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Abstract: Objective: To evaluate the effects of perioperative “Internet+” rehabilitation
nursing combined with early nutritional support on postoperative recovery, nutritional status,
and secondary psychological outcomes in patients with esophageal cancer. Methods: A total
of 135 patients who underwent radical resection of esophageal cancer from January 2022 to
December 2023 were selected and assigned to a control group (CG, n = 67) or an observation
group (OG, n = 68). The CG received routine nursing plus total intravenous parenteral nutrition,
while the OG received “Internet+” rehabilitation nursing combined with early enteral nutrition.
Postoperative intestinal function recovery time, length of hospital stay, psychological status
(SAS/SDS), quality of life (QLQ-C30), nutritional indicators, immune function, complication
rates, and nursing satisfaction were compared between groups. Results: Compared with the
CG, the OG demonstrated shorter time to first anal exhaust, first defecation, and hospital stay
(P < 0.01). Post-intervention SAS and SDS scores were lower in the OG (P < 0.05), while
physical, role, cognitive, emotional, and social functioning scores were higher (P < 0.05).
Nutritional markers (TRF, ALB, TP) and immune indices (IgA, IgG, IgM) were significantly
higher in the OG (P < 0.05). The OG also showed a lower complication rate and higher nursing
satisfaction (both P < 0.05). Conclusion: Perioperative “Internet+” rehabilitation nursing
combined with early nutritional support may accelerate postoperative recovery, enhance
nutritional and immune function, improve psychological adaptation, and reduce complication
rates in esophageal cancer patients. These findings support the clinical value of integrating
digital rehabilitation models and structured nutritional pathways into perioperative care.

Keywords: distress management; esophageal cancer; “Internet+” rehabilitation nursing; early
enteral nutrition; immune function; complication; postoperative recovery; psychological
adaptation; quality of life (QoL)

1. Introduction

Esophageal cancer belongs to one of the most common gastrointestinal
malignancies worldwide, with an estimated 604,000 new cases as well as 544,000
deaths worldwide in 2020 [1]. Esophageal cancer is mostly squamous cell carcinoma,
and the main clinical manifestations are progressive eating obstruction, dysphagia,
swallowing obstruction, and vomiting after eating, etc. [2]. If treatment is delayed,
sternum pain and discomfort and other severe symptoms may occur with the
aggravation of the disease until the advanced stage [3]. Esophageal cancer continues
to be a major public health issue for oncology prevention and control in China, given
the country’s large demographic skill set and the increasingly serious phenomenon of
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an ageing population. With the development of medical technology, the current
treatment mode of esophageal cancer mainly consists of surgery, radiotherapy, and
chemotherapy [4]. Among them, radical resection of esophageal cancer has a wider
operation scope, more severe operation trauma and more intense body stress response
[5]. Therefore, it is very important to do scientific and comprehensive nursing
intervention in perioperative period to reduce postoperative complications, promote
the smooth recovery of patients, as well as improve the quality of life [6]. In addition
to physical burden, esophageal cancer surgery also leads to significant psychological
strain, including anxiety, depressive symptoms, anticipatory fear of postoperative
outcomes, and perceived loss of bodily control. Hospitalization, dysphagia, and
uncertainty surrounding recovery can trigger threat appraisal responses, causing
emotional distress that negatively influences immune response, treatment engagement,
and rehabilitation outcomes [7]. Evidence in psycho-oncology shows that unmanaged
perioperative distress can delay recovery and impair quality of life, making
psychological support an important component of comprehensive care.

The “Internet+” model refers to the application process of a whole set of
information technology on the basis of the Internet in multiple sectors of society,
economy as well as life [8]. In recent years, a number of national policies have
advocated guiding and promoting the cooperation between the “Internet+” model and
the medical field [9]. “Internet+” nursing model has been actively used in
postoperative care of different cancers with remarkable results [10], but at present,
there are no relevant reports about the application of perioperative “Internet+”
rehabilitation nursing in esophageal cancer patients. From a psychological perspective,
Internet-based care may also provide continuous communication, emotional
reassurance, and guidance that reduces uncertainty, enhances perceived control, and
improves patients’ sense of safety during hospitalization. Digital contact and
immediate access to information can buffer negative emotions, reduce isolation, and
strengthen coping responses, which aligns with psycho-oncology findings on the
importance of continuity in psychosocial support [11]. However, existing studies have
largely examined digital nursing interventions or nutritional support in isolation, with
limited evidence on their combined application during the perioperative period of
esophageal cancer surgery, particularly with regard to both physical recovery and
psychological adaptation.

A study by the Chinese Anti-Cancer Society showed that the incidence of
malnutrition in esophageal cancer ranks first [12]. This is due to the fact that most EC
patients have symptoms of insufficient intake, malnutrition, water and electrolyte
disorders before surgery due to different degrees of dysphagia. Moreover, the surgical
trauma of esophageal cancer patients is relatively large, patients need to fast for a long
period after surgery, and a series of postoperative stress reactions caused by high
catabolic, which further aggravated the malnutrition of patients [13]. In addition,
surgery caused certain damage to the lower esophageal sphincter and esophageal
hiatus structure, resulting in gastrointestinal dysfunction of patients, which seriously
affected the postoperative recovery of patients [14]. Therefore, it is necessary to take
an active and effective way to supplement nutrition in the early stage after esophageal
cancer surgery to facilitate the recovery of gastrointestinal function and improve the
immune capacity of the body [15]. Early nutritional stability may also indirectly
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relieve psychological distress by reducing somatic discomfort, improving energy
levels, and restoring a sense of physical control, which contributes to better emotional
adaptation during hospitalization [16].

In response to these gaps, the present study aimed to evaluate the effects of
perioperative “Internet+” rehabilitation nursing combined with early nutritional
support on postoperative recovery outcomes in patients undergoing esophageal cancer
surgery. The primary objective was to assess postoperative rehabilitation, nutritional
status, immune function, and complication rates, while the secondary objective was to
explore changes in psychological distress and quality of life during the perioperative
period. This will provide esophageal cancer patients with more clinic-able care
strategies and further improve the efficiency and effectiveness of care. By integrating
clinical recovery indicators with secondary psychological outcomes, this study
provides evidence to support a biopsychosocial approach to perioperative nursing care,
offering practical implications for clinicians and nursing practitioners and informing
future research on integrated rehabilitation models in esophageal cancer management
[17].

2. Data and methods

2.1. General data

One hundred and thirty-five patients who underwent radical resection of
esophageal cancer from January 2022 to December 2023 were selected and divided
into control group (CG, 67 cases) and observation group (OG, 68 cases) according to
random number table method. No difference was discovered in general data between
two groups (P > 0.05, Table 1). Inclusion criteria: (1) Patients met the diagnostic
criteria for esophageal cancer; (2) Esophageal cancer was confirmed by imaging and
pathological examination in our hospital; (3) Patients signed the informed consent
forms. Exclusion criteria: (1) Combined with other malignant tumor diseases, or organ
dysfunction such as heart, liver and lung; (2) Combined with mental disorders or
inability to communicate normally; (3) Withdrawing from the study or transferring to
another school; (4) Poor compliance and non-cooperation. In addition, although
patients with severe psychiatric conditions were excluded, psychological responses
during hospitalization and surgery were therefore monitored as part of routine
perioperative assessment, and psychological indicators were defined as secondary
outcomes. Accordingly, psychological measures were predefined as secondary
outcomes to observe perioperative emotional responses [18]. This study was
conducted with approval from the institutional ethics committee, and written informed
consent was obtained from all participants prior to enrollment.

Table 1. General data between two groups (mean = SD) or n (%).

Items Control group (n = 67) Experimental group (» = 68) palla P

Gender (male/female) 37/30 38/30 0.005 0.938
Age (years) 61.25+6.13 61.32+6.16 0.066 0.947
Course of disease (years) 1.11 £0.42 1.12+0.45 0.133 0.894

Tumor site 0.005 0.938
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Table 2. (Continued).

Items Control group (n = 67) Experimental group (» = 68) Xt P
Upper esophagus 37 38

Middle and lower esophagus 30 30

TNM stage

Stage | 12 10

0.016  0.991

Stage II 30 32

Stage III 25 26

2.2. Nursing methods

The CG received routine nursing, including (1) Preoperative diet education: After
admission, patients were informed of the hospitalization treatment process in detail,
and perioperative dietary characteristics and precautions were informed according to
the principle of rapid recovery, so as to ensure perioperative nutrition supply without
increasing the burden of gastrointestinal tract. (2) Psychological counseling: Nurses
fully informed patients and their families of the diagnosis and treatment process,
eliminated the fear of patients and their families, and strengthened psychological
construction. (3) General condition assessment: Nurses formulated corresponding
treatment plan for the patient’s underlying disease, and actively prepare for surgery to
minimize its influence in the perioperative period of the patient. (4) Postoperative
observation: Nurses observed patients’ vital signs, incision conditions, pain conditions
and other general postoperative conditions. (5) Postoperative rehabilitation guidance:
nurses provided short-term targeted rehabilitation guidance during the postoperative
hospital, including the exercise of the affected limb function, the overcoming of fear,
and the treatment of pain.

Based on the CG, the OG adopted “Internet+” rehabilitation nursing.

(1) The rehabilitation intervention team was composed of one attending physician
of the oncology department, one head nurse, one psychological consultant, and four
responsible nurses. The head nurse was responsible for the overall coordination of
nursing work, the attending physician was responsible for the diagnosis and treatment
of patients and the decision of the program, and the responsible nurse and
psychological consultant were responsible for the data collection and program
implementation. A psychological consultant participated in the intervention team to
assist with patient communication and support during the perioperative period [19].

The nursing department conducted unified training for team members, which
mainly included the pathogenesis of esophageal cancer, knowledge related to surgery,
network application, rehabilitation nursing, and another knowledge. All team members
were required to master the training content. A rehabilitation group working group was
established to provide feedback, summary and analysis of the intervention effects of
patients on a weekly basis, so as to timely propose improvement countermeasures to
existing nursing problems.

(2) Implementation of “Internet+” rehabilitation nursing. (a) During the
preparation period, general information of patients was collected, including education
level, disease cognition, psychological state, living situation, WeChat /QQ number,
etc., personal files were established for patients, and patients were guided to join
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WeChat groups, and medical staff was added to WeChat and public accounts were
followed. Baseline psychological status was recorded to characterize perioperative
emotional responses and to support secondary outcome analysis [20]. The intervention
team consulted relevant literature and combined clinical data and clinical nursing
problems of patients. The network continuous rehabilitation nursing support mode
intervention measures were developed in the form of conference discussion. (b)
Preoperative guidance. The intervention team made online courses (electronic
versions) with text, pictures and videos on the relevant knowledge of esophageal
cancer rehabilitation nursing support, and the responsible nurse pushed the relevant
contents to the WeChat group or WeChat public account, and instructed the patients to
read the rehabilitation guidance contents carefully. The online course mainly includes
preoperative emotional sleep, pain and fatigue nursing guidance, and postoperative
patient emotional sleep, pain and fatigue, and side effect symptoms nursing guidance.
The online educational content included guidance on sleep, pain, fatigue, and
emotional well-being during the perioperative period [21]. (c) Preoperative
communication. Responsible nurses organize and organize patient communication
meetings with the help of WeChat group, which is fixed twice a week. Patients who
have recovered well are invited to share their experiences. Encourage patients to
actively feedback the recovery situation after the operation, and give some incentives
to support patients with good recovery [22].

2.3. Nutrition support methods

The CG was given total intravenous parenteral nutrition support on the first day
after surgery: fatty milk amino acid glucose (11%) injection (Manufacturer: Liaoning
Haisco Pharmaceutical Co., LTD., Specifications: 1440 mL, including Fat Milk
injection (20%) 255 mL; Compound amino acid injection 300 mL; Glucose injection
(11%) 885 mL), the daily total energy intake was set at 30 kcal/(kg-d) (1 kcal = 4.184
kJ), and the drip rate was < 3.7 mL/(kg-h) [23]. After no anastomotic fluid or
obstruction was found by angiography on the 8th day after surgery, liquid diet was
given, semi-liquid diet was given after the 10th day, and ordinary diet was given on
the 14th day [24].

The OG was given early enteral nutrition support. (1) Preoperative: Naso-
intestinal tube was inserted into the patient. First, the patient was placed in a semi-
decubitus or semi-seated position, and the insertion length of the spiral Naso-intestinal
tube (the distance from sternal xiphoidal to nasal tip to earlobe, plus 10—15 cm) was
measured, and marked. Secondly, 20 mL normal saline was injected into the Naso-
intestinal cavity to activate the lubricant on the surface of the guide wire after the guide
wire was inserted into the Naso-intestinal cavity. Then, after dipping a little normal
saline into the head of the Naso-intestinal tube, the tube was slowly inserted through
one side of the nasal cavity and inserted into the throat, and the patient was asked to
swallow to facilitate the smooth entry of the Naso-intestinal tube into the esophagus.
When the Naso-intestinal tube was inserted to the marked length, the gastric fluid was
drawn out with an empty needle and 10 ml normal saline was injected. Then the guide
wire was withdrawn, the nasal tube was fixed under the set, and the tube was kept in
a natural bending state. Due to the special spiral memory performance of the
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production material of the spiral Naso-intestinal tube, the head will return to the spiral
shape after the withdrawal of the guide wire, and under the action of stomach
peristalsis, the Naso-intestinal tube will enter the duodenum and jejunum by itself, and
the specific position of the Naso-intestinal tube could be adjusted during the operation.
(2) Postoperative: At 8 h after surgery, the patient was placed in a semi-recumbent
position and injected with enteral nutrition emulsion [ TP, Fresenius Kabi Deutschland
GmbH (Germany)] through Naso-intestinal tube with a nutrient pump, the dose was
generally 500 mL (500 Kcal). Before injection, 250 mL of normal saline was injected
through the Naso-intestinal tube, the drip rate was 40 drops/min. TP could be injected
at a constant rate after the patient had no discomfort, the drip rate was 20 mL/h, and
then increased by 20 mL/h day by day, and the maximum drip rate was not more than
125 mL/h. The dose was increased to 1000 mL 48 h after surgery, depending on the
patient’s condition, and to 1500 ~ 2000 mL 72 h after surgery. After 7 days of
operation, the Naso-enteric tube could be removed by angiography, liquid diet was
given, semi-liquid diet was given after the 10th day, and ordinary diet was given on
the 14th day [25].

2.4. Observation indicators

(1) The postoperative intestinal function recovery time (first anal exhaust, first
defecation) as well as length of hospital stay were observed in two groups.

(2) Psychological status: Self-rating Anxiety Scale (SDS) together with Self-
rating Depression Scale (SAS) was implemented to evaluate the psychological status
of patients [26]. Among them, SAS score >50 points indicated anxiety, and SDS score
>53 points indicated depression. The higher the score, the more severe the anxiety and
depression was. In this study, SAS and SDS were defined as secondary psychological
outcomes to observe perioperative emotional responses rather than to diagnose
psychiatric disorders [27].

(3) Quality of life: EORTC QLQ-C30 was used to evaluate the quality of life of
patients [28]. The scale covered 5 dimensions of physical function, role function,
cognitive function, emotional function as well as social function, with a total of 100
points for each item. The higher the score, the better quality of life of patients was.
The emotional and social functioning domains were additionally analyzed as indirect
indicators of psychological adaptation.

(4) 4 mL of fasting venous blood was extracted from two groups, centrifugation
at a rotating speed of 3000 r/min for 10 min, serum was separated, and serum
transferrin (TRF), albumin (ALB) and total protein (TP) levels were detected by
automatic biochemical analyzer.

(5) 4 mL of fasting venous blood was extracted from two groups, centrifugation
at a rotating speed of 3000 r/min for 10 min, serum was separated, and serum levels
of immunoglobulin G (IgG), immunoglobulin A (IgA) as well as immunoglobulin M
(IgM) were detected by Immunoturbidimetry.

(6) The incidence of complications including pulmonary infection, incision
infection, and anastomotic fistula was recorded in two groups.

(7) The nursing satisfaction questionnaire was prepared by ourselves to assess the
nursing satisfaction of patients in two groups. The total score of the questionnaire was
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First time of anal exhaust

100 points, and the score of 80-100 was very satisfied, 60-79 was satisfied, and less
than 60 was dissatisfied. Total satisfaction rate = (very satisfaction rate + satisfaction
rate).

2.5. Statistical analysis

SPSS 24.0 statistical software was adopted for data analysis. Measurement data
were expressed as (x £ s), and t-test was adopted for comparison. Count data were
expressed as (1, %), and y* test was used for comparison. P < 0.05 meant statistical
significance. Clinical outcomes served as primary endpoints, while SAS/SDS and
emotional QLQ-C30 domains were analyzed as secondary exploratory psychological
indicators [29].

3. Results

3.1. Postoperative intestinal function recovery time and length of hospital
stay in two groups
In comparison with the CG, the first time of anal exhaust (75.68 + 4.25 vs. 67.00

+ 4.19), first time of defecation (6.43 £+ 0.44 vs. 5.00 = 0.30) as well as length of
hospital stay (15.19 + 1.43 vs. 12.83 £ 0.82) in the OG presented shorter (P < 0.01,

Figure 1).
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Figure 1. Postoperative intestinal function recovery time and length of hospital stay in two groups.
P <0.01.

3.2. Psychological status in two groups

Relative to before intervention, SAS and SDS scores in two groups were lower
after intervention, whereas both SAS (44.56 +4.52 vs. 51.35 + 5.14) and SDS (47.62
+4.72 vs. 53.26 £ 5.32) scores in the OG group were significantly lower than those in
the CG group (P < 0.05, Figure 2).
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Figure 2. Psychological status before and after the intervention in two groups.
#P < 0.05, in contrast to before intervention. “P < 0.05, in contrast to CG.

3.3. Quality of life in two groups

Relative to before intervention, the scores of physical functions, role function,
cognitive function, emotional function as well as social function were elevated in two
groups after intervention, and those in OG presented higher than those in CG (P <

0.05, Figure 3).
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Figure 3. Quality of life before and after the intervention in two groups. “P<0.05, in contrast to before surgery.
*P < 0.05, in contrast to CG.

3.4. Nutritional status in two groups

Compared with before surgery, serum TRF, ALB and TP levels in two groups
were lower 7 days after surgery, while those in OG presented higher than those in CG
(P <0.05, Figure 4).
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Figure 4. Nutritional status before and after the intervention in two groups.
#P < 0.05, in contrast to before surgery. "P < 0.05, in contrast to CG.
3.5. Immune function in two groups
Compared with before surgery, serum IgA, IgG and IgM levels in two groups
were lower 7 days after surgery, while those in OG presented higher than those in CG
(P <0.05, Figure 5).
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Figure 5. Immune function before and after the intervention in two groups.
#P < 0.05, in contrast to before surgery. “P < 0.05, in contrast to CG.

3.6. Incidence of complications in two groups

The total complication rate in the OG (2.94%) was significantly lower than that
in the CG (14.92%) (P = 0.014, Table 2).
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Table 2. Incidence of complications in two groups, 7 (%).

Groups N Pulmonary infection Incision infection Anastomotic fistula Total incidence rate
Control group 67 3 4 3 10 (14.92%)
Observation group 68 1 1 0 2 (2.94%)
x 5.985
P 0.014
3.7. Nursing satisfaction in two groups
Nursing satisfaction was significantly higher in the OG (97.05%) compared with
the CG (83.58%) (P < 0.05, Table 3).
Table 3. Nursing satisfaction in two groups, # (%).
Groups N Very satisfied Satisfied Dissatisfied Total satisfaction rate
Control group 67 34 22 11 56 (83.58%)
Observation group 68 36 30 2 66 (97.05%)
Va 7.043
P 0.008

4. Discussion

Esophageal cancer surgery is associated with substantial physiological stress and
functional disruption, making perioperative nursing care and nutritional support
critical determinants of postoperative recovery and patient well-being [30]. Due to the
high level of trauma caused by surgery, effective nursing care and nutritional support
should be implemented during the perioperative period may be able to ameliorate the
patient’s adverse trauma. Because major surgical intervention can simultaneously
trigger both physical stress responses and psychological distress responses such as
anxiety and loss of control, multidisciplinary perioperative care is recommended in
modern psychosocial oncology practice [29].

With the development of information age and the transformation of nursing
mode, the nursing mode based on “Internet+” has been widely applied to patients with
chronic diseases like diabetes, hypertension as well as stroke, and the application effect
is good [23,31,32]. Researches have shown that “Internet+” nursing support can
significantly promote the self-management ability of patients with chronic diseases,
enhance the rehabilitation effect and clinical prognosis of patients [23]. Perioperative
“Internet+” rehabilitation nursing mode is a convenient and continuous rehabilitation
nursing mode. With the rehabilitation of patients as the center, this model implements
a series of nursing measures such as psychological nursing, rehabilitation guidance,
life and diet guidance for patients through many network tools such as public accounts,
online videos, and communication groups, enhancing nurse—patient communication,
supporting self-management, and alleviating negative emotional responses [33]. This
aligns with findings that remote communication, continuous instruction, and
accessible clarification of postoperative concerns can buffer uncertainty, reduce
anxiety, and sustain emotional stability during hospitalization, which are recognized
psychological needs among surgical cancer patients [34].

10
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Total parenteral nutrition is commonly used in clinical practice to provide
perioperative nutritional support for surgical or critically ill patients [35]. However,
both peripheral and central venous routes are associated with potential complications,
including phlebitis, catheter-related infections, pneumothorax, and metabolic
disturbances, and prolonged use may adversely affect liver function and bile
metabolism [36-38]. In contrast, early enteral nutrition delivers nutrients directly
through the gastrointestinal tract, which is more consistent with physiological
processes and is associated with lower cost and easier administration [39,40]. Meta-
analytic evidence has demonstrated that early enteral nutrition reduces complications
and length of intensive care stay compared with parenteral nutrition [41]. In patients
with esophageal cancer, studies have shown that early enteral nutrition is associated
with shorter hospital stay and reduced medical costs, with comparable or favorable
nutritional outcomes relative to total parenteral nutrition [42,43]. Therefore, early
enteral nutrition represents a more appropriate nutritional strategy in perioperative
nursing care for esophageal cancer. From a psychological perspective, improved
nutritional stability may also alleviate somatic discomfort and fatigue, which are
known contributors to emotional distress during postoperative recovery [44].

In our study, the results suggested that in comparison with the CG, the first time
of anal exhaust, first time of defecation as well as length of hospital stay in the OG
presented shorter, suggesting that perioperative “Internet+” rehabilitation nursing in
combination with early enteral nutrition support could restore gastrointestinal function
of patients with esophageal cancer. The reason is that early enteral nutrition
intervention helps to maintain the integrity of intestinal mucosal structure along with
barrier function, and stimulates the normal physiological function of the intestine
while providing nutrients [45]. When the intestinal neuroendocrine axis is stimulated,
the intestinal secretion of 5-hydroxyserotonin, a smooth muscle contraction stimulator
and strong vasoconstrictor, is promoted, and then the intestinal peristalsis function is
regulated, and the early intestinal peristalsis and intestinal function are restored [46].
This is consistent with the findings of Shao et al. that postoperative gastrointestinal
surgery patients who received early enteral nutrition recovered gastrointestinal
function faster [47]. These physiological improvements may also reduce postoperative
uncertainty and enhance patients perceived control, factors associated with reduced
anxiety and more adaptive recovery behavior in perioperative oncology settings [48].

Our study also indicated that after intervention, SAS and SDS scores in OG
presented lower than those in CG, while the scores of physical functions, role function,
cognitive function, emotional function as well as social function in OG presented
higher than those in CG. These domains of functioning do not operate independently,
but rather they are interconnected and influence each other. Somatic dysfunction
generally coexists with anxiety and depressive symptoms, and physical limitations can
reduce self-efficacy, which can cause social isolation and increase psychological
burden. Cognitive functioning is also one of the risk factors for negative mood, which
may affect the ability to function in daily life thus causing the patient to experience
problems such as excessive worrying and lack of concentration. Anxiety and
depression are forms of emotional dysfunction, and improvement in this functioning
directly affects the improvement of negative emotions. Social support systems are a
key influence on mental health, and social dysfunction can exacerbate negative

11
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emotions by straining interpersonal relationships and making it more difficult for
individuals to cope with life’s challenges. Therefore, all of the above results suggest
that perioperative “Internet+” rehabilitation nursing in combination with early enteral
nutrition support could relieve the negative emotions as well as promote the quality of
life of patients with esophageal cancer. Consistently, Yao et al. have indicated that
nursing intervention based on “Internet Plus” continuous mode can lessen negative
emotions as well as promote the quality of life of severe adrenal tumor patients [49].
These findings align with the biopsychosocial recovery framework, where reductions
in emotional distress coexist with functional improvement, suggesting that
psychosocial stability may act as a supportive mechanism rather than a standalone
outcome [50].

Additionally, this study showed that serum TRF, ALB, and TP levels, as well as
IgA, IgG, and IgM concentrations, were significantly higher in the observation group
than in the control group after intervention, indicating improved nutritional and
immune status. TRF, ALB, and TP are established indicators of protein—energy
balance, and reductions in these markers are commonly associated with impaired
immune function and increased susceptibility to infection. Immunoglobulins IgA, IgG,
and IgM directly reflect humoral immune competence, and their synthesis is
particularly sensitive to nutritional adequacy, especially protein availability. Taken
together, the combined assessment of nutritional and immunological markers provides
a comprehensive evaluation of postoperative recovery status [51]. These findings
suggest that perioperative “Internet+” rehabilitation nursing combined with early
enteral nutrition contributes to maintaining nutritional homeostasis and immune
function following esophageal cancer surgery. Enteral nutrition delivers nutrients
directly to the gastrointestinal tract, facilitating efficient absorption and protein
synthesis, thereby supporting immune competence [52]. Moreover, psycho-
neuroimmunology research indicates that psychological distress can modulate
inflammatory signaling and immune efficiency, suggesting that improvements in
nutritional and immune status may coexist with enhanced emotional stability during
postoperative recovery [53,54].

It is well established that immune function undergoes complex alterations during
the perioperative period in patients undergoing cancer surgery, which can influence
postoperative recovery and the occurrence of complications [55]. Improved immune
competence supports the clearance of residual tumor cells and maintenance of
inflammatory balance, thereby reducing the risk of postoperative infection. In a
prospective study of patients undergoing esophageal cancer surgery in Sweden,
pneumonia and anastomotic insufficiency were identified as the most common
postoperative complications [56]. Consistent with these findings, the present study
observed a significantly lower incidence of complications, including pulmonary
infection, incision infection, and anastomotic fistula, in the observation group.
Previous randomized controlled studies in gastrointestinal cancer have also
demonstrated that immunonutrition can improve intestinal barrier integrity and reduce
postoperative complications [57]. Notably, the reduced complication rate observed in
the observation group may reflect not only physiological benefits of optimized
nutritional and immune support, but also the stabilizing effects of continuous nursing
guidance and emotional reassurance, as effective communication and psychological
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support are known to attenuate maladaptive stress responses during postoperative
recovery [58]. In addition, higher nursing satisfaction in the observation group further
supports the acceptability and perceived effectiveness of the integrated “Internet+”
rehabilitation nursing model, consistent with prior reports [59,60].

This study has several limitations that should be acknowledged. First, as a single-
center study with a relatively limited sample size, the findings may be influenced by
institutional practices and patient characteristics, which may restrict the
generalizability of the results to other clinical settings. Second, individual differences
in baseline health status, immune function, and recovery capacity may have
contributed to variability in treatment response. Third, this study primarily assessed
short-term postoperative outcomes, and the absence of long-term follow-up limits
conclusions regarding the durability of clinical and psychological benefits. In addition,
psychological outcomes assessed using the SAS and SDS were exploratory and
secondary in nature. Future studies should incorporate larger, multicenter designs,
extended follow-up periods, and validated psychosocial instruments, such as the
Distress Thermometer or Fear of Cancer Recurrence scales, to more comprehensively
evaluate long-term psychological adaptation and strengthen comparability within
psycho-oncology research [61].

5. Conclusion

This study addressed the research question of whether perioperative “Internet+”
rehabilitation nursing combined with early nutritional support can improve
postoperative recovery outcomes in patients undergoing esophageal cancer surgery.
The findings demonstrate that this integrated care model effectively shortens hospital
stay, accelerates gastrointestinal functional recovery, improves nutritional and immune
status, and reduces postoperative complications. These benefits are primarily
attributable to early enteral nutrition, which helps maintain intestinal mucosal
integrity, supports physiological immune defense, and promotes faster physical
recovery. In addition, although psychological outcomes were defined as secondary, the
intervention was associated with reduced perioperative anxiety and depressive
symptoms, as reflected by lower SAS and SDS scores. This suggests that continuous
communication, emotional reassurance, and clear postoperative guidance delivered
through the “Internet+” nursing model may provide a stabilizing psychological effect
during recovery. Consistent with biopsychosocial principles emphasized in psycho-
oncology, emotional stability appears to function as a supportive factor that facilitates
engagement in rehabilitation and complements physical recovery rather than acting as
an isolated outcome. From a practical perspective, these findings have important
implications for clinical practice, research, and health policy. For practitioners, the
results support the adoption of integrated digital nursing models that combine
nutritional management with continuous psychosocial support to enhance
postoperative recovery and patient satisfaction. For researchers, the study highlights
the value of incorporating psychological indicators as secondary outcomes in
perioperative care research to better understand the interaction between emotional
adaptation and physical recovery. For policymakers, the demonstrated efficiency of
the “Internet+” rehabilitation approach suggests a scalable strategy for optimizing
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perioperative care delivery, potentially reducing hospital burden and improving care
quality in oncology settings. Nevertheless, given the single-center design and short-
term follow-up, future multicenter studies with larger sample sizes and extended
follow-up periods are warranted. Incorporating broader psychosocial assessments,
such as distress thermometer screening or fear-of-recurrence measures, may further
clarify the long-term role of psychological adaptation in recovery trajectories among
patients with esophageal cancer.
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