognosis and 

hence the quality of life of the patient   

  

Why have I been chosen?   

You have been invited to take part in this study because you are incisional biopsy proven case of oral 

squamous cell carcinoma  who has been planned for the surgical resection of the tumor and fits into the 

inclusion criteria of the study. 

  

Do I have to take part?  

Participation is entirely voluntary; if you decide to take part you will be given a copy of this information 

sheet and asked to sign a consent form. A decision to withdraw or not to take part will not affect the 

standard of care you receive.  

  



What will happen to me if I take part?   

If you decide to take part, you will be planned for intravenous administration of ICG dye prior to surgery 

which is a safe dye. Renal and hepatic function of the individuals will be assessed .A test dose of 0.5ml will 

be injected subcutaneously and monitored for any allergic reactions followed by intravenous 

administrations .Later, on the surgery day series of pictures will be taken to check for residual tumor 

margin, which will help us to reduce the chance of recurrence and hereby improve the prognosis 

  

Is any side-effect there?   

As long as patient is a known case of renal or hepatic disease the dye does not interfere with body. It is a 

safe dye which used for medical diagnostic purpose like angiography  and ophthalmological surgeries and is 

known to cause no any allergic reactions to normal individuals. It is avoided in patients with known allergy 

to iodine who are also in exclusion criteria of this study 

 

  

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

   

INFORMED CONSENT FORM 

STUDY TITLE - Intraoperative near infrared  guided surgery using indocyanine green (ICG) 

for identification of positive margins in oral squamous cell carcinoma – A Diagnostic 

accuracy test 

  

Dr. TEJASWINI M 

Post-graduate student 

                 Department of Oral and Maxillofacial Surgery 

SDM College of Dental Sciences and Hospital, Dharwad 

 

  

  

INFORMED CONSENT TO PARTICIPATE IN THE STUDY   

  

Patient’s Name:   

  

Address:    

  

Reg No:    

  

I have been informed regarding the purpose of the study being conducted in this institution.   

  

I understand my identity will remain confidential.  I agree for administration of intravenous 

Indocyanine Green dye and to capture picture using near infrared camera 

  

Dr. Tejaswini M has informed me that outcomes of the above mentioned study are may directly or 

indirectly influencing my treatment and in a beneficial manner 

  

  

Patient’s signature/thumb impression                                Date                  



  

                                                                                             
 

 

 

UNDERTAKING FOR RESEARCH 

(To be filled by the Principal Investigator) 

 

I, Dr.Tejaswini M, the undersigned voluntarily and unreservedly agree that the research project 

titled INTRAOPERATIVE NEAR INFRARED  GUIDED SURGERY USING 

INDOCYANINE GREEN (ICG) FOR IDENTIFICATION OF POSITIVE MARGINS IN 

ORAL SQUAMOUS CELL CARCINOMA – A DIAGNOSTIC ACCURACY TEST  

conducted in the Department of _Oral and maxillofacial surgery will follow the below mentioned 

guidelines whenever the research is sent for publication or presentation. 

 

 The name of the Institute and University will always be mentioned/acknowledged as SDM 

College of Dental Sciences and Hospital, a constituent unit of Shri Dharmasthala 

Manjunatheswara University. 

 The name of the guide and any person having contributed for the study or manuscript preparation 

will be mentioned appropriately. 

 The author(s) for a publication arising out of the research project will be listed as per ICMJE 

guidelines (http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-

the-role-of-authors-and-contributors.html). 

 A co-author/guide employed at the SDMCDS&H should preferably be the corresponding author 

for publication if and when I am not associated with the SDMCDS&H. 

 The above mentioned criteria will be applicable for the publication or presentation of not only the 

complete study but also for a part or section of the study. 

Place: Dharwad, Karnataka 

                                                                                                      

Date: 29th July 2022                                                                     Signature  

 

 



 

 

 

 


