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Abstract

Recent advance in endoscopic imaging technology enables the endoscopists to 
detect esophageal squamous cell carcinoma (ESCC) more accurately than con-
ventional white light imaging (WLI) and Lugol chromoendoscopy. Especially, a 
combination of narrow-band imaging (NBI) (Kaltenbach T, Gastroenterology 
134:327–40, 2008) and magnifying endoscopy opened a brand new door of the 
endoscopic diagnostic field. NBI is classified in the category of equipment-based 
image-enhanced endoscope (IEE). Equipment-based IEE includes blue laser 
imaging (BLI) and i-scan optical enhancement (OE), which were developed 
after NBI.

Equipment-based IEE combined with magnifying endoscopy can visualize 
the microstructure of the squamous epithelial surface and microvasculature. 
Based on the morphological changes in these structures, we can make diagnosis 
ESCC more correctly and objectively. Therefore, in addition to the previous con-
ventional strategy of endoscopic diagnosis, new diagnostic strategies based on 
morphological changes in the microvasculature and epithelial surface are now 
required and needed for the endoscopists.

In this chapter, we explained diagnostic strategies by practical endoscopy 
including detection, differential diagnosis, evaluation of depth of invasion, and 
histological confirmation of ESCC.
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5.1	 �Endoscopic Imaging of the Esophagus and ESCC

Endoscopy plays an important role in the detection and evaluation of the lateral and 
vertical extent of ESCC as well as other gastrointestinal cancers. Endoscopic imag-
ing technology is now dramatically improved, and in particular, magnifying endos-
copy and equipment-based IEE [1] provided dramatic breakthroughs in the 
endoscopic diagnosis of ESCC.  High vision technology also contributed to the 
improvement of image quality.

In an endoscopic image, nonneoplastic and noninflammatory squamous epithe-
lium appears as a flat surface, with a pink colored mucosa and an irregular vascular 
network (Figure 5.1a). In contrast, superficial cancerous lesions show an irregular 

a b

c d

Fig. 5.1  (a) White light endoscopic image of normal esophageal epithelium. (b) Superficial squa-
mous cell carcinoma of the esophagus (type 0-IIa). (c) Advanced esophageal squamous cell carci-
noma (type 2). (d) Obstruction due to advanced esophageal cancer (type 3)
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surface (Figure 5.1b) and a reddish or whitish color change, while advanced cancer-
ous lesions show clearly apparent irregular elevations or irregular ulceration 
(Figure 5.1c). In the most advanced ESCC, the esophageal lumen is obstructed by 
tumor and the endoscope cannot pass the stricture (Figure 5.1d).

The macroscopic findings of ESCC by endoscopy are very important for under-
standing the location, shape, and extent of the cancerous lesion, because these 
parameters are usually used for making decisions on their treatment. The distance 
of the tumor from the incisor teeth is usually measured by endoscopy. The Japanese 
Classification of Esophageal Cancer classifies the macroscopic tumor type into 6 
categories (Types 0–5, Fig. 5.2) [2]. Tumor is defined as type 0 and recognized as 
superficial when the invasion is limited to the submucosa. Superficial (Type 0) 
ESCC is divided into 3 subtypes (0-I, 0-II, and 0-III). When the tumor invasion 
extends to the muscularis propria or beyond, the tumor is classified as advanced. 
Advanced ESCC is divided into 4 categories (Types 1, 2, 3, and 4). When a tumor 
cannot be classified into any of the first 5 categories (Types 0–4), it is classified 
as Type 5.

5.2	 �Endoscopic Detection and Differential Diagnosis 
of Superficial ESCC

Detection of advanced ESCC by endoscopy is easy. However, early detection of 
superficial ESCC is not always easy even for experienced endoscopists, because the 
endoscopic changes are usually minimal. Therefore, an ideal strategy for the early 
detection of ESCC is required.
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Fig. 5.2  Classification of 
macroscopic tumor type by 
the Japan 
Esophageal Society
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5.2.1	 �Conventional White Light Imaging (WLI)

Conventional WLI of superficial ESCC shows disappearance of the vascular net-
work in the mucosa (Figure 5.3a) and/or an uneven surface with a thin white coating 
(Figure 5.3b) or a reddish color change (Figure 5.3c). The presence of these features 
in a suspected lesion indicates the possible presence of superficial ESCC.

5.2.2	 �Lugol Chromoendoscopy

Iodine solution (Lugol solution) stains nonneoplastic esophageal squamous epithe-
lium dark brown (Figure  5.4a). In contrast, neoplastic lesions do not stain 
(Figure 5.4b) [3]. Thus, Lugol chromoendoscopy is a useful method for detecting 
and identifying the lateral extension of ESCC. However, it causes unpleasant side 
effects including chest pain and discomfort in those who undergo endoscopic 
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Fig. 5.3  (a) Superficial esophageal cancer (type 0-IIc) is clearly identified by disappearance of 
vascular network. (b) Superficial esophageal cancer (type 0-IIb) shows an uneven surface with a 
thin white coating. (c) Superficial esophageal cancer (type 0-IIa) is identified as a slight red-
dish lesion
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examination, and occasionally causes allergic reactions including flushing, asthma, 
and iodine shock. Sodium thiosulfate solution is useful in reducing these adverse 
symptoms. Intravenous administration of steroids before the examination is some-
times effective in preventing allergic reactions.

After staining with Lugol solution, superficial ESCC shows a pink color change 
(Figure  5.4c). [4]) reported that when used as a diagnostic index for high-grade 
intraepithelial squamous neoplasia and SCC, the pink color sign has sensitivity and 
specificity of 91.9% and 94.0%, respectively. [5]) also reported that its sensitivity 
and specificity for the diagnosis of high-grade intraepithelial neoplasia or invasive 
cancer were 88% and 95%, respectively.

In some cases, multiple Lugol-voiding lesions (multiple LVLs) could be detected 
in the entire esophagus (Fig. 5.5) [6, 7]. This phenomenon was explained by the 
“field carcinogenesis” theory [8], in which multiple neoplastic lesions develop not 
only in the esophagus but also in the head and neck region and lung, and so on. The 
patients with multiple LVLs in the background esophageal mucosa are at risk of 
multiple cancers in the upper aerodigestive tract. Abstention from drinking decreases 

a b

c

Fig. 5.4  (a) Normal esophageal epithelium is stained as dark brown by Lugol chromoendoscopy. 
(b) Cancerous lesion is clearly revealed as Lugol-voiding lesion after Lugol staining. (c) Definite 
cancerous lesion shows pink color change after Lugol staining
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the risk of multiple developments of ESCC after endoscopic resection for superfi-
cial ESCC [9].

5.2.3	 �Equipment-Based Image-Enhanced Endoscopy (IEE)

Equipment-based IEE can accurately diagnose superficial ESCC.
Among the equipment-based IEE technologies, narrow-band imaging (NBI) 

[10, 11] can provide a highly accurate diagnosis of superficial ESCC. The NBI 
system uses two narrow-band wavelengths of 415 nm and 540 nm, corresponding 
to the peaks of absorption of hemoglobin. Therefore, thin blood vessels such as 
capillaries in the epithelium or mucosal layer can be seen more distinctly by NBI 
than by conventional WLI. Under NBI observation, most of the area of a superficial 
ESCC is seen as brownish (Figure 5.6a, b) [12, 13]. In addition, the morphological 
changes of the intrapapillary capillary loop (IPCL) have been recognized as a use-
ful parameter for ESCC diagnosis [14]. With magnification, irregularities in the IPCL 
are also more clearly identified by NBI than by conventional WLI (Figure 5.6c, d) 
[12, 13].

Using the simple criteria of “brownish area” and “irregular microvascular pat-
tern” as diagnostic findings of superficial ESCC, we [15] reported in the prospective 
multicenter randomized controlled trial that NBI detected more frequently superfi-
cial ESCC than did WLI (97% vs. 55%, P < 0.001). In addition, the sensitivity and 
accuracy of NBI for the diagnosis of superficial ESCC was 97.2% and 88.9%, 
respectively. Even small lesions (< 10 mm) were more effectively detected by NBI 
with magnification than by WLI (94% vs. 39%, P = 0.03).

[16]) also reported in their retrospective study that the specificity of NBI for 
diagnosis of superficial ESCC was significantly superior to that of conventional 
WLI (95.4% vs. 84.7%, P  <  0.001), while the sensitivity of NBI and Lugol 

Fig. 5.5  Multiple 
Lugol-voiding lesions 
(multiple LVLs)

M. Muto



77

chromoendoscopy was equivalent (90.9% vs. 100%, not significant). Furthermore, 
most of the Lugol-unstained lesions overlooked by NBI were low-grade intraepithe-
lial neoplasia or lesions with atypical findings. This means that Lugol chromoen-
doscopy detects the lesions unnecessary to treat while NBI detects those indicated 
for endoscopic treatment. These results indicate that NBI is a useful and less inva-
sive screening method than Lugol chromoendoscopy for identifying superfi-
cial ESCC.

In contrast, the false-positive rate of NBI without magnification is high. 
Therefore, NBI is recommended for use with magnification to provide both higher 
sensitivity and higher specificity.

BLI (Fujifilm, Tokyo, Japan) is also one of the methods of equipment-based 
IEE. BLI uses two different lasers as light sources. Of note, one short wavelength 
laser is used to apply a blue light to the tissue, highlighting the mucosal vascular 
pattern morphology. The second laser produces high-contrast white light images. 
Diao et al. reported magnifying BLI has a diagnostic profile similar to that of mag-
nifying NBI [17].

a b

c d

Fig. 5.6  (a) Slight reddish color changed is identified but its margin is unclear. (b) well-
demarcated brownish area is clearly identified. (c) Magnifying white light images show irregular 
microvascular pattern. (d) Narrow-band image enhanced the irregular microvascular pattern com-
pared to the conventional white light image
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5.3	 �Estimation of the Depth of Invasion of Superficial ESCC

Estimation of the depth of tumor invasion is important to decide the appropriate 
treatment because the depth of invasion is closely associated with metastasis to 
lymph nodes [18]. The frequency of metastasis to the lymph nodes in mucosal 
ESCC is 3% [18]. The risk increases to 12% for cancer invading the muscularis 
mucosae, and increases markedly to 26%–46% in those that invade the submu-
cosa [18].

For mucosal ESCC, minimally invasive treatment such as endoscopic mucosal 
resection (EMR) or endoscopic submucosal dissection (ESD) is indicated, because 
of the low risk of metastasis. Superficial ESCC invading the muscularis mucosae is 
usually indicated for surgical resection because of the risk of lymph node metasta-
sis, but may still be treated by ESD, especially in comorbid patients. Superficial 
ESCC with submucosal invasion necessitates surgical resection and/or chemoradio-
therapy (CRT).

However, accurate diagnosis of the depth of tumor invasion has been difficult. 
Minashi et al. reported a new treatment strategy of diagnostic endoscopic resection 
and selective chemoradiotherapy [19]. In this strategy, based on the pathological 
findings of endoscopic resection, patients received the following: (1) no additional 
treatment for patients with mucosal ESCC with a negative resection margin and no 
lymphovascular invasion, (2) prophylactic CRT with 41.4 Gy delivered to locore-
gional lymph nodes for patients with submucosal ESCC with a negative resection 
margin or mucosal ESCC with lymphovascular invasion, or (3) definitive CRT 
(50.4 Gy) with a boost to the primary site for patients with a positive vertical resec-
tion margin. The survival rate of this strategy is compatible with esophagectomy 
and could be minimally invasive treatment strategy.

5.3.1	 �Conventional WLI

In conventional WLI, irregularity of the surface is one of the most important fea-
tures for evaluation of the depth of invasion. Apparent nodules or apparent depres-
sions indicate tumor invasion beneath the mucosal layer. The so-called “tatami-no-me 
sign” is also a useful indicator of the depth of invasion (Fig. 5.7). Tatami is a tradi-
tional Japanese style flooring. If the tatami-no-me sign is not seen in the cancerous 
lesion, the neoplasia may invade the deep layers of the lamina propria mucosae. If 
the tatami-no-me sign is seen, the lesion has not invaded the deep layers of the 
lamina propria mucosae.

5.3.2	 �Lugol Chromoendoscopy

Lugol chromoendoscopy sometimes makes the evaluation of invasion of superficial 
ESCC difficult, because the deep staining reduces the difference in height between 
the cancerous lesion and the surrounding normal epithelium. Therefore, the 
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evaluation of invasion by Lugol chromoendoscopy should be done with care. In 
contrast, the tatami-no-me sign is sometimes more easily seen with Lugol chromo-
endoscopy because the Lugol solution irritates the mucosa.

5.3.3	 �Equipment-Based IEE

There has been no evidence that equipment-based IEE is useful for evaluation of the 
depth of invasion. However, as magnifying NBI can evaluate objectively the irregu-
larity of IPCL, it is expected to improve the accuracy of diagnosis of tumor 
depth [20].

5.3.4	 �Endoscopic Ultrasound

Endoscopic ultrasound (EUS) is considered to be the best method for estimation of 
the depth of invasion of superficial ESCC. To evaluate the depth of invasion, the 
distinct tissue layers of the esophageal wall should be identified, and 20 MHz or 
30 MHz miniature probes should be used. To obtain a clear EUS image, a balloon 
should be attached to the tip of the endoscope to keep de-aerated water in the esoph-
ageal lumen and to prevent regurgitation toward the pharynx. An endoscope with a 
water-jet function is desirable to keep the esophageal lumen wide open and to obtain 
clear images. Under good conditions, these high-resolution probes provide nine-
layered echo structures of the esophageal wall (Figure 5.8a).

Generally, a tumor can be seen by EUS as a low echoic mass (Figure 5.8b). If the 
cancerous lesion invades the submucosal layer, EUS shows a low-echo mass in the 
high-echo layer corresponding to the submucosal layer. In protruding superficial 

Fig. 5.7  So-called 
tatami-no-me sign
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ESCC (Type 0-I) and advanced ESCC, the ultrasound waves are attenuated by the 
deeper layers and the EUS image becomes poor. In such cases, evaluation of tumor 
depth can be difficult.

EUS is also a useful method for evaluating paraesophageal lymph node metasta-
sis of ESCC. [21]) compared lymph node staging obtained by EUS and contrast-
enhanced computed tomography (CT) in patients with ESCC. In their prospective 
case series, the overall accuracy of EUS was 64% (sensitivity 68%, specificity 58%, 
positive predictive value [PPV] 68%), while that of CT was 51% (sensitivity 33%, 
specificity 75%, PPV 64%). Although EUS diagnosis is more accurate than contrast-
enhanced CT, this is not a satisfactory outcome. Lymph node metastasis in the neck 
or the abdominal field is anatomically difficult to detect by EUS. Thus, a combina-
tion of EUS and CT should be performed for evaluation of lymph node staging in 
patients with ESCC.

5.3.5	 �Optical Coherence Tomography

Optical coherence tomography (OCT) is a high-resolution across-sectional optical 
imaging technique in real time and provides micrometer-scale spatial resolutions 
with millimeter-scale tissue imaging depths by measuring the echo time delays of 
light back-reflected from the tissue. OCT is similar in principle to ultrasonography 
but uses light waves rather than acoustical waves. As the axial resolution of OCT is 
10 μm, much higher than that of EUS, the resolution of which is greater than 100 μm, 
OCT images can identify structures on a microscopic scale. [22]) reported in their 
prospective study that the accuracy for EP/LPM by using OCT was significantly 
higher than that by using EUS (OCT, 94.6%; HF-EUS, 80.6%; P < 0.05). Interobserver 

a b

Fig. 5.8  (a) EUS image of the normal esophageal wall by 20  MHz mini probe demonstrates 
9-layered structures (arrow). The first 5 layers correspond to the echogenic luminal surface (high 
echo), mucosa (low echo), lamina propria (high echo), muscularis mucosae (low echo), and sub-
mucosa (high echo). Next are inner circular (low echo) and outer longitudinal layers (low echo) of 
muscularis propria. They are separated by a thin hyperchoic layer of the connective tissue (high 
echo). (b) EUS image demonstrates a low echoic mass located in the submucosal layer
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agreement of OCT and EUS was good and moderate, respectively. Then, they con-
cluded that the preoperative staging of superficial ESCC by using OCT was more 
useful than that by using EUS. However, OCT is still not the standard method for 
assessment of the depth of invasion of ESCC. The clinical usefulness of OCT should 
be assessed by multicenter prospective randomized controlled study.

5.4	 �Endoscopic Diagnosis of Advanced ESCC

Type 1 ESCC is easy to identify by endoscopy. However, the discrimination of type 
0-I and type 1 is sometimes difficult because of borderline lesions. In such cases, the 
tumor volume and esophageal wall hardness should be considered, because the for-
mer suggests deeper invasion and the latter indicates invasion of the muscular layer. 
To discriminate type 2 and type 3 tumors, it is important to identify whether the 
tumor ridge is well-demarcated or poorly demarcated. Esophageal metastasis from 
breast cancer sometimes shows scirrhous infiltration resulting in a type 4 appear-
ance. In cases of severe stricture, macroscopic evaluation is difficult because the 
endoscope cannot pass through the stricture. In such cases, tumor types are classi-
fied based only on images of the oral side of the tumor.

5.5	 �Differential Diagnosis of Squamous Cell Carcinoma 
and Adenocarcinoma

Adenocarcinoma is the other major histological esophageal cancer. This histologi-
cal type is closely associated with Barrett’s esophagus in the background esopha-
geal mucosa. As Barrett’s esophagus is not covered by squamous epithelium but 
columnar epithelium, the surface pattern is relatively easy to identify by endoscopy. 
However, it should be histologically confirmed to contain gastric fundic glands, 
gastric cardia, or intestinal-type epithelium containing goblet cells. Clinically, the 
cancerous lesion combined with Barrett’s esophagus in the background mucosa is 
relatively easy to diagnose as adenocarcinoma. In contrast, cardiac cancer extends 
to the esophagus is sometimes difficult to diagnose by endoscopy as squamous cell 
carcinoma or adenocarcinoma. In such a case, the superficial spread of IIc-like 
extension, which is frequently observed in the squamous cell carcinoma, could be 
one of the key endoscopic findings for differential diagnosis.

5.6	 �Histological Confirmation by Biopsy

Confirmation of histology by biopsy specimen is required to decide the treatment. 
Biopsy specimens should be carefully taken by biopsy forceps from viable tumor 
tissue, not necrotic tissue. If other histological types of tumors such as adenocarci-
noma or small cell carcinoma are identified by histological examination, the treat-
ment strategy will be changed in some cases.
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5.7	 �Virtual Biopsy

The endocytoscopy system (ECS) enables in vivo observation of cellular nuclei in 
the gastrointestinal tract at up to 1400-fold magnification (Fig. 5.9) [23–25]. This 
technology has been predicted to provide the possibility of “virtual biopsy,” 

Luminal surface
Mucosa

Lamina propria

Muscularis mucosae

Submucosa

Inner circular layer

a

b

Muscularis propria

Connective tissue
Outer longitudinal layer

Fig. 5.9  ECS images. (a): Nonneoplastic epithelium. (b) Neoplastic lesion
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especially in the esophagus and colon. Inoue et al. reported that ECS could charac-
terize various tissues including nonneoplastic lesions, inflammatory lesions, and 
neoplastic lesions. [26]) reported in their prospective ex vivo study that ECS images 
of the esophagus closely corresponded with those of conventional histology. If ECS 
could be applied in clinical practice, the number of biopsies required and the risks 
of biopsy including bleeding would be reduced.
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