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Semantic Segmentation and Diagnosis of Laryngopharyngeal Reflux
Based on Class-Balanced Loss
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Abstract Presently, an electronic laryngoscope image is used to assess the severity of laryngopharyngeal reflux disease
based on the reflux finding score (RFS) scale. This quantitative evaluation method increases the screening diagnosis
objectivity. However, its misdiagnosis rate is high, and screening efficiency is moderate. An anti-flow-aided evaluation
of the throat region based on RFS can be implemented using a deep learning algorithm. We propose a semantic
segmentation algorithm for diagnosing laryngopharyngeal reflux disease based on existing knowledge of the RFS scale to
segment the throat multi-region semantics in an electronic laryngoscope image. This algorithm resolves the problems of
unbalanced sample categories and small target detection in the dataset used for this study. The intersection over union
ratio for the dataset increased by 6. 38 percentage points. Moreover, detection rates for small targets, such as voice-
band groove, granuloma, and mucus, increased by 4 percentage points, 18 percentage points, and 75 percentage
points, respectively. Furthermore, SE-ResNet and target area segmentation are used to quantify and evaluate the
subjective items in the RFS scale. Thus, the auxiliary evaluation results aid in rapid and effective diagnosis of
laryngopharyngeal reflux. The diagnostic accuracy of the proposed method is 94.40%. This study provides an
innovative computer-aided assessment method for throat regurgitation that can be used for diagnostic reference based on
the RFS scale. Hence, this study lays foundation for further research into throat regurgitation-related diseases.
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Fig. 2 Comparison of model predictions under different loss functions. (a) Original images; (b) ground truth; (c) CE-FCN segmentation
results; (d) Focal-FCN results; (e) WCE-FCN results; (f) CBD-FCN results

B AT RIS A B RY B i R e 22 kI A
Gy EN2E SREAT T AL A EE R R e AR B T R DA R
T B B 25 AN M R T A o

Fe T E T OR AL R bR BT B R 43 B A 32 T e
(IoU) , H: ¥ ,PC.LV.VF .SG.ARY .GRA .MCU 4}
PRGBS E A A VA R XA ZE B
485 . T CE #0128 0k &I 3h i, R o o vk 140
B E 24, A& 5% . 5 WCE #E47 X L, BT $2 4
e PRBCHE P AT I L PR ZE I LA R B X AN B bR X )

ToU ¥ A5, P ToUH R T 6. 384 H 7 sl . il
VP ARG W X B AE RES il — 3 28 E RS
AR UL F LA SR AE VT M 8 A L F LB S AR R
AL 0 BH P A BE g A R S e R S AR
BIPE A RE g . 26 2 45 1 T S TRl 2k bR 87 34 IX
B R A IE M S bR . 1T LA BT R K BB F L
BT A O R TR R S L Focal 512k th T
BHPE A6 23R a5 807 Al 78 0 286 W 0 R Sk o 15 B
PR A FE AR LT WCE,

1 R KT Y ToU

Table 1 IoU under different loss functions unit: %

Function PC LV VF SG ARY GRA MUC Mean

CE 76.23 67.67 81.89 38.54 87.44 43. 64 56.49

WCE 58.58 47.13 72.14 16.09 81.86 30.25 7.49 44.79
Focal 68.15 50. 62 73.55 14.61 80.51 43.76 0.58 47.40
Proposed function 67. 20 55.96 77.83 25.16 85.99 50. 25 14.08 53.78
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Table 2 Indexes of evaluation for recognizing small target areas with various loss functions
Function SG GRA MUC
F1 Specificity F1 Specificity F1 Specificity

CE 0. 86 0.92 0.65 0.99 0 1.00

WCE 0. 80 0.23 0.76 0.95 0.53 0.73

Focal 0.02 1.00 0.78 0.99 0.22 1.00

Proposed function 0.90 0.75 0.87 0.99 0.75 0.90

®3HRS RS
Table 3 Results of ablation experiments unit: %

Function PC LV VF SG ARY GRA MUC Mean
CE 77.45 68. 38 82.41 45. 80 87.38 48.53 0 58.56
WCE 64. 31 51.66 74.24 21.13 83.53 41.64 11.91 49.77
Focal 71.20 52.19 75.44 14. 34 83.20 50.49 0.82 49.67
Proposed function 67.98 52.16 76. 60 24.33 85.74 42.63 13.22 51.81
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Fig. 3 Noise addition and linear regression models
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Fig.4 Under threefold cross-validation, the difference between the output total score and the real total score of linear regression
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Table 4 Three-fold cross validation of the accuracy of LPRD reflux assessment

Folds 1

3 Average

Accuracy /% 94.73

94.19

94.28 94. 40
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