Abstract

Objectives: To investigate the effect of NBI examination on the differentiating between benign and malignant neoplasms involving nasal cavity. 

Design, Setting, Participants: A retrospective case series from January 2018 to December 2019 were performed at a single center. A total of 188 consecutive patients who were first diagnosed with lesions in unilateral nasal cavity underwent complete examination with white light endoscopy (WLE) and narrow band imaging (NBI) endoscopy, respectively. Biopsy was harvested from the target lesion and sent to the pathologist for definite diagnosis. Participants with a history of congenital malformation, trauma and surgery in nasal cavity were excluded from the study.  

Main outcome measures: Endoscopic diagnosis was assessed using sensitivity, specificity, accuracy, positive and negative predictive values (PPV and NPV, respectively).  

Results: In identifying benign and malignant lesions of nasal cavity, NBI had a significant higher sensitivity (92.7% vs 70.7%, P = 0.020) and NPV (98% vs 92.3%, P = 0.032) than WLE, but there were no significant differences between NBI and WLE in specificity (98.6% vs 97.3%, P = 0.684), accuracy (97.3% vs 91.5%, P = 0.416) and PPV (95% vs 87.9%, P = 0.400). 

Conclusion: The emerging technique of NBI can improve the diagnostic accuracy of distinguishing benign and malignant lesions in nasal cavity, and remains a promising and  helpful adjunct to the traditional endoscopy techniques.
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Keypoints 

One hundred and eighty eight (188) consecutive patients who were first diagnosed with lesions in unilateral nasal cavity were recruited.
Rigid endoscopic examination with white light endoscopy and narrow band imaging was performed in all participants. Biopsy was taken from the target lesion for definite diagnosis.
Endoscopic diagnosis was assessed using sensitivity, specificity, accuracy,  positive and negative predictive values.
The narrow band imaging endoscopy successfully identified malignant lesions in the nasal cavity with higher sensitivity of 93% and negative predictive value of 92% compared with conventional white light endoscopy.
Narrow band imaging as a rapid and noninvasive tool could effectively enhance the differentiation between benign and malignant lesions involving nasal cavity.
Introduction

Clinical manifestations of lesion in unilateral nasal cavity, commonly encountered in practice, are nonspecific and variable depending on the site of origin and extent of each case. Routine endoscopic detection of morphological changes could be observed in most kinds of nasal benign or malignant pathologies. Occasionally, some tumour-like inflammatory diseases resemble aggressive feature. Thus, the diagnosis of  unilateral nasal lesions may sometimes be a challenging question on account of the varied differences in underlying etiology. The currently recommended protocol for surveillance of nasal lesion is the use of incisional biopsy within the endoscopically visualized area. Endoscopic biopsy regarded as gold standard is an effective tool for the accurate diagnosis of nasal neoplasm.1 A differentiated assessment of the nasal lesion is important for the planning of therapeutic strategies as well as the development of a clear prognostic statement. However, an incautious biopsy may lead to false-negative result, massive bleeding and fibrosis of the epithelial tissue at the biopsy site, resulting in the inappropriate assessment of lesion shape and margin.1, 2
Owing to these shortcomings, in the past several years, there has been a focus on the development of adjunctive and advanced imaging modalities in order to better detect and distinguish nasal lesions with a minimally invasive examination. Endoscopic methods and tools are improving and leading to an earlier detection of not only mucosa but also vascular changes. The most widely used innovative optical imaging technology is narrow-band imaging (NBI) with its emitted wavelengths at 415 nm and 540 nm on the basis of the peak absorption spectrum of hemoglobin in capillary vessels. The technology can enhance visualization and contrast of mucosal and submucosal vasculature, and facilitate identification of superficial capillaries and neoangiogenesis in the abnormal mucosa.3 A multicenter randomized controlled trial showed that NBI detected superfificial cancer more frequently than did conventional white light endoscopy (WLE) in both the head and neck region (100% vs 8%) and the esophagus (97.2% vs 55.2%).4 Although several studies have shown the usefulness and good accuracy of NBI in the early prediction of esophageal, nasopharyngeal and laryngeal tumours histopathology,4-7 a direct comparison between WLE and NBI endoscopy in identification of lesions involving nasal cavity has not been fully conducted. 

In the present retrospective study, we aimed to evaluate the role of NBI technique, in comparison with WLE, in detecting nasal lesions and differentiating between benign and malignant neoplasms. 

Patients and methods

Study design and setting

A retrospective trial was carried out at the Department of Otorhinolaryngology Head and Neck Surgery of [removed for blind peer review]. The study protocol was approved by the local ethics committee of [removed for blind peer review], and written informed consent was obtained from each participant prior to enrolment in the study.

Inclusion and exclusion criteria of sample population

One hundred and eighty eight (188) consecutive patients who were first diagnosed with lesions in unilateral nasal cavity from January 2018 to December 2019 were recruited. Participants with a history of congenital  malformation, trauma and surgery in nasal cavity were excluded from the study. Additional exclusions were considered if patients had active nasal bleeding. 

Protocol of endoscopic examination

Rigid endoscopic examination was performed in all patients, under local anesthesia with tetracaine (10 mg/ml; dose: three sprays) before the procedure. During the thorough examination, standard WLE was initially done and then switched to the NBI system (OTV-S190 processor and CLV- S190 light source, Olympus Optical Co. Ltd, Tokyo, Japan) simply by pressing a button on the video endoscope. The atypical mucosal patterns of nasal cavity were searched carefully and first assessed by one fixed expert endoscopist. Under the guidance of WLE and NBI endoscopy, adequate biopsy was taken from the target lesion with through-cutting forceps after injection of one percent lidocaine. The size of the specimen was 4 to 8 mm. However, the highly vascular lesion guided by NBI system should be obtained under general anesthesia. Finally, the specimen was immediately fixed in ten percent formalin solution and sent to the pathology department for definite diagnosis.  Nasal packing was done for about 20 minutes and no patients complained of severe pain, bleeding or discomfort.

Endoscopic definition

To evaluate diagnostic accuracy, we used the histologic results from a biopsy specimen as the gold standard diagnosis. All lesions were well-defined as recommended by the 2017 4th edition of the World Health Organization classification of the head and neck tumours.8 The primary lesions were considered as positive with high-grade dysplasia and invasive carcinoma confirmed by histopathology in this study. Transnasal WLE and NBI images were respectively recorded for a replay, and reviewed independently by two extensively experienced surgeons blinded to all the clinical symptoms, imaging and pathological results. The suspicious lesions with rough surface and/or cauliflower-like change in WLE were considered as positive or malignancy. While benign lesions, inclusive of edema, simple hyperplasia or congestion, were regarded as negative. In the NBI imaging, any well-demarcated abnormal area with intrapapillary capillary loops (IPCL) and spots and/or twisted, dilated and worm-like venous vessels was indicative of type Ⅴ or a malignant lesion according to Ni’s classification system of laryngeal lesions.9 In brief, type Ⅰ lesions show oblique and arborescent vessels of small diameter with invisible IPCL. In type Ⅱ lesions, diameter of oblique and arborescent vessels is enlarged without any IPCL. Type Ⅲ lesions appear indistinct IPCL and white mucosa. In type IV, IPCL can be recognized  as small brownish spots with relatively regular arrangement and low density. Type Ⅴ lesions appear to be solid or hollow, speckled features and various shapes (Type Ⅴa), or a snake-, earthworm-, tadpole- or branch-like shape with elongated vessels (Type Ⅴb), or speckles or tortuous shapes of uneven density which are irregularly scattered on the tumour surface (Type Ⅴc).  Only type V lesions were graded as malignant and the other four types as benign. True positive was defined as malignancy identified by NBI or WLE when the final histopathology was positive for the calculations of sensitivity, specificity, accuracy, positive and negative predictive values (PPV and NPV, respectively).

Statistical analysis 

Continuous variables were analyzed by the non-parametric Mann-Whitney U-test for unpaired comparisons. Qualitative variables were analyzed by the Fisher’s exact test. Statistical analysis was performed using SPSS version 20.0 statistical software (IBM, Armonk, NY, USA). All tests were 2-tailed, and P values of less than 0.05 were considered significant. 

Results

Patients characteristics
Overall, 188 patients with lesions in unilateral nasal cavity (left: 97/right: 91) were included for analysis in the study. There were 107 males and 81 females, with an average age of 46 years (range, 18-79 years). Any differences in gender, side of lesion and age groups (18-40; 41-60; ≥61) between them were not significant. Of these, tumours originated from the lateral nasal wall in 73 cases, from the anterior wall of ethmoid bulla in 55 cases, from the middle turbinate in 41 cases, from the inferior turbinate in 15 cases and from the septum in 4 cases.  The clinic characteristics of the patients in this study are shown in Table 1.

Correlation between endoscopy diagnosis and definitive histopathology
Histopathologic analysis of permanent biopsy samples revealed 144 benign neoplasms, 17 premalignant lesions and 27 malignancies in the nasal cavity. According to the NBI endoscopic classification, 87 (46%) subjects were categorized as type I; 39 (21%) were type II; 11 (6%) were type III; 11 (6%) were type IV; and 40 (21%) were type Ⅴ. In such a manner, 3 false-negative and 2 false-positive results were found. High-grade dysplasia of inverted papilloma (IP) presenting a type Ⅱ pattern was interpreted as low-grade dysplasia in 2 cases and malignant melanoma presenting a type Ⅰ pattern as inflammatory lesion in one case. On the other hand, one hemangioma with a type V pattern was calculated as an invasive carcinoma and one low-grade dysplasia of IP as a squamous cell carcinoma. In contrast, WEL showed 12 false-negative (suspicion of 2 inflammatory changes in 2 plasmocytomas; suspicion of 4 low-grade dysplasias in 3 squamous cell carcinomas and 1 NK/T lymphoma; 2 nasal polyps and 1 low-grade dysplasia in 3 severe dysplasias; suspicion of 3 hemangiomas in 1 fibroblastic tumour, 1 hemangiopericytoma and 1 clear cell carcinoma) and 4 false-positive (suspicion of 3 squamous cell carcinomas in 1 granuloma and 2 low-grade dysplasias; suspicion of 1 invasive carcinoma in 1 hemangiomas) diagnoses (Table 2 and 3).

Comparation of endoscopy outcomes
In identifying benign and malignant lesions of nasal cavity, NBI had a significant higher sensitivity (92.7% vs 70.7%, P = 0.020) and NPV (98% vs 92.3%, P = 0.032) than WLE, but there were no significant differences between NBI and WLE in specificity (98.6% vs 97.3%, P = 0.684), accuracy (97.3% vs 91.5%, P = 0.416) and PPV (95% vs 87.9%, P = 0.400). The results are summarized in Table 4.

Discussion

Synopsis of key findings
In the present study, we aimed to evaluate the diagnostic abilities between NBI endoscopy and WLE for detecting and differentiating lesions in unilateral nasal cavity. This was the first report that directly compared the use of the two modalities for preoperative assessment. Our major findings revealed that compared with conventional WLE, NBI endoscopy was superior and had 92.7% sensitivity and 98% NPV for detecting nasal malignant neoplasms, although its specificity, accuracy and PPV were essentially equal in both methods. Likewise, several studies proposed sensitivity (88-97%) and specificity (85-96%) of the ability to predict neoplasia in the hypopharynx or larynx.9-13 Some variations among those studies in the definition of the true-positive group were found, in which different levels of dysplasia or degree of invasion were calculated as positive. Once a positive test was defined as vascular patterns of Ni type V,9 the combined sensitivity was 82% and specificity was 93%.14 Additionally, another study by Han and colleagues showed that the low sensitivity and specificity of endoscopic examination alone for the diagnosis of nasal malignancies were 43.7% and 98.9%,15 respectively, in contrast with sensitivity of 70.7% and specificity of 92.3% in our study. Moreover, the sensitivity was up to 83.3% and specificity 99.7% in combination of imaging.15 This finding supports the concept of the better performance and reliability of NBI endoscopy combined with WEL and imaging in screening and identifying early-stage submucosal lesions. 

Clinical applicability of the study

The detection of unique superficial vascular patterns and the identification of IPCL is partly subjective and greatly depends on the clinical experience and learning curve of the observer.16,17 In the previous study, the abnormal NBI vascular alterations in nasal cavity including five patterns were applied in a diagnosis of granulomatosis with polyangiitis (GPA). These patterns, not as clear cut and possibly less predictive, could be recognized in 53% of patients with confirmed GPA.18 Therefore, even experienced endoscopists may miss the diagnosis of atypical lesions and the results from different endoscopists or scholars are quite different. To date no recognized diagnostic criteria on NBI has been established. According to our research, we posited some characteristic findings which were crucial for detailed examination of nasal lesion. Thin, oblique and arborescent vessels with scattered branches may be seen clearly in nasal polyps (figure 1 A and B). Indeed, edematous mucosa has reduced vascular density and therefore appears lighter on NBI. This may facilitate the application of NBI as a more sensitive diagnostic tool of sinonasal mucosal edema and subtle inflammatory changes in accordance with a recent study by Wong and colleagues.19 This phenomenon is important and exists in large numbers of patients with polyps. However, it is noticed that edematous or polypoid changes can appear on the surface of a malignant tumour, leading to a false-negative result. To our knowledge, pathologic changes of the nasal tumour start with enlarged or ectatic local blood vessels. This presentation usually indicates inflammation or low-grade dysplasia of IP (figure 1 C and D). It is very necessary to establish diagnostic patterns in discriminating low-grade dysplasia of IP, displaying different NBI types in our study. The characteristics of mild or moderate dysplasia were well documented in previous studies, with a relatively regular arrangement and low density, as scattered, small and dark brown dots (figure 1 E and F).6 In type Ⅴ, the representative IPCL are characterized by two visible features: large, light grayish-green dots with high density (figure 1 G, H and I) and twisted, dilated, earthworm-like venous vessels (figure 1 J and K). These two findings have strong reproducibility as an indicator of definitive malignancy in clinical practice. Moreover, the diagnostic criteria of IPCL patterns were also used intraoperatively for determining neoplastic borderline and reducing the incidence of positive superficial margin.20 Thus, NBI could be further integrated into the endoscopic sinus surgery for potential advantages.

Strengths of the study

Endoscopic biopsy for preoperative diagnosis dealing with the hypervascular tumour such as angiofibroma, which can lead to severe nasal bleeding requiring an invasive procedure, is not recommended. However, the diagnostic usefulness of an NBI endoscopic evaluation provided the plausible management of a patient with a hemangiopericytoma-like tumour because of its ability to preoperatively detect the mucosal vascular supply and disclose a malignant origin.21 In our study, detecting a tumour with increased vascular supply by means of NBI was not difficult to evaluate the enlarged and dilated vessels in detail. NBI could be used to harvest precise biopsies limited to areas that are clearly free of dilated vessels and thus avoid excessive bleeding.

Functional anatomic structure and volume of the nasal airway is a relative narrow space with endoscopic optimal visualization of the subtle neoangiogenesis. A bloodless or clean field in NBI endoscopy is the ideal state for the mucosal microvascular morphologies to be displayed clearly, that endoscopists strive to achieve in our endoscopic examination. The lesion surface must be cleansed by discreet washing but not suction, for the minor bleeding significantly influences the outcomes of NBI procedure. Additionally, the endoscope should be closely focused on lesion without touching it. Continuing advancements with NBI endoscopic instrumentation have allowed for refinements in technique such as magnification function of high-definition and artificial intelligence assisted application, further establishing the NBI endoscopic technique as the gold standard for the recognition and assessment of nasal lesions in a rapid and noninvasive operation.22,23

Limitations
This study had several limitations of being single-center studies with a retrospective design and relatively small sample size, especially in malignant group. Malignant tumours of the nasal cavity are rare, but represent a large variety of different histopathological entities. It is difficult for most clinicians to arrive at a clinical diagnosis at the first glance of NBI images. The learning curve for recognizing and differentiating lesions is a long-lasting process.24 Actually, we will continue to collect more key informations on typical or atypical NBI endoscopic features so as to enable them to diagnose the condition as early as possible. Further research into the precise correlation between NBI patterns and the known histological characteristics in the context of nasal lesions is required. 

Conclusion
In summary, this is the first retrospective study to demonstrate the potential usefulness of the NBI endoscopy in prediction of malignant lesions with typical IPCL characteristics at the nasal mucosal surfaces. As an emerging technique, NBI endoscopy can improve the diagnostic accuracy, and remains a promising and optional modality for routine assessment of nasal tumour.
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