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Abstract
Objective: This study aimed to construct a nomogram and web calculator for predicting the risk of dysphagia
in patients with head and neck cancer after surgery.

Design: A prospective study

Methods: patients who met the exclusion criteria in a class Il a hospital in Zhejiang Province from October
2023 to June 2024 were selected as the modeling group, and patients in the same hospital from July 2024
to October 2024 were selected as the validation group. SPSS software was used for single factor and multi
factor analysis to build the prediction model, and R software was used to draw the nomogram and web cal-
culator. Internal and external validation of the constructed prediction model.

Results: the incidence of dysphagia in the modeling group and the validation group were 56.4% and 53.8%,
respectively. Age (OR = 2.332), smoking history (OR = 2.423), tumor T stage (OR = 1.818), primary tumor
location, neck lymph node dissection (OR= 2.342), flap transplantation (OR = 2.954), nutritional risk (OR
= 1.772) and Beck oral score (OR = 2.482) were independent predictors of dysphagia in patients with head
and neck cancer after surgery. The areas under the receiver operating characteristic curve of the modeling
group and the validation group were 0.893 and 0.890, respectively.

Conclusion: the incidence of postoperative dysphagia in patients with head and neck cancer is high. The
risk prediction model for early postoperative dysphagia in patients with head and neck cancer constructed
in this study has good discrimination, calibration and clinical applicability. It can be used as an evaluation
and prediction tool to help clinical medical staff early identify high-risk groups of postoperative dysphagia
in patients with head and neck cancer.

Keywords: Head and Neck Cancer, Dysphagia, Risk Assessment, Nomogram, Risk Prediction Model.

Introduction

Swallowing is a physiological process of transporting food from
the mouth to the stomach. When the jaw, lips, tongue, soft palate,
throat or esophagus are abnormal, food may not be transported
smoothly, that is, dysphagia occurs [1]. Dysphagia can be caused
by pathology that affects any point in the swallowing pathway.
The three major diseases at risk for dysphagia include: cerebro-
vascular disease, neurodegenerative disease, and head and neck
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cancer [2]. Head and Neck Cancer is one of the most common
cancers in the world, with the seventh highest incidence rate. It is
usually a group of malignant tumors originating from soft tissues
such as oral cavity, nasal cavity, paranasal sinuses, pharynx, lar-
ynx and salivary glands [3]. With the increase in the incidence of
HNC, and the progress of treatment methods, the number of head
and neck cancer survivors is increasing, and there are different
degrees of dysphagia among these survivors. Research shows
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that, the incidence of postoperative dysphagia in patients with
HNC is as high as 65 %, and the incidence of dysphagia in pa-
tients with pharyngeal and oral tumors is higher [4, 5]. The main
treatment of HNC is surgery, supplemented by radiotherapy and
chemotherapy. Whether it is treated alone or in combination, it
will cause different degrees of damage to the anatomy and phys-
iological structure of the swallowing organ, Swallowing-related
muscle edema and fibrosis can lead to decreased tongue muscle
strength and limited mouth opening, which in turn affects swal-
lowing function [6]. In severe cases, swallowing movement can
be weakened or disappeared. Despite advances in surgical tech-
niques and reconstruction methods, dysphagia is still one of the
major problems faced by patients with HNC after surgery [7] .
Dysphagia in patients withHNC can lead to complications such
as aspiration pneumonia, malnutrition, weight loss, prolonged
hospital stays and increased catheter dependence [8-12]. Post-
operative swallowing dysfunction leads to a decline in the qual-
ity of life of patients, accompanied by psychological problems
such as anxiety, depression and social isolation [13,14].In ad-
dition, with the improvement of survival rate, people pay more
and more attention to the long-term function of swallowing [15]
.Therefore, early identification of dysphagia after head and neck
cancer surgery and improvement of postoperative swallowing
function are urgent problems for medical staff.

Background

The {China Chronic Disease Prevention and Control Plan
(2017-2025) » lists “healthy oral cavity”as a special action and
elevates it to a national strategic height [16]. The introduction
of relevant policies highlights the important role of oral health
in the development of health undertakings, national strategies
and health service systems [17]. The 2021 European Society
of {(Dysphagia White Paper) summarizes best practices in the
management of dysphagia in HNC, and calls for early screening
and identification of swallowing function in patients with
head and neck cancer treatment [18]. Loni et al. [19]. reported
that two-thirds of patients with head and neck cancer were
examined for swallowing function by television fluoroscopy
Video-fluoroscopic Swallowing Study (VFSS) found that there
was already dysphagia, but still in the oral food. Studies have
shown that 69 % of patients with advanced head and neck
cancer have aspiration after treatment, basically no symptoms
[20]. Therefore, patients with poor perception of dysphagia
and hidden symptoms need to identify risk factors in time and
evaluate and intervene as soon as possible. A number of evidence
summary points out, early identification of high-risk groups of
dysphagia in head and neck cancer can start dysphagia training
as early as possible before and after surgery, which is helpful to
improve the swallowing function of patients after surgery [21-
23]. Therefore, understanding the prevalence and influencing
factors of dysphagia in patients with head and neck cancer, and
constructing a risk prediction tool for dysphagia after head and
neck cancer surgery are of great significance for medical staff
to carry out early identification of dysphagia and oral health

management.

Materials and Methods

Study Design

This is a study of patients in two head and neck cancer wards in a
tertiary comprehensive cancer hospital in China. The study was
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approved by the hospital ethics committee and informed patients
and signed informed consent. The ethical review approval num-
ber is: IRB-2023-1021.

Setting and Participants

In this study, a convenient sampling method was used to select
patients with postoperative head and neck cancer who met the
inclusion and exclusion criteria in the head and neck surgery
department of a tertiary hospital in Zhejiang Province from Oc-
tober 2023 to June 2024 as the modeling group. A prospective
study was conducted in the validation group. Patients with post-
operative head and neck cancer who met the inclusion and ex-
clusion criteria in the same hospital from July to October 2024
were selected as the subjects of the validation group. The in-
clusion criteria are as follows: 1 Patients > 18 years old were
confirmed as primary malignant tumors of head and neck such as
oral cavity, nasal cavity, paranasal sinuses, pharynx and larynx
by pathology or cytology. 2 patients with normal swallowing
function before operation; 3 patients with smooth operation and
postoperative eating; 4 patients who had no history of radiother-
apy and chemotherapy within one month after surgery; 5 pa-
tients with clear consciousness, no dyslexia, and simple written
and language communication; 6 Patients who were willing to
participate in the study and informed consent. Exclusion criteria
are as follows: 1 patients with mental illness and speech com-
munication disorders; 2 patients with other malignant tumors;
patients with unstable postoperative condition; 4 Patients who
could not cooperate with the investigation. The shedding criteria
are as follows: 1 During the study, the patient died due to aggra-
vation of the disease; 2 Patients required to withdraw voluntarily
for any reason.

Variables and Instruments

On the basis of literature review and expert meeting, the re-
searcher designed a questionnaire on the influencing factors of
postoperative dysphagia in patients with head and neck cancer,
including three aspects : patient-related, tumor-related and treat-
ment-related factors : (1) Patient-related factors include age,
gender, drinking history, smoking history, respiratory disease
history, diabetes history, preoperative functional exercise, BMI,
tooth loss, hemoglobin decline level, albumin decline level, oral
status, pain score and nutritional risk assessment ; (2) Patient-re-
lated factors include age, gender, drinking history, smoking his-
tory, respiratory disease history, diabetes history, preoperative
functional exercise, BMI, tooth loss, hemoglobin decline level,
albumin decline level, oral status, pain score and nutritional risk
assessment ; (2) Tumor-related factors include primary tumor
location and tumor T stage ; (3) The treatment-related factors in-
cluded intraoperative blood loss, operation time, operation meth-
od, neck dissection, tracheotomy, skin flap transplantation, post-
operative time and gastric tube indwelling time. Nutritional risk
assessment using the Chinese Anti-Cancer Association recom-
mended the use of Nutritional Risk Screening-2002(NRS-2002)
Routine nutritional screening for patients with head and neck
cancer [24]. The scale includes three dimensions: disease sever-
ity score, nutritional impairment score and age score>3 points
indicate the risk of malnutrition in patients.

Swallowing Function Assessment
Water Swallow Test (WST)
This method is mainly used for initial screening and bedside
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screening of dysphagia [45]. Evaluation method: patients take
a seat, let the patient drink 2-3 spoons of water first, if there is
no abnormality, then drink 30 ml warm boiled water at one time,
medical staff record drinking time, drinking water and wheth-
er cough. Evaluation criteria : Level 1 : one-time drinking, no
cough ; level 2 : drink more than twice, no cough ; level 3 :
one-time drinking, choking cough ; level 4 : drinking more than
twice, with choking cough ; level 5 : unable to drink, frequent
cough. Grade 3-5 indicates dysphagia.

Eating Assessment Tool-10(EAT-10)

The scale is used for the preliminary screening of dysphagia. It
contains 10 items, each score is 0-4 points, and the total score
> 3 points indicates abnormality. The higher the score, the more
significant the self-perception of dysphagia. The scale is easy
to operate, and patients can usually complete self-assessment
within 2 minutes to quickly identify dysphagia. Printz et al [25].
applied EAT-10 to patients with head and neck cancer and neu-
rogenic dysphagia, which showed good internal consistency (
Cronbach 's a = 0.963 ). They believe that the questionnaire is
an effective, reliable and highly specific tool for assessing dys-
phagia.

The screening criteria were that one of the two assessment meth-
ods was positive and diagnosed as dysphagia.

Data Collection

The assessment of dysphagia was performed after eating in pa-
tients with head and neck cancer early after surgery, that is, with-
in one month after surgery. Before data collection, the approval
of the hospital ethics committee was obtained, and the consent
of the department was obtained. Data collection methods mainly
take the form of face-to-face, patients signed informed consent.
The relevant data of patients, nutritional status score and EAT-10
self-rating scale can be stated by the researcher, and the subjects
can be recorded after answering the questions. Tumor-related
and treatment-related data were queried and recorded through
the medical record system ; the Kubota drinking water test and
Beck oral score were evaluated by the researchers. A total of 356
valid questionnaires were collected in this study, including 250
patients in the modeling group and 106 patients in the validation

group.

Sample Size
According to the rough estimation method of logistic regression
sample size, the sample size satisfies 5 ~ 10 times EPV, so the

sample size calculation formula of this study isN=10><l—{ is the
number of factors, and P is the incidence of postoperative dys-
phagia in patients with head and neck cancer. In this study, 24
factors were finally included through literature review and ex-
pert meeting, and some studies pointed out that the incidence of
postoperative dysphagia in patients with head and neck cancer
was as high as 65 %, Considering that there may be 10 % of
the sample loss, the above factors, according to the clinical risk
prediction model modeling sample size calculation needs to be

Table 1: Patient-related conditions and univariate analysis

included in 203 ~ 406 cases [4]. According to the actual situation
of this study, 250 cases were included in the modeling group,
which met the sample size requirements. According to the ratio
of 7 : 3 between the modeling group and the verification group,
106 patients with head and neck cancer at different times in the
same hospital were included in the verification group.

Statistical Analysis

SPSS was used for statistical analysis. The indicators with P <
0.05 in univariate analysis were included in multivariate logistic
regression analysis. The variables finally included in the mod-
el were screened by backward stepwise regression method. The
entry standard was 0.05 and the removal standard was 0.01. The
regression equation was constructed according to the partial re-
gression coefficient and intercept corresponding to the indepen-
dent risk factors, and the prediction model was established. At
the same time, the R software program was used to draw the no-
mogram and web calculator to visualize the risk of patients. The
Bootstrap re-sampling method was used for internal verification,
and the data of the modeling group were used to verify the pre-
diction efficiency of the model. The ROC curve was drawn, the
Area Under Curv was calculated, and the C-Index was used to
evaluate the discrimination of the model. Calibration calibration
curve was drawn, and the calibration degree of Brier score eval-
uation model was calculated. Draw Decision Curve Analysis to
evaluate the clinical practicability of the model. External valida-
tionThe validation group data collected at different time periods
were used to evaluate the performance of the model from three
aspects : discrimination, calibration and clinical effectiveness.

Results

Characteristics of the Participants

A total of 356 patients with head and neck cancer were included
in this study. The overall incidence of dysphagia was 55.6 %,
of which the incidence of the modeling group was 56.4 %, and
the incidence of the validation group was 53.8 %. Among the
participants, 253 ( 71.1 % ) were males and 103 ( 28,9 % ) were
females. After chi-square test and t test, it was found that there
was no statistically significant difference between the data of the
modeling group and the validation group (P > 0.05).

Univariate Analysis of Dysphagia

Taking the presence of dysphagia as the dependent variable, the
samples of the modeling group were used for univariate analy-
sis. The results showed that the age, BMI, smoking history, tooth
loss, malnutrition risk, and Beck oral score of the patient-related
factors were compared between the two groups of non-dyspha-
gia and dysphagia. The difference was statistically significant ( P
<0.05 ),(Table 1). Among the tumor-related factors, the primary
location of the tumor and the T stage of the tumor were statis-
tically significant between the two groups ( P < 0.05 ),(Table
2); the operation time, operation method, cervical lymph node
dissection, tracheotomy and skin flap transplantation were statis-
tically significant between the two groups ( P < 0.05 ), (Table 3)

Project Classification | Non-swallowing disor- Swallowing disorder WL P
der group (n=109) group (n=141)
Age(%) <60 69(63.3) 50(35.5) 19.106 | <0.001
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>60 40(36.7) 91(64.5)
Sex (%) Male 79(72.5) 103(73.0) 0.010 0.920
Female 30(27.5) 38(27.0)
BMI(%) <18.5 kg/m? 9(8.3) 23(16.3) 8.281 0.041
18.5-23.9 kg/ 65(59.6) 92(65.2)
m2
24-27.9 kg/m? 32(29.4) 23(16.3)
>28 kg/m? 3(2.8) 3(2.1)
Drinking (%) No 66(60.6) 70(49.6) 2.947 0.086
Yes 43(39.4) 71(50.4)
Smoking(%) No 83(76.1) 63(44.7) 25.054 | <<0.001
Yes 26(23.9) 78(55.3)
Disease of respiratory system (%) No 93(85.3) 126(89.4) 0.924 0.336
Yes 16(14.7) 15(10.6)
Diabetes(%) No 99(90.8) 117(84.4) 2.276 0.131
Yes 10(9.2) 22(15.6)
Functional exercise (%) No 101(92.7) 125(88.7) 1.138 0.286
Yes 8(7.3) 16(11.3)
Tooth loss (%) No 66(60.6) 57(40.4) 9.962 0.002
Yes 43(39.4) 84(59.6)
Pain(%) 0 68(62.4) 81(57.4) 4917 0.086
1-3 41(37.6) 54(38.3)
4-6 0(0.0) 6(4.3)
Nutritional risk (%) No 77(70.6) 45(31.9) 36.902 | <<0.001
Yes 32(29.4) 96(68.1)
Decreased level of albumin (%) 4.30(1.50,7.75) 5.30(2.40,8.65) -1.604 0.110
Decreased level of hemoglobin 11.00(5.00,19.50) 13.00(4.00,25.00) -1.419 0.158
(%)
Beck oral scoring (%) 551 37(33.9) 11(7.8) 45.965 | <0.001
6-1047 60(55.0) 69(48.9)
11-1541 11(10.1) 52(38.3)
16-20%3 1(0.9) 7(5.0)
Table 2: Tumor-related conditions and single factor analysis
Project Classification Non-swallowing disorder | Swallowing disorder e P
group(n=109) group(n=141)
Primary location of oral cavity 44(30.4) 71(50.4) 47.602 <<0.001
tumor (%)
pharyngeal 17(15.6) 30(21.3)
throat 7(6.4) 33(23.4)
Nasal cavity and 41(37.6) 7(5.0)
sinuses
Tumor T staging Tl 68(62.4) 37(27.7) 36.464 <<0.001
(%)
T2 34(31.2) 62(44.0)
T3 6(5.5) 31(22.0)
T4 1(0.9) 9(6.4)
Table 3: Treatment-related conditions and single factor analysis
Project Classification Non-swallowing disor- | Swallowing disorder »1E P{E
der group(n=109) group(n=141)
Blood loss (%) <50ml 73(67.0) 78(56.0) 4.508 0.177
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50-100ml 17(15.6) 22(16.3)
100-400ml 19(17.4) 37(26.2)
>400ml 0(0.0) 2(1.4)
Operation time (%) <<3h 88(80.7) 88(62.4) 9.904 0.002
>3h 21(19.3) 53(37.6)
Surgical approach (%) Under the micro- 26(23.9) 12(8.5) 11.227 <<0.001
scope
Open 83(76.1) 129(91.5)
Neck lymph node dissec- No 72(66.1) 36(25.5) 41.141 <<0.001
tion (%)
Yes 37(33.9) 105(74.5)
Tracheotomy (%) No 99(90.8) 90(63.8) 24.288 <<0.001
Yes 10(9.2) 51(36.2)
Flap transplantation (%) No 87(79.8) 67(47.5) 27.112 <<0.001
Yes 22(20.2) 74(52.5)
Postoperative time (%) Iweek 65(59.6) 76(53.9) 7.073 0.065
2 weeks 37(33.9) 40(28.4)
3 weeks 6(5.5) 21(14.9)
4 weeks 1(0.9) 4(2.8)
Gastric tube retention time Oday 71(65.1) 73(51.8) 7.440 0.059
(%)
1-7 days 22(20.2) 28(19.9)
8-14 days 11(10.1) 31(22.0)
>15 days 5(4.6) 9(6.4)

Logistic Regression Analysis of Dysphagia

According to the results of univariate analysis, with dysphagia as
the dependent variable, the variables with statistical significance
in univariate analysis, age, BMI, smoking history, primary tu-
mor location, tumor T stage, surgical method, surgical time, flap
transplantation, tracheotomy, cervical lymph node dissection,
tooth loss, nutritional risk and Beck oral score as independent

variables were included in the binary logistic regression analysis
(' backward stepwise method ). The assignment table is shown in
table 4. The results showed that age, smoking history, tumor T
stage, primary tumor location, cervical lymph node dissection,
flap transplantation, nutritional risk and Beck oral score were in-
dependent predictors of postoperative dysphagia in patients with
head and neck cancer, as shown in table 5.

Table 4: Multivariate Logistic regression analysis of risk factors for postoperative dysphagia in patients with head and neck cancer

Variable type Variable name Variable assignment
independent variable Age <60 =0, >60=1
BMI <18.5 kg/m2=0, 18.5-23.9 kg/m*=1, 24-27.9 kg/m*>=2, >28 kg/m>=3
Smoking No 0, Yes =1
Tooth loss No 0, Yes =1

Primary location of
tumor

oral cavity =(1,0,0), pharyngeal =(0,1,0), throat =(0,0,1), Nasal cavity

and sinuses =(0,0,0)

Tumor T staging

T1=0, T2=1,T3=2, T4=3

Operation time <3h=0>3h=1
Surgical approach Under the microscope =0, Open=1
Tracheotomy No 0, Yes =1
Neck lymph node dis- No 0, Yes =1
section
Flap transplantation No 0, Yes =1

Beck oral scoring

Spoints=0, 6-10 points =1,11-15 points =2, 16-20 points =3

Nutritional risk

No 0, Yes =1

dependent variable Dysphagia

No 0, Yes =1
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Table 5: Multivariate Logistic regression analysis of risk factors for postoperative dysphagia in patients with head and neck cancer

Variable type B SE Wald 2 P OR 95%CI
Constant -4.043 0.591 46.727 <<0.001 0.018
Age 0.847 0.355 5.682 0.017 2.332 1.162-4.678
Smoking 0.885 0.375 5.564 0.018 2.423 1.161-5.055
Primary location of | Nasal cavity and sinuses * 10.445 0.015
tumor
oral cavity 1.126 0.540 4.347 0.037 3.083 1.070-8.887
pharyngeal 1.481 0.607 5.948 0.015 4397 | 1.337-14.454
throat 2.107 0.676 9.701 0.002 8.220 | 2.184-30.946
Tumor T staging 0.598 0.255 5.506 0.019 1.818 1.103-2.996
Neck lymph node 0.851 0.381 4.992 0.025 2.342 1.110-4.940
dissection
Flap transplantation 1.083 0.391 7.658 0.006 2.954 1.372-6.360
Nutritional risk 0.572 0.267 4.598 0.032 1.772 1.050-2.989
Beck oral scoring 0.909 0.361 6.337 0.012 2.482 1.223-5.038

Construction and Verification of Risk Prediction Model
Model Construction

The partial regression coefficients of each variable were calcu-
lated according to the Logistic regression equation. The risk pre-
diction model of postoperative dysphagia in patients with head
and neck cancer was constructed: Logit (P) =-4.043+0.847xage
assignment+0.885xsmoking history assignment+1.126xoral
tumor  assignment +1.481xpharyngeal tumor  assign-
ment+2.107%laryngeal tumor assignment +0.598 xtumor T stage
assignment+0.851xcervical lymph node dissection assign-
ment+1.083xskin flap transplantation assignment+0.572xnutri-
tional risk assignment+0.909xBeck oral score assignment.

Internal Validation of the Model

The internal validation results of the model showed that the area
under the ROC curve AUC value was 0.893, and the 95 % CI
was 0.854-0.933. Since the AUC value is greater than 0.7, the
prediction model has a good ability to distinguish ( Fig.1 ). In
this study, the optimal cut-off value of the model was determined
by maximizing the Youden index. The optimal cut-off value of

the model was 0.669, suggesting that the probability of dyspha-
gia calculated by the model was greater than 66.9 % as high
risk, less than 66.9 % as low risk, the specificity was 0.908, and
the sensitivity was 0.759. The calibration degree is an indica-
tor of the goodness of fit of the model. This study uses Brier
score and calibration curve, Brier = 0.1300.05. The calibration
curve shows that the model 's prediction of the probability of
dysphagia in patients after head and neck cancer surgery is high-
ly consistent with the actual observation value. The results show
that the predicted results are in good agreement with the actual
results. The detailed calibration parameters are shown in Fig.2.
This study used decision curve analysis to evaluate clinical ef-
fectiveness. It can be seen from the decision curve that within
the probability threshold range of 0.2-0.9, the model decision
curve ' model line ' is always above the ' All line ' and ' None
line ', indicating that when the model probability threshold is
0.2-0.9, the clinical decision made using this model can obtain
greater net income than the ' no intervention ' or ' all intervention
' scheme, indicating that the clinical applicability of this model
is better. Figure 3.
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Figure 1: ROC curve of internal validation of the model
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Figure 3: Decision curve of internal validation of the model

External Validation of the Model

In this study, 106 cases of validation group data were used for
external verification, and the effectiveness of the model was
measured from three aspects : discrimination, calibration and
clinical effectiveness. In the external validation of the model, the
AUC value under the ROC curve was 0.890, the 95 % CI was
0.826-0.954, and the AUC value was greater than 0.7, indicat-
ing that the model also had a good discrimination in the valida-
tion group ( Fig.4 ). The optimal cut-off value of this model was
0.579, the specificity was 0.820, and the sensitivity was 0.875.
In the calibration curve of external validation, Brier = 0.1320.05,
indicating that the model predicts the probability of dysphagia in

Page No: 07 /

www.mKkscienceset.com

patients after head and neck cancer surgery and the actual prob-
ability of occurrence in the validation group has a good agree-
ment. The detailed calibration parameters are shown in Fig.5. In
the external verification of the model, the decision curve is with-
in the probability threshold range of 0.1-0.9, and the ' model line
' of the model decision curve is always above the ' All line ' and
' None line ', indicating that when the probability threshold of
the model is 0.1-0.9, the clinical decision made using this model
can obtain a greater net benefit than the ' no intervention ' or ' all
intervention ' scheme, indicating that the clinical practicability
of this model is better. Figure 6.
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The Presentation form of Model In this study, R language was used to draw the nomogram and
Nomogram visualize the model, as shown in Figure 7. The eight horizontal
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axes in the figure correspond to different risk factors, and the top
(Points) is the reference standard for the risk score. Research-
ers can calculate the total points according to the corresponding

scores of different risk factors of the subjects, and finally deter-
mine the probability of dysphagia through the “Diagnosticpos-
sibility”.
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Figure 7: Model Nomogram

Webpage Calculator

In this study, the Shiny framework of R language was used to
develop a web calculator for the prediction model of postop-
erative dysphagia in patients with head and neck cancer. The
usage address of the calculator is :https://wynomo.shinyapps.
io/dynnomapp/[1Figure 8 shows the operation interface of the
calculator. The left side of the page is the drop-down box of the

predictor. The patient 's information is entered in turn, includ-
ing age, smoking history, tumor T stage, primary tumor location,
cervical lymph node dissection, flap transplantation, malnutri-
tion risk, and Beck oral score. Then click the prediction button
below, and the probability of the model predicting the patient 's
dysphagia and the 95 % confidence interval can be displayed on
the right side.
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Figure 8: Risk Prediction Web Calculator

Discussion

A total of 356 patients with head and neck cancer were included
in this study. The overall incidence of dysphagia was 55.6 %,
which was 45 % ~ 65 % higher than the incidence of dyspha-
gia integrated in the previous literature review, The results of
this study are at a medium level, and Giannotto et al. results
were similar. In this study, Watian drinking water test and EAT-
10 scale were used. The study showed that the combination of
the two tools greatly improved the sensitivity and specificity of
dysphagia screening [27]. Therefore, the combination of the two
tools in this study improved the screening rate of occult dys-
phagia, resulting in a higher incidence of dysphagia. Different
assessment tools will lead to differences in the detection rate of
dysphagia. Therefore, a unified quantitative bedside assessment
tool or standard provides the possibility to achieve accurate
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monitoring of the incidence of dysphagia and promote the stan-
dardization and scientificity of swallowing function assessment.
Domestic and foreign research and the results of this study show
that, the incidence of postoperative dysphagia in patients with
head and neck cancer is high [28-30]. Despite advances in surgi-
cal treatment and reconstruction methods, dysphagia is still one
of the most serious consequences after surgery in patients with
head and neck cancer. Therefore, early identification of dys-
phagia after head and neck cancer surgery and improvement of
postoperative swallowing function are issues that medical staff
urgently need to pay attention to.

Patient-Related Factors
The results of this study show that age (>60 years old ) is one of
the risk factors for dysphagia after head and neck cancer surgery.
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The older the age, the greater the risk of dysphagia after head
and neck cancer surgery, which is consistent with the results of
Aylward et al [31]. With the increase of age, self-aging will lead
to the decline of body organ function, which is often accom-
panied by physiological problems such as tooth loss, decreased
tongue pressure, difficulty in closing the soft palate, decreased
chewing ability and decreased swallowing-related muscle en-
durance, There will also be problems such as pharyngeal oral
hypoesthesia, decreased coordination of the swallowing center,
and decreased brain compensatory ability, resulting in decreased
pharyngeal swallowing reflex or impaired function during the
process of food reaching the stomach through the mouth, result-
ing in neurogenic swallowing problems [32,33]. Therefore, the
elderly are a high-risk group of dysphagia. In addition, for elder-
ly patients after head and neck cancer surgery, surgical factors
lead to swallowing-related muscle or nerve damage, and surgical
stimulation also accelerates the development of oral weakness
and increases the risk of dysphagia [34,35].

This study found that smoking history is a risk factor for post-
operative dysphagia in patients with head and neck cancer,
which is consistent with the results of many studies at home and
abroad [36-40]. In this study, patients with a history of smoking
accounted for 33.4 %, and patients with postoperative dyspha-
gia accounted for 65.5 %. Some scholars have proposed that
harmful compounds produced by combustion in tobacco, such
as nicotine, can inhibit fibroblast proliferation, increase plate-
let adhesion and micro-plaque formation, reduce microcircu-
lation perfusion, affect the healing of oropharyngeal mucosal
tissue, and thus affect the postoperative swallowing function of
patients. In the study of Ge et al. 47.1 % of patients with hy-
popharyngeal cancer had a history of smoking, of which 75.8
% had swallowing problems. Multivariate logistic regression
found that smoking history was an independent predictor of
postoperative dysphagia in patients with hypopharyngeal cancer
( OR = 8.580,95 % CI : 1.849-39.804 ). Therefore, it is neces-
sary to carry out smoking cessation education for patients with
head and neck cancer before and after surgery, accelerate the
repair of oral and throat mucosa, and reduce the risk of infection
[41,42]. Smoking cessation education should continue the whole
treatment process and follow-up life, which is conducive to the
recovery of swallowing and speech function, and improve the
quality of life related to swallowing after surgery.

This study found that oral condition is a predictor of postoper-
ative dysphagia in patients with head and neck cancer. In this
study, the modified Beck oral score was used to evaluate the five
aspects of lips, teeth, mucosa, tongue and saliva. The higher the
total score, the worse the oral function and health status of the
patients [43]. In this study, it was found that the higher the Beck
oral score of patients with head and neck cancer after surgery, the
greater the risk of dysphagia. The main reasons are as follows :
First, the surgical area of head and neck cancer covers the key
parts of the mouth and throat. After the formation of the wound,
if the oral health status is poor, the oral mucosa is edematous and
damaged, and the resistance is decreased, it is prone to serious
postoperative complications such as oral infection and flap vas-
cular crisis, affecting wound healing and swallowing function
recovery [44]. Second, poor oral hygiene causes the nature of
oral secretions to change, the amount to increase and become
more viscous, hindering the transmission of swallowing signals
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and thus affecting the coordination of swallowing [45]. If the in-
fection in the mouth is not controlled, the infection will spread to
the swallowing muscles of the throat and neck, which will lead
to the obstruction or interruption of the swallowing process [46].
In this study, there is a certain relationship between dysphagia
and oral health status in patients with head and neck cancer after
surgery. The higher the Beck oral score, the greater the risk of
dysphagia. Therefore, medical staff can carry out oral care prac-
tice under the guidance of the Beck oral assessment form, and
formulate personalized oral care programs according to different
scoring levels. The washing method, gargle method and spray
method can be used to improve the oral cleanliness of patients,
so as to improve the oral sensation and swallowing ability.

This study found that malnutrition is a risk factor for postoper-
ative dysphagia in patients with head and neck cancer, which
is consistent with the results of Ayumi et al [47]. Cancer is a
high-consumption disease, and tumor-induced protein consump-
tion is significantly increased. Postoperative patients with head
and neck cancer combined with invasive surgery and oral intake
restrictions lead to increased protein catabolism and malnutri-
tion . Malnutrition can cause muscle loss and weight loss, in-
crease the risk of dysphagia, and increase the risk of infection
and delay wound healing by destroying the immune system [48].
Studies have shown that the prevalence of sarcopenic dysphagia
in hospitalized patients requiring dysphagia rehabilitation is 32
%, and the decrease of oropharyngeal swallowing muscle group
and digastric muscle mass caused by nutritional deficiency is an
independent risk factor for sarcopenic dysphagia [49]. In addi-
tion, the study pointed out that albumin, hemoglobin and other
laboratory tests can be used as nutritional indicators to reflect the
nutritional status, but the results of this study were not shown.
The reason may be that the changes of albumin and hemoglobin
were used as variables in this study, and the hospitalization time
of patients was shorter. The index did not change significant-
ly, resulting in a statistically significant result. The study points
out that good nutrition can improve the swallowing function of
patients, and impaired swallowing function can also affect nu-
tritional absorption [50]. The two are closely related. Therefore,
medical staff should regularly evaluate the nutritional status of
patients. The nutritional status of patients can be detected by
laboratory indicators such as albumin and hemoglobin, so as to
prevent or discover nutritional risks in time. It is of great signif-
icance in improving the swallowing function of patients with
head and neck cancer after surgery.

Tumor-Related Factors

The results of this study showed that the primary location of the
tumor was a predictor of postoperative dysphagia. Among them,
the incidence of dysphagia in pharyngeal tumors was the highest
(68.06 % ), and the incidence of nasal and sinus tumors was the
lowest ( 13.24 % ). In patients with pharyngeal tumors, the re-
moval of tongue base, pharyngeal wall, pharyngeal constrictor,
epiglottis, etc.destroys the swallowing structure of the pharynx
during the operation, and it is difficult to promote the movement
of the food mass, resulting in dysphagia ; pharyngeal surgery
can also affect the hypoglossal nerve, vagus nerve and glosso-
pharyngeal nerve, which can lead to decreased swallowing co-
ordination and pharyngeal sensory defects, resulting in aspira-
tion or dysphagia [51]. A number of studies at home and abroad
and the results of this study have shown that the incidence of
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dysphagia in pharyngeal tumors such as oropharyngeal cancer
and hypopharyngeal cancer is high. Attention should be paid to
patients with such tumors. Nerve monitoring technology can be
used during operation to monitor nerves related to swallowing
function in real time, such as glossopharyngeal nerve and vagus
nerve, so as to avoid nerve injury. Before and after the opera-
tion, the nursing staff guided the patients to carry out functional
training such as tongue movement and Masako training, as well
as swallowing skills training such as forced swallowing method
and Shaker training, so as to prevent the retention or accidental
inhalation of the food mass in the trachea after pharyngeal sur-

gery [52].

This study shows that tumor T stage is a predictor of postopera-
tive dysphagia in patients with head and neck cancer. The higher
the tumor T stage, the greater the risk of postoperative dysphagia
in patients with head and neck cancer. In this study, T staging re-
fers to the 8th edition of AJCC.In addition to the size of the pri-
mary tumor, the depth of invasion is also considered. Therefore,
the higher the T staging of the tumor, the deeper the tumor infil-
tration. It is necessary to choose complex surgical methods such
as lymph node dissection and skin flap transplantation. Exten-
sive and complex surgical resection will cause swallowing-re-
lated tissues such as tongue muscles and pharyngeal constrictors
and vagus nerves, glossopharyngeal nerves and other injuries,
seriously affecting the postoperative swallowing function of pa-
tients. For patients with higher T stage, health education should
be done before and after surgery, including treatment methods,
complications, preventive measures, etc., to improve the compli-
ance of patients with swallowing rehabilitation training. There is
evidence that, patient compliance is an important factor to ensure
the effect of postoperative swallowing rehabilitation. Therefore,
patients should be encouraged to carry out active preventive and
therapeutic swallowing rehabilitation training to reduce the inci-
dence and severity of postoperative dysphagia [53].

Associated-Therapeutic Factors

This study found that flap transplantation is a risk factor for post-
operative dysphagia in patients with head and neck cancer. At
present, for patients with head and neck cancer with large sur-
gical defects, flap transplantation is performed. Flap transplan-
tation can provide sufficient tissue to cover the wound, restore
the shape of the surgical site to a certain extent, and improve the
quality of life of patients [54]. However, flap transplantation has
changed the original anatomical structure of the mouth, throat,
etc., affecting the morphology and function of these parts, result-
ing in uncoordinated swallowing function; in addition, due to the
lack of nerve innervation in the flap, its mobility and flexibility
are limited, and the coordinated movement of the oropharyngeal
muscle group cannot be achieved. In the process of flap trans-
plantation, the glossopharyngeal nerve will also be damaged,
such as glossopharyngeal nerve, vagus nerve and other injuries,
which directly affect the swallowing reflex and the movement of
the throat muscles [55]. In addition, in clinical practice, the psy-
chological factors of patients with head and neck cancer under-
going flap transplantation will also affect the swallowing func-
tion. Patients worry about the damage to the flap caused by the
swallowing process, and there is a fear of not daring to swallow,
which aggravates the occurrence of postoperative dysphagia.
However, there is no relevant research to prove that in the future,
a qualitative study on the correlation between psychological
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factors and swallowing in patients undergoing flap transplanta-
tion can be carried out to promote the recovery of postoperative
function. Some scholars pointed out that flap transplantation is
different from local resection. There are risks such as wound de-
hiscence, bleeding, and thrombosis in the early stage. Early or
inappropriate swallowing intervention can cause the above risks.
This study shows that the best time for intervention is 1-2 weeks
after surgery. The intervention method is mainly oral training,
and emphasizes the evaluation of surgical wounds and free flaps
before training. However, due to the differences in various re-
search protocols, outcome indicators, and the lack of reports on
postoperative complications, the specific best time and methods
for swallowing rehabilitation in such patients are still difficult to
determine, and more research is needed in the future.

This study found that cervical lymph node dissection is a risk
factor for postoperative dysphagia in patients with head and
neck cancer. In cervical lymph node dissection, the separation
of enlarged lymph nodes may cause damage to the hypoglossal
nerve, glossopharyngeal nerve and vagus nerve, affect the relat-
ed functions of the muscles innervated by the nerve, and directly
cause damage to the swallowing-related muscles, which in turn
leads to a decrease in the function and coordination of swallow-
ing [56]. Débora et al [57]. pointed out that lymphedema is a
common postoperative complication in patients with head and
neck cancer. Lymphatic dissection destroys the lymphatic sys-
tem and limits the ability of lymph fluid to be transported to
the tissue, resulting in lymphedema caused by normal reflux
obstruction. In addition, the inflammatory response caused by
tissue damage during surgery can also affect lymph reflux and
aggravate lymphedema. At present, people do not pay enough
attention to the postoperative lymphedema of patients with head
and neck cancer, and there are few relevant reports in China, and
its incidence and severity are ignored. Therefore, for patients
with head and neck cancer lymph node dissection, attention
should be paid to early prevention of lymphedema, and postop-
erative guidance should be given to patients to raise their heads
and shoulders appropriately to promote lymph reflux. Reducing
salt intake reduces the risk of tissue edema ; it can also be used
as an auxiliary means for early prevention of dysphagia through
bandage compression, artificial lymphatic drainage, skin care,
shoulder and neck functional exercise, etc [58, 59].

Conclusion

In this study, multivariate logistic regression was used to con-
struct a risk prediction model for early postoperative dysphagia
in patients with head and neck cancer. The predictors included
patient-related factors (age, smoking history, nutritional risk,
Beck oral score), tumor-related factors (tumor T stage, prima-
ry tumor location) and treatment-related factors (cervical lymph
node dissection, flap transplantation). The prediction model
of this study has good discrimination, calibration and clinical
practicability in internal and external verification. The nomo-
gram and web calculator visualize the model and improve the
convenience of the model. It can be considered as a universal
predictive tool for early postoperative dysphagia in patients with
head and neck cancer. It can help medical staff to identify and
intervene in high-risk groups of dysphagia as soon as possible,
and provide reference for clinical medical staff to formulate di-
agnosis, treatment and nursing measures.
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Limitations

Although the nomogram shows satisfactory performance, our
research has certain limitations. First of all, the research object
of this study is only a tertiary hospital in Zhejiang Province, and
the external verification uses non-synchronous samples rather
than other hospital samples, and the verification of the gener-
alization ability of the model has limitations ; when conducting
related research in the future, it is suggested to use multi-center
research to verify the model externally and improve the extrap-
olation of the model. In addition, this study only investigated
patients, tumors and treatment-related factors. In the future, pa-
tients ' psychological status, sleep quality and other factors can
be considered in the collection of predictors, and more clinical
objective indicators such as biological indicators can also be
considered in the model to improve the accuracy of the model. In
clinical practice, the evaluation tools can be integrated into the
existing head and neck surgery information management system
to identify patients with potentially high-risk dysphagia more
quickly and conveniently. In addition, a longitudinal study of
swallowing function in patients with head and neck cancer after
operation can be carried out to understand the rehabilitation of
swallowing function in depth, so as to provide relevant basis for
the formulation of targeted and effective prevention and inter-
vention measures.
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