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Abstract: To investigate the impact of swallowing training on swallowing function and quality of life in

postoperative patients with esophageal cancer. We recruited 79 patients scheduled for esophageal
surgery and randomly assigned them to one of three groups: Group A (conventional nursing measures),

Group B (conventional nursing measures and respiratory exercises), and Group C (conventional nursing
measures, respiratory exercises, and swallowing training). The EAT-10 scale and quality of life

questionnaire were administered to all three groups 1 day before, 10 days after, and 30 days after surgery.
The swallowing function of all three groups was evaluated 1 day before and 10 days after surgery using
the standardized swallowing assessment, and the incidence of postoperative problems was calculated.

The intragroup assessment showed that all groups had significantly higher the standardized swallowing
assessment, EAT-10, dysphagia and eating difficulties scores (p<0.05), and significantly lower physical
and role function scores 10 days after surgery (p<0.05). The intergroup assessment revealed that Group
C had significantly lower EAT-10, dysphagia and eating difficulties scores (p<0.05), and significantly
higher emotional functioning score than the other two groups (p<0.05). Additionally, the incidence of
complications was decreased in Group B and C compared to Group A. Patients with esophageal cancer
will struggle with swallowing and have a decline in quality of life after surgery. Swallowing training
during the preoperative period may accelerate the recovery of swallowing function and quality of life in

patients.

Keywords: Esophageal cancer surgery;, Quality of life; Swallowing training; Respiratory exercise;
Enhanced recovery after surgery (ERAS)

1. Introduction

Esophageal cancer (EC) is one of the most prevalent malignant tumors in the world, ranking eighth
in incidence and sixth in mortality [1]. According to data presented in 2020, China has a high incidence
of EC, accounting for 53.70 % new cases and 55.35 % deaths of the global total [2], [3]. Currently, the
primary treatment for esophageal cancer consists of surgical intervention  with
chemotherapy/radiotherapy [4]. However, the influences of surgery are prone to induce complications,
including reflux esophagitis, pulmonary infection, chylothorax and difficulty in swallowing [5]. Injuries
to the recurrent laryngeal nerve during surgical procedures are a common cause of difficulty in
swallowing [6], which could increase the risk of pneumonia, malnutrition, and possibly mortality
following esophagectomy [7], [8].

With the advancement of endoscopic technology in recent years, the widespread application of
thoracoscopic surgery is progressively minimizing patient damage from esophagectomy [9], [10]. The
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adoption of the enhanced recovery after surgery (ERAS) concept has also contributed greatly to the
control of postoperative complications, hence decreasing the recovery period and enhancing patients'
quality of life [11]. The efficacy and safety of ERAS has been supported by numerous randomized
controlled trials, particularly in patients with gastric [12], [13], colorectal [14], and gynecologic cancers
[15]. The availability of standardized recommendations on ERAS following esophagectomy did not
occur until 2018, hence the evidence on the use of ERAS after EC surgery is still inadequate [16].

The most important aspect of ERAS for EC is to solve two problems: firstly, to allow patients to walk
early and recover coughing ability, to reduce the incidence of pulmonary complications, and to avoid
prolonging the time to return to daily life after surgery; secondly, to resume oral feeding early, to shorten
the use time of routinely applied nasogastric tube and gastrointestinal tube, and to avoid the risk of
swallowing disuse symptoms. Respiratory and swallowing rehabilitation have the potential to become
essential ERAS components and effective treatments to the challenges. The majority of current research
focuses on perioperative rehabilitative management of respiratory function following EC surgery [17]-
[19]. These findings demonstrated that postoperative patients might benefit from respiratory training by
reducing their risk of developing lung infections and atelectasis, decreasing their intubation length, and
shortening their hospital stay. Although swallowing rehabilitation has received less attention following
esophageal cancer surgery, its usefulness for post-stroke dysphagia has been confirmed [20]. Takatsu et
al. reported that swallowing interventions were advantageous for postoperative patients with EC in terms
of early beginning of transoral feeding and shorter hospitalization [21]. Additionally, the increased risk
of postoperative pneumonia in EC (6.5-27.8%) [22] is partially attributable to poor swallowing function
leading to aspiration (0-81%) [23] and pharyngeal residues (22-62.5%) [24]. Therefore, swallowing
rehabilitation are anticipated to play an important role in the ERAS program following esophagectomy
[25]. It is necessary to perform additional research on the clinical benefits of swallowing interventions.

Thus, we hypothesized that swallowing intervention combined with respiratory training in
postoperative patients with EC is more beneficial than respiratory training individually. The aim of our
study was to investigate the effects on swallowing performance, perception, and quality of life in
postoperative patients with EC of combining training relevant to swallowing and respiratory function.

2. Method
2.1 Trial design

This clinical study is designed to be prospective and randomized. The research was performed at
Zhongshan Hospital, Fudan University. The research protocol was approved by the Ethics Committee
of Zhongshan Hospital of Fudan University (institutional review board approval no: B2021-410,
chairperson: Xin-Yu QIN, date:2021-06-15). According to the Declaration of Helsinki, the research was
conducted. Prior to their participation in the study, all patients offered their informed consent.

2.2 Subjects

From March 2021 to March 2022, 90 patients were recruited and treated at Department of Thoracic
Surgery in Zhongshan Hospital. The eligibility criteria are as follows: (1) In line with diagnostic criteria
for esophageal cancer [26], categorized as squamous cell carcinoma, and experienced combined
thoracoscopic and laparoscopic radical esophagectomy for first time; (2) 25-80 years old. The exclusion
criteria: (1) Serious postoperative complications (anastomotic fistula, chyle leakage, severe
pneumothorax, etc.); (2) history of severe respiratory disease; (3) previous surgical impaired swallowing
function; (4) important blood vessels or organs were infiltrated by the tumor, or it spread to distant sites,
rendering radical surgery unfeasible; (5) incision infection.

The participants were randomized into one of three intervention groups (ratio 1:1:1) using random
numerical table method: Group A (n=30), Group B (n=30), and Group C (n=30) (Figure 1).
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90 assessed for eligibility

Randomized
Group A Group B Group C
30 allocated to conventional nursing 30 allocated to conventional nursing 30 allocated to conventional nursing
measures measures measures
+ preoperative and postoperative + preoperative and postoperative
respiratory exercise respiratory exercise
+ preoperative and postoperative
swallowing training
Preoperative, 10 and 30 postoperative Preoperative, 10 and 30 postoperative Preoperative, 10 and 30 postoperative
days assessments (SSA,EAT, QLQ-C30, days assessments (SSA,EAT, QLQ- days assessments (SSA,EAT, QLQ-
QLQ-OESI18, complications) C30, QLQ-OES1E, complications) (30, QLQ-OES!8, complications)
4 cases lost due o change in 4 cases lost due to change in 3 cases lost due to change in
status or inability to undergo status or inability to undergo status or inability to undergo
complete assessments and complete assessments and complete assessments and
training training training
26 included in primary analysis ‘ ‘ 26 included in primary analysis ‘ ‘ 27 included in primary analysis

Figure 1: Diagram of enrollment and follow-up.
2.3 Sample size calculation

Using G*Power version 3.1.9.7, a sample size of 69 participants was determined for repeated
measures analysis of variance. A power of 80%, a 95% confidence interval and a medium effect size of
0.25 (based on SSA) were considered (number of groups was 3 and number of measurements was 3).
Considering of possible dropouts, the minimum sample was estimated as 90 individuals. The final 79
participants who finished the trial successfully underwent analysis.

2.4 Interventions

Group A: The patients received conventional postoperative treatment, which included pain
management, early postoperative bedside extremity activities and postural shifts, and psychological
support. Specific early limb exercises comprised (1) ankle pumping, (2) alternating knee flexion and
extension of both legs, and (3) double upper limb supination. Specific postural transfer included: (1)
bedside sitting on the first postoperative day; (2) gradual transition to bedside sitting, bedside standing,
and in-room walking once cardiac monitoring discontinued.

Group B: Based on the intervention in group A, the patients received | day of preoperative and 10
days of postoperative respiratory training. Preoperative training included: (1) abdominal breathing:
instructed the patient to place one hand on the upper belly, the other hand on the chest, and half flexion
of both knees in order to relax the abdominal muscles. The ratio of inhalation to expiration was 1:2 and
breathing frequency was 8-9 times per minute. Training was maintained for 10 minutes a day; (2) balloon
blowing: frequency was 3-4 times per minute, and daily exercise was maintained for 5 minutes; and (3)
aerobic exercise was stair climbing until mild shortness of breath, with a Borg score of 3. Postoperative
treatment comprised of: (1) respiratory pattern correction and respiratory rhythm modification; (2)
exhalation training: instructed the patients to inhale the maximum amount of air through the nose, hold
the breath for 2 seconds, and mobilized the abdominal muscles to complete 3 exhalations quickly and
briefly; (3) thoracic mobility training: raised the hands to the maximum degree during inhalation and
slowly lowered them during exhalation; (4) respiratory muscle strength training: clasped hands together
and stretched them to the maximum angle, executed chest breathing training, with breathing frequency
8-9 times per minute; (5) coughing technique instruction: instructed the patient to take a seated position,
inhaled deeply through the nose, held their breath for 3 seconds, then bent their body forward and tensed
their abdominal muscles to perform a successful cough.

Group C: The patients underwent 1 day of preoperative and 10 days of postoperative swallowing
function training in addition to treatments in group B. Preoperative training included: (1) active tongue
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and lip movements: cheek puffing, tongue extension to lick both corners of the mouth, gum sweeping,
and tongue rolling training; (2) 30 repetitions of Shaker exercise [27]. On the basis of preoperative
training, postoperative training consisted of: (1) deep sensation training: the therapist placed the vibrator's
head on the regions of the mouth that require stimulation, such as the cheeks, lips, tongue, and posterior
pharyngeal wall; (2) pharyngeal muscle ice stimulation: the therapist applied an ice swab on the soft
palate and center of the tongue for vertical temperature tactile stimulation, lateral stimulation at the
posterior root of the tongue, and stimulation on the sides of the tongue; (3) mastication training: chewed
the chewing stick for 50 repetitions on each side; (4) sub-chin muscle exercise: inserted a tiny ball
between the chin and collarbone, compressed the ball slightly downward, held for 5 seconds, and then
released, 15 repetitions; (5) vocal cord training: yawn, mild hum training, vowel pronunciation in turn, 2
minutes of training time; (6) supraglottic swallowing: instructed the patients to inhale and hold the breath,
force the breath downward, and held the breath while swallowing; (7) 5 repetitions of Masako swallowing
[28]; (8) swallowing and breathing coordination training: employed physiological breathing control to
coordinate the respiratory pause when swallowing, completed the sequential process of inhalation, breath
holding, swallowing, and coughing 5 times. The above interventions are based on a synthesis of the
findings of previous research [7].

2.5 Outcome measures

In the three groups, the proportion of surgical complications (pulmonary infection, pulmonary
atelectasis, and pneumothorax) was calculated. Objective swallowing performance was evaluated before
and 10 days after treatment. The efficacy of subjective impression and quality of life were evaluated in
the three groups of patients before treatment, 10 days after treatment, and 30 days after treatment,
respectively.

Objective assessment of swallowing: the standardized swallowing assessment (SSA) [29] was
utilized to evaluate swallowing function in three groups of patients, which comprised of three
components: (1) clinical examination; (2) swallowing 5 milliliters of water 3 times; (3) swallowing 60
milliliters of water if the preceding steps are normal. The range of available scale scores was between 18
and 46. The worse swallowing function, the higher the score.

Subjective assessment of swallowing: the subjective swallowing perception of the three patient
groups were evaluated using the eating assessment tool (EAT-10) [30]. The questionnaire consisted of 10
items, each of which received a score of 4 out of 40, with a score of 3 or above indicating likely
swallowing difficulties.

Quality of life: The Chinese version of the European Organization for Research and Treatment of
Cancer (EORTC) Core Quality Of Life Questionnaire [31], [32], the QLQ-C30 (version 3.0), including
its esophageal cancer-specific questionnaire (EORTC QLQ-OES18) [33], [34], was applied to evaluate.
The QLQ-C30 contained 5 multi-item function scales, 3 multi-item symptom scales, 6 single-item
symptom scales, and a two-item global quality of life measure. Higher functional scores suggested a
higher quality of life. The QLQ-OES18 scale consisted of 4 symptom domains and 6 single symptom
entries that describe esophageal cancer-specific symptoms. Due to the overlap between the symptom
sections of the two scales, only the functional section of the QLQ-C30 was chosen for final analysis. All
scores were transformed linearly to a 0 to 100 scale.

2.6 Data analysis

Using analysis of variance (ANOVA) for continuous data and the chi-square test of independence for
categorical data, the randomization adequacy was determined by comparing baseline demographic data
between groups. The measurement variables adopting a mixed-model repeated-measures ANOVA, with
treatment group (Group A, B, and C) as the between-subject component and time (before, 10 days after,
and 30 days after surgery) as the within-subject factor. The assumptions for using repeated-measures
ANOVA were verified, including normality, homogeneity of variance, and sphericity. Bonferroni
correction was utilized for post hoc comparisons.

Effect sizes (ES) for post hoc test were estimated by calculating the Hedge’s g. According to Cohen,
ES 0f0.2, 0.5, and 0.8 were categorized as small, moderate, and large, respectively [35], [36]. Eta squared
(n5) was the ES for ANOVA. The interpretation of these squared ES results in the following: 0.01 =
small effect, 0.06 = moderate effect, and 0.14 = large effect [37]. Data analyses were performed in the
RStudio (R version 4.1.2). p < 0.05 was selected as the cutoff for statistical significance in all tests.
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3. Results
3.1 Demographic and clinical characteristics

Table 1 was the demographic and clinical characteristics of the 79 participants in the final analysis.
There was no statistically significant difference among the three groups (p>0.05).

Table 1: Demographic and clinical characteristics.

Variables Group A (n=26) Group B (n=26) Group C (n=27) Fry? p value
Age (mean+sd) 62.73+6.89 63.54+8.34 65.63+6.05 1.167 0.317*
Gender, No.(%) 0.126 0.939°
Male 21(80.8%) 20(76.9%) 21(77.8%)

Female 5(19.2%) 6(23.1%) 6(22.2%)

Tumor site, No.(%) 0.796¢
Upper 2(7.7%) 1(3.8%) 1(3.7%)

Middle 10(38.5%) 8(30.8%) 7(25.9%)

Lower 14(53.8%) 17(65.4%) 19(70.4%)

Preoperative chemotherapy, No.(%) 0.575 0.750°
Yes 4(15.4%) 6(23.1%) 6(22.2%)

No 22(84.6%) 20(76.9%) 21(77.8%)

Preoperative dysphagia, No.(%) 0.589 0.745°
Yes 21(80.8%) 20(76.9%) 23(85.2%)

No 5(19.2%) 6(23.1%) 4(14.8%)

Recurrent laryngeal nerve lymph node 0.954¢
dissection, No.(%)

Not exist 3(11.5%) 2(7.7%) 4(14.8%)

Unilateral 8(30.8%) 9(34.6%) 9(33.3%)

Bilateral 15(57.7%) 15(57.7%) 14(51.9%)

a: One-way Anova. b: Chi-square test. c: Fisher exact test.
3.2 Assessment of dysphagia comparison

The group-by-time interaction for the mixed-model repeated measure ANOVA was statistically
significant between the three groups in SSA and EAT (Table S1). After 10 days, the intragroup evaluation
revealed that the SSA score was improved significantly in all groups (p<0.05). In addition, the EAT score
was significantly higher in all groups after 10 days (p<0.05). Compared to baseline, the EAT score was
significantly higher in group A (p=0.002) and significantly lower in the group C (p=0.014) after 30 days
(Table 2).

Table 2: Comparison of SSA and EAT within group.

|Assessment Bascline 10-day iHedges' g p* P0-day Hedges'g |p° nz p
mean+sd imean+sd mean+sd g

SSA 0.64  [2.66x107%°

Group A 18.15£0.46  26.69+3.13  [3.75 4.75x10"13 | - -

Group B 18.15+0.54  [24.77£3.79 [2.41 3.64x10° | - -

Group C 18.11+0.32  0.41+2.33  |1.36 2.06x10° | - -

IEAT 0.68  [2.39x10%

Group A 7.11+4.11 24.77+4.32 @4.12 2.21x10M  |13.42+£7.65 [1.01 2.0x103

Group B 6.62+4.53 23.35+4.13 [3.80 4.89x10°  16.04+2.76  [0.15 1

Group C 6.48+4.58 13.63+2.95 |1.83 1.95x10°  [3.00+2.94 [0.89 1.4x10

p“ indicated a statistically significant difference from baseline to after 10 days (paired sample t-test). p®
indicated a statistically significant difference from baseline to after 30 days (paired sample t-test). p*
indicated a statistical significance from the baseline, to after 10 days and to after 30 days (repeated
measures ANOVA).

After 10 days, the intergroup assessments inferred that SSA and EAT score was significantly lower
in the group C (p<0.0001) than group A and B. After 30 days, significant differences existed between all
groups in EAT score (p<0.001) (Figure 2).
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A\ Anova, F(2,152) =27.18, p = <0.0001, 12=026

B Anova, F(4,228) =163, p = <0 0001, n] = 0.22
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Figure 2: Comparison of SSA and EAT between group. The p value and effect size of the group-by-time
interaction were displayed above the graph. *** represents p<0.001, **** represents p<0.0001.

3.3 Quality of life comparison

Table 3: Comparison of QLO-C30 within group.

Baseline 10-day - vl 30-day - S 2 .
|Assessment meantsd I——— iHedges' g |p meantsd Hedges' g|p Ng p
E‘rﬁﬁing 0.63 1.48x10%°
Group A 96.67+4.32  149.62+14.50 @4.33 1.51x10  79.49+20.99 [1.12 2.00x10°
Group B 98.46+4.74 [61.03£17.96 2.81 7.56x107"°  94.10+£5.44 0.84 3.00x102
Group C  [97.7844.13 [72.59£16.26 [2.09 1.09x10®  97.47£5.01 0.07 1
El(ﬁ:tioning 0-67 5810
Group A [96.15+9.78 20.51+21.24 4.50 9.33x10"°  |58.97+27.58 [1.77 1.02x10°
Group B [98.07+7.19 [32.05+£27.05 [3.28 2.19x10""  [82.69+13.73 [1.38 1.02x10*
Group C  [95.684+9.91 [54.94+21.59 2.39 4.38x10°  [87.04+11.63 |0.79 2.40x10”
Group A [88.46+8.52 [68.27+14.72 |1.65 3.87x10°  [83.01+12.80 [0.49 0.33
Group B [87.1849.78 [71.15£13.17 [1.36 1.21x10°  92.63+8.61 [0.58 .07
Group C  [86.4849.33 [82.78+15.70 [0.28 0.65 99.07+3.53 |1.76 1.67x10°°
gl‘;“i‘t‘l‘;‘nﬁg 021 [1.30x10™
Group A [98.7246.54 [85.90+15.42 [1.07 3.00x10°  [96.80+6.70 0.29 0.98
Group B [99.36+3.27 [85.86+13.08 [1.39 1.61x10*  98.08+5.43 [0.28 .98
Group C  [97.5346.03 93.83+12.36 [0.38 0.33 99.38+3.21 [0.38 .55
tslfrfé?iloning 043 24107
Group A 166.03+19.14 31.41£13.60 2.05 1.07x10°  63.46+21.09 [0.13 1
Group B [71.15419.75 42.31£18.99 [1.47 5.04x10°  |81.41x17.84 |0.54 .05
Group C  [74.07+18.10 |56.79+14.81 [1.03 4.00x10°  [88.27x11.15 [0.93 9.00x10

p? indicated a statistically significant difference from baseline to after 10 days (paired sample t-test). p®
indicated a statistically significant difference from baseline to after 30 days (paired sample t-test). p°
indicated a statistical significance from the baseline, to after 10 days and to after 30 days (repeated
measures ANOVA).

The group-by-time interaction was also statistically significant in QLQ-C30 and QLQ-OES18 (Table
S2 and Table S3). After 10 days, the intragroup comparisons in QLQ-C30 showed that, with the exception
of emotional and cognitive functioning in group C, all five functioning scores were significantly lower
in all groups (p<0.05). After 30 days, physical and role functioning score differed significantly in group
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A (p=0.002, p=1.02x10-6) and B (p=0.03, p=1.02x10-4), whereas social (p=0.009), emotional
(p=1.67%10-6), and role functioning scores (p=0.024) differed significantly in group C (Table 3).

There were no cognitive function differences in QLQ-C30 between the groups, hence it was not
displayed. Refer to Figure 3 for particular differences between groups.

Table 4: Comparison of QLQO-OES18 within group.

Baseline 10-day - vl 30-day . , 2 .
|Assessment meantsd meantsd Hedges' g |p meantsd Hedges' g |p° ng p
IDysphagia 0.67 1.76x10™*
Group A [20.94+13.45 [74.36+12.87 4.00 9.12x10"°  [35.47+24.35 (0.73 0.05
Group B |15.81£12.24 [72.65£15.47 K4.01 2.46x10"°  17.95+17.80 [0.14 1
Group C  [19.34+11.36 ¥#1.56£13.98 |1.72 6.54x107 5.76+7.78 1.37 6.51x10°
Eating 4
difficulties p-57 L5710
Group A [14.74+12.09 49.36+11.53 [2.89 6.18x10"°  [32.69+16.65 [1.21 2.53x10*
Group B |11.2247.80 [52.89+9.41 H.75 2.31x10"°  [22.12+13.32 0.98 4.00x1073
Group C [14.5149.97 [29.32+12.74 |1.28 1.00x10*  |6.17£7.16  [0.95 3.00x10*
IReflux 0.03 0.02
Group A [3.2148.19  [1.92+£5.43 .18 1 2.56+£7.74  0.08 1
Group B [2.56+7.74 0.00+£0.00  |0.46 0.31 4.49£7.54  [0.25 1
Group C K4.3248.76  |0.00+0.00 .69 0.03 0.00+0.00  0.69 .03
Esophageal 0.08  [8.07x10°
ain
Group A B.97+12.97 |14.53£14.32 [0.40 0.47 7.27+6.24  0.17 1
Group B  [6.41£10.50 [14.10+11.14 [0.70 0.08 1.2843.62  [0.64 0.11
Group C  |11.11+13.43 |13.58+13.55 [0.58 0.18 2.06+4.40  0.67 .07
[Trouble
swallowing 0.06 8.72x10*
saliva
Group A [0.00£0.00  [7.69£17.15 [0.62 0.09 5.13+12.26 |0.58 0.13
Group B [0.00+0.00  [8.97£17.78 0.69 0.05 1.28+6.54  10.27 .98
Group C  [0.00£0.00 [2.47+£8.90 | - 0.00+0.00 | -
Choking 0.06 9.79x10*
Group A |5.13£15.47 [21.79+£24.84 0.79 0.04 6.41+£21.12 0.07 .81
Group B [7.69+14.32 |12.82+21.24 [0.28 0.77 1.28+6.54  0.57 0.17
Group C K4.94+12.07 |14.81£21.35 [0.56 0.05 1.23+6.42  0.85 .02
IDry mouth 0.33 2.54x102°
Group A [21.79420.96 |56.41+£29.47 [1.33 4.32x10*  [28.20+27.80 [0.26 1
Group B [14.10£19.26 |64.10+28.16 [2.04 1.49x10°  6.41x13.40 [0.46 .25
Group C  [18.52421.35 27.16+22.71 [0.39 0.39 3.70+10.67 0.46 0.33
Tasting 001 025
roblems
Group A [0.00+0.00  |1.2846.54  [0.01 1 2.56+9.06  [0.16 1
Group B [0.00£0.00  [2.56+9.06 .39 0.48 2.56+9.06  0.39 .48
Group C  [0.00+0.00  |0.00+£0.00 | - 1.23+6.41  [0.27 0.65
Coughing 0.34 1.29x10!
Group A [2.56+9.06 [30.77+24.81 [1.49 7.14x10°° 15.38+23.53 10.55 0.21
Group B |1.2846.54  |15.38+19.39 .07 6.42x107 1.28+6.54  10.27 .98
Group C  3.70+10.68 |14.81£23.27 [0.60 0.11 1.23+6.41  |0.28 .98
Speech s
difficulties p-10 L1410
Group A |0.00+0.00 11.54+18.72 [0.86 1.30x1072 10.26+15.69 (0.49 0.25
Group B |0.00+0.00  [7.69£14.32 0.75 0.02 3.85+10.86 |- -
Group C  |0.00£0.00  |1.23+£6.41 .27 0.98 1.23+6.41  10.27 .98

p? indicated a statistically significant difference from baseline to after 10 days (paired sample t-test). p®
indicated a statistically significant difference from baseline to after 30 days (paired sample t-test). p°
indicated a statistical significance from the baseline, to after 10 days and to after 30 days (repeated
measures ANOVA).

Intragroup comparisons in QLQ-OSE18 demonstrated that there was no difference in reflux,
esophageal pain, trouble swallowing saliva, and tasting problems. After 10 days, dry mouth and coughing
score was no significant change in group C. After 30 days, dysphagia (p=6.51x10-6) and eating
difficulties (p=3.00x10-4) score was significantly lower in group C (Table 4).
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Figure 3: Comparison of QLQO-C30 within group. The p value and effect size of the group-by-time
interaction were displayed above the graph.
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interaction were displayed above the graph.
3.4 Proportion of complications

Patients in group B and C were less probable than group A to suffer complications (Table 5).

Table 5: Proportion of complications after surgery.

Complications Group A(n=26) Group B(n=26) Group C(n=27)

pneumothorax 11(42.3%) 3(11.5%) 3(11.1%)
pulmonary infection 13(50.0%) 3(11.5%) 3(11.1%)
pulmonary atelectasis 20(76.9%) 9(34.6%) 8(29.6%)

4. Discussion

ERAS is a multidisciplinary rehabilitation program that covers preoperative, intraoperative, and
postoperative periods to expedite patient recovery. It is widely utilized in the treatment of a variety of
malignancies, including EC. The recovery of swallowing function is strongly associated with nutritional
assessment and intervention, feeding, and prevention of pulmonary complications. Our study
demonstrated that combined swallowing and respiratory training was more effective than respiratory
training alone in enhancing the swallowing function and quality of life. This impact was still significant
30 days after surgery.

All participants' SSA and EAT score were significantly lower 10 days after surgery compared to
preoperatively, indicating that the surgical procedure had a larger detrimental effect on swallowing
function (Table 2). Common sites of esophageal cancer metastases are the paraglottic lymph nodes of the
recurrent laryngeal nerve [38]. Identification of the recurrent laryngeal nerve and lymph node clearing
along the distribution of the recurrent laryngeal nerve by thoracoscopic are challenging and can result in
nerve injury easily. This results in overt and silent aspiration and pharyngeal residue in individuals [7].
10 days later, the EAT and SSA scores of the combined intervention group were significantly lower than
those of the other two groups, but significantly higher than their baseline. As indicated by expert
standards [39], patients at this stage continue to be fed mainly through tube feeding for nutrition support
benefits.

At 30 days postoperatively, the EAT scores in the non-rehabilitation group were remained
significantly higher than at baseline, whereas the scores in the combined training group were significantly
lower than at baseline (Table 2). Moreover, the combined intervention group's EAT scores were
significantly lower than those of the other two groups at the same period (Figure 2). The findings clearly
highlight the role of swallowing rehabilitation, which obtained satisfactory outcomes one month after the
treatments. Training in swallowing decreased postoperative swallowing dysfunction and alleviated
swallowing discomfort caused by tumor progression. The research conducted by Takatsu [21] also
demonstrated that early swallowing interventions expedite the commencement of transoral feeding and
shorten hospital stays. The difficulty of patients without training to regain swallowing function after
surgery may be due to nerve injury or scarring of the anastomosis, which inhibited the contraction of
pharyngeal muscles and the opening of the upper esophageal sphincter [40]-[42].

In our study, the functional scale scores in QLQ-C30 declined 10 days after surgery and recovered 30
days after surgery. In QLQ-OSEI18 scale, opposing changes occurred in dysphagia, eating difficulties,
dry mouth, and coughing. These modifications suggest a temporary decrease in postoperative quality of
life. Similar to the findings of earlier studies, the quality of life worsened in almost all aspects within six
weeks postoperatively [43], [44]. In this study, however, the time to recovery of quality of life was shorter
in the combined treatment group than in earlier research. Particularly, emotional and cognitive
functioning reached baseline levels 10 days after surgery in the combined treatment group, whereas the
other two groups reached normal levels 30 days after surgery. We speculated that swallowing training
expedited the enhancement of cognitive and emotional functioning. At 30 days after surgery, it is
noteworthy that none of the groups' role functioning scores had returned to their preoperative levels. The
role conflict after surgery, the psychological anxiety connected with physical healing, and the pressure
of returning to work have a negative effect on the patients' mental health [45]. Therefore, psychological
intervention may be necessary in addition to swallowing training [46].

Dysphagia and eating difficulties were the two most significant symptoms the participants had after
surgery. EC surgery resulted in a number of structural alterations, including reduced blood supply to the
gastrointestinal system, decreased esophageal peristalsis, and shortened food retention time in the
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gastrointestinal tract [47]. 30 days after surgery, patients who did not received swallowing training have
not completely recovered from their eating difficulties. Nasal tube feeding merely satisfied the need for
food intake and does not relieve the symptoms of dysphagia and eating difficulties. Swallowing
rehabilitation is indispensable for the treatment of postoperative swallowing-related symptoms.

Pulmonary complications are the leading cause of death following surgery. Pneumonia has been
demonstrated to be a risk factor for hospitalization and long-term survival [48]. In our research, there
was no difference in the occurrence of complications between the combined swallowing training and
respiratory training groups. Although swallowing training had no effect on reducing postoperative
respiratory complications, swallowing saliva during training did not increase the incidence of
complications, proving the protocol's safety.

The strengths of this study consist of its longitudinal design, well-established scale evaluation, and
particular swallowing training procedures. There are also several challenges in our study: (1) This study
consisted of a modest sample size and a single-center design. Multicenter trials with larger samples will
be required in the foreseeable future. Stratification according to clinical characteristics, such as smoking
and nerve injury, is also advantageous. (2) Future research should employ more objective measures of
swallowing function, such as electronic laryngoscopy and videofluoroscopic study of swallowing. (3) In
the future, additional complications, such as anastomotic leakage and malnutrition, should be added to
the statistics of postoperative complications.

5. Conclusion

After surgery, patients with EC will experience swallowing difficulties and a decline in quality of life,
and swallowing training could expedite their recovery. Swallowing training has the potential to become
an integral aspect of ERAS.
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