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Superficial bladder cancer 
diagnosis — the deliberate choice 
between fluorescent diagnosis and 
optical biopsy 

ABSTRACT
Bladder carcinoma in situ (CIS) is a potentially invasive tumor whose early detection is a key step to ensuring the 

preservation of the bladder, reducing mortality, and improving the quality of patients’ life. The early diagnosis of 

bladder cancer requires a sensitive technique that can detect the lesion to determine its stage and grade. ALA 

induced-PpIX makes it possible to detect tumors with 90% sensitivity. ALA hexyl ester (hALA) increases the sen-

sitivity to 95%. Macroscopic techniques require a histological biopsy to define the tumor invasiveness. Imaging 

with Fibered Optic Confocal Fluorescence Microscopy allows the optical sectioning of examined tissues providing 

images with subcellular resolution after labeling with adequate fluorescent dye chosen based on the sensitivity 

of the used device. Available fluorescent agents are compatible with used devices; however, their toxicity and 

mutagenesis studies are unsatisfactory. During imaging, an optical fiber is introduced into the bladder via the 

urethra and placed in contact with the bladder wall. The distinction between the different types of epithelial cells 

is based on the cell size, morphology, and signal intensity. Although not fully adopted for clinical application, the 

FOCM represents a real asset that reduces invasiveness and complements the fluorescence-based endoscopy. 
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Bladder cancer

Bladder histology 

In mammals, the bladder wall is composed of four 
layers: the mucosal membrane, the submucosa, the 
muscular, and the serous layer. The mucosa consists of 
an epithelium known as urothelium [1], which consists 
of three types of epithelial cells: basal, intermediate, 
and superficial [2, 3]. The mucosa is separated from the 
sub-mucosa by a thin basal membrane, rich in laminin 
and collagen IV, whose integrity determines the invasive 

potential of superficial bladder tumors [4]. The basal 
membrane is surrounded by a connective tissue called 
lamina propria. It contains capillary plexuses, blood 
vessels, and some smooth muscle fibers that form the 
mucosal muscularis [2, 3]. The detrusor muscle is usually 
composed of three layers of smooth muscle fibers sepa-
rated by connective tissue. It is surrounded by perivesical 
fibro-adipose tissue that forms the serous layer [2, 5]. 

At the epithelium, the basal cells (10–20 µm) can 
be cubic or cylindrical and rest on the basal membrane. 
Their cytoplasm is basophilic, mitoses are only rarely 
encountered. Intermediate cells (15–50 µm) are oc-
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casionally attached to the basal blade but lose their 
cellular connections to the basal membrane during 
their maturation to replace superficial cells [3]. Their 
cytoplasm is less basophilic than that of basal cells and 
they are attached to adjacent cells by desmosomes. The 
superficial cells are the largest (20–100 µm), covering 
the surface of the epithelium. Their cytoplasm is less 
basophilic and contains large lysosomes. These three 
types of cells have a profile that evolves from small 
undifferentiated basal cells through intermediate cells 
to highly differentiated superficial cells. In humans, 
urothelium consists of 3 to 6 cell layers. In rats, the 
number of layers is limited to 3 [2, 3].

Epidemiology and etiology

In 2005, the American Cancer Society estimated the 
number of people with bladder cancer in the United 
States at 63 210, including 47010 men and 16200 women. 
The estimated number of deaths from bladder cancer is 
13180, including 8970 men and 4210 women. In terms 
of incidence, bladder cancer ranks fourth in men (7% 
of cases) and ninth in women (2% of cases). Mortality 
from bladder cancer is 3% in men and less than 1% in 
women [6]. 

Tobacco poisoning is the primary risk factor for 
bladder tumor induction [7]. Exposure to certain de-
rivatives of industrial products, including derivatives 
of aromatic amines (naphthylamine, xenylamine, ben-
zidine) increases the risk of developing bladder tumors 
[8], as well as exposure to cyclophosphamide [9]. Urinary 
tract infection and chronic bladder irritation (probe and 
stones) promote the development of transitional bladder 
carcinomas [10]. Urinary bilharzia, a trematode-related 
parasitic infection of the genus Schistosoma, is a known 
risk factor for bladder epidermis cancer, particularly in 
Egypt [11]. One of the most commonly found genetic 
mutations is the p53 gene on chromosome 17 [12]. 

TNM classification of bladder tumors

Bladder tumors are classified as epithelial (tran-
sitional carcinomas, squamous cell carcinomas) and 
non-epithelial (sarcoma, metastasis) tumors. The 
majority of tumors are epithelial and transitional car-
cinomas accounting for 90% of bladder tumors [13]. 
The prognosis of bladder tumors depends on several 
parameters including (1) the stage or degree of invasion, 
(2) the grade or degree of cell differentiation, (3) the 
appearance of vascular or lymphatic invasion, and (4) 
the presence of carcinoma in situ (CIS) [14].

Among transitional carcinomas, 70% are superficial 
carcinomas (Ta, T1, CIS) and 30% are invasive tumors 
(T2, T3, and T4) [14]. The WHO classification divides 
transitional carcinomas into three grades (I, II, and III) 
according to their degree of cell differentiation. Grade 
I is the most differentiated and prognostic, and Grade III 
is the least differentiated and has a poor prognosis [13, 
15]. Within 24 months of diagnosis, the rate of progres-
sion to an invasive tumor is 2%, 11%, and 45% for grade 
I, II, and III tumors, respectively [15]. The presence of 
in situ carcinoma (CIS) is associated with a high risk of 
progression to an invasive tumor that invades the muscle 
layer of the bladder wall [16, 17] or adjacent organs, such 
as the prostate, vagina, or rectum. Tumor cells can also 
colonize blood and lymphatic vessels, inducing regional, 
general, and other organ metastases [18, 19].

Superficial bladder tumors

Superficial transitional carcinomas include stage 
Ta, T1, and carcinoma in situ. Stage Ta tumors account 
for nearly 70% of superficial tumors [20]. These papil-
lary lesions are confined exclusively to the mucosa and 
the basal membrane remains intact (Fig. 1). Stage Ta 
tumors are associated with a recidivism rate of 50–75% 
and a low rate of progression (< 5%) [14]. TaGI stage 

A B

Figure 1A. Papillary transitional carcinoma; B. Papillary lesion with thickening of the epithelium without alteration of cell polarity, 
cellular atypia is weak or non-existent, mitosis is rare
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tumors rarely progress (2%), followed by TaGII stage 
tumors (6%), while TaGIII stage tumors progress in 
48% of cases [15]. Stage T1 tumors are papillary or 
nodular tumors marked by lamina propria invasion, 
but the musculoskeletal gland remains intact. The rate 
of progression of T1GII and T1GIII tumors is in the 
region of 21% and 48% respectively, while TIGI rarely 
progresses [15, 20]. 

Carcinoma in situ (CIS) was first described by Meli-
cow in 1952 [21]. CIS is a flat tumor lesion limited to 
the epithelium. In the majority of cases (90%), CIS is 
associated with other invasive transitional carcinomas 
that are diagnosed concomitantly or prior to CIS [22, 23]. 
Histologically, CIS is characterized by obvious cytologi-
cal abnormalities corresponding to high-grade dysplasia  
G III) [23]. The CIS is marked by major cellular disor-
ganization with a loss of nuclear polarity and a lack of cell 
cohesion. The nuclei are voluminous, of uneven size, and 
are characterized by hyperchromatic and large nucleoli. 
Mitoses are numerous and visible in all cell layers; the 
chorion is inflammatory and hypervascularized. Due to 
a lack of cell cohesion, which leads to excessive desqua-
mation of the normal urothelium, the chorion is almost 
naked in some areas (Fig. 2) [23, 24]. This explains the 
sensitivity of cytological examination in the context of 
CIS, which reaches 90% with a specificity of 98% [20]. 
CIS is known to be the precursor of invasive tumors [25] 
with a risk of progression of the order of 36–83% [16, 26]. 
The average time between diagnosis and development 
of an invasive tumor is about 5 years [27]. In a study of 
62 patients with carcinoma in situ, Utz et al. [23] showed 
that 82% of patients treated with transurethral resection 
relapsed over a 5-year period. Seventy-three percent of 
patients develop invasive carcinoma, and 65% die from 
complications of bladder cancer [23]. 

Transurethral resection associated with chemothera-
py or immunotherapy (BCG) is the treatment of choice 
for superficial tumors. For CIS, the standard treatment is 
an intravesical instillation of BCG over a 6-week period 
[28]. If urinary cytology and biopsy results are positive, 

Figure 2A. Carcinoma in situ (CIS), cells are oriented anarchically, cytoplasm abundant with an irregular nucleus, abundant 
mitoses; B. Loss of cohesion and detachment of cells with completely bare areas in a CIS

a second cycle of 6 weeks of BCG treatment is indicated. 
If positive cytology persists after the second cycle, total 
cystectomy is indicated [28]. 

Early detection of carcinoma in situ is, therefore, an 
essential step in ensuring bladder preservation, reduc-
ing mortality from bladder cancer, and improving the 
quality of life of patients. In recent years, efforts have 
been made to search for new diagnostic and therapeutic 
techniques capable of detecting CIS lesions and achiev-
ing their eradication.

Fluorescence diagnosis of bladder 
cancer

Urine cytology, conventional white light cystoscopy, 
and random tissue biopsy are the main techniques ap-
plied for the diagnosis of bladder cancer. Carcinoma 
in situ (CIS) is an aggressive lesion, its presence at the 
epithelium is associated with a high risk of progression 
ranging from 36 to 83% [16, 26, 29]. Urine cytology is 
perceived as a non-invasive diagnostic technique. It is 
sensitive to the presence of high-grade tumors detected 
in 79% of cases but is less sensitive to the presence of 
low-grade tumors detected in 26% of the cases [30]. Due 
to the absence of architectural anomalies, the ability of 
conventional cystoscopy to properly detect carcinoma 
in situ is low, its sensitivity is of the order of 41%, and 
most lesions go undetected during the examination [31]. 
In the case of positive cytology and negative cystoscopy, 
a random biopsy is recommended. However, CIS lesions 
go undetected in more than 90% of cases [32]. The 
presence of CIS is not the only cause of recurrence and 
progression of bladder cancer. Incomplete resection of 
tumors is an essential source of relapse. In a series of 
150 patients, 75% of cases show non-invasive residual 
tumors at the time of a second transurethral resection, 
and 29% of cases progress to invasive tumors [33]. 
A more sensitive technique compared to conventional 
cystoscopy is needed to locate tumor lesions and guide 
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the practitioner in resection of these lesions to reduce 
the risk of recurrence and avoid the risk of progression 
[34]. The combination of the cystoscopy technique with 
the fluorescence phenomenon is an important advance 
in the field of bladder cancer diagnosis. However, dis-
crepancies and variations in the type and the quality of 
the used endoscopic apparatus affect the management 
outcomes in photodiagnosis-assisted resection [35].

History of fluorescence diagnosis

The first observation of fluorescence of porphyrins 
from tumor lesions was reported by Policard in 1924 [36]. 
He found that experimental rat tumors emitted red fluo-
rescence during light excitation. This was attributed to 
endogenous porphyrins synthesized by tumor colonizing 
bacteria. In 1942, Auler and Banzer [37] were the first 
to observe the accumulation of exogenous porphyrins in 
the tumor. They noted that hematoporphyrin injected 
into the rat accumulated in tumor lesions and lymph 
nodes. In 1948, Figge et al. [38] demonstrated that 
many porphyrins had a selective affinity not only for 
tumors but also for embryonic and traumatized tissues 
in rats. In 1961, Lipson et al. [39] introduced the use of 
the hematoporphyrin derivative (HpD) in the detection 
of transplanted tumors in mice. 

In 1976, Kelly and Snell [40] were the first to intro-
duce fluorescence detection of bladder tumors 24 hours 
after intravenous injection of hematoporphyrin (Hp) at 
2 mg/kg. The cystectomy pieces observed under UV light 
showed that the tumor areas emitted red fluorescence 
while the normal mucous membranes did not fluoresce. 
In 1982, Benson [41] described fluorescence detection 
of carcinoma in situ 2 hours after intravenous injection 
of 2.5 mg/kg HpD in humans. Intravesical instillation of 
porphyrins in rats led to the accumulation of photosen-
sitizer, detected by fluorescence at the vesical wall, by 
sparing other organs [42]. However, it is associated with 
a loss of selectivity between the normal epithelium and 
the tumor [43]. Leveckis [44] was the first to describe 
intravesical instillation of aminolevulinic acid (ALA) in 
the rat’s healthy bladder but was unable to detect PpIX. 
It was subsequently shown that sufficient synthesis for 
the detection of PpIX by fluorescence in rats requires 
instillation of ALA concentrations above 200 mg/mL 
for at least 2 hours [34, 45]. Intravesical instillation of 
ALA in a bladder tumor model in rats leads to epithelial 
synthesis of PpIX, but no selectivity between normal 
epithelium and tumor epithelium [43, 46]. On the other 
hand, intravesical instillation of ALA in humans leads 
to more selective synthesis of PpIX in tumor lesions, 
making it possible to detect CIS with sensitivity greater 
than 90% [47–51]. 

Kloek et al. [52, 53] synthesized a series of ALA es-
ters, including ALA hexylester (hALA), which presents 

a compromise between water solubility and lipophilicity. 
Intravesical instillation of ALA hexylester increases the 
amount of synthesized PpIX produced for 1 to 2 hours 
with a 20-fold lower hALA concentration [54, 55]. In 
1999, Marti et al. [55] reported the first clinical study 
using intravesical instillation of hALA. To improve 
diagnostic specificity, D’Hallewin et al. [56, 57] pro-
pose intravesical instillation of hypericin (hydroxylated 
phenanthro-perylenequinone), a fluorescent pigment 
synthesized by plants of the genus Hypericum, including 
Hypericum perforatum [58]. 

Place of fluorescence diagnosis in bladder cancer

The principle of fluorescence diagnosis is based on 
the interaction of light with a chromophore that ac-
cumulates selectively in the tumor. The identification 
of tumor lesions is based on the difference in intensity 
of fluorescence emitted by healthy tissue and tumor 
tissue. Chromophores can be endogenous (Autofluo-
rescence) or exogenous (photosensitizer) [59]. When 
excited by blue or violet light (375–440 nm), the pho-
tosensitizer emits fluorescence in the red region. The 
use of a high-pass filter (> 520 nm) makes it possible 
to visualize areas containing high concentrations of the 
photosensitizer. The three molecules used in clinical 
studies are ALA, hALA, and hypericin.

Endogenous fluorophores 

Autofluorescence is the fluorescence of endog-
enous tissue chromophores. It can be used to obtain 
diagnostic information from the tissue. Alfano et al. 
[60] were the first to describe in vitro endogenous 
fluorescence diagnosis. The main endogenous chromo-
phores that contribute to tissue autofluorescence of 
the bladder are tryptophan, collagen, and the reduced 
form of dinucleotide nicotinamide (NADH) [61–63]. 
Autofluorescence spectra acquired through an optical 
fiber placed in contact with the wall exhibit a decrease 
in the fluorescence intensity of the tumors compared 
to the normal epithelium [61, 64–66]. The reduction 
in the fluorescence intensity of the tumor may be due 
to increased blood uptake, low NADH, and thicken-
ing of the epithelium [61, 66]. Thus, the autofluores-
cence signal for carcinoma in situ is between that of 
the normal epithelium and that of papillary tumors 
[66–68]. Frimberger et al. [69] described an autofluo-
rescence imaging system capable of detecting bladder 
tumors with 95% sensitivity and 42% specificity. The 
combination of the autofluorescence technique with 
the fluorescence technique after instillation of ALA 
increases the specificity of the ALA-PpIX technique 
by 20% [69].
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Exogenous fluorophores

There are two main approaches to the fluorescence 
diagnosis of exogenous fluorophores. An in vivo fluores-
cence cystoscopy approach and an ex vivo fluorescence 
cytology approach.

Fluorescence cystoscopy

The results of the various clinical studies concerning 
the diagnosis of bladder CIS by fluorescence cystoscopy 
are shown in Table 1.

ALA: 3% ALA solution (180mM) is instilled in 
the bladder for 2 to 6 hours before cystoscopy. The 
sensitivity of the technique varies from 87% to 100% 
with an average value of 92.3%. The specificity of the 
technique varies from 51% to 68.5% with an average 
value of 62.9%. The technique detects an additional 30% 
to 50% of CIS compared to conventional cystoscopy 
[31, 47–50, 68, 70–72]. The relatively low specificity is 
due to the fluorescence of modified tissue areas, such 
as cystitis or hyperplasia, areas of anterior resection, 
or areas of inflammation following recent intravesi-
cal treatment, which limit the use of the technique for 
a period of 6 weeks to 6 months after the intervention 
[73, 74]. However, genetic analysis of false-positive 
areas of hyperplasia shows that some lesions exhibit 
chromosomal alterations comparable to those observed 
in papillary tumors [75]. Transurethral resection guided 
by fluorescence reduces by 40–50% the residual tumor 
rate after resection [71, 76]. 

hALA: A solution of hALA (Hexvix®) at a concen-
tration of 8 mM is instilled in the bladder for 1 to 2 hours 
before the exam. The sensitivity of the technique varies 
from 92.2 to 97% with an average value of 95%. The 
specificity of the technique is of the order of 75.4%. 
The technique detects more than 90% of CIS [77, 78]. 
Compared to conventional cystoscopy, fluorescence 
cystoscopy with hALA detects 67% of additional CIS 
cases. Although intravesical instillation of ALA or 
hALA provides comparable results, the use of hALA is 
justified for several reasons; the reduction in instillation 

time from 2–6 hours for ALA to 1–2 hours for hALA, 
the reduction of the concentration of the solution to 
be instilled by 180 mM (3%) for ALA at 8 mM (0.2%) 
(Reduction of factor 20), and the increase in the rate of 
PpIX synthesized by 22% after intravesical instillation 
for 4 hours in a row or by 110% after 2 hours of instil-
lation followed by 2 hours of waiting [79, 80]. Recently, 
hALA has been shown to enable the detection of bladder 
cancer cells in liquid biopsies [81]. 

Hypericin: Hypericin solution is instilled in the blad-
der at a concentration of 8µM for 2–4 hours before the 
examination. The sensitivity of the technique varies from 
82 to 94% with an average value of 90%. The specificity 
of the technique varies from 91 to 97% with an average 
value of 94.8%. The hypericin fluorescence cystoscopy 
technique is characterized by sensitivity comparable to 
that obtained with ALA or hALA, however, the specific-
ity of this technique is greater than the last two (Tab. 2)  
[56, 57, 82]. 

Fluorescence cytology

Fluorescence cytology involves combining urinary 
cytology with fluorescence diagnosis. Two different 
approaches are possible. The first involves intravesical 
instilling an ALA (3%) or hypericin (8 µM) solution and 
microscopic examination of the sediments of the wash 
solution [83, 84]. The second approach involves incubat-
ing the cells recovered from the bladder wash with an ex 
vivo hypericin solution (15 min, ambient temperature) 
before performing the microscopic examination [85]. 
The sensitivity and specificity of fluorescence cytology 
after intravesical instillation of ALA (3%, 2–3 h) are 
estimated at 86% and 75% compared to 79% and 88%, 
respectively, for conventional cytology [84]. Pytel et al. 
[83] reported 98% sensitivity for fluorescence cytology 
after intravesical instillation of ALA (3%) or hypericin 
(8 µM). Olivo et al. [85] found that cells recovered 
from urinary lavage and incubated in the presence of 
hypericin are considered malignant if they accumulate 
at a higher rate (8.5 times) than the baseline value es-
tablished by healthy cells. 

Table 1. Comparison of fluorescence cystoscopy with conventional cystoscopy

Sensitivity % Specificity % Benefits Disadvantages

Conventional 
cystoscopy

73 60 Detection of papillary lesions

Reduced time and cost

Low sensitivity for CIS detection

Low specificity

ALA 92 62 Improves the sensitivity of conven-
tional cystoscopy

Low fluorescence specificity on mod-
ified areas

Hexvix® 95 75 Reduction of time and concentration 
of instillation

Improved specificity compared to 
ALA, but still insufficient

Hypericin 90 94 Improves fluorescence cystoscopy 
specificity

Primary results to be confirmed in 
larger studies

ALA — aminolevulinic acid
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Table 2. Diagnosis of bladder carcinoma by aminolevulinic acid, aminolevulinic acid hexylester, and hypericine induced 
fluorescence

Nb PS Concentration 
Time (H)

Sensitivity 
%

Specificity 
%

Supplemental fluorescence cystoscopy 
(CF)/Conventional cystoscopy (CC)

(Kriegmair, 1994) 68 ALA 3%

3/5

100 68.5 32.5%

(Kriegmair, 1996) 104 ALA 3%

2/3

96.9 66.6 20%

(Jichlinski, 1997) 34 ALA 3%

6/7

89 56 40%

(Jichlinski, 1997) 51 ALA 3%

4/6

93.3 51 27%

(Jichlinski, 1997) 33 ALA 3%

6/7

82.9 81.3 32.5%

(D’Hallewin, 
1998)

16 ALA 1, 2, 3%

3

94 54 97% of CIS cases detected by CF compared to 
34% detected by CC

(Koenig, 1999) 55 ALA 3%

2/3

87 59 20% CIS

(Kriegmair, 1999) 208 ALA 3%

2.8 h

96 65 CF detects 82 (25%) additional cases

31% belong to non-specific or normal epithelium

(Dominicis, 2001) 49 ALA 3%

2/3

87 63 30%

(Zaak, 2001) 605 ALA 3%

2 h 30

97 65 34.2% invisible per CC

56.8% additional CIS

(Filbeck, 2002) 279 ALA 3%

2/3

17 cases of CIS (57%) and 7 cases of Dys (44%) are detected by CF 

57% additional detection rate for CIS and Dys

(Zaak, 2002) 713 ALA 3%

2/3

91.1% of CIS detected by CF compared to 47.2 per CC

80.6% of Dys are detected by CF compared to 69% by CC

TOTAL 2215 ALA 3% 
2–6

92.3 62.9 CFALA allows detection of 20–50% 
additional CIS/CC

(Lange, 1999) 25 hALA 4, 8, 16 mM

2 + 2

92.2 71.8 Optimum concentration 8 mM

2 hours instillation + 2 hours waiting

(Jichlinski, 2003) 52 hALA 8 mM

1h

96 79 47 lesions detected by hALA alone

12 / 13 (92.3%) CIS detected by hALA

CF detects 10 times more CIS/CC

(Schmidbauer, 
2004)

286 hALA 8 mM

1h

97 – CF detects 67% more CIS/CC

and 28% more patients with CIS

FC vs. CC (CIS): 97% vs. 58%

FC vs. CC:(Dys): 94% vs. 53%

TOTAL 363 hALA 8 mM

1 h

95 75.4 CF hALA allows detection of more than 90% CIS 
CF hALA allows detection of 67% CIS suppl./CC

(D’Hallewin, 
2000)

40 Hyp 8 µM

2–4

93 98.5 No false positives

Contact time comparable to ALA at 8µM

(D’Hallewin, 
2002)

87 Hyp 8 µM

2–4

94 95 No photobleaching during examination 
or resection

(Sim, 2005) 41 Hyp 8 µM

2–4

82 91 Additional detection of 29% tumours

TOTAL 168 Hyp 8 µM

2–4

90 94.8 CF Hyp improves detection specificity CF Hyp 

allows detection of 29% additional cases/CC

ALA — ainolevulinic acid; CC — conventional cystoscopy; CF — fluorescence cystoscopy; CIS — carcinoma in situ; hALA — aminolevulinic acid hexylester; 
Hyp — hypericine induced fluorescence; Nb — number; PS — photosensitizing
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Table 3. Resolution parameters of the different confocal microscopy approaches

Confocal microscopy approach Montage Resolution 
Lateral / axial

Penetration 
depth

References

Confocal Reflectance Microscopy No Fiber < 1 µm/3 µm 100–500 µm (Sokolov, 2002)

Fibred 2 µm/6 µm 100–200 µm (Sokolov, 2002)

Confocal Fluorescence Microscopy No Fiber < 1 µm/5 µm 200–500 µm (Koenig, 2003)

Fibred 2,5–5 µm/15–20 µm 0–80 µm (Laemmel, 2004)

Confocal microscopy

Optical biopsy

The diagnosis of bladder cancer requires using 
a technique that provides the following information: (i) 
the location in the epithelium (detection), (ii) the degree 
of wall invasion (tumor stage), (iii) and histological dif-
ferentiation (cell grade) [86]. For several years, efforts 
have been focused on the development of optical biopsy 
techniques. The principle of these techniques is based 
on the interaction of light and tissues. The term optical 
biopsy encompasses various methods which use the prop-
erties of light to instantly retrieve diagnostic information 
and which are compatible with endoscopy [87, 88]. 

Optical biopsy techniques under development 
include spectroscopic methods and optical imag-
ing methods:

Spectroscopic methods include, among others, the 
technique of elastic scattering spectroscopy (ESS) [86, 
89, 90], the technique of non-elastic scattering spectros-
copy (raman effect spectroscopy) [91], and fluorescence 
spectroscopy (LIFS, light induced fluorescence spec-
troscopy) [61, 65, 92]. 

Optical imaging methods include the optical coher-
ence tomography technique (OCT) [93–96] and the fiber 
optic confocal microscopy technique (FOCI) [97, 98].

Among the optical biopsy techniques, fiber confocal 
microscopy could be a tool capable of visualizing, in vivo 
and in situ, the histology of the observed tissue, without 
resorting to the sampling of biological material. This 
technique consists in coupling a confocal microscopy 
system to an optical fiber making it possible to perform 
confocal imaging, in vivo, by endoscopic route [99].

Principle of confocal microscopy

One of the major problems of classical epi-fluo-
rescence microscopy is the presence of a significant 
background noise linked to the thickness of the object 
observed. Although the focusing is done on a precise focal 
plane, the information recording is marred by background 
noise that is superimposed on the image of the observed 
plane: this noise results from the excitation by the source 
light of fluorochromes located on the light path [100].

The confocal microscope acts like an optical 
microtome. Its principle consists in focusing the 
beam of the excitation light on a point of the sample 
and recovering only the light signal emitted by this 
same point. The signal passes through the aperture 
of a diaphragm for both illumination and detection 
paths. The role of the illumination diaphragm is to 
limit the illumination zone to a single point of the 
sample examined. The detection diaphragm blocks 
light from adjacent planes on either side of the focal 
plane. The two diaphragms are projected by a lens on 
the same point of the sample to make them confocal 
[97]. The 2D image is constructed point by point by 
the scanning (X, Y) of the field of view. The optical 
sectioning of successive focal planes (Z) allows a 3D 
reconstruction of the tissue volume. The combination 
of high spatial resolution with the ability to perform 
optical sectioning through confocal imaging results 
in the acquisition of high-resolution subcellular im-
ages extended to several tens of µm thick. Confocal 
microscopy provides a means of visualizing cell and 
nuclear size and arrangement, as well as tissue struc-
tures (vessels, capillaries), with or without the addition 
of contrast agents [97, 101].

Fiber optic confocal microscopy

The confocal microscope is made up of two distinct 
entities: a mechanical part and an optical part. The 
mechanical part comprises the light source, detection 
system, and scanning system. The optical part cor-
responds to the objective. Fiber confocal microscopy 
consists of separating the mechanical entity from the 
optical scope by means of an optical fiber formed of 
a bundle of flexible fibers which ensure the transfer of 
the excitation light from the source to the tissue. These 
fibers recover information from the fabric on return. 
The objective incorporated in the head of the optical 
fiber makes it possible to access the imaging of organs 
in vivo by endoscopy and bypass the bulk generated 
by the confocal microscope [97, 102]. There are two 
imaging modalities used in fiber confocal microscopy: 
confocal reflectance imaging and confocal fluorescence 
imaging. The resolution of these imaging techniques is 
shown in Table 3.
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Confocal reflectance imaging: In reflectance mode, 
the excitation phenomenon and the emission phenom-
enon are produced at the same wavelength. Confocal 
reflectance imaging is based on the difference in back-
scattering phenomena between nuclear and cytoplasmic 
compounds in the cell. These differences may be tissue 
specific or induced by an exogenous contrast agent 
(acetic acid) capable of modifying the optical properties 
of cellular compounds. It allows highlighting the dif-
ference between the nucleus and the other cytoplasmic 
compounds [97].

Confocal fluorescence imaging: In fluorescence 
mode, the technique requires the presence of a fluo-
rescent molecule to visualize cellular compounds. This 
molecule can be endogenous (autofluorescence) or 
exogenous (fluorescent marker).

In autofluorescence, the images mainly come from 
native fluorophores often confined to connective tissue 
(collagen, flavins, elastins) [97].

In fluorescence, the images come from exogenous 
fluorophores which mark cellular compounds. Among 
the molecules used, there are nuclear markers such as 
Syto 17 [103] or Cresyl violet [104], membrane markers 
such as fluorescein [105], or antibodies coupled to a fluo-
rescent substance such as FITC [106]. Nuclear markers 
should be used with caution because of their mutagenic 
potential when interacting with nuclear DNA.

Cell ViZioTM

System description

Cell viZioTM is a confocal imaging instrument, devel-
oped by the French company Mauna Kea Technologies 
[107]. Cell viZioTM is intended for non-invasive in situ 
and in vivo imaging thanks to the coupling to a minia-
turized optical fiber, compatible with endoscopy [80, 
108]. The system is composed of (i) an optoelectronic 
box containing a laser diode (488 nm) as an excitation 
source, (ii) an optical fiber (iii), and a control, record-
ing, and processing system computer image [98]. Optical 
fibers represent for Cell viZioTM the equivalent of an 
objective for a microscope [107]. 

Image training and processing

The excitation source consists of a solid 488 nm laser 
diode compatible with most markers used in vivo. The 
confocal nature of the system is due to the size of the 
core of each fiber in the bundle. Indeed, the diameter of 
2µm serves as excitation and then detection diaphragm 
and gives the system its confocal character [109]. 
The excitation light is focused on the tissue through 
a micro-objective located at the distal level of the fiber. 

The illuminated spot excites the fluorophore located 
at a specific distance in the tissue. Excitation light is 
sequentially injected into each fiber producing a parallel 
illumination beam. This is then separated by a dichroic 
mirror in order to separate the excitation channel from 
the detection channel. The beam is then deflected an-
gularly in two spatial directions by a scanning system 
(X, Y) then injected point by point for a given line and 
line after line to constitute a 2-dimensional image. The 
spot illuminating the tissue is backscattered following 
the reverse path of the incident beam to a detection 
system. The detected signal is digitized for viewing on 
the screen. Twelve frames per second can be acquired to 
capture real-time video footage. The raw information at 
the output of the detector is processed by an algorithm 
so that it can be viewed and then interpreted [98].

Applications of confocal microscopy

Fiber confocal imaging could be useful for a large 
number of medical applications, including the early 
diagnosis of epithelial cancers, especially those at high 
risk of recurrence and progression [97]. The fields of ap-
plication of confocal microscopy are wide, they relate in 
particular to skin [105, 106], gastrointestinal [110], oral 
[111, 112] lesions, as well as the bladder [80] and cervix 
[113]. Experience with confocal microscopy in bladder 
imaging is still very limited. Koenig et al., evaluated the 
potential of confocal laser scanning microscopy (CLSM 
or Confocal Laser Scanning Microscopy) in imaging the 
rat bladder wall in vivo after laparotomy, without staining 
the tissue. The images are obtained in the near infrared at 
1064 nm allowing the imaging of structures at a maximum 
depth of 300 µm, with an axial resolution of 0.5 to 1 µm 
and a lateral resolution of 3 to 5 µm. The CLSM allows 
imaging of the normal rat bladder epithelium. Epithe-
lial cells, lamina propria, collagen fibers, muscle fibers, 
capillary plexuses, and blood vessels are easily visualized 
[103]. In a second ex vivo study, Koenig et al. evaluated 
the potential of confocal fluorescence microscopy after 
intravesical instillation of a fluorescent nucleic marker 
(Syto 17). Imaging is performed with a standard laser 
scanning confocal microscope (Zeiss LSM 410). Two 
hours after instillation of a solution of Syto 17 (10 μM), 
the rats are euthanized. The bladders are removed and 
examined under the confocal microscope on sections 
3 to 5 µm thick with a lateral resolution of 0.5 to 1 µm. 
Confocal fluorescence microscopy made it possible to 
distinguish different types of cells of the epithelium (su-
perficial, intermediate, and basal) and the lamina propria. 
Cell structures and characteristics (shape, size, chromatic 
profile, nucleoli, mitosis, and nucleo-cytoplasmic relation-
ship) can be distinguished. On deep cuts, connective tissue 
structures (collagen fibers, vessels, capillary plexuses, 
erythrocytes) can be observed [103, 109, 112]. 
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Clinical assessment of real-time 
confocal endo-microscopy in the 
diagnosis of bladder carcinoma

Confocal Laser Microscopy has been introduced to 
the endoscopic clinical practices in the framework of 
asserting the diagnosis of the potential bladder malig-
nancies. The validation of this technique has been based 
on high-resolution endoscopic optical images, which 
enable clinicians to establish a categorical tumor grad-
ing during cystoscopy. In the study conducted by Liem 
et al. [114] confocal laser endomicroscopy (CLE) has 
been shown to be a valuable modality able to identify 
and ensure a real-time tumor grading of the urothelial 
lesions although superficial neoplasms still represent 
an unmet challenge. Marien et al. [115] coupled the 
confocal laser endomicroscopy with two fluorophores, 
namely the fluorescein and the PpIX inducing prodrug 
hexyl aminolevulinate (HAL), to adopt the cytological 
and histological criteria of bladder cancer diagnosis in 
patients eligible for HAL-PpIX assisted transurethral 
resection. Biopsies were examined using either confo-
cal laser microscopy or Cell Vizio (488; 660 nm dual 
system). Real-time confocal microscopy showed prom-
ising potential in cytodetection ability and subcellular 
visualization of the nucleocytoplasmic abnormalities 
associated with neoplasmic cellular features [115]. In 
this context, Cell Vizio mediated endomicroscopy has 
been considered a quantum leap in the selection of 
patients eligible for conservative tumor management 
[107]. When combined with white light cystoscopy, 
confocal fluorescence video microscopy, performed 
after intravesical instillation with fluorescein, showed 
a high consistency correlated with conventional histo-
pathological classification in 85.7%  of low-grade and 
80% of high-grade urothelial lesions [99]. 

Conclusions

The technological transition from conventional en-
doscopy of the bladder to the fluorescence cystoscopy 
after intravesical instillation with photosensitizers or 
PpIX-induced prodrugs (ALA and h-ALA) associat-
ed with blue-light imaging systems has improved the 
sensitivity of papillary and superficial bladder cancer 
detection to a rate of 95% with Hexvix, but without 
offering further insights on the degree of invasiveness 
and malignancy. Fiber Optic Confocal Fluorescence en-
doscopy has been introduced to scan urological tumors 
by providing explicit images at the microscopic level 
showing the architectural landscape of urothelial cytol-
ogy which will pave the road for a systematic follow-up 
of bladder tumors. The possibility of carrying out optical 
sectioning by the means of confocal imaging through an 

optical fiber compatible with endoscopy could make it 
possible to visualize different histological layers of the 
epithelium in a non-invasive manner, from the surface 
and up to several tens of µm deep. This progress holds 
the greatest potential, not only for mere detection of 
the epithelial lesions but also for providing real-time 
intraoperative histology with the ability to discern 
between normal and abnormal tissues, which helps in 
very accurate localization and cellular characterization 
of the epithelial tumors. 
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