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Abstract
AIM: To compare the tolerability of magnifying narrow band imaging endoscopy for esophageal cancer screening with that of lugol chromoendoscopy.

METHODS: We prospectively enrolled and analyzed 51 patients who were at high risk for esophageal cancer. All patients were divided into two groups: a magnifying narrow band imaging group, and a lugol chromoendoscopy group, for comparison of adverse symptoms. Esophageal cancer screening was performed on withdrawal of the endoscope. The primary endpoint was a score on a visual analogue scale for heartburn after the examination. The secondary endpoints were scale scores for retrosternal pain and dyspnea after the examinations, change in vital signs, total procedure time, and esophageal observation time. 

RESULTS: The scores for heartburn and retrosternal pain in the magnifying narrow band imaging group were significantly better than those in the lugol chromoendoscopy group (P = 0.004, 0.024, respectively, ANOVA for repeated measures). The increase in heart rate after the procedure was significantly greater in the lugol chromoendoscopy group. There was no significant difference between the two groups with respect to other vital sign. The total procedure time and esophageal observation time in the magnifying narrow band imaging group were significantly shorter than those in the lugol chromoendoscopy group (450 ± 116 vs 565 ± 174, P = 0.004, 44 ± 26 vs 151 ± 72, P < 0.001, respectively). 

CONCLUSION: Magnifying narrow band imaging endoscopy reduced the adverse symptoms compared with lugol chromoendoscopy. Narrow band imaging endoscopy is useful and suitable for esophageal cancer screening periodically.
Key words: Narrow band imaging; Lugol; Adverse symptoms; Visual analogue scale score; Tolerability
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Core tip: We conducted prospective randomized study to determine whether magnifying narrow band imaging (NBI) endoscopy would reduce the adverse symptoms compared with lugol chromoendoscopy. Total, 51 patients who were at high risk for esophageal cancer were enrolled. All patients were divided into two groups for comparison of adverse symptoms. The visual analogue scale scores for heartburn and retrosternal pain in the magnifying NBI group were significantly better than those in the lugol chromoendoscopy group. Magnifying NBI endoscopy reduced the adverse symptoms compared with lugol chromoendoscopy. NBI endoscopy is very useful and suitable for screening esophageal cancer patients periodically.
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INTRODUCTION
Esophageal cancer is the sixth most common cause of cancer-related mortality worldwide[1]. The overall 5-year survival rate in patients with esophageal cancer is about 15%[2]. However, superficial esophageal cancer is becoming treatable and curable due to recent technical improvements in endoscopy[3,4]. Thus, it is important to detect esophageal cancer at an early stage. It was reported that the health risk appraisal-flushing (HRA-F) score was useful to identify patients who were at high risk for esophageal cancer[5]. In addition, it was reported that patients who had primary head and neck cancer had a high incidence of esophageal cancer[6]. Therefore, periodic screening of these patients by endoscopy would be expected to provide great benefits[7].

Detection of superficial esophageal cancer is difficult by conventional endoscopic white light imaging alone. Lugol chromoendoscopy has been used to detect superficial esophageal cancer. However, staining of the esophagus with lugol often causes mucosal irritation leading to retrosternal pain and discomfort[8-10]. These adverse symptoms may prevent patients from undergoing endoscopy periodically. Current reports suggest that the sensitivity and specificity of narrow band imaging (NBI) endoscopy for detecting superficial esophageal cancer were comparable to those of lugol chromoendoscopy[11-13]. NBI endoscopy is recently being used more frequently in esophageal screening. Moreover, NBI might not cause adverse symptoms after endoscopy. In order to detect superficial esophageal cancer, it is important to offer high-risk patients the esophageal screening endoscopy periodically[7]. Thus, comfortable and easy esophageal screening endoscopy is required, but the tolerability of esophageal screening endoscopy has rarely been studied. 

The aim of this study was to compare the tolerability of the magnifying NBI endoscopy for esophageal screening in patients at high risk for esophageal cancer with that of lugol chromoendoscopy. 

MATERIALS AND METHODS

Study protocol

This study was designed as a randomized controlled trial and was conducted in Tsuyama Chuo Hospital, Japan. The study protocol was approved by the ethics Committee of the Tsuyama Chuo Hospital, and was registered in the University Hospital Medical Network Clinical Trials Registry as number UMIN 000012097. 

The inclusion criteria included more than six points in HRA-F score for esophageal cancer[5,7] or a past history of head and neck squamous cell cancer. Patients were excluded if they had a history of iodine hypersensitivity or severe organ failure. Written informed consent was obtained from all patients before enrollment. 

Randomization of the participants was carried out using sealed envelopes. Before endoscopy, participants were randomly assigned to the magnifying NBI endoscopy group (NBI group) or the lugol chromoendoscopy group (Lugol group).

Endoscopic procedure and patient monitoring

All procedures were carried out using magnifying endoscopes (GIF-H260Z, Olympus Optical, Tokyo, Japan) and a standard video endoscope system (EVIS LUCERA, Olympus Optical) by two endoscopists (Y.Y and R.T, with more than 5 years’ experience of conventional endoscopy). They had experienced more than 2000 esophagogastroduodenoscopies, and had more than 4 year of experience with NBI. R.T had specialist qualifications from the Japan Gastroenterological Endoscopy Society. These cases were divided almost equally between the two endoscopists. All procedures were carried out without sedation. The endoscopic screening examination was performed on withdrawal of the endoscope by using either magnifying NBI endoscopy or lugol chromoendoscopy. All parts of the esophagus, which included the distance from the cervical esophagus to the esophagogastric junction, were evaluated. 

Blood pressure, heart rate and peripheral arterial oxygen saturation (SpO2) were measured before and after the procedure. The esophageal observation time required for the cancer screening on withdrawal of the endoscope and the total procedure time were measured. The presence of gag reflex during esophageal observation was monitored by a medical staff uninvolved with the procedure. 

In the NBI group, a magnifying examination was conducted to evaluate the intra-epithelial papillary capillary loops (IPCL) pattern and background coloration when abnormal mucosal areas were identified by non-magnifying NBI endoscopy. If dilated and tortuous IPCL patterns and brownish color changes in the areas between IPCL were observed[14,15], we defined the area as an abnormal lesion. In the Lugol group, a 1.2% lugol solution was sprayed over the entire esophageal mucosa. A well demarcated, unstained area was defined as a lugol-voiding lesion (LVL). After examination, a 2.5 % sodium thiosulfate hydrate solution was sprayed over the esophageal mucosa to bleach the lugol. 

Histological evaluation

Biopsy specimens were obtained using disposable forceps from well demarcated brownish areas with abnormal IPCL and brownish color change, or from LVL greater than 5mm in diameter. All specimens were evaluated by a single experienced pathologist, who was blinded to the clinical backgrounds of the patients. Histological observations were classified into four categories according to the World Health Organization classification[16]: Squamous cell carcinoma (SCC), high-grade intraepithelial neoplasia (HGIN), low-grade intraepithelial neoplasia (LGIN), and negative for neoplasia (no atypia). 

Pain and discomfort measurement  

A 100-mm visual analogue scale (VAS) consisting of a horizontal line 100 mm in length was used for measuring patient heartburn, retrosternal pain and dyspnea (0 mm = painless, 100 mm = extremely painful)[17]. Patients recorded the level of the experienced symptoms at four time points: immediately, 1 h, 6 h and 24 h after the examination. The VAS scores were the distance measured to the nearest millimeter from the left end of the line to the point of the patient’s mark. A questionnaire was given to the patients to take home to complete as instructed at intervals of 1, 6 and 24 h, and the completed forms were then mailed to the hospital the following day. The completed questionnaires were subsequently mailed to our medical office.

Endpoints

The primary outcome variable was VAS score for heartburn after the examination. The secondary outcome variables were VAS scores for retrosternal pain and dyspnea after the examinations, change in vital signs after the examination, presence of gag reflex during esophageal observation, total procedure time, and esophageal observation time. 

Sample size

A preliminary pilot study was conducted to estimate the standard deviation (SD) of the VAS score for heartburn after the examination. With an assumed SD of 15 mm, the study sample size was calculated at 48 patients in order to have an 80% power with two-sided α levels of 0.05 to detect any differences in VAS scores between the two groups. The final sample required was 52 patients in order to accommodate an attrition rate of 10%.

Statistical analysis

Results are presented as mean values ± SD. The (2 test and Fisher’s exact test were used to compare categorical data, and the Wilcoxon’s rank sum test was used to compare continuous data. ANOVA was used for repeated measures statistical analysis of VAS scores for heartburn, retrosternal pain and dyspnea. Wilcoxon’s rank sum test was used to compare VAS scores at each measurement point.

The JMP (version 8) software package (SAS Institute, Cary, North Carolina, United States) and Prism version 5.0 (GraphPad Software, San Diego, CA, United States) were used for statistical analyses, and a P value less than 0.05 was considered significant. The statistical methods of this study were reviewed by Yasushi Yamasaki from Tsuyama Chuo Hospital. 

RESULTS

Between March 2012 and December 2013, 52 consecutive patients were enrolled in this study at Tsuyama Chuo Hospital. They were randomized into two groups prior to their endoscopy procedure. Among those, 1 patient was excluded because a completed questionnaire was not received. Thus, 51 patients were analyzed. Twenty-five patients were assigned to the NBI group and 26 patients to the Lugol group. There were no differences in clinical characteristics between the two study groups (Table 1). 

VAS scores of the two groups 

The mean VAS scores for heartburn, retrosternal pain and dyspnea after the examinations are shown in Figures 1, 2 and 3. The VAS scores for heartburn and retrosternal pain in the NBI group were significantly better than those in the Lugol group (P = 0.004, 0.024, respectively, ANOVA for repeated measures). There were no differences in the VAS scores for dyspnea between the two groups (ANOVA for repeated measures). 

Comparison by Wilcoxon’s rank sum test at each measurement point showed that the VAS scores for heartburn at 1h and 6h after the examinations were better in the NBI group than those in the Lugol group (P < 0.01). Similarly, the VAS scores for retrosternal pain and dyspnea at 1h after the examination were better in the NBI group than those in the Lugol group (P < 0.01, P < 0.05, respectively). 

Other end points

The results of other endpoints are shown in Table 2. The increase in heart rate after the procedure was significantly greater in the Lugol group. There was no significant difference between the two groups with respect to increase in blood pressure, decrease in SpO2 and the presence of gag reflex. The total procedure time in the NBI group was significantly shorter than that in the Lugol group (P = 0.004), and the esophageal observation time in the NBI group was also significantly shorter than that in the Lugol group (P < 0.001).

There was no significant difference between the two endoscopists with respect to the mean VAS scores for heartburn, retrosternal pain and dyspnea after the examinations, procedure time and change of vital signs in each group. 

Histological findings in biopsy specimens

The results of biopsies are shown in Table 3. Seven lesions in 7 patients underwent endoscopic biopsy. One lesion was detected by NBI, and 6 lesions were detected by lugol staining. Of these, only one lesion in the Lugol group was histologically confirmed to be HGIN or SCC. There were no differences in biopsy specimens from esophageal lesions between the two groups.

DISCUSSION

In this prospective study, we demonstrated that magnifying NBI endoscopy reduced adverse symptoms in esophageal cancer screening compared with lugol chromoendoscopy. In the NBI group, the VAS scores for heartburn and retrosternal pain after endoscopy were significantly better than those in the Lugol group. 

Several reports have indicated that staining by lugol can damage the mucosa of the esophagus and stomach, leading to adverse symptoms such as heartburn and retrosternal pain[8-10]. In addition, it can even induce erosion or ulceration in the esophagus and stomach due to hypersensitivity to lugol[18-20]. Although sodium thiosulfate solution was reported to decrease adverse symptoms induced by lugol solution in the esophagus and stomach, these symptoms were not completely eliminated[9,10]. In fact, more than half of the patients who received sprayed sodium thiosulfate solution after lugol chromoendoscopy reported some acute adverse symptoms, and 13% of the patients reported late adverse symptoms, which occurred more than 30 min after endoscopy[10]. 

By contrast, NBI endoscopy is easily activated by pushing a button on the endoscope without using any solution[21,22]. Thus, NBI endoscopy has been considered to be more suitable than lugol chromoendoscopy. However, no comparative study had been carried out to confirm the adverse symptoms after NBI endoscopy or lugol chromoendoscopy. Therefore, we conducted a randomized prospective study to compare the adverse symptoms of the two different endoscopy procedures for the screening of esophageal cancer. In this study, we concluded that magnifying NBI endoscopy was more suitable than lugol chromoendoscopy. In addition, the procedure time in the NBI group was significantly shorter, and the increase in heart rate was significantly less than the corresponding values in the Lugol group. To remove an effect of biopsy, we evaluated the adverse symptoms and esophageal observation time in 44 patients without biopsy. Twenty-four patients in the NBI group and 20 patients in the Lugol group were compared. The mean esophageal observation time in the NBI group was 39 ± 14 s, and that in the Lugol group was 122 ± 34 s (P < 0.001). In the same way, the VAS scores for heartburn in the NBI group were significantly better than those in the Lugol group (P = 0.021, ANOVA for repeated measures). There were no differences in the VAS scores for retrosternal pain between the two groups (P = 0.074, ANOVA for repeated measures). These results enhanced the reliability of our conclusion (data not shown). 

The accuracy of NBI endoscopy in screening for esophageal cancer has been reported to be comparable to that of lugol chromoendoscopy. Especially, the specificity of NBI endoscopy with or without magnifying imaging was higher than that of lugol chromoendoscopy[11,12]. Although lugol chromoendoscopy is the current gold standard for screening for esophageal cancer, NBI endoscopy might be the first-choice endoscopy for screening in the future. NBI endoscopy is useful for screening because this modality is less likely to cause adverse symptoms and requires a short time to observe the esophagus. It was reported that NBI is easily applied with a modicum of experience[22]. A little training makes it possible to detect brownish areas in magnifying NBI. In this study, NBI endoscopy was performed with a mean time of 39 s enough to observe the entire esophagus if there was no well demarcated brownish area.

Nevertheless, NBI endoscopy alone is not sufficient for checking high risk patients for esophageal cancer throughout life. A few SCC, which were flat, 5-10mm in diameter, multiple synchronous and located in the upper esophagus, were missed by NBI endoscopy in past studies[11,12,23]. These lesions were detected by lugol chromoendoscopy. In addition, the severity of LVLs, especially when present in large numbers and large sizes, were reported to be precursors for esophageal cancers[6,24,25], but NBI endoscopy has been unable to predict the risk for esophageal cancer. Thus, for the initial endoscopy for esophageal screening of patients at high risk for esophageal cancer, lugol chromoendoscopy is recommended as best suited to predict the risk for esophageal cancer and to determine the intervals for surveillance and screening endoscopy. Then, from the second endoscopy on, we recommend that NBI endoscopy should be periodically performed as a painless screening procedure. 

Even though we successfully revealed the tolerability of the magnifying NBI endoscopy for esophageal cancer screening, there are several limitations to this study. First, this study is a single-center analysis performed by only two endoscopists. A multicenter trial may be required to generalize these results globally. Second, the concentration of lugol solutions could possibly affect the adverse symptoms. Although a lower concentration of lugol solution, especially less than 1%, might reduce the symptoms, it might make LVLs unclear. 

In conclusion, we have conducted the first randomized controlled study to compare the tolerability of the magnifying NBI endoscopy with that of lugol chromoendoscopy in esophageal cancer screening. The NBI endoscopy reduced the adverse symptoms, total procedure time and esophageal observation time compared with lugol chromoendoscopy. 

COMMENTS

Background

Detection of superficial esophageal cancer is difficult by conventional endoscopic white light imaging alone. Lugol chromoendoscopy has been used to detect superficial esophageal cancer as gold standard. However, staining of the esophagus with lugol often causes adverse symptoms. These adverse symptoms may prevent patients from undergoing endoscopy periodically. Current reports suggest that the sensitivity and specificity of narrow band imaging (NBI) endoscopy for detecting superficial esophageal cancer were comparable to those of lugol chromoendoscopy. NBI might not cause adverse symptoms after endoscopy. However, no study has compared the tolerability of NBI endoscopy and lugol chromoendoscopy.

Research frontiers

The current research hotspot is whether NBI reduce adverse symptoms after endoscopy or not.

Innovations and breakthroughs

Previous reports indicated that lugol chromoendoscopy can damage the mucosa of the esophagus and stomach, leading to adverse symptoms. However, symptom after NBI endoscopy is unclear. In this study, NBI endoscopy reduced adverse symptoms in esophageal cancer screening compared with lugol chromoendoscopy. In addition, the procedure time by NBI endoscopy was significantly shorter than that by lugol chromoendoscopy.

Applications 

The study results indicate that the authors can perform esophageal cancer screening by NBI endoscopy painlessly. In future, NBI endoscopy might be the first-choice endoscopy for esophageal cancer screening.

Terminology

NBI is an innovative optical technology that can clearly visualize the microvascular structure of the organ surface. Especially NBI detected squamous cell carcinoma as well demarcated brownish area.

Peer-review

This study aimed to compare the tolerability of magnifying NBI and lugol chromoendoscopy in the screening of esophageal cancer. The authors found the magnifying NBI had less adverse symptoms, less affecting HR and shorter procedure time. These results suggest that NBI endoscopy should be periodically performed as a painless screening procedure.
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Figure Legends
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Figure 1  Mean visual analogue scale scores for heartburn at corresponding measure points immediately, 1 h, 6 h and 24 h after examination in the narrow band imaging group and Lugol group. Visual analogue scale (VAS) scores in the narrow band imaging (NBI) group were significantly better than those in the Lugol group (P = 0.004, Lugol group vs NBI group, ANOVA for repeated measures). VAS scores for heartburn at 1 h and 6h after the examinations were better in the NBI group than those in the Lugol group (bP < 0.01, Lugol group vs NBI group, Wilcoxon’s rank sum test).
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Figure 2  Mean visual analogue scale scores for retrosternal pain. Visual analogue scale (VAS) scores in the NBI group were significantly better than those in the Lugol group (P = 0.024, Lugol group vs NBI group, ANOVA for repeated measures). VAS scores for heartburn at 1 h after the examinations were better in the NBI group than those in the Lugol group (bP < 0.01, Lugol group vs NBI group, Wilcoxon’s rank sum test).
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Figure 3  Mean visual analogue scale scores for dyspnea. There were no differences between the two groups (ANOVA for repeated measures). Visual analogue scale (VAS) scores for dyspnea at 1 h after the examinations were better in the NBI group than those in the Lugol group (aP < 0.05, Lugol group vs NBI group, Wilcoxon’s rank sum test).
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Table 3  Biopsy results


Variables


�
NBI (n = 25)


�
Lugol (n = 26)


�
P value


�
�
Biopsy from esophageal lesion, n


�
1


�
6


�
0.099


�
�
Biopsy result, n


�
�
�
�
�
   No atypia or LGIN


�
1


�
5


�
�
�
   HGIN or SCC


�
0


�
1


�
�
�
HGIN: High grade intraepithelial neoplasia; LGIN: Low grade intraepithelial neoplasia; SCC: Squamous cell carcinoma.











Table 2  Change in vital signs and procedure time


Variables


�
NBI (n = 25)


�
Lugol (n = 26)


�
P value


�
�
Increase in SBP after procedure (> 20 mmHg), n


�
6


�
  8


�
   0.755


�
�
Increase in DBP after procedure (> 20 mmHg), n


�
1


�
  5


�
   0.190


�
�
Increase in HR after procedure (> 20 bpm), n


�
7


�
16


�
   0.024


�
�
Decrease in SpO2 (> 3 %), n


�
1


�
  3


�
   0.609


�
�
Gag reflex, n


�
1


�
  6


�
   0.099


�
�
Total procedure time, second


�
450 ± 116


�
  565 ± 174


�
   0.004


�
�
Esophageal observation time, second


�
44 ± 26


�
151 ± 72


�
< 0.001


�
�
Values are mean ± SD unless otherwise noted. DBP: Diastolic blood pressure; HR: Heart rate; SBP: Systolic blood pressure.








Table 1  Patient characteristics


Clinical parameters


�
NBI (n = 25)


�
Lugol (n = 26)


�
P value


�
�
Age, yr


�
60 ± 11


�
61 ± 8


�
0.597


�
�
Male/female, n


�
25/0


�
25/1


�
1.000


�
�
HRA-F score


�
8 ± 1


�
  8 ± 1


�
0.277


�
�
Past history of head and neck cancer, n


�
0


�
1


�
1.000


�
�
Previous EGD, times


�
4 ± 3


�
  3 ± 2


�
0.475


�
�
Values are mean ± SD unless otherwise noted. The HRA-F score was made from an HRA model for esophageal cancer that includes a questionnaire about alcohol flushing[5]. EGD: Esophagogastroduodenoscopy; HRA-F: Health risk appraisal-flushing; NBI: Narrow band imaging. 








