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Abstract

Background Perioperative rehabilitation management is essential to enhanced recovery after surgery (ERAS). Limited
reports, however, have focused on quantitative, detailed early activity plans for patients receiving minimally invasive
esophagectomy (MIE). The purpose of this research was to estimate the effectiveness of the Tailored, Early Comprehensive
Rehabilitation Program (t-ECRP) based on ERAS in the recovery of bowel and physical functions for patients undergoing
MIE.

Methods In this single-blind, 2-arm, parallel-group, randomized pilot clinical trial, patients admitted to the Affiliated Cancer
Hospital of Zhengzhou University from June 2019 to February 2020 were selected and randomly assigned to an intervention
group (IG) or a control group (CG). The participants in the IG received medical care based on the t-ECRP strategy during
perioperative period, and participants in the CG received routine care. The recovery of bowel and physical functions, readi-
ness for hospital discharge (RHD), and postoperative hospital stay were evaluated on the day of discharge.

Results Two hundred and fifteen cases with esophageal cancer (EC) were enrolled and randomized to the IG (n=107) or
CG (n=108). The mean age was 62.58 years (SD 9.07) and 71.16% were male. For EC, 53.49% were mid-location cancers
and 79.07% were classified as pathological stage IT and III cancers. There were no significant differences between the two
groups in terms of demographic and clinical characteristics and baseline physical functions. Participants in the IG group
presented significantly shorter lengths of time to first flatus (P <0.001), first postoperative bowel movement (P =0.024),
and for up and go test (P <0.001), and lower scores of frailty (P <0.001). The analysis also showed that participants in the
IG had higher scores of RHD and shorter lengths of postoperative stay than in the CG (P <0.05).

Conclusions The t-ECRP appears to improve bowel and physical function recovery, ameliorate RHD, and shorten postopera-
tive hospital stay for patients undergoing MIE. Clinicians should consider prescribing quantitative, detailed, and individual-
ized early activity plans for these patients.

Trial registration ClinicalTrials.gov (Identifier: NCT01998230)
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Introduction

&< Funa Yang Esophageal cancer (EC), a malignant tumor that occurs in
yangfuna_403@126.com the epithelial tissue of the esophagus, is the eighth most

Nursing Department, The Affiliated Cancer Hospital common cancer and the sixth most common cause of death

of Zhengzhou University, Henan Cancer Hospital, overall on the global burden of cancer worldwide [1]. In
Zhengzhou 450008, China China, the latest epidemiological survey showed that around
2 Department of Thoracic Surgery, The Affiliated Cancer 145,700 new cases and 188,100 deaths of EC occurred in
Hospital of Zhengzhou University, Henan Cancer Hospital, 2015, which were higher than the average level worldwide

Zhengzhou 450000, China
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[2]. Surgery is still the standard treatment for resectable EC
with unacceptable morbidity and mortality rates. A global
review of high-volume hospitals performing esophagectomy
showed overall morbidity of 59% and 30-day mortality of
2.4% [3].

Many new strategies and technologies attempt to reduce
complications and promote fast recovery, such as minimally
invasive esophagectomy (MIE) and the concept of enhanced
recovery after surgery (ERAS). ERAS was described first in
1997 by Henrik Kehlet, which has been widely applied to
reduce the surgical stress response, postoperative medical
complications, and hospital stay, and improve recovery after
surgery [4—7]. ERAS was initially applied in colorectal can-
cer and subsequently expanded to orthopedics, gynecologic,
urology, and colorectal [8, 9]. The guidelines for periopera-
tive care in esophagectomy were published by the ERAS
Society in 2019, which provided standard norms for perio-
perative ERAS care protocol of EC [7].

The key determinant in evaluating the success of ERAS
is whether the patients’ functional activities can quickly
recover to an acceptable level after surgery [7]. Research
indicated that postoperative mobilization should start on the
day of surgery, and gradually increase the amount of activi-
ties to achieve predetermined goals [10]. Long-term bed rest
after surgery increases the risk of complications, such as
venous thromboembolism, muscle loss, insulin resistance,
and pulmonary complications [11, 12]. Patients with EC
are often accompanied by malnutrition, frailty, pain, and
drainage pipes, which make it more difficult for patients
to rehabilitate early and adequately. Although some non-
randomized studies concluded that early mobilization might
hasten functional recovery after surgery, the evidence on the
timing and nature of mobilization is lacking [7].

Physical function is associated with postoperative mortal-
ity in patients with cancer [13]. Results from longitudinal
studies showed that the physical function levels of patients
undergoing esophagectomy tended to be lower compared
with their preoperative levels [14]. Several measures could
evaluate physical functions available, such as fatigue level
and timed get up and go test. Previous research has shown
that a planned exercise program could improve physical
function and reduce fatigue for cancer survivors. However,
the majority of intervention studies have focused on colo-
rectal and breast cancer [15], and few trials focused on EC
survivors after MIE.

It is well known that the implementation of ERAS can
speed up patient turnover, which means less time is required
for hospital discharge. Readiness for hospital discharge
(RHD) is a transitional outcome in the continuum of care
from hospital to home [16]. Inadequate RHD is associated
with adverse outcomes, such as complications occurrence
and unplanned readmission, and a good transition can pro-
mote recovery and achieve a better outcome [17]. Therefore,
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it is essential to pay attention to and improve the RHD of
patients during their hospitalization.

ERAS can effectively shorten the lengths of time to first
postoperative flatus and bowel movement, and improve the
physical functions of patients [18, 19]. However, ERAS
combines a series of evidence-based perioperative optimiza-
tion measures, including preoperative prehabilitation, early
ambulation, early eating, and pain control. Therefore, the
relationship between early activity management and post-
operative intestinal and physical function recovery is still
unknown.

Overall, although perioperative rehabilitation manage-
ment after esophagectomy is crucial, few studies have
focused on the formulation of early postoperative rehabili-
tation programs. An early, standardized, quantitative, and
comprehensive rehabilitation intervention program tailored
to individual patients and based on ERAS is thus urgently
needed. In this study, we hypothesized that the Tailored,
Early Comprehensive Rehabilitation Program (t-ECRP)
based on ERAS might improve bowel and physical function
recovery for patients after MIE. This randomized controlled
clinical trial was conducted to evaluate the role of t-ECRP in
improving recovery outcomes of EC patients after surgery
and thus could provide a reference for clinical work.

Materials and methods
Study design and setting

This single-blind, 2-arm, parallel-group, randomized pilot
clinical trial was conducted at the Affiliated Cancer Hos-
pital of Zhengzhou University, Zhengzhou, China. With
the help of randomization codes produced by means of the
PROC PLAN of the SAS system, patients with EC under-
going MIE were randomly divided into intervention group
(IG) and control group (CG) with a 1:1 assignment ratio.
Researchers involved in the formulation and implementation
of intervention programs were informed about the allocated
intervention. However, research assessors, data management
staff, and all patients were blinded to the intervention. Fur-
thermore, research subjects would be placed into different
wards to avoid mutual interference among patients. This
study obtained written informed consent from all subjects
or their families before the trial. In addition, the principles of
the Helsinki Declaration were strictly followed. This study
was approved by the ethics committee of the local medical
ethics committee (2014xjs4), and the protocol was registered
in the ClinicalTrials.gov (NCT01998230) database.
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Study participants

The study was performed between June 2019 and Febru-
ary 2020 at the Department of Thoracic Surgery of the
Affiliated Cancer Hospital of Zhengzhou University. All
patients undergoing MIE surgery were recruited accord-
ing to the following criteria. Eligibility criteria are as fol-
lows: (a) histologically proven EC and selected for MIE; (b)
age <75 years; (c) volunteer to this research; and (d) signed
written informed consent. Exclusion criteria included (a)
previous severe lung, brain, and heart organic diseases, and
bone and joint disorders; (b) emergency surgery; (c) serious
postoperative complications such as anastomotic leakage;
and (d) inability to perform language communication or text
understanding.

t-ECRP procedures

Participants in the IG received the t-ECRP from admission
to discharge. A t-ECRP team was assembled before the
intervention, including two thoracic surgeons, four nurses,
and one physiotherapist. A comprehensive evaluation was
conducted before intervention, such as disease conditions,
cardiopulmonary function, disease cognition, self-disease
management ability, and social support. Then, a tailored
ECRP practical target was developed with the joint partici-
pation of patients and the research team.

According to the treatment procedures, the t-ECRP was
designed to be consisting of three main stages based on the
concept of ERAS: (1) preoperative prehabilitation, which
was defined as the duration from admission to the day
before surgery; (2) the day of surgery; and (3) postoperative
rehabilitation, which was defined as the duration from the
first day after surgery to discharge. The procedure of early
comprehensive rehabilitation program was as follows and is
shown in Table 1.

Stage I: Participants were required to perform steps
climbing training (SCT) and inspiratory muscle train-
ing (IMT) in the rehabilitation training room under the
guidance of professionals. At program commencement,
all participants received one face-to-face instructional
session. The SCT was performed 3 to 5 times per day,
10 min each time. During the SCT, the step height was set
at 15 cm training speed controlled at 20 ~40 steps/min,
and individualized training intensity would be adjusted in
time by a physiotherapist after physical conditions evalu-
ation. The IMT was carried out using a handheld tapered
flow resistive inspiratory loading device (K3, POWER
breathe ®) with a frequency of 6 to 8 times per day,
10 min each time. At the beginning of training, 60% of
the maximal inspiratory pressure was applied. The exer-
cise intensity was adjusted in time by the physiotherapist
according to participant-reported rate of perceived exer-
tion.

Table 1 Procedure of early

X T Stage Time Items Frequency
comprehensive rehabilitation
program after MIE for EC of Stage I Preoperative SCT e 3 to 5 times per day
the intervention group e 10 min each time
IMT ® 6 to 8 times per day
e 10 min each time
Stage I1 The day of surgery Exercise on the bed e 2-3 times, led by nurse
IMT o Same as above
Stage III POD 1 Bedside activity o 4 to 6 times per day(1-2 times
in the morning, 3—4 times in the
afternoon)
IMT o Same as above
POD 2-3 Walking ® 6 to 8 times per day
® 5-10 min each time
e total target quantity: 500-1000 m
IMT e Same as above
POD 4-5 Walking e > 8 times per day
® 15-20 min each time
o total target quantity: 1000-1500 m
IMT e Same as above
POD 6 to Discharged Walking ® > 8 times per day
e 15-20 min each time
e total target quantity: above 2000 m
IMT e Same as above

SCT, stair climbing training; IMT, inspiratory muscle training; POD, postoperative day
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Stage II: On the day of surgery, participants began to
exercise on the bed after waking up from anesthesia. The
whole training included toe flexion and extension, ankle
joint and knee joint movement, leg muscle isometric con-
traction, and hips lifting off the bed, and was repeated 2-3
times on the day of surgery led by a nurse.

Stage III: Participants were encouraged to get out of bed
on POD (postoperative day) 1 for 4-6 times following the
“5-3-1 methods”: sitting on the bed for 5 min, standing on
the bed for 3 min, and moving the legs and feet for 1 min
under the help and guidance of nurses. Then, participants
started to walk on POD 2 in the ward corridor, and an
individualized daily walking plan was tailored based on
participants’ physical status, as well as the advice from
the thoracic surgeon and physiotherapist. For example,
on POD 2-3, participants were recommended to walk
6 times per day with a target distance of 500-1000 m; 8
times walking per day with 1000—1500 m on POD 4-5,
and more than 8 times per day with 2000 m from POD
6 to discharge. The trained nurses would motivate and
promote patients to carry out a daily walking plan, and
an appropriate adjustment of the walking plan was made
if necessary. Besides, preoperative IMT was required and
carried out under the supervision of a physiotherapist.

Throughout the intervention process, the guidance and
supervision of medical staff were essential, especially when
patients began to perform SCT and got out of bed for the
first time. Rehabilitation activities should stop immediately
if patients suffered from arrhythmia, chest tightness, suf-
focation, and other discomforts, and the rehabilitation plan
would restart only following an evaluation and treatment
process by the t-ECRP team. The times and amount of
participants’ daily activities were recorded in predesigned
tables.

Control group

Patients in CG received usual nursing measures after MIE,
including conventional postoperative feeding, pain man-
agement, provision of a safe and comfortable environment,
wound care, diet guidance, medication care, psychological
counseling, and regular postoperative rehabilitation exer-
cises. The pulmonary rehabilitation and physical activity
were conducted by nurses according to the procedures for
routine postoperative care.

Primary endpoints
Bowel function recovery was measured by the time to first

postoperative flatus and bowel movement. Physical function
was assessed by the timed up and go test and frailty scores.
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In the timed up and go test (TUGT), the times taken for
participants to finish the following sequential movements
were recorded: stand from a chair, walk 3 m, turn around,
walk back to the chair, and sit down [20]. The TUGT was
performed twice, and the average value was used. The frailty
score was developed by Fried and colleagues [21], whose
criteria comprise five components: exhaustion, unintentional
weight loss, slowness, weak muscle strength, and low physi-
cal activity. For the five frailty criteria, 1 score would be
given for each criterion when it was met. The total scores
ranged between 0 and 5, and participants were classified as
either robustness states (0 score), pre-frailty (1 or 2 scores),
or frailty (3 or more scores) [22].

Secondary endpoints

Readiness for hospital discharge (RHD) and postoperative
hospital stay were the secondary endpoints. RHD could be
used to capture patients’ perceptions of readiness for dis-
charge. The RHD questionnaire was developed by Weiss
et al. in 2006 [23] and had been translated and revised into a
Chinese version by Taiwanese scholars [24]. This Chinese
version scale consists of 12 items and 3 dimensions, cover-
ing physical status, adaptive ability, and expected support.
The score range of each item is from 0 to 10, and higher
scores indicate better readiness. The overall Cronbach’s o
coefficient of the scale was 0.89 [24], confirming its validity.

All data were collected by trained nurses using Micro-
soft® Excel. The validity of forms was checked and entered
into the data management Excel by trained study staff. A
consistency check was conducted, and mistakes were cor-
rected by retrieving the original records if inconsistencies
were identified. Each participant had a unique identification
code which was used to track all of the individual’s relevant
documentation forms.

Sample size calculation

The sample size was calculated based on the primary out-
come—the time to first flatus after surgery. Previously pub-
lished results [25] showed that the mean lengths of time to
first flatus in the IG and CG were 2.6 days and 3.4 days,
respectively, and the standard deviation was 1.7 days. A
sample size of 72 would give an 80.08% power to reject the
null hypothesis of equal means when the population means
difference is 0.8 (u1-u2 =3.4-2.60), with a standard devia-
tion for both groups of 1.7 and a significant level (alpha) of
0.05, using a two-sided two-sample equal-variance ¢-test by
PASS 15.0 software. Given a 20% allowance for attrition, the
sample size was increased to 180 patients (90 participants
per group) at baseline.
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Statistical analysis

Descriptive statistics was used for demographic and clini-
cal data at baseline. Continuous variables were presented as
means = SD and compared using the unpaired #-test. Cat-
egorical or ranked variables were presented as frequency
(%)and analyzed using the y. P <0.05 was considered sta-
tistically significant. The statistical analysis was performed
using SAS 9.4 (SAS Institute Inc., Kerry, USA).

Results

Participant recruitment flow

Three hundred and twenty-seven potential participants were
recruited from June 2019 to February 2020, of whom 250

(76.45%) were included, and randomized into two groups
to receive routine care or t-ECRP. During the research, 35
patients were excluded (18 patients in IG and 17 patients in
CG), and 215 patients were included in the final analyses
(IG, n=107; CG, n=108). The main reasons for patient
withdrawal were severe postoperative complications,
cancelation of surgery, and changed mind. The detailed
selection process of the participants is shown in Fig. 1.

Baseline characteristics

At baseline, all patients underwent a preoperative assess-
ment on the day of admission, and data about sociodemo-
graphic details, medical history, and comorbidities were
collected. A total of 215 patients (male: 153; female: 72)
with a mean age of 62.58 years were recruited in this study.
The majority of subjects were living with family members

Fig.1 Consort diagram for the
study

Assessed for eligibility

!

327 Patients assessed

for eligibility
107 Excluded
® 84 Ineligible
® 23 Declined Y ;
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(n=250)
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® 8 Severe postoperative ® 9 Severe postoperative
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3 Acute respiratory
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4 Anastomotic leak

® 4 Cancellation of surgery

6 Anastomotic leak
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(198/215, 92.09%), and approximately half of subjects had
middle location tumors (115/215, 53.49%). Most of the
tumors were pathologically classified as stages II and III
tumors (170/215, 79.07%), and 20 (9.30%) participants
experienced recurrent temporary nerve paralysis. Demo-
graphic and clinical characteristics were similar between the

recovery are outlined in Tables 3 and 4, respectively. Com-
pared with the CG, patients in the IG presented significantly

Table 3 The bowel function recovery of patients in intervention and
control groups after MIE

intervention and control groups with no statistical difference,  Variable Intervention Control group fvalue P value
shown in Table 2. group (n=107)  (n=108)
Efﬁcacy of the t-ECRP Tiér;let:ut:(ijl;st 324+1.11 4.19+1.67 —-4.92 <0.001
Time to 4.55+2.34 5.38+2.98 -2.27 0.024
The research outcomes were measured again on the day of first bowel
discharge after t-ECRP intervention or routine care, which movement
usually was on the 7-9th day postoperative. The primary @
outcomes about bowel function and physical function  M/E, minimally invasive esophagectomy
Table 2 .Demograp hi? i Variable Intervention group Control group (n=108) Statistics P value
and cl}nlcal c.haracteqstlcs (n=107)
of patients with MIE in
intervention and control groups Age,y 63.09+8.98 61.14+10.02 1.50° 0.135
Gender 1.56° 0.212
Male 72 81
Female 35 27
Marital status 1.34° 0.512
Married 98 103
Divorced 3
Widowed 3 2
Living situation
Living alone 12 5 3.20° 0.074
Living with family 95 103
Occupational status 3.01° 0.08
Employed 39 52
Unemployed or retired 68 56
Operation time, h 5.11+0.63 4.97+0.75 1.90* 0.058
Location of tumor 5.46° 0.065
Upper 18 16
Middle 64 51
Lower 25 41
Pathological stage” 7.46° 0.059
0 3 2
I 18 22
I 30 46
I 56 38
Recurrent nerve paralysis 0.62° 0.734
No 94 98
Yes 11 9
Uncertain 2 1

MIE, minimally invasive esophagectomy

*According to the 8th edition TNM staging standard of esophageal cancer by the Union for International

Cancer Control

“Independent #-test

522 test
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Table 4 The physical function

. . Variable Pre-intervention Post-intervention

recovery of patients with MIE

at pre-intervention and post- Time of TUGT (s)  Frailty score  Time of TUGT (s)  Frailty score

intervention of intervention and

control groups Intervention group (n=107)  9.01+2.33 1.25+0.56 13.22+4.05 2.16+0.75
Control group (n=108) 8.87+1.89 1.38+0.48 16.13+5.42 322+1.10
t value 0.48 -1.83 —4.46 —8.26
P value 0.629 0.069 <0.001 <0.001

MIE, minimally invasive esophagectomy

TUGT, timed up and go test

Table 5 The level of RHD of patients with MIE in intervention and
control groups on the day of discharge

Dimensions of RHD Interven- Control t value P value
tion group group
(n=107) (n=108)
Physical status 8.48+1.45 7.57+1.82 4.06 <0.001
Adaptive ability 8.82+1.50 8.01+£2.05 3.31 0.001
Expected support 9.05+2.85 8.35+2.70 1.85 0.066
Total 8.92+1.42 7.86+1.79 4.81 <0.001

RHD, readiness for hospital discharge

MIE, minimally invasive esophagectomy

shorter lengths of time to first flatus (3.24 days vs. 4.19 days,
P <0.001) and first bowel movement (4.55 days vs.
5.38 days, P =0.024), shown in Table 3.

The t-ECRP was even more effective than routine care
in improving physical function recovery as measured by
the TUGT (s) and frailty score. As summarized in Table 4,
before the intervention (the day of admission), no significant
differences in baseline physical functions between the two
groups were observed (P> 0.05). After the t-ECRP inter-
vention (the day of discharge), the mean length of time for
TUGT (s) (13.22) and a score of frailty (2.16) in the IG were
lower than those in the CG (16.13 and 3.22), indicating that
the physical function recovery in the IG was significantly
better than that in the CG (P <0.001).

After the t-ECRP intervention, except for the dimension
of expected support, the total scores of RHD (P <0.001), the
dimension of physical status (P <0.001), and adaptive ability
(P=0.001) were significantly higher in the IG than those in
the CG, as shown in Table 5. Likewise, compared with the
CQG, patients in the IG presented a significantly shorter time
length of postoperative hospital stay (9.08 +3.48 days vs
12.14+4.05,t= —5.94, P<0.001).

Discussion

Esophagectomy has been identified as a particularly com-
plex surgical procedure due to documented high levels of
perioperative morbidity and mortality [26]. Advances in

perioperative management concepts and medical technology
have been proposed to be able to reduce surgical risk and
perioperative morbidity and mortality, thus improving surgi-
cal short- and long-term outcomes [27-29]. According to the
components of ERAS guidelines, early and structured mobi-
lization is an essential factor for accelerated recovery, and
there is a strong relationship between physical activity and
quality of life generally [30]. Ambulating early not only can
prevent complications associated with bed rest and maintain
muscle function but also empowers patients to play an active
role in their rehabilitation after surgery [7]. Therefore, an
early and tailored daily perioperative rehabilitation plan for
patients with MIE should be formulated by the involvement
of thoracic surgeons, nurses, and physiotherapists.
Cardiopulmonary fitness and physical function are key
determinants of fitness for major thoracic surgery [31]. One
strength of our study is preoperative rehabilitation, which
included SCT and IMT and was a part of the t-ECRP inter-
vention. “Pre-rehabilitation before the operation can acceler-
ate recovery after operation.” This is the philosophy of our
team in the implementation of ERAS. The preoperative pre-
rehabilitation strategy includes psychological counseling,
nutritional supplementation, physical exercise, and respira-
tory optimization. Studies have shown that physical exercise
programs involving both aerobic and strengthening activi-
ties reduce depression, anxiety, and fatigue, and improve the
quality of life [32, 33]. One evidence-based scoping review
[34] evaluating the possible beneficial effects of preopera-
tive exercise therapy on surgery showed that the preopera-
tive exercise programs could increase exercise capacity and
physical fitness, preserve pulmonary function, reduce the
incidence of postoperative complications, and decrease the
length of hospital stay. Although some studies [7] suggest
that the preoperative rehabilitation program should be imple-
mented at least for 4 weeks, there is limited data about the
general consensus or clear practical guidance regarding exer-
cise methods and exercise time norms for esophagectomy.
This randomized clinical trial provided evidence that
t-ECRP, involving pre-rehabilitation and early postopera-
tive activity, promoted effective recovery of bowel function
and physical function in patients undergoing MIE. TUGT
is a standard method to observe a patient’s motor functions
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and daily activities and is an important index to evaluate
a patient’s prognosis [35]. Although the physical fitness
of EC patients was affected to a certain extent due to the
operation, analysis of this study showed that the time length
of TUGT in the IG (13.22+4.05) was significantly shorter
than that in the CG (16.13+5.42) after discharge. The frailty
scores ranged from 1 to 4, and there were significant statisti-
cal differences between the two groups. It should be noted
that 32.09% of patients were in frailty states (three or more
scores) and 56.28% in pre-frailty states (one or two scores)
after MIE, suggesting a requirement for special attention.

RHD is a patient’s self-perception of patients about
whether they are ready to be discharged. It is related to
medical satisfaction and safety after discharge. Studies [36,
37] have shown that the higher RHD, the stronger ability to
cope with health challenges after discharge. In this study,
the RHD of patients after MIE was at a medium level. Given
that physical recovery is closely related to a patient’s self-
feeling and self-care ability in life when discharged from
hospital, an improvement in RHD is thus hypothesized to
be a potential secondary benefit of this program. Further-
more, t-ECRP is beneficial to the enhancement of RHD and
shortening of the postoperative hospital stay. Surprisingly,
in this trial, the findings showed that the postoperative hos-
pital stay was approximately 3 days shorter in the t-ECRP
group (9.08+3.48 days) than that in the routine care group
(12.14+4.05 days). One systematic review consisting of 26
studies showed that early enteral nutrition could promote
intestinal function recovery and shorten the time of postop-
erative hospital stay for patients undergoing gastrointestinal
surgery [38]. This reduced postoperative hospital stay was
likely the result of early flatus and bowel movement after
surgery, which shortened the fasting time of patients, and
achieved the purpose of early oral intake, nutrition improve-
ment, and fast postoperative recovery.

Maximizing the patient’s subjective initiative in disease
management during the perioperative rehabilitation process
is very important. Therefore, before the program is formu-
lated, researchers need to explain the concept of ERAS and
the significance of early activities to patients and discuss
pre- and postoperative rehabilitation types and target amount
together. Moreover, positive encouragement should be given
when the target is completed, and adjustment of rehabilita-
tion plan should be conducted based on cause analysis of
researcher and patient, when the goal is not completed.

In our study, some efforts were also made to provide the
foundation and guarantee for the implementation of t-ECRP,
such as adequate analgesia management and extubation as
soon as possible. Previous data [39] showed that adequate
pain management accelerated recovery of bowel function,
increased patient mobility, decreased hospital stay, and
optimized patient outcomes. Therefore, painlessness is a
prerequisite for early postoperative activities. In our study,
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multimodal analgesia and individualized analgesia programs
were used to control the patient’s pain to make it less than
3 points (visual analogue scoring). Besides, tubes on the
patient’s body can hinder postoperative activities, especially
the urinary tube and gastric tube. Hence, our team adhered
to the concept of early extubation as soon as possible after
evaluation by the research team to facilitate activities [40].

Strengths and limitations

The advantage of this study lies in its emphasis on the sub-
jective initiative of the patients in rehabilitation and the
establishment of a professional multidisciplinary team to
ensure patient safety. This study also had some notable limi-
tations. First, due to the limited preoperative time, the time
of preoperative rehabilitation in this study was relatively
short (approximately 7—10 days), which might not be able
to offer full improvement in fitness. Second, in this study
research staff were aware of the interventions and rand-
omization results. Despite all efforts to maintain blinding,
we could not implement a double-blind method owing to
the nature of the interventional research. Third, due to the
limitations of the research conditions, we could not evalu-
ate patients’ electrophysiological indicators to reflect the
improvement of physical function, which is an important
research field of rehabilitation medicine.

Conclusion

In conclusion, the current study showed that the t-ECRP,
a nurse-led and three-staged procedure, was practical and
feasible in accelerating bowel and physical function recov-
ery for patients receiving MIE based on the context of
ERAS. Besides, t-ECRP can also improve patients’ RHD
and shorten postoperative hospital stay, which may enhance
patients’ medical experience and hospital operation effi-
ciency. Clinical nurses play a key role in patients’ periop-
erative enhanced recovery. The results of this research pro-
vide support for the formulation of quantitative, detailed,
and individualized early activity plans for patients based on
multidisciplinary collaboration.
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