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Abstract  

 
Feasibility of Interstitial Ex-vivo Mammary Autofluorescence 

Microendoscopy 

Dena Monjazebi 

 Master of Science 

 Biomedical Physics, 2016  

Ryerson University 

In the past decades our knowledge of breast cancer has been rapidly evolving yet the basic 

paradigm of diagnosis and treatment of cancer has not. In cancer diagnosis, presentation of breast 

cancer can be a palpable lump or a suspicious mass on screening imaging, namely a 

mammogram. However, malignancy will be ascertained by tissue biopsy if needed. Biopsy is the 

gold standard breast cancer diagnostic test. Biopsy sampling is invasive, painful and costly. In 

addition, when the interpretation of current imaging modalities is not concordant with pathology 

results the biopsies may have to be repeated. Microendoscopy autofluorescence (AM) is a 

method of acquiring images directly from the tissues that contain fluorescent susceptible 

molecules (fluorophore). Studies of endoscopy in colon and esophagus showed that AM imaging 

is capable to recognize malignancy and can be utilized to discriminate between normal tissue and 

tumor. Additionally, it has been shown that, AM was able to differentiate cancer versus normal 

cells when a microendoscope was inserted into a breast duct. The main purpose of this study is to 

investigate if the same contrast exists if AM applied interstitially into the ex-vivo mastectomy 

breast tissues. This is a feasibility study to explore if interstitial AM has the potential to be 

coupled with breast cancer imaging diagnostics to provide better discrimination of the 

characteristics of the target tissue inside. The success in this approach could significantly reduce 
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the number of required tissue biopsies to confirm the diagnosis. 
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Chapter 1: Introduction 

1.1 Motivation 
 

Breast Cancer is the most common cancer among Canadian women with the exception 

of non-melanoma skin cancer and is responsible for 15% of all cancer related deaths in 

women [1]. Once a breast abnormality is found by screening or clinically, depending on 

the degree of suspicion of cancer, a core biopsy is done to confirm whether the tissue is 

benign or malignant. The present imaging modalities namely, mammography and 

ultrasonography play a vital role in aiding clinicians to an accurate diagnosis and to 

characterize lesions with the purpose of selecting the most efficient treatment plan. 

Despite the advances in diagnostic imaging in recent years which led to an increase in 

cancer survival by 20-30% [2], there exists an area of radiological indeterminacy where 

the standard diagnostic methods cannot discriminate between benign and malignant 

lesions. Among all screening mammograms, 5% to 9% are considered ambiguous [3]. 

The recommended approach is a frequent follow up or biopsy. Biopsy is the gold 

standard diagnostic tool. However, when the core biopsy is not concordant with 

diagnostic image interpretation, the biopsy sampling may need to be repeated. Although 

mammography and ultrasonography are the most robust no-cut diagnostic methods, in 

some cases they lack the accuracy to clarify the diagnostic ambiguities. Currently there is 

no practical way of looking directly at the tissue with the ability to clarify the status of 

questionable abnormalities and to avoid unnecessary biopsies.  

Autofluorescence (AF) imaging was previously used to differentiate between normal 

and abnormal tissue seen via endoscopy in the colon and lung [4]. A combination of AF 

and multi-spectral imaging was needed in the esophagus to guide biopsies [5]. Standard 

white light was also previously employed for microendoscopic exploration of breast 

cancer through ducts along with AF imaging of the tissue of interest recorded at 30 

frames/sec. The developed device was designed such that abundant fluorophores of breast 

healthy tissue would be illuminated. In that study, cancer was found to have less green 

AF relative to normal tissue when excited by blue light, so in the false color image the 

normal tissue appears cyan, while abnormal tissue has a range of red color in each pixel, 
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depending on the red-to-green ratio [5] [6] [7] [8]. A comparison between AF imaging 

and standard white light microendoscopy depicts that the former delineates malignancy 

more precisely. While malignancy may be noticeable as protrusions under white light 

imaging a distinctive color boundary between cancer and normal was observed with AF 

microendocopy [9].  

Mammary Microendoscopy (MM) allows a closer look of the breast tumor. Direct 

insertion of the MM into the nipple orifice, (i.e. ductoscopy), not only allows the 

mammary ductal epithelium to be directly visualized, but also biopsy and cytological 

analysis of intraductal lesions can be performed via this method. [10] [11]. Previous 

studies reported that although ductoscopy is easy and practical, its application in breast 

cancer management is limited [12]. In this pilot prospective clinical study, an alternative 

approach with potentially more practicable applications was tested. The goal was to 

investigate if the Autofluorescence Microendoscope (AM) was capable of recognizing 

malignancy when the suspicious tissue was reached interstitially. This study integrated 

the advantages of autofluorescence imaging with interstitial MM to examine its potential 

to guide breast cancer biopsies. AM has never been applied outside the duct. For the 

future, AM can also be applied in-vivo. The ultimate aim in this study was to provide the 

diagnostic radiologist with an additional tool to help differentiate between benign and 

malignant tissue, and thus improve the accuracy and reduce the numbers of required 

biopsies. In this study the same device that has been developed and employed in the 

ductoscopy study, was coupled to a proper AM. 

 

1.1 Breast Anatomy and Lymph nodes 

The female breast is a mass of epithelial, adipose (fat) and fibrous tissues and is located 

over pectoral muscles of the chest wall. The breast is an organ specific for milk 

production and consists of components that support its function. The fatty tissue forms 

the main bulk of the breast and house the milking glands. The epithelial part of the breast 

is composed of lobules, glands that produce milk and ducts that transfer milk to the 

nipple reservoir [13].  Most cancers of the breast arise from the cells that form the lobules 

and terminal ducts [14]. The male breast is almost analogous to that of the female breast, 

however, as there is no physiologic need for lactation, the male breast has no lobules.  
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Figure 1: Schematic showing human breast components [13]   

 

Lymph nodes are kidney or oval shaped and vary in size from a few millimeters to 

about 1–2 cm long [15]. Lymph nodes are connected by lymphatic vessels and 

distributed broadly throughout the body while armpit and groin are areas with 

relatively higher concentration. Lymph nodes are main places of B, T and other 

immune cells and also acts as filters for foreign elements and cancer cells. They 

become inflamed or enlarged in various diseases like infections or cancer invasion. 

 

1.2 Breast Cancer and Diagnostic methods 
 

Breast cancer is the most common form of malignancy among women, a potentially 

curable disease by means of various treatment methods. Breast cancer generally occurs in 

women, but can develop in men. Death from breast cancer is the second leading cause of 

cancer death in women, only lung cancer causes more deaths [2]. The lifetime prevalence 

of invasive breast cancer in North America women is 12% (1 in 8 women) and is the 

second most prevalence cancer in the US [16]. The median age at death from breast 

cancer was 68 years of age [17]. However, breast cancer mortality rates have been in 

decline due to better treatment options and earlier detection methods [18]. Many risk 
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factors increase the chance of developing breast cancer including genetic, hormonal and 

environmental influences [16]. The strongest risk factor for breast cancer is age, with 

increased risk associated with invasive breast cancer in women 55 and older [2]. 

The development of invasive breast cancer in humans is thought to occur over a number 

of years through a progression of abnormal processes. The delineated sequential stages of 

this course are commonly referred to as hyperplasia, atypical hyperplasia, carcinoma in 

situ, and invasive breast cancer. Carcinoma in situ may be lobular (lobular carcinoma in 

situ) or ductal (ductal carcinoma in situ [DCIS]) in origin and can be graded 

histologically from low-to high-grade according to decreasing differentiation of the 

tumor. DCIS, the most common type of in situ breast carcinoma, now comprises 20% to 

25% of all diagnosed breast tumors compared with <5% of diagnosed breast cancer cases 

before the 1980s, this is largely because of the increase in mammography screening [18] 

[19]. 

Patients with positively malignant findings or suspicious results, such as a palpable 

lump or an abnormal result from a screening mammography, will undergo further 

diagnostic evaluations. This involves multiple components, including assessment of the 

patient’s medical history and family history of cancer, physical examination, additional 

mammographic and diagnostic ultrasound imaging, and, for some patients, screening 

magnetic resonance imaging (MRI) [20]. Eventually based on the findings from 

diagnostic imaging, biopsy sampling may be required to confirm the radiologic diagnosis 

of benign or malignant tissue. Diagnosis and staging of breast cancer ultimately depends 

on the pathological evaluation of biopsy samples.  Staging of the cancer allows clinicians 

to select the most appropriate treatment among the wide variety of therapies available for 

breast cancer. The major prognostic indicators of cancer recurrence or death from breast 

cancer are age, tumor size, tumor grade, comorbidities, and the number of axillary lymph 

nodes affected [21]. Knowledge of an individual’s risk factor for breast cancer can be 

useful for deciding whether the harms associated with mammography, such as false-

positive tests and unnecessary early treatment is outweighed by the patient`s risk status.  

Today, breast cancer treatment is multi-dimensional and therapeutic options include 

surgery, radiation therapy, chemotherapy, hormonal therapy and the latest targeted 

therapies ,e.g., monoclonal antibodies drugs to treat HER2-positive breast cancer. 

http://www.cancer.ca/en/cancer-information/diagnosis-and-treatment/tests-and-procedures/her2-status-testing/?region=on
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Surgical options include  segmental mastectomy and lumpectomy followed by a course of 

radiation therapy or total mastectomy depending on multiple clinical factors [22].  

 

1.3 Fluorescence Phenomena 
 

1.3.1 Principles of Fluorescence 

Electronic excitation of susceptible molecules by light (absorption) is followed by 

returning of the molecule to its ground state and emission of light with a longer 

wavelength with respect to the absorbed light after a brief interval, this interval is known 

as the fluorescence lifetime (around 109 seconds). The probability of this process is 

described by its quantum yield and depends on the chemical structure and its 

environment. This phenomenon is called photoluminescence which depending on the 

emission pathway is formally divided into subcategories, fluorescence and 

phosphorescence.   

 
Figure 2: Jablonski diagram, an illustration of fluorescence and phosphorescence [23] 

The fluorophore is excited to a higher energy level of S1 or S2 (The first and second 

excited states). Immediately succeeding the absorption of a photon, several processes will 

occur with various probabilities (figure 2). However, the dominant mechanism is a non-

radiative relaxation to the lowest vibrational energy level of S1 which has the same spin 

multiplicity. The excess of the vibrational energy is converted into IR radiation. This 
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process is termed as internal conversion or vibrational relaxation and generally transpires 

in picoseconds or less [24] [23].  

Electrons can undergo two pathways to return to the ground state. A molecular 

electronic state of a system that all electron spins are paired is called singlet state [25]. 

Molecules in singlet energy state S1 can return to the ground state upon emitting photon. 

This spin-allowed emission from a state S1 to ground state S0 of same spin multiplicity is 

called fluorescence (figure 2). This transition compling with the rule of no change of spin 

value and therefore has a short lifetime, generally in the nanoseconds range [26]. 

Alternatively, an electron’s transition can be from S1 to first triplet state T1 by another 

non-radiative process known as intersystem crossing. Triplet is a quantum state of a 

system with spin of 1, with for spin components, of -1,0 and +1 [25]. Conversion of S1 to 

T1 is a spin-forbidden transition as it violates the rule of no change of electron spin. With 

a longer wavelength shift relative to fluorescence, molecules in T1 return to singlet 

ground state S0 through a radiative process called phosphorescence (figure 2). The 

probability of Intercrossing system and T1 to S1 transition are much lower and 

consequently the lifetime is significantly larger. Molecules comprising heavy atoms such 

as bromine and iodine are frequently phosphorescent as the heavy atoms facilitate 

intersystem crossing and thus enhance phosphorescence quantum yields [24].  

A range of the environmental factors has a profound influence on fluorescence 

emission. The first and foremost factor is the solvent polarity that dictates the interactions 

between the fluorophore and solvent molecules in the local environment. A change in the 

solvent polarity can cause a spectral shift in emission spectra [27].  Other factors include 

solvent viscosity, rate of solvent relaxation, rigidity of the local environment and the 

localized concentration of the fluorescent species [28]. The sensitivity is not similar for 

all fluorophores. Local environmental factors severely affect the quantum yield as well as 

the absorption and emission spectra of the fluorophore [29]. In fact, the influence on 

fluorescence properties is majorly related to the interactions that happen in the 

surrounding environment during the lifetime of the excited state.  

Autofluorescence phenomena follows the three principals, explained below. 
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1.3.2 The Stokes Shift 

In the fluorescence processes, there exists a shift in the emission spectrum with respect 

to absorption spectrum toward longer wavelengths which is known as Stokes shift. Due 

to loss of energy during the non-radiative process, the energy associated with emission in 

lower to that of an absorption energy. The amount of Stokes shift is a measure of the 

relaxation process happening in the excited state [26].   

 

Figure 3: An illustration of an absorption and emission spectrum and Stokes shift 

 

1.3.3 Kasha`s Rule 

According to Kasha’s rule another common feature of fluorescence is that the emission 

spectrum is independent of absorption spectrum and is identical for each particular 

fluorophore. Upon excitation into higher vibrational levels, the surplus energy is 

promptly converted into IR radiation, leaving the fluorophore in the lowest vibrational 

level of S1 ( occurs in about 10–12 sec) and is presumably a result of a strong overlap 

among numerous states of nearly equal energy [30].  

 

1.3.4 Frank Condon`s Principle  

The probability of a transition occurring from the ground state S0 to the excited singlet 

state S1 relies on the degree of resemblance between the vibrational and rotational energy 

states when an electron exists in the ground state versus those present in the excited state 

[31] [32]. Upon absorption of a photon of sufficient energy, the molecule undergoes a so-

called vertical transition to the excited electronic state. It is known that the proton or 
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neutron mass is approximately 1870 times that of an electron and that electrons can move 

much faster than nuclei. Consequently, as these transitions occur in such a short time 

interval (femtoseconds) and considering the large inertia of nuclei, electronic motions 

when observed from the perspective of the nuclear coordinates transpire as if the nucleic 

were static [24] [33]. The nature of this transition was explained by the Franck–Condon 

principle that an electronic transition is most probably to happen with no changes to the 

relative coordinate of the nuclei in the molecular entity and its surroundings. This 

principle further explains that while nuclear coordinate changes are negligible relative to 

electronic motions, those electronic transitions are favored that corresponds to a minimal 

change in nuclear coordinate (figure 4). 

Frank-Condon principle applies both to emission and absorption transitions. Return to 

the ground state usually happens to a higher excited vibrational ground state level, and is 

followed by reaching to thermal equilibrium promptly. Another characteristic of such 

kind transitions is that electronic excitations do not significantly revise the nuclear 

geometry [34]. Therefore, the spacing of the vibrational energy levels of the excited states 

is analogous to that of the ground state. An interesting consequence of the 

aforementioned facts along with Kasha’s rule states that the emission spectrum is 

normally a mirror image of absorption spectrum. In Conclusion, electronic transition 

structure perceived in absorption and emission spectra are identical [35] [36].  

 

Figure 4: Franck–Condon principle energy diagram 
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Figure 5: Representation of the absorption and fluorescence spectra corresponding to the energy diagram [37] 

 

 

1.4 Autofluorescence Microendoscopy Imaging 

1.4.1 Endogenous Sources of Autofluorescence and Origins of Normal-

malignant Contrast  

In the development of noninvasive optical guided biopsy, normal tissues can be 

statistically discriminated from malignant tissues by examining their autofluorescence 

(AF) spectrum. AF molecules are abundant in normal tissues. Among endogenous 

fluorophores, NADH, flavins and the extracellular matrix (ECM) are major contributors 

of AF generation because of their intrinsic properties [38]. According to Kasha’s rule, 

each of these endogenous fluorophores have a known and unique excitation and emission 

spectra which is shown in figure 6. In breast ducts, the collagenous part of extracellular 

matrix is the main source of emitted AF and therefore emission light is in the green range 

[39]. 
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Figure 6: Absorption and emission spectra of important endogenous fluorophores [40]. 

The perceived cancer-normal contrast in the AF spectrum are indications of 

biochemical and morphological alterations of endogenous AF sources in tissue upon 

cancer invasion [40]. The physiological differences between normal and cancer would 

significantly influence the optical signature of tissue. Firstly, it is known that collagen 

constitutes the scaffold of tumor microenvironment and affects tumor microenvironment 

such that it regulates ECM remodeling by collagen degradation, and promotes tumor 

infiltration, and invasion [41]. Degraded collagen exhibits different optical properties 

compared to normal collagen, and most importantly lacks the ability of collagen to 

fluoresce. The decrease in the concentration of fluorophore upon tumor invasion would 

result in a drop in intensity of AF generated and in turn to normal-malignant contrast in 

AF imaging (figure 7a) [42]. Secondly, tumor growth would also revise the optical 

properties of the tissue due to angiogenesis. One of the major requirements for cancer 

cells to survive and grow is formation of a new network of blood vessels to obtain blood 

and nutrients to the tumor, which is called angiogenesis [43] [44]. Tumor has 

significantly more vasculature compared to normal tissues. Total hemoglobin 

concentration and oxygen saturation of lesions are highly correlated with malignancy 

[45]. Both oxygenated and deoxygenated hemoglobin possess relatively high light 

absorption in visible range, hence tumor manifest a drastically higher absorption 

compared to normal tissue (figure 7b) [28] [46]. Consequently, the possibility of 

absorption of illumination and emitted AF lights will increase, and that results into a 

decrease in the intensity of AF. 
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(a)                                                                                                          (b) 
Figure 7: Sources of contrast a) An illustration of collagen modification upon cancer growth that reduce the intesity 

of autofluorescence b) Tumor has highier absorption with respect to healthy and therefore absorbs both excitation and 
fluorescence lights more 

 

1.4.2 Autofluorescence Endoscopy 

Previous studies showed that autofluorescence (AF) real time imaging is a feasible 

surveillance tool for guiding biopsies [47] [48]. Fluorescence guided biopsy is a way of 

looking directly at the tissue that can ascertain the characteristic of the region of interest. 

The ultimate aim is to provide the diagnostic radiologist with an additional tool to help 

differentiate between benign and malignant, thus reducing the sampling error of biopsies. 

In conventional techniques, biopsies are taken under white light guidance. In colonoscopy 

suspicion lesions are recognized by their raised structure. However, flat dysplasia is not 

evident on gross endoscopic inspection and tissue sampling in the screening process is to 

some extent random [49] [50] [51]. The fact that foci of dysplasia could be very small can 

lead to large sampling errors [52]. Likewise, in esophagus endoscopy, white light 

Imaging (WLI) performance in identifying early neoplastic changes is poor since it 

detects the neoplasia based on superficial vasculature and surface structure changes [53] 

[54] [55]. 



12 
 

 

Figure 8: White light(left) and autofluorescence (right) endoscopic images of dysplasia colon. The autofluorescence 
images shows a clear cancer-malignant contrast [56]. 

AF imaging distinguishes cancer versus non-cancer based on the spectroscopic 

characteristics of tissue. While malignancy invasion drastically changes the 

corresponding characteristics of tissue, AF imaging of colon was capable of revealing 

malignancy as a different color with respect to normal (figure 8) [56] [57]. Studies on 

esophageal cancer showed a similar result, while the malignancy in AF imaging was 

appeared as a shadow (low fluorescence signal) compared to normal tissue and therefore 

is significantly more visible (figure 9) [58] [59] [60].  

 
Figure 9: a) White-light imaging of Type IIc esophageal cancer in the posterior wall of the lower esophagus. (b) On 

autofluorescence view, the lesion could be located as darker areas [59].  

1.4.3 Shortcomings in Breast Cancer Diagnostic Methods 

As mentioned previously breast cancer may present either as a lump or a suspicions 

mass in mammograms. Subsequently the diagnosis will be confirmed by ultrasound and 

biopsies if required. There exist an area of uncertainty known as BIRAD 31 in screening 

mammographic abnormalities which occur in 6% of examinations and despite their low 

                                                 
1 The Breast Imaging Reporting and Data System (BI-RADS), established by the American College of Radiology, offers a standardized 

classification for mammographic studies. This system explains good correlation with the likelihood of breast malignancy. The 

category ranges from BIRAD 1, negative findings,  to BIRAD 6 Known biopsy-proven malignancy (Eberl, Fox, Edge, Carter, & 

Mahoney, 2006).   
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malignancy rate, they require additional follow-up or even biopsy [61].  Biopsy is the 

most accurate clinical technique that provides the definitive diagnosis of cancer versus 

benign tissue. Ultrasound-guided core-needle breast biopsy is an essential method for 

radiologists who need to sample detected suspicious lesions [62]. Biopsy is unavoidably 

invasive and highly reliant on the radiologist’s skills. Furthermore, biopsies are subject to 

sampling error due to the limitations of ultrasound to delineate the malignancy (figure 

10). Biopsies may need to be repeated in cases where ultrasound interpretation is not in 

agreement with biopsy results where ultrasound indicates malignancy but pathology 

results are negative. Not all precancerous cells will develop into cancer and existing 

imaging modalities are incapable to make the distinction. Unnecessary biopsies could 

have been avoided if a direct visualization of the abnormality had been possible. 

Optical-guided biopsy, as an alternative method to conventional biopsy, provides less 

invasive and quantifiable possibility for cancer diagnosis. This technique, which engages 

tissue spectroscopic imaging to biopsy classifies tissues depending on their endogenous 

components that can be more compatible to pathology results compared to ultrasound 

interpretation. This method has the potential to improve the safety, sensitivity and 

specificity of cancer diagnosis and hence reduce the number of repeated biopsies [63] 

[64]. 

 

Figure 10:  Ultrasound-guided breast biopsy [64]. 
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1.4.4 Ductoscopy vs. Interstitial Microendoscopy 

Ductoscopy is a way of looking directly at the tumor by reaching the suspicious area 

through breast ducts using a submillimeter endoscope (figure 12). In previous studies, 

standard white-light (6.3mW broad-band) was employed for microendoscopic exploration 

of breast cancer through ducts along with AF imaging (5.3mW blue band excitation (390-

450 nm)) of the tissue of interest recorded at 30 frames/sec. In this study the 

microendoscope had a diameter of 0.7mm. Cancer had significantly less AF relative to 

normal tissue when excited by blue light, so in the false color image normal tissue 

appears cyan which means presence of AF signal, while abnormal tissue had a range of 

red color in each pixel, depending on the red-to-green ratio which in false color means 

absence of AF [6] [7] [8]. A comparison between AF imaging and standard white light 

microendoscopy depicted a better contrast in the former. While malignancy appeared as 

lumps under white light imaging a distinctive color boundary between normal and 

cancerous tissues were observed with AF microendocopy (figure 11) [65]. Nevertheless, 

ductoscopy has limited practical applications in the diagnostic and management of breast 

cancer. Occasionally, the AM did inadvertently pierce the duct wall into the surrounding 

breast tissue. AF images were still generated that differentiated cancer from normal 

tissue, although the variance was less obvious. This observation lead to proposing an 

innovative use for the AM with significant potential clinical applications if applied 

interstitially and coupled with diagnostic imaging and biopsy (figure 12). Interstitial AF 

microendoscope can investigate the area under study through the same interstitial channel 

created by the trocar needle to acquire breast cancer biopsies. If the interstitial 

microendoscopy proves to be effective, this imaging modality can guide breast cancer 

biopsies. 
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Figure 11: Comparative presentation of normal region[ a white light and b autofluorescence] and tumor region [c 
white light and d autofluorescence] [6] .  

 

 
 

Figure 12: Schematic representation of autofluorescence  ductoscopy (left) and Interstitial autofluorescence approach 
(right 

 

1.5 Hypothesis and Specific Objectives 

The hypothesis in this study is that the interstitial AM is capable to distinguish between 

cancer and normal in ex-vivo female tissue. Our main objective is to study the feasibility 

of autofluorescence microendoscopy (AM) to distinguish between cancers and normal 

tissue by inserting the AM interstitially into breast tissue of ex-vivo female breast into 

areas of known cancer and normal tissue within the same breast. Subsequently the AF 
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images of both cancer and normal tissues are correlated to biopsy results of samples 

taking from the same area.  
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Chapter 2: Materials and Methods 

2.1 Patient Recruitment 

The study protocol was approved by the ethics committee at University Health Network 

(14-8510-CE) and Ryerson University (REB 2015-337). From April 2016 to June 2016, 

five consented patients were recruited among females diagnosed with clinically palpable 

breast lumps who are planned to have curative mastectomy at Princess Margaret Hospital 

(figure 13). Patients diagnosis was confirmed by biopsy and this study had no exclusion 

criteria. For patients requiring lymph node assessment, the operation was done in the 

absence of Sulphan Blue dye, as spectroscopic analysis of patent blue dye revealed that 

this mapping dye would interfere with AF emitted light and would alter the 

autofluorescence images. Patient’s age, menopause status and histopathology assessment 

results of samples were included in collected data.  

 

 

Figure 13: Study Schema 
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2.2 Instrument Description  

Flexible fine scopes composed of fiber bundles are capable of deep imaging in tissue. 

The fluorescence microendoscope system consisted of a light source, a fiber bundle, and 

a combination of lenses and a CCD camera connected to a camera controller (figure 12). 

The illumination light sources were 150W short arc super-high-pressure mercury lamps 

(OncoLIFE®, Xillix Technologies Corporation, British Columbia, Canada). This setup 

operated in two different modes of white light and autofluorescence(AF). Illumination in 

standard white-light and AF were 6.3-mW broadband light range and 5.3-mW blue band 

390 to 450 nm, respectively. In conventional white light mode, illumination was a 

standard white light. However, in AF mode, a red light within the wavelength of 690 to 

750 nm was illuminated making the illumination in fluorescent mode purple which is a 

mixture of blue and red lights. This device can work in both modes of white light and AF, 

by switching the illumination filters and the corresponding CCD cameras to each mode.  

 

 

Figure 14: Schematic representation of setup 

 

 

In AF mode after the excitation light exits the distal end of the microendoscope to 

illuminate the tissue, the emitted light is gathered by the collection fibers collated in the 

center of the probe (figure 15) and guided through an objective and an emission filter 

prior to delivering the image onto the iCCD camera (OncoLIFE®, Xillix Technologies 
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Corporation, British Columbia, Canada). The microendoscope (Polydiagnost, Germany) 

is semi-rigid and the imaging part was constructed as a 6000 fiber bundle. This device 

had a working length of 70 mm, field of view of 70 degrees, and depth of view of 1 to 10 

mm. Resolution analysis of AM in both AF and white light mode using USADF target 

1951 revealed that the microendoscope has a resolution of 10.1 and 4.49 line-pair/mm in 

white light and AF mode respectively (figure 16). 

 

Figure 15: Microendoscope 

 

 
Figure 16: White light (left) and autofluorescence (right) images of USADF 1951 target 

 

As shown in Fig. 14, the microendoscope was coupled via camera to a camera 

controller imaging system (OncoLIFE®, Xillix Technologies Corporation, British 

Columbia, Canada). The camera consists of two cameras: a standard three-color CCD for 

conventional white light and an iCCD for the fluorescence. However, in the fluorescence 
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mode both iCCD and three-color CCD are engaged. The iCCD provides the signal to the 

green channel and three-color CCD provides the signal to the red channel 690 to 750. 

2.3 Image Formation  

In autofluorescence (AF) mode, the light source emits lights in two distinct wavelength 

ranges of 390 to 450 nm (blue band) and 690 to 750 nm (red band). The blue light can 

undergo two pathways (figure 17). It can either diffuse reflected or excite endogenous 

fluorophores in breast tissue (namely, collagen) which in turn will lead to generation of 

green AF. In contrary red light can only undergo diffuse reflectance (figure 17). 

 

 

Figure 17: Blue and red illumination pathways and autofluorescence image formation 

 

An autofluorescence image was formed from two distinct images: green 

autofluoresence and red diffuse reflectance. Overall, malignant tissues relative to normal 

tissues generate dramatically lesser autofluorescence upon excitation by blue light as 

described in section 1.4.1. Hence in the false color image the normal tissues should 

appear as green and cancer as the range of red color, associated with the reduced green 

AF and depending on the red to green ratio. Camera controller in AF mode continuously 

displays five numerical color values (NCV) associated to five areas of interest (indicated 

by square brackets) and is approximately the ratio of red to green channel intensity 

averaged over four frames for the central 16*12 pixels (figure 18). Higher NCV values is 
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an indication of cancerous tissues and can be used to confirm the abnormality in 

autofluorescence images. 

 

Figure 18: Autofluorescence image acquired from normal fresh pork fat specimen. 

 

2.4 Autofluorescence Data Analysis  

2.4.1 Material 

Prior to conducting the real experiment on excised female breasts, AF microendoscopy 

was tested on random samples that to some extent mimics the properties of the human 

breast toward developing a feasible operational procedure. Firstly, pork fat was imaged 

by creating an interstitial channel using a straw. Green autofluorescence images were 

formed from fresh pork fat (figure 19). Pork meat was drained out of blood. To more 

precisely mimic the real experiment fresh lamb liver that contains a substantial amount of 

blood similar to a fresh excised breast was AF imaged. Successfully a red AF image from 

blood abundant areas was captured (figure 20). 

 

2.4.2 Image Processing 

The videos were captured by camera controller and later on were converted to digitized 

data using Capit video converter (MyGica, Shenzhen, China). For the purpose of image 

processing an open source software called virtualdub (version 1.10.4) was utilized. 

VirtualDub is a video capture/processing utility for 32-bit and 64-bit Windows platforms 

licensed under the GNU General Public License (GPL). The software has the feature to 

http://www.virtualdub.org/gpl.html
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record AVI raw videos in YCbCr format. Raw, uncompressed videos were captured in 

AVI format. Furthermore, to enhance the image analysis, videos were imported to Matlab 

and converted to RGB format using the equations below. Frames of interest were 

extracted and averaged over 4 to 12 frames to form a still image. In order to study the 

autofluorescence data, images were dechannelized to red and green channels. Channels 

were plotted on a same graph to make the comparison possible as depicted in figure 19. 

𝑅 = 𝑌 + 1.402. (𝐶𝑅 − 128) 

𝐺 = 𝑌 − 0.34414. (𝐶𝐵 − 128) − 0.71414. (𝐶𝑅 − 128)                   (eq. 1) [66] 

𝐵 = 𝑌 + 1.772. (𝐶𝐵 − 128) 

𝑌: 𝐿𝑢𝑚𝑖𝑛𝑎𝑐𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 

𝐶𝑅: 𝑅𝑒𝑑 − 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑐ℎ𝑟𝑜𝑚𝑎 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 

𝐶𝐵: 𝐵𝑙𝑢𝑒 − 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑐ℎ𝑟𝑜𝑚𝑎 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 

  
(a)                                                                                                 (b) 

Figure 19: Autofluorescence image of fresh lamb liver (a) - Line plot of R,G and B channels along the center of the 
image ( i=450)  (b) 
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(a)                                                                                                       (b) 
Figure 20: Autofluorescence image of fresh lamb liver containing relatively larger amount of blood (a) - Line plot of 

R,G and B channels along the center of the image(b) 

 

 

2.5 Standard Operational Procedure  

2.5.1 Required Equipment  
1) Micro-endoscope 

2) Optic Shifter   

3) Short Handle   

4) Polyshaft 

5) Ocular   

6) Optic protective tube  

 

7) Luerlock 

 

                      Figure 22: Required Equipment - LuerLock 

8) Luerlock Cap 

9) Modified Trocar 

Figure 21: Required Equipment- items 1-6 
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Figure 23: Required equipment-modified trocar 

1) Sterile normal saline and 5 cc Syringe 

2) BARD magnum biopsy gun: attaches to trocar to obtain tissue biopsy 

 
3) Figure 24: Required Equipment- Magnum gun  for acquiring biopsies 

 

2.5.2 Setup preparation 

1) As shown in the picture below the short handle consists of three ports. 

Two were used in this experiment: 

 

 

                   Figure 25: Required Equipment - Short Handle 

 

2) The polyshaft was attached to the short handle.  

3) On the short handle the first port was blocked by the Luerlock cap to 

prevent the egress of saline solution from the unused port. The microendoscope 

was passed down the optic shifter and connected to the middle port (figure 26). In 

order to prevent damage to the delicate probe, the tip of the microendoscope was 

aligned with the distal end of the Polyshaft and Microendoscope was secured by 
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the optic shifter screw. Lastly, a syringe was filled with saline and attached to the 

third port of Luerlock as illustrated in figure below. 

 

Figure 26: Required Equipment- Data Acquisition setup 

2.5.3 Ex-vivo Procedure 

At Princess Margaret Hospital, succeeding the mastectomy operation, the 

excised breast was transferred to the pathology lab for histopathology assessment 

preparation. The policy is that the tissue should be submerged in formalin within 

a maximum of one hour after the excision. This experiment was conducted in the 

same lab prior to pathology assessments and all mastectomy specimens were 

assessed within 20 minutes following the mastectomy excision.  

 

 
Figure 27: Procedure- Mastectomy specimen 
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The experiment was commenced by inserting the trocar into the tumor. Among 

the eligibility criteria for this study was the palpability of the tumor so that 

localization of lump was possible. Therefore, for all mastectomy specimens, 

lumps were successfully located by palpation and in the absence of ultrasound.  

 
Figure 28: Procedure- Trocar Insertion. Cross signifies the location of tumor. 

Next, the stylet inside the trocar was removed. As a result, a clear channel 

toward the area of interest inside the tumor was created.  

 
Figure 29: Procedure- clear interstitial channel 

The hollow needle accommodated the data acquisition setup consist of 

endoscope as shown in figure below. In some cases, the tip of the needle was 

filled up with blood due to hemorrhage of the fresh tissues. Upon saline rinsing 

the blood was flushed out from the area and then blood free clear images were 

captured. Both autofluorescence and white light real-time imaging was acquired. 

Saline was injected from the saline port, entered the tissue from the Polyshaft and 

leaked out of the porous tissue or the opening of trocar depending on the 
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thickness and firmness of the breast specimen. This method was effective for all 

cases.  

 
 

Figure 30: Procedure- Saline injection and Data Acquisition  

For breast cancer biopsies in radiology, the exact same trocar is being readily used. A 

BARD magnum gun (Bard Biopsy Systems, USA) and the insertion trocar was utilized to 

take core-needle biopsies from the area of interest. After data acquisition, the setup was 

removed, stylet was inserted into the trocar back to its initial position. The trocar was 

attached to the biopsy gun and samples from the area under study were taken (figure 31 

& 32).  

 

 
 

Figure 31: Procedure- Acquiring biopsy samples 
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Figure 32: Procedure- Core-needle Biopsy Sample 

 

 

Biopsy samples were promptly placed into formalin and were sent to pathology for 

fixation on a paraffin slide. Subsequently H&E staining was provided to prepare the 

samples for pathology analysis. The same procedure was repeated for normal areas. 

Samples from both suspicious and normal tissues were analyzed by pathology 

assessment. Normal tissues were used as control group. 
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Chapter 3: Results 

 

Table 1: Participants Information 

 
 

 

Estrogen receptors (ER) and progesterone receptors (PR; also called PgR) may be found 

in breast cancer cells. Cancer cells with these receptors rely on estrogen or progesterone, 

to grow [67]. HER2 is the more common name for the gene called ERBB2. The job of 

HER2 is to control a protein on the surface of cells that helps them grow. Learning if a 

tumor has estrogen and/or progesterone receptors or HER2 aids doctors decide a patient's 

risk of recurrence and whether the cancer can be treated with hormone therapy [67]. 
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3.1 Participant #1   
 

Pathology results of the entire tumor and lymph nodes: 

- 1.4 mm tumor+ 3.5cm mostly fibrosis tissue 

- both lymph nodes were negative  

 

Figure 33: Data acquisition- Participant no. 1. Cross signifies the location of the tumor. 

 

Observations: Tumor was easily situated as it was favorably palpable. Breast was 

highly firm and trocar insertion was a bit of a challenge. There was minimal bleeding 

during the procedure. Rinsing was not required as there was no inflow of blood into the 

trocar. Clear interstitial AF images was captured for all samplings. Patient had received 

an extensive neo-adjuvant treatment. Two dissected sentinel lymph nodes in the absence 

of patent blue dye were tested.  

Challenge: In this experiment, biopsy samples were taken with biopsy forceps. 

However, the forceps weren’t effective for acquiring proper amount of tissue. 

Considering the firmness of the tissue forceps jaws were too delicate. Secondly, trocar 

handle was too subtle and it broke during the insertion into the tumor. 

Solution: For the remaining of the experiment a more durable type of trocar (BARD 

trocar with needle 12 gauge) and the more effective technique of core needle biopsy was 

employed.  
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                                                 (a)                                                                                          (c) 

 

                                               (b)                                                                                          (d)                

Figure 34: Case 1: Normal (a) white light and (b) autofluorescence compared to tumor (c) white light and (d) 
autofluorescence . The field of view has a diameter of approximately 2 mm. The NCV locations and related values are 

shown in b and d.  
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                                            (a)                                                                                   (b) 

Figure 35: Case 1: Line plot of green, red and blue channels of autofluorescence images along the center of the  
image (i=450) for normal (a) and tumor (b)  

 

 
Table 2: Pathology Assessment of Samples acquired for correlation purposes in the study for participant No.1 

  
Abnormal 
Region 

Normal 
region 

Pathology Results of 
Samples Fibrosis tissue 

Normal 
tissue 

 

 

The patient was responsive to chemo and therefore tumor had shrunk extensively. As a 

result of the successful treatment, our data most likely was taken from normal and 

fibrosis tissue. Green colorization of AF images and low NCV values were compatible 

with the outputs of pathology analysis of the area. This indicate a complete response to 

neo-adjuvant chemotherapy and a successful detection of true negative for this imaging 

modality, confirmed by the pathologist. Reminding that the purpose of the study is to 

investigate the differences of AF images for normal and cancerous tissue and for this 

case, tumor was large and the initial pathology assessment of tumor indicated invasive 

carcinoma. As a result of the chemotherapy the cancerous tissue has dissipated which was 

first discovered by AF imaging and later on confirmed by the pathologist. Taking into 

account the possibility of chemotherapy to alter the pathological characteristic of the 

tumor and learning from this case, neo-adjuvant patients were excluded from the study 

after this patient and on. 
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3.2 Participant #2   
 

Pathology results of the entire tumor and lymph nodes: 

 

All lymph nodes negative 

2.2 cm Invasive + 4.9cm extended DCIS  

 

 

Figure 36: Data acquisition- Participant no. 2- cross signifies the location of the tumor 

 

Observations: This experiment was initiated by testing the breast. Patient had a 

relatively small and highly vasculature breast. Tumor was 2 cm and palpable. The 

insertion was done at absence of ultrasound guidance. The tumor could be felt. Moving 

the needle was also moving the lump and therefore it confirmed that the tip of needle is 

correctly inside the tumor. The stylet was withdrawn and then the endoscope was 

inserted. AF videos were taken upon saline flushing of the channel otherwise blood was 

obscuring the image. Upon rinsing the channel, vivid green and reddish images were 

observed. Rinsing was repeated twice per examination. Subsequently, biopsy samples 

were taken using core needle biopsy. 

Challenges: A relatively high hemorrhage was observed. As the result, the inflow of 

blood into the needle was substantial which was obscuring the image.  

Solution: Upon ample rinsing a clear AF image was observed. 
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                                              (a)                                                                                        (b) 

Figure 37: Case 2: Autofluorescence imaging of normal (a) versus malignant tumor (b) . The field of view has a 
diameter of approximately 2 mm. The NCV locations and related values are shown. 

 

 

(a)                                                                                             (b) 

Figure 38: Case 2: Line plot of green, red and blue channels of autofluorescence images along the center of the 
image (i=450)  for normal (a) and tumor (b) 

 
Table 3: Pathology Assessment of Samples acquired for correlation purposes in the study for participant No.2 

  
Abnormal 
Region 

Normal 
region 

Pathology Results of 
Samples 

In-situ Ductal 
Carcinoma Tissue 

Normal 
tissue 

 

 

Pathological analysis of normal tissue showed no signs of malignancy which was 

compatible with the vivid green AF images. Intensity of the generated green is 
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significantly higher than red and NCVs are below 0.3, both indication of normal tissue. In 

contrary, for samples taken from abnormal tissue AF image has a range of red color, 

NCVs are higher than 0.8 and red and green channels have similar intensities. Pathology 

results showed Ductal Carcinoma In-Situ (DCIS). Correlation showed that AF images not 

only successfully discriminated normal and cancer but also detected In-situ carcinomas as 

a malignancy.   

 

3.3 Participant #3   
 

Pathology results of the entire tumor and lymph nodes: 

Invasive Ductal Carcinoma + Extensive DCIS  

4 separate lumps: 1.7cm-1.2cm-1.4cm-1.1cm 

 

Figure 39: Data acquisition- Participant no. 3. Cross signifies the location of the tumor. 

 

Observations: There were 3 sentinel lymph nodes. Red areas were observed for all, 

however pathology analysis showed no malignant tissue for all three. Patent blue dye has 

a relatively high absorption which will affect AF images. This was correctly anticipated 

and taken into account when recruiting the patients. However, patent blue dye was 

injected into the nipple around 4cm away from the lump, it didn’t enter the breast tumor 

and therefore had no effect on the AF images. There was no blood obscuring the image 
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and consequently proper images in both WL and AF was observed. Upon rising a clear 

green image for normal and a reddish image for suspicious area was seen. 

Challenges: breast was diffusively lumpy with multiple tumors and they were all fairly 

small. Locating the largest lump was a bit of a challenge. Samples were taken from the 

largest mass. 

Solution: Locating the largest tumor and insertion was done by an experienced breast 

cancer surgeon.  

 
                                               (a)                                                                                          (b) 

Figure 40: Case 3: Autofluorescence imaging of normal (a) versus malignant tumor (b) . The field of view has a 
diameter of approximately 2 mm. The NCV locations and related values are shown. 

 

                                                    (a)                                                                                 (b) 

Figure 41: Case 3: Line plot of green, red and blue channels of autofluorescence images along the center of the 
image  (i=450) for normal (a) and tumor (b) 

Table 4: Pathology Assessment of Samples acquired for correlation purposes in the study for participant No.3 

  Abnormal Normal 
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Region region 

Pathology Results of 
Samples 

Invasive Ductal 
Carcinoma tissue 

Normal 
tissue 

 

AF images correctly distinguished between normal and malignant tissues and NCVs of 

0.18 and 0.92 was measured respectively. Results were confirmed by pathology results. 

 

 

3.4 Participant #4   
 

Pathology results of the entire tumor: 

Invasive Ductal Carcinoma- Tumor size 1.6 cm  

 

 

Figure 42: Data acquisition- Participant no. 4. Cross signifies the location of the tumor 

Observations: Patient had received patent blue in here nipple. Clear interstitial images 

were collected. Holding the trocar inside was a big of a challenge and trocar kept sliding 

out which was mostly due to the small size of the tissue. Clear interstitial images were 

formed from both normal and tumor. 

 

Challenges: Tumor was fairly small. Locating the tumor was not as straightforward. 

Solution: Tumor was successfully located by an experienced breast cancer surgeon. 

 



38 
 

       

            (a)                                                                                               (b) 

Figure 43: Case 4: Autofluorescence imaging of normal (a) versus malignant tumor (b) . The field of view has a 
diameter of approximately 2 mm. The NCV locations and related values are shown. 

 

                                                          (a)                                                                                (b) 

Figure 44: Case 4: Line plot of green, red and blue channels of autofluorescence images along the center of the 
image (i=450)  for normal (a) and tumor (b) 

 

 
Table 5: Pathology Assessment of Samples acquired for correlation purposes in the study for participant No.4 

  
Abnormal 
Region 

Normal 
region 

Pathology Results of 
Samples 

Invasive Ductal 
Carcinoma tissue 

Normal 
tissue 
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Case 4 was a success as AF images correctly showed biopsy proved healthy and 

malignant as green and reddish respectively. NCVs were also compatible and recorded 

0.1 for normal and 0.89. 

 

3.5 Participant #5   
 

Pathology results of the entire tumor: 

Invasive Lobular Carcinoma- Tumor size 1.7 cm  

 

 
Figure 45: Data acquisition- Participant no. 5. Cross signifies the location of the tumor 

 

Observations:  

Patent blue was injected into the milk duct around 3 cm away from the tumor.  Tumor 

were easily located and AF images from normal and tumor was acquired with no 

problem.  
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          (a)                                                                                                         (b) 

Figure 46: Case 5: Autofluorescence imaging of normal (a) versus malignant tumor (b) . The field of view has a 
diameter of approximately 2 mm. The NCV locations and related values are shown. 

 

  

                                                          (a)                                                                                  (b) 

Figure 47: Case 5: Line plot of green, red and blue channels of autofluorescence images along the center of the 
image (i=450)  for normal (a) and tumor (b) 

 
Table 6: Pathology Assessment of Samples acquired for correlation purposes in the study for participant No.5 

  
Abnormal 
Region 

Normal 
region 

Pathology Results of 
Samples Suspicious tissue 

Normal 
tissue 

 

Case 5 was also a success for both normal and abnormal regions. Green AF images and 

a low NCV value (0.07) of the healthy area was confirmed by pathology results. For the 
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abnormal area, pathology reported suspicious tissue which indicated that although tumor 

cells existed in the sample the quantity was not high enough to be categorized as 

malignant. AF images were more green than red and NCV was measured as 0.57 (below 

0.8) and none were indication of malignancy. This was also in agreement with pathology 

outputs. 

 

3.6 Numerical Color Value: 
 

Although cancer and normal tissue appeared as two distinct colorizations in 

autofluorescence (AF) imaging, the diagnosis will be more accurate if an associated 

quantified value can be compared. The OncoLIFE image processor calculates a numerical 

color value (NCV) for 5 distinct areas on AF images presented by benchmarks (figure 

46). NCV is the ratio of red to green channels and 16*12 pixels on the centers are 

averaged over four frames and continuously displayed on the AF images. Larger NCV is 

an indication of low autofluorescence intensity which signify the malignancy. For each 

case an average of all 5 areas for normal and malignant was calculated. The spatial 

average is a proper representation of all NCVs correspond to 5 separate areas. The field 

of view has a diameter of 1mm. Considering that all the tumors were relatively large and 

the small field of view, the area understudy had a homogenous malignant characteristics 

and taking the average among the 5 areas is justified. The results are shown in figure 48 

for normal and malignant tissues. Error bars are the standard deviations for each case. 

Furthermore, to have an overall conclusion in terms of NCV values, they were averaged 

among all 5 cases. Values of 0.15 and 1.22 among all cases was obtained for normal and 

tumor respectively. For the average of healthy NCV the first case was excluded. First 

participant had undergone multiple rounds of chemotherapy that had altered the 

characteristics of the tissues substantially proved by pathology results. Additionally, 

while Pathological results of 1st and 5th cases did not indicate malignant, 1st and 5th cases 

were excluded from average NCV of malignant tissue. For all cancer tissues NCV values 

were higher than 0.8.  
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Figure 48: A comparison between the average NCVs of normal and malignant for all 5 cases and error bars 

 
Table 7: Average, maximum and minimum of all 5 cases NCVs for normal versus cancer 

  Average NCV Minimum Maximum 

Healthy: 0.14±0.07 0.05 0.2 

Tumor: 1.22±0.33 0.8 1.7 
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Chapter 4: Discussion and Conclusion 

In breast cancer diagnosis, there remain cases of uncertainty where existing diagnostic 

techniques in the absence of tools to directly visualize a suspicious mass inside a human 

body is problematic. Currently, ultrasound and mammogram are the prevailing clinical 

methods to clarify the diagnosis. However, tissue biopsy is the gold standard to confirm 

the malignancy. Based on the perspective interpretation of diagnostic images, radiologists 

classify the masses as benign or suspicious and judge if biopsy is required. The accuracy 

of this decision is highly dependent on the skills of the diagnostic radiologist. Biopsy is 

invasive, painful and costly. In instances where suspicious mass classifications and 

pathology results are not concordant, biopsy may need to be repeated. 

Former work showed that autofluorescence imaging was reliable in distinguishing 

between cancer and normal in breast intraductally [6] [8]. However, ductal AF 

microendoscopy has limited prospective applications in management of breast cancer. 

Interstitial microendoscopy is more adaptable to the clinical needs and has a broader 

application. Interstitial AF images can directly visualize the abnormality and may be 

sufficient to be employed as a diagnostic signature when used coupled with biopsy. AF 

microendoscopy could potentially provide the diagnostic radiologist with more 

discriminatory information which may decrease the number of required biopsies. The 

ability of interstitial AF imaging coupled to a breast cancer biopsy tool can be confirmed 

as effective in an in-vivo clinical trial. 

This study was a feasibility study emphasized on the capability of AF imaging on 

discriminating between normal and malignant interstitially on ex-vivo female breast 

tissue. This study is a preliminary phase of the actual in-vivo clinical trial. The developed 

apparatus along with an improved microendoscope compared to the previous ductal study 

was effective in acquiring clear interstitial images with proper resolution. The interstitial 

microendocope was semi-rigid has a better resolution and smaller diameter (0.55mm). 

The newer generation of microendoscope has a suitable size to be fit inside a biopsy 

trocar and therefore can be coupled to biopsy. This feasibility study proved the ability of 

AF imaging to clearly visualize and correctly discriminate between normal and malignant 

breast tissues in all 5 ex-vivo cases. 
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The biggest obstacle in interstitial microendoscopy of both ex-vivo and in-vivo tissues 

is the inflow of blood into the working channel that will obscure the image (blood 

absorbs visible light significantly). An efficient solution was to flush out the blood by 

means of saline using the setup shown in figure 26. AF images of both normal and tumor 

were taken accordingly. The developed interstitial system is feasible, practical and used 

existing equipment in the clinic.  

Lastly, core needle biopsy samples of the area under study was acquired. Biopsies were 

used as the gold standard and AF images of both normal and cancer was correlated to the 

pathology results. Accurately locating the suspicious mass was possible due to palpability 

of tumors. The preliminary study showed that the routinely used biopsy trocar in 

radiology can also be employed in creating the interstitial channel. In this study a system 

was developed using the existing instrument in radiology that can easily be incorporated 

into a clinical setting and we are planning on that. 

Excised tissues have intrinsically a large variation of tissue structure and other 

characteristics which is a challenge to overcome in an ex-vivo study. Standard 

operational procedure was proven effective for all 5 cases with various tissue traits. 

Firstly, trocar was sufficiently durable for insertion into firm breasts. Secondly, 

Interstitial AF was able to capture clear images for a range of highly vasculature tissue 

where inflow of blood into interstitial channel was dramatic in cases with significant 

hemorrhage. Biopsy samples were successfully taken for all cases using core needle 

biopsy by attaching a biopsy gun to the trocar. In AF imaging for all study cases, the 

cancer appeared as a domination of red color and the normal as a vivid green color. 

Additionally, data was quantified by the numerical color value (NCV). Study results 

showed that NCV values of higher than 0.8 are highly suggestive of malignancy. For all 

cases NCV of 0.3 and below was measured for healthy tissue.  

Every single AF image was concordant with histopathology results. Outcomes showed 

a successful true negative when patient had received neo-adjuvant chemotherapy that 

dissipated the tumor substantially and only fibrosis tissue were detected. For this case AF 

successfully detect the fibrosis tissue as non-malignant and the measured NCV was 

below 0.8. Two correct invasive ductal carcinomas were detected with NCV values of 
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1.09 and 0.97. AF was sensitive enough to recognize in-situ carcinomas as malignant 

with NCV of 1.6.  

Lymph nodes of 3 patients were tested. For patients that had received patent blue into 

their nipple, dye was abundant in the node. AF imaging of those nodes showed 

malignancy in all cases while the pathology results came back negative. Hence it can be 

concluded that AF is not diagnostically accurate in presence of patent blue dye.  

4.1 Future Work 
 

While the feasibility study was a success the next step is to investigate AF imaging 

diagnostic accuracy in-vivo. For future studies, the same procedure can be studied in-vivo 

since the standard operational procedure was designed using the existing equipment in 

radiology, also saline rinsing is permitted in-vivo. The microendoscope will be pass down 

the biopsy trocar prior to taking samples in radiology. The inflow of blood into the 

interstitial channel was not an issue in the ex-vivo study. However, due to the blood 

pressure it might be a greater obstacle in-vivo. Although for all cases tumor was 

successfully located due to palpability the accuracy of insertions can be further improved 

by ultrasound guidance. Additionally, there might be a threshold NCV value beyond 

which is highly suggestive of malignancy. To make a robust conclusion in this regard, a 

bigger sample size is required.  

The quality of images using the microendoscope sufficed the requirement of this study 

while in all AF images a distinction between normal and malignant was possible. 

However, an endoscope with a better resolution (more than 6000 pixel) can improve the 

quality and resolution of images and the endoscope upgrade be required in the in-vivo 

study. 

Autofluorescence imaging can only be established as a diagnostic coupling tool to 

breast cancer biopsy if proves effective in an in-vivo clinical study with a proper sample 

size. The clinical study should be designed so that AF images can be correlated to biopsy 

results and compared to the ultrasound interpretation of areas understudy. Unlike this 

current study where only biopsy proven healthy and malignant tissues were study, in that 
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clinical study a large variation of suspicious tissues with different degrees of abnormality 

should be investigated. 
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