Supervised Hessian-based vessels segmentation in narrow-band laryngeal images
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Purpose

The stage in which a laryngeal tumor is diagnosed has strongly impact on patients’ mortality
or after treatment morbidity. The current diagnosis practice requires sampling suspicious
laryngeal tissue, identified through endoscopic examination, for subsequent histopathological
analysis. During the endoscopy, clinicians mainly focus on identifying vascular pattern
modifications, which are well known to correlate to cancer onset.

Recent developments in this field have led to the introduction of narrow-band (NB)
endoscopy. NB enhances the visualization of superficial vessels, thus improving the detection
of tumors, especially at early stages, when the diagnosis is challenging but crucial for the
patient [1].

In this context, a computer-assisted scheme has the potential to greatly improve tissue
evaluation during the diagnosis, increasing the efficiency in managing patients and leading to
potentially enormous benefits, especially resulting from an improved detection of early
tumors, which may pass unnoticed to the human eye.

Methods
The proposed method consists in three main steps: (i) Pre-processing, (i1) Vessel enhancement
and (i11) Vessel segmentation.

The pre-processing step concerns noise suppression, mainly associated to CMOS and CCD
image sensors, and edge enhancement. In this work, a non-linear anisotropic rotation invariant
diffusion scheme [2] was used. The key idea is to smooth non-informative homogeneous
areas with an isotropic Gaussian-like kernel and enhance meaningful edges by an anisotropic
kernel, elongated in the direction parallel to the edge itself. The two eigenvectors of the
structure tensor J were employed to estimate the edges direction, while the amount of
diffusion was defined by a combination of J eigenvalues, defined to preserve both plate-like
and tubular-like structure.

A second issue is related to the presence of specular reflections (SR), due to the strong
illumination of the endoscope and the wet and smooth surface of laryngeal tissue. SR have to
be identified and masked, since they represent a source of errors for the vessel segmentation
algorithm. SR segmentation was performed with a thresholding scheme on both the saturation
(low for SR) and brightness (high for SR). The two thresholds were set as the best
compromise between sensitivity and specificity after a receiver operative characteristic (ROC)
curve analysis.

The vessel enhancement was performed with the image Hessian eigenvalues (A;, A, with
M| < |A2]) analysis. H was computed according to the scale-space theory [3], namely
convolving the image with the second partial derivatives of a Gaussian kernel with scale o.
Since laryngeal vessels can assume both healthy tubular-like (|A;| << |A;|) and pathological
blob-like ((JAi| = |Az|) structure, only the amplitude of A, was considered. Moreover, only
negative A, were retained because vessels in NB images are darker than the background.
Different o values were considered to take in account for vessels with different thickness,
resulting in a multi-scale framework analysis.

The multi-scale vesselness measures computed in the previous step were used as input
features to a linear support vector machine (SVM) classifier to obtain vasculature



segmentation. The input features were normalized to obtain variables with zero-mean and unit
standard deviation, according to the approach in [4]. Two classes have been considered during
the classification process: vessel and background class. Through this classification of pixels,
the final vessels segmentation was achieved.
Results
A dataset of twenty pathological NB laryngeal frames was used in this research, with an
image size of 478x311 pixels. Ten images were used to tune the algorithm parameters and
train the SVM, while the remaining ten were used to test the proposed algorithm performance
with respect to gold-standard manual segmentations performed by an expert. The adopted
metrics were the area under the ROC curve for the enhancement step, and accuracy,
sensitivity and specificity for the segmentation step. The proposed approach performed better
(AUROC > 0.892) when compared with other methods in the literature (AUROC < 0.867).
The introduction of the denoising step further improved the algorithm performance. The
segmentation sensitivity, specificity and accuracy were 0.612, 0.933 and 0.895, respectively.
Results from the processing of one test image are illustrated in Fig. 1.
Conclusion
In this work, a fully automatic laryngeal vessel segmentation algorithm has been proposed.
The anisotropic nature of the implemented denoising algorithm proved to be effective to face
the noisy nature of endoscopic images while enhancing meaningful features. This was
demonstrated by the higher performance reached in the subsequent vessel segmentation
phase. The proposed multi-scale vessel enhancement algorithm outperformed other methods
presented in literature in terms of area under the ROC curve, being able to segment both
healthy tubular-like vessels and pathological blob-like vessels. In addition, these results
demonstrate the benefits of the SVM method used, showing it was able to efficiently model
the complexity of endoscopic images in terms of noise, non-uniform illumination and non-
constant vesselness measure. Future developments will focus on improving the classification
algorithm through an enlarged training and evaluation dataset, which will include a wider
range of laryngeal pathologies.
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Fig. 1. Original laryngeal image (a). Vessel enhancement for 6 = 1.3 (b) and 1.5 (c). Vessel
segmentation result (d).



