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Abstract
Gastrointestinal cancers represent a major cause of 
morbidity and mortality, with incomplete response to 
chemotherapy in the advanced stages and poor prog-
nosis. Angiogenesis plays a crucial part in tumor growth 
and metastasis, with most gastrointestinal cancers de-
pending strictly on the development of a new and de-

voted capillary network. Confocal laser endomicroscopy 
is a new technology which allows in vivo  microscopic 
analysis of the gastrointestinal mucosa and its microvas-
cularization during ongoing endoscopy by using topically 
or systemically administered contrast agents. Targeting 
markers of angiogenesis in association with confocal la-
ser endomicroscopic examination (immunoendoscopy), 
as a future challenge, will add functional analysis to the 
morphological aspect of the neoplastic process. This re-
view describes previous experience in endomicroscopic 
examination of the upper and lower digestive tract with 
emphasis on vascularization, resulting in a broad spec-
trum of potential clinical applications, and also preclini-
cal research that could be translated to human studies.
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INTRODUCTION
Confocal laser endomicroscopy (CLE) is an emerging 
technology which allows in vivo imaging of  cellular and 
subcellular details of  the gut mucosa and vessels during 
ongoing endoscopy. With real-time microscopic analysis 
of  the mucosal layer at high resolution, an immediate di-
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agnosis is possible for different diseases and types of  tis-
sues. A magnification of  about 1000 × enables evaluation 
of  the epithelial cells, connective tissue and changes in 
vascular patterns. By using intravenously administered flu-
orescein sodium, images of  vessel architecture are readily 
available, and early recognition of  vascular changes in the 
gastrointestinal (GI) neoplasia is possible[1]. Furthermore, 
if  real-time diagnosis cannot be obtained, the same tech-
nique allows targeted sampling of  relevant areas (“smart 
biopsies”) with fewer specimens sent to the pathologist 
but with significantly higher diagnostic yield compared to 
random biopsies[2].

The potential role of  CLE has been explored in dif-
ferent pathologic conditions of  the GI tract, the possi-
bility of  diagnosing premalignant and malignant lesions 
of  the GI tract being particularly important considering 
the prognostic implications. Gastroenterologists have 
shown significant interest in this technique, looking for 
further potential applications in molecular imaging.

Cancers of  the digestive tract nowadays represent a 
major cause of  morbidity and mortality. Tumor growth 
and metastatic potential are strictly dependent on the de-
velopment of  a new and devoted capillary network, which 
will supply oxygen and nutrients to the newly formed tu-
mor and will allow malignant cells to access the systemic 
circulation[3]. Following intravenous administration of  con-
trast agent, CLE allows in vivo real-time visualization of  the 
tumor vasculature which is structurally and functionally al-
tered by comparison with the pre-existing vessel network. 
Furthermore, pre-clinical trials have shown that quantita-
tive characterization of  microvessels in vivo is possible with 
confocal mini probes and the additional image processing 
software[4]. Such analysis of  the microvascular architecture 
is fundamental for early detection of  neoplastic transfor-
mation and assessment of  the tumor’s metastatic potential. 
The complex, multistep process of  neovascularization is 
the consequence of  a dynamic balance between pro- and 
anti-angiogenic factors[5]. Targeting markers of  angiogene-
sis, such as vascular endothelial growth factor (VEGF) and 
epidermal growth factor receptor (EGFR), in association 
with endomicroscopic examination, as a future challenge, 
will add to the morphological aspect functional analysis of  
the neoplastic process. First steps towards such molecular 
endomicroscopic imaging have been made by recent stud-
ies on animal models.

PRINCIPLES AND TECHNIQUE
The newly developed endomicroscope integrates a minia-
ture confocal microscope into the distal tip of  a conven-
tional endoscope enabling simultaneous standard video 
imaging and confocal microscopy of  the mucosal layer. 
During CLE, an argon ion laser delivers an excitation 
beam of  488 nm wavelength at the surface of  the tissue 
allowing targeted endomicroscopic images to be cap-
tured[6]. By placing the distal tip of  the endomicroscope 
in intimate contact with the mucosa, multiple grayscale 
optical sections are recorded at different depths within 
a range of  0-250 μm. The optical slices are parallel with 

the mucosal surface with a 7 μm thickness and a lateral 
resolution of  0.7 μm, the field of  view being 475 μm × 
475 μm[7,8].

Apart from this dedicated endomicroscope, CLE can 
be performed with a miniprobe. This stand-alone confocal 
probe can be passed through the working channel of  most 
endoscopes for examination of  both the upper and the 
lower digestive tract. The entire probe-based endomicros-
copy system consists of  a flexible catheter probe represent-
ing a bundle of  optical fibers linked to a micro-objective, 
a laser scanning unit (excitation wavelength 488 nm) and 
control and acquisition software. A range of  mini probes 
were designed with various optical parameters for different 
endoscopic procedures[8,9]. The advanced image processing 
software allows real-time sequence display for an immediate 
morphologic diagnosis and also post-procedural analysis 
and editing. It enables vessel detection and quantitative mi-
crovascular measurements, features that make the system 
suitable for angiogenesis studies[4].

Contrast agents
High-resolution confocal imaging is achieved by using an 
exogenous fluorescence technique. Of  the potentially suit-
able contrast agents in humans, the most commonly used 
are intravenous fluorescein sodium (10%) and topically ap-
plied acriflavine (0.2%)[10]. Acriflavine hydrochloride passes 
the cell membrane and strongly labels acidic constituents, 
providing clear visualization of  the nuclei and cytoplasm, 
but only in the superficial layers of  the mucosa (0-100 μm). 
Thus, it is particularly important in depicting intraepithe-
lial neoplasia and cancer of  the GI tract[11]. Fluorescein is 
a slightly acidic, hydrophilic dye with nonspecific staining 
properties. Within seconds of  intravenous administration 
it strongly binds to serum albumin and makes the vascular 
pattern easily detectable. The remaining unbound dye dif-
fuses across the capillaries and, by entering the tissue, it 
highlights the extracellular matrix[10,11]. 

With increasing interest by gastroenterologists in mo-
lecular imaging, novel fluorescent contrast agents have 
been developed targeting disease-specific biomarkers. 
These include labeled peptides which are easy to deliver 
to the target structure due to their low molecular weight, 
but they have variable affinity[12]. A heptapeptide conju-
gated with fluorescein has been topically administered 
for specific in vivo imaging of  human colorectal neo-
plasia[13]. Fluorescently labeled antibodies, on the other 
hand, are highly selective, binding to their defined target, 
but may induce immune reactions. Already approved 
therapeutic antibodies could be labeled for imaging tu-
mors, thus deciding the choice of  targeted chemotherapy 
and potentially predicting the response to treatment[12]. 
CLE was able to accurately classify human xenograft tu-
mors in mice and human tissue specimens based on their 
EGFR expression using fluorescently labeled antibodies 
against EGFR[14]. Anti-VEGF antibodies were also used 
as fluorescent contrast agents for in vivo molecular imag-
ing in animal models[15]. Extensive pharmacokinetic and 
safety studies are needed to define clinical applications 
for these molecular probes.
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CLINICAL APPLICATIONS IN GI CANCERS 
The spectrum of  potential indications for CLE is broad 
and includes pathology of  both the upper and lower GI 
tract, most importantly screening and surveillance for 
cancer based on the cellular and vascular changes. Micro-
scopic imaging of  the mucosa is performed after previous 
detection by standard or optically enhanced endoscopy 
(autofluorescence imaging, narrow band imaging, i-scan, 
etc.) of  “areas of  interest”[10].

Esophagus
The normal endomicroscopic view of  the esophageal 
surface includes polygonal cells within the non-keratin-
ized squamous epithelium and the regular capillary loops 
of  the esophageal papillae directed towards the luminal 
surface (Figure 1A)[7,11]. 

In patients with gastroesophageal reflux disease (Figure 
1B), Barrett’s epithelium is a well defined premalignant 
condition associated with adenocarcinoma of  the lower 
esophagus. Although the main diagnostic feature of  
Barrett’s esophagus is the presence of  goblet cells, eas-
ily detectable with CLE, the vascular pattern, highlighted 
by fluorescein staining, can also to be considered. The 
subepithelial capillaries are still regular in shape beneath a 

specialized columnar epithelium (Figure 1C)[7]. Significant 
alterations of  the capillary loops are notable in neoplastic 
tissue with irregular, dilated vessels of  increased perme-
ability recognized in the lamina propria due to the brighter 
signal intensity. Thus CLE is able to detect early neoplastic 
transformation based on changes in the vascular architec-
ture[1,16]. In the progression of  cancers associated with Bar-
rett’s esophagus, angiogenesis represents an essential step. 
Confocal endomicroscopy can detect this newly developed 
vascular network and also it enables quantitative measure-
ments such as microvessel density (MVD). Becker et al[17] 
evaluated confocal microscopy images acquired from 20 
patients, which showed that, in neoplastic Barrett’s esopha-
gus, MVD was significantly higher compared to benign 
conditions. 

Stomach
In imaging the stomach, confocal diagnostic criteria have 
been established in clinical studies for normal gastric mu-
cosa (Figure 2A) as well as for chronic gastritis with intes-
tinal metaplasia (Figure 2B) and cancer by correlation with 
histopathological examination as the gold standard[18-22]. 
While most of  these studies classified lesions based mainly 
on the changes in cells and pit patterns, Liu et al[23] de-
scribed endomicroscopic aspects of  vascular architecture 
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Figure 1  Esophageal surface epithelium visualized using intravenous fluorescein. A: Capillary loops (arrows) of the esophageal papillae; B: Dilatation of inter-
cellular spaces and increased vasculature off the papillae in reflux esophagitis; C: Presence of cylindrical epithelial cell and goblet cells (arrows) in the distal esopha-
gus suggesting Barrett’s epithelium.

A B C

Figure 2  Confocal laser endomicroscopy of the stomach using intravenous fluorescein. A: Columnar epithelium of the antral gastric mucosa and regulated mi-
crovascular matrix; B: Atrophic gastritis with intestinal metaplasia and presence of goblet cells (arrows); C: Early gastric cancer with disorganized tissue architecture, 
few regular crypts (arrowhead) and very tortuous, dilated, irregular vessels (arrows).

A B C
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in both normal and malignant mucosa of  the upper GI 
tract. Contrast enhanced CLE (fluorescein sodium 10%,  
5 mL) highlights the vascular network of  the normal gas-
tric mucosa revealing different aspects between parts of  
the stomach. The subepithelial capillaries of  the gastric 
body show a honeycomb-like pattern surrounding the gas-
tric pits while in the antrum they are typically coil-shaped. 
Differentiated early gastric cancer appears to be hyper-
vascular with tortuous, dilated vessels, irregular in shape 
and size (Figure 2C). In contrast, a hypovascular aspect 
was described for undifferentiated cancer with isolated, 
short branch vessels that did not interconnect. In one case 
report, probe-based endomicroscopy made it possible to 
diagnose angiodysplasia as a cause of  chronic anemia by 
real-time imaging of  a dilated blood vessel with moving 
red blood cells[24], adding proof  to CLE’s feasibility for 
vascular imaging. 

Colon
Clinical trials have delineated potential applications for en-
domicroscopic examination of  the colon. Following intra-
venous administration of  fluorescein the capillaries of  the 
normal colonic mucosa are clearly visualized in the deeper 
layers of  the lamina propria as bright structures (Figure 
3A) with moving dark shadows in the lumen representing 

the red blood cells which are not labeled by fluorescein 
(Figure 3B). This network of  capillaries circumscribing 
the regular round mucosal glands results in a typical hon-
eycomb pattern in CLE sequences[6,11]. In the proximal co-
lon the vasculature appears more dense than in the distal 
colon, an aspect which correlates with the physiological 
profile of  water absorption along the large intestine[25]. 

Confocal patterns based on changes in vessel and crypt 
architecture have been defined to differentiate among 
neoplastic and non-neoplastic tissue[26,27]. In contrast to the 
regular vascular pattern of  the normal mucosa, in colonic 
cancer the vessels are dilated, distorted with little or no ori-
entation to the adjacent tissue. Increased permeability of  
the new tumoral vessels is proved by fluorescein passing 
from the lumen into the interstice which appears intensely 
bright (Figure 4A)[11,26]. Colon cancer, with 655 000 deaths 
worldwide per year, is the second leading cause of  cancer-
related death in the Western world[28]. In order to improve 
the prognosis, colorectal cancer should be detected in 
the early stages or even precursor stages, when it is pos-
sible to cure the selected cases by immediate endoscopic 
resection. Flat lesions are difficult to detect using standard 
endoscopic methods and conventional colonoscopy has a 
significant false-negative rate for intraepithelial neoplasia. 
CLE is able to predict intraepithelial neoplasia with high 
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Figure 3  Confocal laser endomicroscopy of the normal colon using intravenous fluorescein. A: Normal aspect of colonic mucosa showing regular architecture 
of crypts and capillaries of lamina propria (arrows); B: Dark shadows in the lumen of the vessels representing the red blood cells (arrows).

A B

Figure 4  Confocal laser endomicroscopy of the colon using intravenous fluorescein. A: Colon carcinoma with total disorganization of cell architecture, invasion 
and destruction of the vessels with leakage of fluorescein (arrows); B: Severe inflammatory changes in ulcerative colitis with cellular infiltrate causing an increase in 
the distance between crypts and excessive vascularity (arrows).

A B
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accuracy (99.1%) based on the morphological changes in 
vascularization mentioned above and the irregular cell ar-
chitecture[27]. 

Precursor neoplastic lesions are also detected by en-
domicroscopic examination, such as adenomatous pol-
yps, the most important risk factor for colon cancer[29]. 
They can be diagnosed microscopically in situ with high 
accuracy, taking into account the altered vascular pattern 
and also the lack of  epithelial surface maturation, crypt 
budding, and loss of  cell polarity[30]. 

Patients with inflammatory bowel diseases (IBD), 
both ulcerative colitis (UC) and Crohn’s disease (CD) 
have a higher risk of  developing colorectal cancer as a 
result of  persistent inflammation of  the colon. In long-
standing ulcerative colitis, CLE is a feasible solution for 
detecting neoplastic changes in suspect areas. When 
preceded by a wide-field examination technique, such as 
chromoendoscopy, CLE has been shown to increase the 
diagnostic yield of  intraepithelial neoplasia while reduc-
ing the number of  biopsy samples[31,32]. Inflammatory 
changes are also depicted by endomicroscopic examina-
tion. Increased vasculature of  the mucosa (Figure 4B) 
together with the chronic inflammatory infiltrate result in 
an enlarged distance between crypts, which show differ-
ent shapes and sizes[11]. 

A recent published study aimed to evaluate the role of  
CLE in the assessment of  inflammatory activity in UC[33]. 
On CLE images microvascular alterations and fluorescein 
leakage as well as crypt architecture were analyzed, and 
showed good correlation with the histological findings.

While the reported studies have considered mainly de-
scriptive features of  the vascular architecture for diagnosis 
purposes, quantitative measurements of  the normal and 
tumoral vessels could be possible by translating results 
from preclinical research on small animal models to clini-
cal trials. Laemmel et al[4] demonstrated in a murine model 
that is possible to make in vivo microvascular observation 
with a miniprobe confocal fluorescence microscope. They 
used fluorescein-isothiocyanate-labeled dextran (FITC-
dextran) or FITC-albumin injected intra-arterially for clear 
visualization of  the microvascular network. Confocal 
microscopy enabled observations and measurements usu-
ally provided by intravital microscopy: functional capil-
lary density, capillary permeability, vasoconstriction and 
dilation effects in a minimally invasive procedure. Thus, 
confocal miscroscopy has shown potential in the field of  
microcirculation that should be explored for clinical trans-
lation.

IMMUNOENDOSCOPY 
The association of  endomicroscopic examination with 
tagged markers of  inflammation and proliferation repre-
sents an evolutionary leap in GI endoscopy. Thus “im-
munoendoscopy” aims at the detection and characteriza-
tion of  lesions based on the molecular changes found in 
inflammation and neoplasia, with potential major impact 
on current diagnostic and therapeutic algorithms. The 
exogenous contrast agents for molecular imaging include 

fluorescently labeled antibodies and peptides which direct-
ly bind to their targets, and “smart” probes with tumor-
specific activation[12]. 

Goetz et al[34] approached in vivo molecular imaging in 
a study of  human inflammatory and neoplastic diseases 
in rodent models. They aimed to evaluate a newly devel-
oped, handheld confocal miniprobe for in vivo subsurface 
morphological, functional and molecular imaging. Oc-
treotate was labeled with 5-carboxyfluorescein for tar-
geted imaging of  somatostatin receptors. After systemic 
application of  developed tracer, neuroendocrine tumors 
and somatostatin-receptor-expressing pancreatic islet 
cells were visualized with excellent correlation with im-
munohistochemistry.

In a pilot in vivo human study, a phage library was 
screened to isolate a peptide that specifically bound co-
lonic dysplasia. The identified heptapeptide sequence 
was then synthesized and conjugated with fluorescein for 
use in patients undergoing colonoscopy. After its topical 
administration, endomicroscopic examination visualized 
preferential binding of  the labeled peptide to dysplastic 
colonocytes over normal mucosa with high sensitivity 
and specificity (81% and 82%, respectively), although the 
molecular target of  the sequence was unknown[13].

With constant interest in understanding angiogenesis 
and recent advances in antiangiogenic therapies for on-
cologic patients came the need for imaging this complex 
process in vivo. Targeting angiogenic regulators has been 
already performed on animal models with promising re-
sults for future clinical trials.

One trial evaluated the feasibility of  CLE for real-
time molecular imaging of  EGFR expression, an already 
established therapeutic target for colorectal cancer[14]. 
EGFR is overexpressed in many tumors, playing a cen-
tral role in proliferation, angiogenesis, invasion, and me-
tastasis[35,36]. In this trial it was possible to visualize and 
differentiate EGFR expression patterns in human xeno-
graft tumors in mice with a handheld CLE probe after 
injection of  fluorescently labeled antibodies. Addition-
ally, topical application of  fluorescently labeled antibod-
ies provided adequate contrast, enabling distinction of  
neoplastic from non-neoplastic human colorectal tissue 
samples based on their EGFR expression[14]. The same 
team specifically targeted VEGF for imaging its expres-
sion in murine tumors, human xenografts and human 
tissue samples of  colorectal cancer[15]. VEGF has been 
intensely studied in basic and clinical research and is 
already a therapeutic target in metastatic colorectal can-
cer[5]. CLE images showed a VEGF-specific signal which 
correlated well with immunohistochemistry. These stud-
ies provide evidence that “immunoendoscopy” is fea-
sible, and results from basic research could be technically 
translated into clinical practice. In vivo molecular imaging 
could enable selection of  patients who would benefit 
from targeted therapies and could monitor the response 
to treatment. 

Chick embryo chorioallantoic membrane (CAM) is a 
very convenient experimental model for studying angio-
genesis of  grafted tumors[37]. The feasibility of  gastric and 
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colonic biopsy implantation, both normal and neoplastic, 
on the chick CAM for the study of  angiogenesis was 
recently demonstrated[38]. Fragments of  human gastric 
and colonic mucosa were obtained through endoscopic 
biopsy, immersed in saline and implanted within 60 min 
on the chick CAM. Next, the implanted tissue fragments 
were examined using the confocal laser microscope after 
previous intravascular administration of  10% fluorescein. 
Confocal microscopic examination managed to identify 
both the initial vascularization (Figure 5A) and the newly 
formed vessels of  the grafted tissue (Figure 5B), including 
intravascular blood flow, representing a starting point for 
future immunoendoscopy studies in humans, with great 
therapeutic implications for angiogenic inhibitors.

In conclusion, CLE has led GI endoscopy into a new 
era. CLE is certainly no longer considered just another 
endoscopic technique, but a crucial and revolutionary 
imaging method for real-time assessment of  changes in 
the vascularization pattern of  GI structures. Furthermore, 
in vivo molecular imaging, combining CLE with targeted 
staining, will have a significant impact on both basic re-
search and clinical practice.
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