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Background: The occurrence of postoperative complications may lead to delayed recovery and a decline
in physical function in the first 3 months after esophagectomy. The outbreak of COVID-19 imposed
physical and emotional obstacles for traditional face-to-face rehabilitation. Meanwhile, the effectiveness
of telerehabilitation remained unknown. In this study, we aimed to investigate the effectiveness of
telerehabilitation.

Methods: A cohort of 86 patients who received minimally invasive esophagectomy between September
2020 and January 2021 was randomly allocated into two groups. The telerehabilitation group received
additional online consulting and training, including (I) precautions for nutritional support; (II) swallowing
function training; (III) respiratory function training; (IV) guidance and feedback on matters such as patient’s
current vital signs, wound status, medication, and sleep status. The primary outcome was the change of
quality of life (QOL) of each patient at 3 months after surgery.

Results: No serious adverse events were observed in either group. The telerehabilitation group showed
significant improvements in pain using the OLQ-C30 scale (P<0.001), and in choking using the QLQ-
OES18 scale (P<0.001). The comparison of the QLQ-C30 and QES-18 score changes at three months after
discharge revealed that nearly all aspects in the telerehabilitation group displayed more score changes with
significant changes in the appetite loss and pain part (P<0.001 and P<0.05, respectively). The score changes
in QLQ-OES18 revealed significant improvement in swallowing saliva (P<0.05), as well slight improvements
in choking, dry mouth, taste, and cough without significance.

Conclusions: Our study demonstrated that telerehabilitation was at least an important supplement to
traditional face-to-face consulting and training for patients after esophageal cancer surgery during the
COVID-19 period.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2100049186.
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Introduction

Esophageal cancer is the sixth leading cause of cancer
death globally (1). While the primary curative treatment
for patients is surgical resection of the esophagus (2), the
occurrence of postoperative complications may lead to a
delayed postoperative recovery and an obvious decline in
physical function in the first 3 months after surgery (3).
Esophagectomy patients often complain of fatigue, appetite
loss, sleep disturbance, trouble with swallowing saliva, and
choking, which may result from altered cardiopulmonary
function, generalized muscle weakness, and malnutrition (4).
Multiple prior studies have demonstrated that better
postoperative rehabilitation was associated with reduced
postoperative complications and improved the quality of life
(QOL) for patients after esophageal cancer surgery (4-6).
Traditionally, patients receive face-to-face rehabilitation
training, especially during the first three months after
surgery. Unfortunately, the outbreak of COVID-19 posed
physical and emotional obstacles for patients returning to
hospitals after surgery, which sometimes made face-to-face
rehabilitation consulting and training impossible.

A telerehabilitation service refers to rehabilitation service
provided through electronic multi-media communication
technologies (7). As telerehabilitation consulting and
training can be conducted in the patient’s home, it may
overcome the inconvenience and risk of infection in a
crowded environment. Till now, there’s a lack of evidence
evaluating the effectiveness of telerehabilitation in patients
with esophageal cancer. One prospective feasibility study
including 22 patients who underwent esophagectomy
has demonstrated that a postoperative physiotherapeutic
intervention with telerehabilitation is feasible for patients
with postoperative complications (8). Other studies were
either the report involving patient satisfaction with virtual
visits during COVID-19 or the evaluation of the usefulness
of online stroke (7,9) and cardiac rehabilitation (10).

To investigate the effectiveness of telerehabilitation
consulting and training, a cohort of 86 patients who
received minimally invasive esophagectomy between
September 2020 and January 2021 was randomly divided
into two groups. One group received common consulting
whenever they returned to the thoracic surgery clinic, and
the other received regular telerehabilitation consulting and
training. Herein, we report our observations in this cohort.
We present the following article in accordance with the
CONSORT reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-385).
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Methods
Study cobort, randomization, and ethics approvement

A cohort of 86 patients who received minimally invasive
esophagectomy for pathologically diagnosed esophageal
cancer between September 2020 and January 2021 were
recruited from the surgical wards of the Department
of Thoracic Surgery, Fujian Medical University Union
Hospital. The inclusion criteria were: age ranging from
18 years old to 75 years old; patients who had undergone
minimally invasive esophagectomy; patients who were
discharged within 30 days of surgery; the estimated
survival time was over 90 days. Exclusion criteria for both
telerehabilitation and control groups included a diagnosis
of severe cardiopulmonary diseases before surgery, a
diagnosis of severe postoperative complications such as
postoperative chylothorax or anastomotic fistula, a need for
professional medical equipment which was provided only at
hospital, or refusal to participate in follow-up assessments.
Eventually, 80 patients who received minimally invasive
esophagectomy agreed to participate and signed written
informed consents. The trial design type was two-parallel
and a method of simple randomization was applied. Briefly,
a series of random numbers were generated using the
SPSS Software and assigned into two groups in a 1:1 ratio
ahead of the first patient’s admission in the study. The two
groups were: (I) a telerehabilitation group who received
additional telerehabilitation consulting and training; (II)
a control group receiving standard consultation whenever
they returned to the thoracic surgery clinic. Subsequently,
patients who agreed to participate in the study were
received a random number and assigned into the two
groups at discharge. The following-up telerehabilitation
intervention and clinical assessments were performed
by different groups of researchers (Study flowchart in
Figure S1). The study protocol was approved by the
ethics committees of Fujian Medical University Union
Hospital (No.: 2020KY0160). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013) and was registered on the Chinese Clinical Trial
Registry (ChiCTR21000049186). The full trial protocol can
be accessed on the Chinese Clinical Trial Registry website
(https://www.chictr.org.cn/).

Telerebabilitation intervention

Telerehabilitation intervention was provided by a medical
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care group which included the head of the nursing
department in thoracic surgery, at least one doctor who
participated in the surgery, and three experienced nurses.
Participants in the telerehabilitation group received a
3-month home-based telerehabilitation intervention after
discharge, and a WeChat group including the medical care
group, the patient, and the patient’s family was created at
discharge. The telerehabilitation intervention included
the following: (I) precautions for nutritional support; (II)
swallowing function training; (III) respiratory function
training; (IV) guidance and feedback on matters such as
patient’s current vital signs, wound status, medication, and
sleep status. The intervention was delivered using daily
small tips, training videos, and regular online consulting.
Patients, accompany by their care givers, were asked to
receive training on schedule. The attendance rate on regular
online consulting was also be followed.

Clinical assessments and primary outcome

The European Organization for Research and Treatment
of Cancer Quality of Life (QOL) Questionnaire Core
30 (EORTC QLQ-C30) scale (version 3.0) (11), which
contains scales and items addressing functional aspects
of QOL and symptoms that commonly occur in patients
with cancer, and its esophageal cancer supplementary scale
EORTC QLQ-OES18 (12) were used for the assessments
of QOL. Assessments were performed face-to-face at
discharge and at 3 months post-operation by another
group of trained researchers. Scores were calculated to
the 100-point system in accordance with instructions
in the EORTC QLQ-C30 scoring manual (13). The
primary outcome was measured by the score changes at
three months post-operation compared to the baseline at

discharge.

Statistical analysis

Statistical analyses were performed using SPSS version
25.0 (SPSS Inc., Chicago, IL, USA). Quantitative measures
were summarized with descriptive statistics, such as mean
and SD, and categorical data were expressed as n (%).
Chi-square tests were performed to determine if the two
groups had the same distribution. The student’s #-tests were
performed to compare differences between two groups for
measurement data. The normality of variables was tested
using Kolmogorov-Smirnov test before the use of student’s
t-tests. Variables without normality were compared using
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Mann-Whitney U tests. P values were two-tailed with a
significance level of 0.05.

Results
Demographic and clinical characteristics of the study cobort

The study flowchart and clinical follow-up schedule
were displayed in Figure S1. The demographic data
of participants is summarized in Tzble 1. Briefly, most
were male, with an average age around 59.6£6.5 and
59.8+7.0 in the telerehabilitation and control groups,
respectively. No differences were revealed in risk factors,
including hypertension, diabetes, and smoking, and
the dominant pathological pattern in both groups was
squamous cell carcinoma, with one adenocarcinoma in
the telerehabilitation group. The tumors in both groups
were mostly located at the middle thoracic level, and
most patients were in the early stages of disease, with no
differences between the two groups.

Baseline assessments at discharge

Baseline assessments were performed at discharge for
each participant, and as is shown in Table 2, there was no
significant difference in the EORTC QLQ-C30 and QLQ-
OES18 scores between groups.

Assessments at 3 monthbs post-operation

The second face-to-face assessments were performed
3 months post-operation. No serious adverse events were
observed in either group. As shown in Figure 1, both groups
showed significantly increased scores in physical functions
(P<0.001 for the telerehabilitation group and P<0.001
for the control group) and social functions (P=0.002 for
the telerehabilitation group and P<0.001 for the control
group) 3 months post-operation. Both groups showed
significantly decreased scores in fatigue (P<0.001 for the
telerehabilitation group and P<0.001 for the control group)
and nausea (P=0.003 for the telerehabilitation group and
P=0.01 for the control group). However, it was noted that
pain was significantly relieved only in the telerehabilitation
group (P<0.001). Appetite loss in the control group was
slightly but significantly increased (P=0.03), and the global
QOLs in both groups improved significantly. Similar
findings were revealed in the QLQ-OES18 scale with a
much more significant improvement in the choking score
in the telerehabilitation group (P<0.001). Horizontal
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Table 1 Demographic and clinical characteristics of the study
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Characteristics Subgroup Telerehabilitation group (n=40) Control group (n=40) P value
Gender Male 29 (72.5%) 30 (75.0%) 0.799
Female 11 (27.5%) 10 (25.0%)
Age 59.6+6.5 59.8+7.0 0.908
Body mass index (BMI) 21.5+2.1 21.3+£2.2 0.821
Education High school & below 35 35 1.000
Undergraduate & above 5 5
Marriage Married 37 36 0.692
Single 3 4
Hypertension 8 (20.0%) 9 (22.5%) 0.785
Diabetes 6 (15.0%) 5 (12.5%) 0.745
Smoking 22 (55.0%) 23 (57.5%) 0.822
Pathological pattern Squamous cell carcinoma 39 40 0.314
Adenocarcinoma 1 0
Location Cervical & upper thoracic 1 2 0.683
Middle thoracic 33 30
Lower thoracic 6 8
TNM stages | 16 15 0.882
Il 21 23
Illa 3 2

comparison at 3 months post-operation is displayed in
Table 3. While there was no significant difference in
function area between groups, the telerehabilitation group
had much lower symptom scores in sleep disturbance,
appetite loss, and financial impact (P=0.019, P=0.005, and
P=0.041, respectively). Moreover, the QLQ-OESI18 scale
revealed that the telerehabilitation group had much lower
scores in swallowing saliva, choking, and cough (P=0.010,
P=0.024, and P=0.041, respectively).

The comparison of the QLQ-C30 and QES-18 score
changes at three months after discharge was revealed in
Figure 2. Similar to results in the horizontal comparison
of the QLQ-C30 and QES18 score at 3 months post-
operation, though there was no significant difference in
function area between groups, more score changes were
noticed in the emotional, cognitive, and role function
part (Figure 2A4). Moreover, nearly all aspects in the
telerehabilitation group displayed more score changes
with significant changes in the appetite loss and pain part

© Journal of Gastrointestinal Oncology. All rights reserved.

(P<0.001 and P=0.04, respectively, Figure 2B). The score
changes in QLQ-OESI18 revealed significant improvement
in swallowing saliva (P=0.02), as well slight improvements in
choking, dry mouth, taste, and cough without significance

(Figure 2C).

Discussion

Surgical resection of the esophagus is associated with
multiple short-and long-term adverse effects, including
high rates of postoperative complications, decreased muscle
strength, altered cardiopulmonary function, emotional
impact, and mortality. Whether preoperative functional
training can benefit postoperative recovery after esophageal
surgery is controversial (14,15). Several studies have
demonstrated that preoperative inspiratory training and
nutrition optimizing improves perioperative functional
capacity (16,17). However, other studies queried the
effectiveness of preoperative functional training (18-20),
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Table 2 QLQ-C30 and QLQ-OES18 scores at discharge between groups
Scales and items Telerehabilitation group (n=40) Control group (n=40) t value P
QLQ-C30
Function
Physical 33.50+14.04 32.67+14.62 -0.260 0.796
Role 28.33+14.22 26.25+16.83 -0.598 0.552
Emotional 47.50+16.26 47.71£13.74 0.062 0.951
Cognitive 56.67+16.80 52.08+23.63 1.593 0.115
Social 51.25+20.46 59.17+23.86 0.243 0.809
Global quality of life 27.45+£12.07 27.50+18.65 0.014 0.989
Symptom scales
Fatigue 74.44+15.35 74.72+16.88 0.077 0.939
Nausea and vomiting 75.42+19.61 72.50+19.81 -0.662 0.510
Pain 75.83+15.54 73.75£17.25 -0.568 0.572
Dyspnea 59.17+15.99 53.33+21.08 -1.394 0.167
Sleep disturbance 48.33+18.41 55.00+20.74 1.520 0.132
Appetite loss 65.00+7.36 63.33+10.13 -0.842 0.402
Constipation 55.83+20.52 56.67+18.80 0.189 0.850
Diarrhea 47.50+22.50 54.17+20.93 1.372 0.174
Financial impact 61.67+12.05 60.83+12.05 -0.299 0.765
QLQ-OES18
Dysphagia 70.00+5.16 69.72+6.16 -0.219 0.827
Eating 66.04+15.72 66.67+15.90 0.177 0.860
Reflux 72.08+17.04 71.67+16.96 -0.110 0.913
Pain 69.72+16.88 69.44+16.64 -0.074 0.941
Trouble swallowing saliva 42.50+30.18 43.33+30.38 -0.123 0.902
Choking 53.33+24.81 55.83+23.13 0.466 0.642
Dry mouth 67.50+21.99 69.17+21.86 0.340 0.735
Taste 73.33+18.80 71.67+20.74 -0.377 0.708
Cough 75.83+19.95 75.00+£19.61 -0.188 0.851
Speech 65.00+21.28 65.83+23.25 0.167 0.868

which may make post-operation rehabilitation more
important. Since the outbreak of COVID-19, the disease has
spread rapidly with high contagiousness and mortality (21),
and the risk of infection in attending hospitals has made
many patients hesitate to return for face-to-face post-
operation consulting and rehabilitation. Herein, we
investigated the effectiveness of telerchabilitation consulting

© Journal of Gastrointestinal Oncology. All rights reserved.

and training in a cohort of 86 patients who received
minimally invasive esophagectomy between September
2020 and January 2021. Using EORTC QLQ-C30 and
QLQ-OES18 scales, we found patients’” QOL could be
significantly improved at 3 months after surgery. However,
additional telerehabilitation consulting and training may
also help in pain-relief and solving problems in sleeping and
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Figure 1 Comparison of QLQ-C30 and QLQ-OES18 scores between discharge and 3 months post-operation in the telerehabilitation
group and the control group. *, P<0.05; **, P<0.01; ***, P<0.001.
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Table 3 QLQ-C30 and QLQ-OES18 scores at 3 months after discharge between groups

Scales and items Telerehabilitation group (n=40) Control group (n=40) t value P
QLQ-C30
Function
Physical 58.17+19.27 57.17+19.39 -0.231 0.818
Role 32.92+17.90 28.75+13.60 -1.172 0.245
Emotional 54.79+16.88 52.50+16.58 -0.613 0.542
Cognitive 54.58+21.35 53.33+22.07 -0.257 0.797
Social 37.08+17.08 37.92+16.00 0.225 0.822
Global quality of life 47.29+18.81 46.04+19.52 -0.292 0.771
Symptom scales
Fatigue 48.33+18.07 50.56+18.82 0.539 0.592
Nausea and vomiting 58.75+22.32 57.92+21.35 -0.171 0.865
Pain 51.67+23.20 61.67+22.07 1.975 0.052
Dyspnea 56.67+27.43 57.50+27.20 0.136 0.892
Sleep disturbance 47.50+£24.91 61.67+27.79 2.401 0.019*
Appetite loss 60.00+29.43 76.67+21.62 2.887 0.005*
Constipation 51.67+22.58 60.00+22.90 0.315 0.105
Diarrhea 44.17+25.47 54.17+20.93 1.918 0.059
Financial impact 56.67+20.26 65.84+19.23 2.076 0.041*
QLQ-OES18
Dysphagia 35.28+6.60 36.11+7.00 0.547 0.586
Eating 57.71+20.09 59.58+18.06 0.439 0.662
Reflux 69.17+18.70 73.75+16.83 1.152 0.253
Pain 52.50+17.43 53.33+17.10 0.216 0.830
Trouble swallowing saliva 34.17+27.72 51.67+31.08 2.658 0.010*
Choking 31.67+27.92 45.83+27.93 2.300 0.024~
Dry mouth 57.50+29.22 69.83+29.71 1.265 0.210
Taste 64.17+24.32 68.33+21.28 0.815 0.417
Cough 31.67+22.58 43.33+27.43 2.077 0.041*
Speech 55.00+26.74 59.17+28.73 0.671 0.504
*, P<0.05.

appetite loss.

The EORTC QLQ-C30 contains 30 items in total,
including 15 areas: five functional areas (physical, role,
emotion, cognition, and social function), one global QOL
subscale, and nine symptom areas (pain, fatigue, nausea

© Journal of Gastrointestinal Oncology. All rights reserved.

and vomiting, dyspnea, sleep disturbance, loss of appetite,
constipation, diarrhea, and financial impact) (11). The
OES18 is a supplementary symptom scale for esophageal
cancer, which specifically includes 18 items such as
dysphagia, eating, reflux, pain, saliva, choking, dry mouth,
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Figure 2 Comparison of the QLQ-C30 and QLQ-OES18 score
changes at 3 months after discharge between the telerehabilitation
group and the control group. ¥, P<0.05; ***, P<0.001.

loss of appetite, cough, and speech (12). Many clinical trials,
including trials conducted in a Chinese population, have
proven that the combined application of QLQ-C30 and
QLQ-OES18 can more accurately reflect the relationship
between the symptoms of esophageal cancer patients and
their QOL (22,23).

In our study, the telerehabilitation group showed
improvements mostly in pain relief, appetite loss and sleep
disturbance. We assumed this was because telerehabilitation
provided a platform for patients to share both their

© Journal of Gastrointestinal Oncology. All rights reserved.
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stories of discomfort and methods of coping, which could
reduce their stress to some extent. This contrasts with the
traditional method of rehabilitation, where patients must
cope with their problems until returning to the clinic.
Moreover, we found the patients in the telerehabilitation
group coped with swallowing saliva better. Telerehabilitation
can overcome the inconvenience of having to travel to
the clinic and reduce the risk of exposure to coronavirus
infection. The reduction in face-to-face consultations may
also reduce costs associated with physical attendance to the
clinic and allows more freedom for patients to return to
work or engage in other activities. However, this study was
conducted in a single institution with limited sample size,
and the subjective scale was only evaluated at discharge and
3 months after operation. Multicenter studies with larger
sample studies and longer follow-up durations are required
to verify the results.

In conclusion, our study demonstrated that telerehabilitation
was at least an important supplement to traditional face-to-
face consulting and training for patients after esophageal
cancer surgery, especially during the COVID-19 period.
However, not all areas in patients’ QOL improved, which
suggests a need for modifying the procedures and contents
of telerehabilitation.
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Supplementary

Study Flowchart

86 patients received
minimally invasive
esophagectomy
during Sep. 2020 to

Jan. 2021

Exclusion:

3 patients excluded due to
severe cardiopulmonary
diseases before surgery.

3 patients excluded due to
refusal to participate.

80 patients randomly
assigned to two
groups in a 1:1 ratio

Telerehabilitation
(n=40)

Control (n=40)

4 )

Telerehabilitation
consulting and training

Standard consultation
whenever they
returned to the

thoracic surgery clinic

Standard consultation
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Daily small tips Training videos

Online consulting
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[ All 80 participants completed the 3-months follow-up

Clinical Follow-up Schedule
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o
. ()
\ /

Baseline
assessments at
discharge

Follow-up
assessments at 3

months after surgery

Figure S1 The study flowchart and clinical follow-up schedule.
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