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Abstract
AIM: To evaluate the diagnostic potential of Lugol’s chromoendoscopy-guided confocal laser endomicroscopy (CLE) in detecting superficial esophageal squamous cell neoplasia (ESCN).

METHODS: Between December 2008 and September 2010, a total of 52 patients were enrolled at the Chinese PLA General Hospital in Beijing, China. First, Lugol’s chromoendoscopy-guided CLE was performed in these patients and the CLE in vivo histological diagnosis was recorded. Then, chromoendoscopy-guided biopsy was performed in the same patients by another endoscopist who was blinded to the CLE findings. Based on the biopsy and CLE diagnosis, en bloc endoscopic resection was performed. The CLE in vivo diagnosis and the histological diagnosis of biopsy of ESCN were compared, using a histological examination of the endoscopic resection specimens as the standard reference.

RESULTS: A total of 152 chromoendoscopy-guided biopsies were obtained from 56 lesions. In the 56 lesions of 52 patients, a total of 679 CLE images were obtained vs 152 corresponding biopsies. The sensitivity, specificity, negative predictive value and positive predictive value of chromoendoscopy-guided CLE compared with biopsy were 95.7% vs 82% (P < 0.05), 90% vs 70% (P < 0.05), 81.8% vs 46.7% (P < 0.05), and 97.8% vs 92.7% (P > 0.05), respectively. There was a significant improvement in sensitivity, specificity, negative predictive value, and accuracy when comparing chromoendoscopy-guided CLE with biopsy.

CONCLUSION: Lugol’s chromoendoscopy-guided CLE is a real-time, non-invasive endoscopic diagnostic technology; the accuracy of the detection of superficial ESCN is equivalent to or may be superior to biopsy histology.
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Core tip: The aim of the present study was to determine the diagnostic potential of confocal laser endomicroscopy (CLE) combined with Lugol’s iodine chromoendoscopy in detecting superficial esophageal squamous cell neoplasia (ESCN). Lugol’s chromoendoscopy-guided CLE was performed in 52 enrolled patients. In the same patients, chromoendoscopy-guided biopsy was performed by another endoscopist. A comparison of the detection rates between the CLE finding and biopsy was performed. The sensitivity, specificity, negative predictive value and positive predictive value of chromoendoscopy-guided CLE were 95.7%, 90%, 81.8% and 97.8%, respectively. There was a statistically significant difference in the detection of dysplasia between chromoendoscopy-guided CLE and biopsy. Lugol’s chromoendoscopy-guided CLE is a real-time, non-invasive endoscopic diagnostic technology; the accuracy of the detection of superficial ESCN is equivalent to or may be superior to biopsy histology.

INTRODUCTION
Esophageal carcinoma is one of the most aggressive tumors and has a poor prognosis; it is the eighth leading cause of cancer-related death worldwide[1]. The morbidity and mortality rates associated with esophageal carcinoma are the highest in China. Squamous cell carcinoma and adenocarcinoma are the most common types of esophageal carcinoma. The former has always been the dominant histological type of esophageal cancer in China. Since most patients are diagnosed when the cancer has grown quite large or has spread to lymph nodes or other structures, the prognosis for esophageal squamous cell carcinoma (ESCC) is poor. Superficial esophageal squamous cell neoplasia (ESCN) is usually asymptomatic and curable if detected early, so early detection is the key to reducing the high mortality of ESCC.

Lugol’s iodine chromoendoscopy (LIC) is an easy and inexpensive method that improves the detection of dysplastic lesions of the esophagus. This simple technique is highly sensitive for identifying squamous lesions but has a low specificity and requires biopsy pathology to confirm the diagnosis[2,3].

Confocal laser endomicroscopy (CLE) is a new approach. This technique allows not only the obser​vation of living cells and tissue but also of the vascular networks of the mucosal layer in the gastrointestinal tract during ongoing endoscopy[4]. With 1000-fold magnification ability, this technique enables the visualization of cells of the esophageal squamous epithelium and intraepithelial papillary capillary loops (IPCLs).

En bloc endoscopic resection (ER) is desirable for accurate histopathological assessment of tissue specimens obtained using endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD). ER is well-recognized as the standard treatment for superficial ESCC in situ.
The purpose of this study was to determine the diagnostic potential of CLE combined with LIC in detecting superficial ESCN, using histological examination of en bloc ER specimens as the standard.

MATERIALS AND METHODS
Patients

The inclusion criteria were patients aged 18-80 years whose endoscopic appearance of the esophageal lesion was type 0-Ⅱ according to the Paris classification[5]. The exclusion criteria were patients who did not provide informed consent and were allergic to fluorescein, and those who had other co-existing cancers.

The study was performed as a single-center study at the Chinese PLA General Hospital in Beijing, China. The protocol was approved by the medical ethical committee of the Chinese PLA General Hospital and the clinical study was registered as a clinical trial (Registry No. NCT01156064 and No. NCT01378507).

Endoscopic procedures

Between December 2008 and September 2010, 448 patients underwent upper gastrointestinal (GI) endoscopy and Lugol’s iodine test during endoscopy at the Department of Gastroenterology and Hepatology in our hospital. Areas unstained for Lugol’s iodine in the esophageal mucosa were revealed in 79 patients. CLE scanning for Lugol-voiding areas was carried out in 52 patients (Figure 1). A single endoscopist was engaged in the procedures of CLE combined with Lugol’s staining. The CLE endoscopist had gained experience with the CLE system for at least three months before the initiation of the study (Huang J). The CLE images were collected in real-time during the procedure, and the CLE in vivo histological diagnosis was recorded shortly after the procedure. Biopsy combined with Lugol’s staining chromoendoscopy (mainframe: CLV-260SL, endoscope: GIF-H260, Tokyo, Japan) was performed by another experienced endoscopist (Lu ZS) who was blinded to the CLE diagnosis. En bloc ER was performed in 52 patients.

CLE

The CLE system used was an integrated confocal laser endomicroscope (Pentax Co. Ltd., Mainframe: ISC-1000, endoscopy: EC-3878K, Tokyo, Japan) which combines a confocal laser microscope into the distal tip of a conventional video endoscope, thus enabling confocal microscopy in addition to standard video endoscopy. The scanning rate of the confocal images was 0.8 frames/s (1024 × 1024 pixels) or 1.6 frame/s (1024 × 512 pixels); the optical slice thickness of each scan was 4 m, the resolution was 0.7 m, and the maximum depth for observation was 250 m. During the endoscopic examination, 5 mL of 10% fluorescein sodium was administered via intravenous injection, and the confocal laser scanning system was used to observe the blood vessels, cellular and subcellular structures of Lugol stained areas. CLE images were collected using a foot pedal. All lesions were diagnosed correctly by endomicroscopy in accordance with the criteria previously described[6]. The CLE in vivo histological diagnosis was identified as non-neoplasm or neoplasm.

En bloc ER

Once the diagnosis of ESCN was confirmed by either CLE or biopsy, en bloc ER was performed by a single endoscopist (Lu ZS) who had gained experience with more than 50 ESD and 100 EMR of esophageal lesions before performing ESD on any patient in this study; the endoscopist controlled the single-channel endoscope (GIFQ260J; Olympus Optical Co, Ltd, Tokyo, Japan).

The transparent distal translucent cap EMR (EMR-C) method[7] was used to resect lesions < 1.5 cm. ESD was used to treat neoplastic lesions > 1.5 cm. The typical ESD procedure involved marking, incision, and submucosal dissection with simultaneous hemostasis. After making several marking dots outside the lesion, a saline solution containing epinephrine (0.01 mg/mL) and indigo carmine was injected into the submucosal layer. A circumferential incision was made in the mucosa using a needle-knife (KD-1L; Olympus Optical Co., Ltd., Tokyo, Japan) or an IT-knife (KD-610L; Olympus Optical Co., Ltd., Tokyo, Japan). The submucosal layer was dissected directly, mainly with the IT-knife, until complete removal was achieved. Endoscopic hemostasis was performed either with the knife or hemostatic forceps (FD-410LR; Olympus Optical Co., Ltd., Tokyo, Japan) whenever bleeding was noted. After dissection, preventive endoscopic hemostasis was performed for any oozing or exposed vessel. Only en bloc ER was included in order to completely capture the histopathologic examination.

Histopathologic examination

Biopsies were obtained by standard biopsy forceps from the Lugol-voiding areas. The resected (EMR or ESD) specimen was stretched out and pinned to a soft board with the oral and anal orientations clearly marked, and then measured. The specimen was fixed in a 10% formaldehyde solution, continuously sectioned at 2 mm from the proximal end to the distal end, paraffin embedded, and stained with hematoxylin and eosin (HE). Before sectioning, one side of the specimen was marked with ink. Then, all slides were checked under the microscope from the side with the ink mark to the other side, to observe the histological type.

The biopsy and resected specimens were evaluated by an experienced GI pathologist (Wei LX). The histological diagnosis was identified as inflammation, low-grade intraepithelial neoplasia (LGIN), high-grade intraepithelial neoplasia (HGIN) or ESCC.

Statistical analysis

Experimental data were recorded and saved in Microsoft Excel 2003. All statistical analyses were performed using the SPSS 13.0 software for Windows (SPSS Inc., Chicago, IL, United States). For descriptive statistics, mean ± SD was used in the case of a normal distribution of variables. A Pearson 2 test was applied to compare the sensitivity and specificity of chromoendoscopy-guided CLE and biopsy in the diagnosis of ESCN. A significant difference was assumed for P < 0.05.

RESULTS
Patients

A total of 56 lesions in 52 patients were enrolled for the study, including 16 females and 36 males (mean age, 60.5 years; range, 43-78 years). Five lesions were located in the cervical and upper thoracic esophagus, 40 in the middle thoracic esophagus, and 11 in the lower thoracic esophagus and abdominal esophagus. The mean size of the lesions was 2.3 cm (range, 1.0-6.0 cm).

Inflammation and LGIN by histologic diagnosis and non-neoplasm by CLE in vivo diagnosis classified the low-risk group, while HGIN or ESCC by histologic diagnosis and neoplasm by CLE comprised the high-risk group.

Lugol’s chromoendoscopy
Of the 56 demarcated iodine-unstained areas that were studied, 42 lesions were endoscopically diagnosed as neoplasms before endoscopic biopsy and CLE. Among these 42 lesions, 41 were en bloc resection specimens histologically confirmed to be neoplasms; one lesion was confirmed to be inflammation. Among the 14 lesions diagnosed as non-neoplasms, nine were histologically confirmed to be non-neoplasms and five were confirmed to be neoplasms. The sensitivity, specificity, negative predictive value (NPV) and positive predictive value (PPV) of chromoendoscopy were 89.1%, 90%, 64.3% and 97.6%, respectively.

CLE

A total of 679 CLE images were obtained from the 56 lesions. Regular squamous epithelium was characterized by regular IPCLs and homogenous epithelial cells with regular architecture and clear borders[6,8]. Neoplastic lesions in the esophagus were characterized by irregular IPCLs and heterogeneous epithelial cells with irregular architecture, varying sizes and invisible borders (Figure 2). Various types of irregular IPCLs including dilatation, twist, caliber change and various shape changes were observed in the CLE images (Figure 3). The mean duration of the CLE procedure was 20 ± 13 min, including staining with Lugol’s solution in a total of 56 Lugol-voiding areas.

Histopathology

Histological examination of en bloc ER specimens revealed that 46 of the 56 lesions had HGIN or ESCC in situ. Inflammation and LGIN of biopsy histologic diagnosis were classified as the non-neoplasms, while HGIN or ESCC in situ indicated neoplasms.

A total of 152 chromoendoscopy-guided biopsies were obtained from the 56 lesions. The biopsy histopathologic assessment revealed the presence of neoplasms in 41/56 lesions, which was confirmed by histopathologic analyses of en bloc ER specimens in 38/41 lesions.
CLE in vivo histological diagnosis revealed non-neoplasms in 11/56 and neoplasms in 45/56 (80.3%), which was confirmed by histopathologic analyses of en bloc ER specimens in 9/11 (81.8%) and 44/45 (97.8%) of lesions. The sensitivity, specificity, NPV and PPV of chromoendoscopy-guided CLE were 95.7%, 90.0%, 81.8% and 97.8%, respectively. The results show a significant improvement in sensitivity, specificity, NPV, FPR, FNR, and accuracy compared with chromoendoscopy-guided CLE and biopsy.
Side effects associated with the procedure

The CLE procedure was generally well-tolerated by all patients. No fluorescein injection-induced side effects were observed, except for mild urine and skin discoloration. In particular, no allergic reactions occurred, because the sensitivity test for fluorescein was undertaken before CLE. 

The study included 15 lesions treated by EMR-C and 41 lesions treated by ESD (Figure 4). The duration of the procedure was 27 min (range, 17-39 min) for EMR-C and 113 min (range, 47-175 min) for ESD. Minor bleeding was encountered in all ER procedures, but successful hemostasis was always achieved using thermocoagulation. No patient experienced massive hemorrhage requiring a blood transfusion or postprocedural emergent endoscopy. No delayed hemorrhage occurred. Exposure of the muscular layer during ESD occurred in four cases, but no overt esophageal perforation or the presence of pneumomediastinum was observed by computed tomography scanning.

DISCUSSION
The aim of the present study was to determine the diagnostic potential of CLE combined with LIC in detecting superficial ESCN. In order to completely capture the histological analysis, histological examination of the en bloc ER specimens was used as the standard reference. Our result supports the hypothesis that CLE is non-inferior to biopsy in detecting ESCN.

Lugol’s solution is an absorptive stain containing iodine, potassium iodide and distilled water. The solution has an affinity for glycogen in non-keratinized squamous epithelium, and therefore is often used in the esophagus to detect squamous dysplasia and squamous cell carcinoma[9]. The absence of staining results from the depletion of glycogen in squamous cells; this occurs in dysplasia, squamous cell carci​noma, Barrett’s epithelium, and inflammation[10]. Although various techniques for endoscopic diagnosis have been developed, iodine staining is still the most useful screening method for early esophageal carcinoma[2,11]. Lugol’s staining also improves the visualization of the lateral margins of lesions, which can result in a significant increase in the size of lesions compared with the size estimates obtained by standard endoscopy[12]. However, iodine is an irritant that may cause a choking sensation or chest discomfort during or after the procedure, and some patients are hypersensitive to iodine. HGIN and ESCC barely react with iodine due to the small number of glycogen-containing cells and are therefore seen as completely unstained areas with a reddish color after the brown color of iodine solution has faded. On the other hand, LGIN and areas of inflammation react slightly with iodine and are therefore seen as unstained areas with a yellowish-white color. It is difficult to distinguish HGIN from LGIN without biopsy histological diagnosis even if the pink-color sign is used[13-16]. Chromoendoscopy with iodine staining has a low specificity and requires many biopsy specimens. Choosing an adequate biopsy point in a scattered-type esophagus[17], which is characterized by the existence of multiple Lugol-voiding lesions[18], is quite difficult because many of the iodine-unstained lesions are inflammatory areas of the mucosa or LGINs.

CLE enables the endoscopist to perform an in vivo histologic examination of the gastrointestinal mucosa and distinguish between neoplastic and non-neoplastic tissues during ongoing endoscopy[19-22]. Currently, two confocal imaging systems are available: integrated CLE and probe-based CLE. Integrated CLE was used in our research because the endoscope’s working channel can still be used for Lugol staining while confocal images are generated simultaneously with the endoscopic images. CLE images showed a significantly higher proportion of squamous epithelial cells with an irregular arrangement and alteration in IPCLs in ESCC. Squamous cell neoplasia showed dark cells of variable size, no clearly visible borders and an irregular architecture. Various alterations in IPCLs such as increased diameter, tortuous vessels and long branching have been observed[8,23]. In this study, CLE scanning used in Lugol-unstained areas could easily find typical lesions, thus reducing the procedure time and the false positive rate and false negative rate.

Pech et al[6] compared CLE and biopsy histology; the accuracy was 95%, and the sensitivity and specificity were 100% and 87%, respectively. Unfortunately, a high false positive rate (30%) and false negative rate (17.3%) of biopsy pathology were noted in our research because it was difficult to find typical biopsy lesions in the Lugol-unstained areas. Tissue acquired by biopsy forceps was limited and may be blind; biopsies only reflect limited characteristics of pathological lesions. Endoscopic biopsy also causes mucosal bleeding and consequently makes it difficult to find other target lesions. As a result, it was not possible to observe all pathologic changes, and therefore difficult to perform an objective pathological evaluation on the lesions[23].

In this study, CLE was compared with en bloc ER specimen histology. Only en bloc ER was used in this study because one of the benefits of en bloc resection is the more accurate histological assessment compared to biopsy. All en bloc resected specimens were continuously sliced into 2 mm sections from the proximal end to the distal end, such that en bloc resection made an entire histopathologic evaluation possible. CLE was able to scan the entire lesion with high accuracy, which not only avoided complications such as bleeding and tissue damage from repeat multiple endoscopy and biopsies, but also reduced the time of histologic examination of the biopsy. Therefore, the diagnostic value of CLE for superficial ESCN is confirmed, but the depth of CLE scanning is limited. Currently, the ability to diagnose esophageal carcinoma is limited to the superficial type; application of these methods to other types of esophageal carcinomas remains to be studied.

ER has become an established standard treatment for patients with superficial ESCN in recent years. In the present study, ESD was used in large lesions (> 1.5 cm), while EMR-C was used in small lesions. We defined the strict criterion of a size of 1.5 cm to ensure en bloc resection of the lesions. In our study, ER was performed for either CLE or biopsy-proven ESCN. Five lesions were identified as neoplasms by CLE while LIN/non-neoplasia by biopsy. ER was finally performed in these patients after informed consent was obtained, not only because the patients (including smokers and alcohol users) were highly suspected of having esophageal squamous cell cancer, but because the endoscopic appearance of these lesions was type 0-Ⅱ according to the Paris classification and Lugol-voiding was obvious. Histological examination of the ESD specimens confirmed the CLE in vivo histological diagnosis in these lesions.

Our study had several limitations. First, it was a single-center study. Second, the number of the enrolled cases was limited. Although EMR-C was widely used, the application of ESD was limited due to the technical difficulty and the high complication rate in China. The CPLA General Hospital was one of the first hospitals to use ESD and CLE in China. Although the number of cases is limited, it is still acceptable due to our strict inclusion criteria. Third, the depth of lesion invasion was not predictable by CLE due to the limited laser penetration depth of integrated CLE.

In conclusion, this study demonstrates that ESCN can be diagnosed reliably by Lugol’s chromoendoscopy-guided CLE. The accuracy, sensitivity, specificity, PPV, and NPV were high in our series. CLE combined with LIC is a real-time, non-invasive endoscopic diagnostic technology. Directly progressing to ER without further biopsy procedures may became the standard after further research into CLE in the future.

COMMENTS
Background

Superficial esophageal squamous cell neoplasia (ESCN) is usually asymptomatic and curable if detected early. Lugol’s iodine chromoendoscopy (LIC) is highly sensitive for identifying squamous lesions, but has a low specificity. Confocal laser endomicroscopy (CLE) can show the cells of the esophageal squamous epithelium and intraepithelial papillary capillary loops in vivo, thus contributing to an accurate diagnosis of ESCN when combined with LIC.

Research frontiers

CLE has been used to investigate inflammatory disease, gastrointestinal cancer and precancer including Barrett’s esophagus, gastric intestinal metaplasia gastric neoplasms and early cancer, colon polyps, colonic neoplasia and cancer, and ulcerative colitis.

Innovations and breakthroughs

The early detection of esophageal squamous cell carcinoma is the key to reducing the high mortality. This study used CLE combined with LIC in detecting superficial ESCN, first using histological examination of en bloc endoscopic resection specimens as the standard pathology.

Applications

This study has demonstrated that ESCN can be diagnosed reliably by using Lugol’s chromoendoscopy-guided CLE. Clinical endoscopists could use CLE combined with LIC to quickly and accurately identify ESCN.

Terminology

CLE is novel digestive endoscope which enables the endoscopist to perform in vivo histologic examination of the gastrointestinal mucosa, and distinguish between neoplastic and non-neoplastic tissues during ongoing endoscopy.

Peer-review

The authors have demonstrated an effective method for the detection and diagnosis of ESDN by Lugol’s chromoendoscopy-guided CLE, which has a higher sensitivity and specificity than conventional endoscopy.
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FIGURE LEGENDS

Figure 1  Flow chart of lesion recruitment. All the endoscopic procedures were performed with the patients under conscious sedation with intravenous midazolam, propofol, fentanyl, or pethidine. Cardiorespiratory function was continually monitored throughout the procedure. CLE: Confocal laser endomicroscopy; ER: Endoscopic resection.
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Figure 2  Confocal laser endomicroscopy images of esophageal superficial squamous cell neoplasia. A: Confocal laser endomicroscopy (CLE) scanning; squamous cells (yellow arrow) are homogeneous, while the indicated squamous cells (red arrow) are irregularly arranged with a distinct size and morphology. Capillary leakage of fluorescein sodium is observed; B: Pathological images; the yellow arrow indicates homogeneous cells; the red arrow indicates disordered cell arrangement. The cells have a distinct size and morphology, which is in accordance with CLE.
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Figure 3  Confocal laser endomicroscopy images showing different intraepithelial papillary capillary loop changes in the esophageal lesions. A: Regular squamous esophageal epithelium with regular intraepithelial papillary capillary loops (IPCLs) and epithelial cells; B: Some tortuous IPCLs are seen in the non-neoplastic inflammatory lesion; C: Various shapes of twisted IPCLs (red arrow) are seen in the low-grade intraepithelial neoplasia lesion; D: Obvious caliber and shape changes with a larger diameter IPCL (blue arrow) are seen in the high-grade intraepithelial neoplasia lesion; E: Tumor vessels (yellow arrow) are seen in esophageal squamous cell carcinoma.
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Figure 4  En bloc endoscopic resection for esophageal lesions. A: Lugol’s iodine chromoendoscopy showed an unstained lesion located in the esophagus; B: The marks surrounding the lesion are at least 5 mm away from the lesion; C: Upper gastrointestinal endoscopy showed an artificial ulceration after ESD; D: En bloc resected specimen. 3.0 cm × 3.0 cm; E: The resected specimen was fixed in 10% formaldehyde solution and continuously sliced into 2 mm sections from the proximal end to the distal end for pathology.
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