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Abstract
Background  Several studies have demonstrated that prehabilitation helps reduce the incidence of postoperative complica-
tions. In this study, we investigated the safety and efficacy of enhanced prehabilitation (EP) in the hospital for patients with 
esophageal cancer.
Methods  We retrospectively reviewed the data of 48 consecutive patients who underwent radical esophagectomy with 
gastric tube reconstruction between September 2015 and June 2019. EP program had been introduced in August 2017. In 
the EP group, patients received the EP program during hospitalization 7 days before surgery in addition to conventional 
perioperative rehabilitation. The EP program consisted of aerobic exercise and muscle strength training in the morning and 
afternoon. Operative outcomes were compared between patients who received EP (EP group; 23 patients) and patients who 
did not receive EP (control group; 25 patients).
Results  The preoperative (EP group vs. control group, 492.9 ± 79.7 vs. 418.9 ± 71.8 m, p < 0.001) and postoperative (EP 
group vs. control group, 431.5 ± 80 vs. 378 ± 68.7 m, p < 0.001) 6-min walk distance was significantly higher in the EP 
group than in the control group. The respiratory complications rate was significantly lower in the EP group (4.3%) than in 
the control group (36%) (p = 0.007). The incidence of atelectasis was particularly significantly lower in the EP group (0%) 
than in the control group (24%) (p = 0.012).
Conclusions  EP was performed safely for patients before esophagectomy. EP improved the exercise tolerance of the patients 
before esophagectomy and might be useful in preventing respiratory complications.

Keywords  Exercise tolerance · Esophagectomy · Esophageal squamous cell carcinoma

Background

Postoperative complications after radical esophagec-
tomy lead to prolonged hospital stay and deterioration 
of physical strength and quality of life [1]. In particu-
lar, studies have reported that respiratory complications, 

including pneumonia, occurred at a rate of 15.4–38.1% after 
esophagectomy [2, 3], which in turn worsened the overall 
survival of patients after esophagectomy [4]. Deciding the 
perioperative counterplan for preventing such complications 
remains an important problem that we need to overcome.

We introduced perioperative rehabilitation and inter-
vention with multidisciplinary support team step-by-step 
for preventing postoperative complications in patients who 
previously underwent esophagectomy [5]. Although perio-
perative rehabilitation prevented the progression and pro-
longation of pneumonia and shortened postoperative hospi-
talization, the incidence of pneumonia was not reduced by 
previous interventions including preoperative rehabilitation 
in the outpatient ward. In our previous rehabilitation pro-
gram, the contents of preoperative training program were 
not clearly established; nonetheless, postoperative early 
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ambulation and perioperative respiratory rehabilitation were 
enhanced. Simultaneously, patients were advised to perform 
self-training with walking and squat; however, their degree 
of achievement of the aim was not evaluated.

Prehabilitation is a preoperative exercise program aimed 
at increasing the perioperative functional reserve of an indi-
vidual to enable him or her withstand the upcoming surgical 
stress and to accelerate the postoperative functional recovery 
[6]. Several studies have demonstrated that prehabilitation 
helps reduce the incidence of postoperative complications in 
patients undergoing lobectomy and upper abdominal surgery 
[7, 8]. For instance, Soares et al. reported that patients who 
received physical therapy with respiratory and global exer-
cises before surgery showed better results in the 6-min walk 
distance (6MWD) test measuring exercise tolerance on the 
seventh postoperative day (POD) and also had lower inci-
dence of postoperative pulmonary complications following 
upper abdominal surgery compared to control group. Other 
studies have examined the usefulness of prehabilitation in 
esophagectomy [9–11]. For example, Minnela et al. reported 
that functional outcomes in preoperative and postoperative 
6MWD changes had improved in the prehabilitation group; 
however, there were no significant differences in postop-
erative complication rates and severity in comparing to the 
control group [9]. However, whether prehabilitation reduces 
postoperative morbidities in esophagectomy remains con-
troversial [9, 11].

In previous studies, prehabilitation training was primar-
ily performed under self-training at home during the out-
patient period [9, 11]. However, it was difficult to confirm 
that patients accomplished self-training and to assess of the 
quality in of their home training. Moreover, periodic reha-
bilitation in the outpatient ward may be impractical when 
the patient’s home is distant from the hospital. For these 
reasons, we introduced enhanced prehabilitation (EP) dur-
ing hospitalization in which the patients received intensive 
aerobic and muscle training exercise, in addition to conven-
tional interventions, to improve exercise capacity and mus-
cle strength begining 7 days before surgery for all patients 
scheduled for thoracic esophagectomy. The postoperative 
adverse effects of EP creating a load on cardiopulmonary 
function for patients scheduled for surgery was a concern. 
In this study, we investigated the safety and efficacy of EP 
for patients with esophageal cancer.

Methods

Patients

We retrospectively reviewed the data of 48 consecu-
tive patients with esophageal squamous cell carcinoma 
who underwent radical esophagectomy with gastric tube 

reconstruction at the Department of Surgery, Iwate Medi-
cal University Hospital, between September 2015 and June 
2019. The practice of EP was initiated in August 2017. 
Operative outcomes were compared between patients who 
received EP (EP group; from August 2017 to June 2019) 
and patients who did not receive EP (control group; from 
September 2015 to July 2017). Table 1 shows the clinical 
characteristics of the patients. The tumor location was clas-
sified according to the Japanese Classification of Esophageal 
Cancer, 11th edition [12]. Clinical and pathological stage 
was determined according to the classification of the Union 
for International Cancer Control, 8th edition [13]. Neoadju-
vant chemotherapy was administered to patients with stage 
II/III squamous cell carcinoma as previously reported [14].

Thoracoscopic esophagectomy was performed in the 
prone position [15]. For all patients, the reconstruction con-
duit was a gastric tube pulled through the posterior mediasti-
num or retrosternal route with cervical esophagogastrostomy 
[16]. Perioperative management and nutritional treatment 
approaches have been described previously [5, 17]. In this 
study series, all the patients did not receive enteral nutri-
tion after surgery instead they received Ringer’s acetate and 
amino acid solution via peripheral intravenous catheters 
[17].

Enhanced prehabilitation

For the patients in the control group, inspiratory muscle 
training (IMT) with incentive spirometry was started in the 
outpatient department approximately 1 month before for 
the planned surgery (Fig. 1). The IMT consisted of four to 
five sets of ten deep inspirations per day. The patients were 
advised to commence self-training with walking for 20 min 
and performing 20 sets of squats 10 times per day. They were 
admitted to the hospital 3 days before surgery. The patients 
in this group did not receive planned training between 
admission and operative day. After surgery, on POD 1, they 
began early mobilization with ambulation, respiratory train-
ing, and training for chewing and swallowing. All patients 
stayed in the intensive care unit until POD 4. When they 
were moved to the surgical ward on POD 4, they were able to 
walk freely in the hospital. The patients practiced exercise in 
the rehabilitation room twice a day, morning and afternoon 
after POD 5; the training consisted of cycling ergometer 
for 20–30 min, IMT with incentive spirometry, and walking 
training, with two sessions each per day.

In the EP group, patients received the EP program dur-
ing hospitalization 7 days before surgery in addition to 
conventional perioperative rehabilitation in the outpatient 
department approximately 1 month before for the planned 
surgery similar to that in the control group (Fig. 1). The EP 
program consisted of aerobic exercise and muscle strength 
training in the morning and afternoon. The aerobic exercise 
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training consisted of cycling ergometer for 20–30  min 
twice per day at 60–70% of maximum heart rate. The mus-
cle strength training for lower limbs consisted of 20 sets of 
squats each performed 10–15 times at a frequency of twice 
per day. Patients in both groups received all exercise training 
under the supervision of a physiotherapist in the hospital. 
On the contrary, in the outpatient department training, the 
implementation status of self-trained prehabilitation and the 
degree of achievement of the aim were not regularly evalu-
ated in both groups. Postoperative rehabilitation program in 
the EP group was similar to that in the control group. During 
rehabilitation training, patient’s heart rate, blood pressure, 
oxygen saturation, and onset of new arrhythmia were moni-
tored. Rehabilitation training was terminated when tachy-
cardia (> 180 beats per minute), bradycardia (< 40 beats per 
minute), systolic arterial pressure decreased to < 80 mmHg 
or increased to > 40 mmHg from the resting period, or < 90% 
oxygen desaturation was observed. Patients were also moni-
tored for new onset of chest pain, respiratory discomfort, 
and physical pain.

Outcome measures

The 6MWD, bilateral handgrip, and knee extensor muscle 
strength were measured on admission (only in the EP group), 
preoperatively (1 day before surgery), and postoperatively 
(scheduled before the patients left the hospital, approxi-
mately POD 10–15). Postoperative morbidity and mortality 
rates and postoperative hospital stay were compared between 
the two groups. The 6MWD was measured using the 6MWD 
test according to the guidelines of the American Thoracic 
Society [18]. Handgrip and knee extensor muscle strength 
were assessed using a digital dynamometer. Postoperative 
complications were defined according to classifications of 
the Esophagectomy Complications Consensus Group [1]. 

Table 1   Clinical characteristics of the study patients

EP enhanced prehabilitation, CF cisplatin and 5-fluorouracil, DCF 
docetaxel, cisplatin, and 5-fluorouracil, CRT​ chemoradiotherapy, 
ASAPS American Society of Anesthesiologists performance states, 
VC vital capacity, FEV1.0 forced expiratory volume in one second
* p < 0.05
† Student’s t test
‡ Chi-squared test
a Mean ± standard deviation
b According to the Japanese Classification of Esophageal Cancer, 11th 
edition (Ut: upper thoracic esophagus, Mt: middle thoracic esopha-
gus, Lt: lower thoracic esophagus, Ae: abdominal esophagus)
c According to the UICC classification, 8th edition
d There is some overlapping

EP group
N = 23

Control group
N = 25

p value

Age (years)a 65.9 ± 7.7 65.6 ± 8.7 0.910†

Sex 0.390‡

 Male/female 17/6 21/4
Body mass index (kg/m2)a 21.7 ± 2.5 22.8 ± 2.9 0.197†

Tumor locationb 0.339‡

 Ut/Mt/Lt/Ae 4/13/6/0 6/14/3/2
Clinical stagec 0.239‡

 I/II/III/IVA 5/3/7/8 12/3/6/4
Pathological stagec 0.330‡

 0/I/II/III/IVA/IVB 4/11/5/0/3/0 2/13/5/2/1/2
Preoperative treatment 0.211‡

 No 6 14
 Yes 17 11
 CF/DCF/CRT​ 3/13/1 2/8/1

ASAPS 0.517‡

 1/2/3 2/18/3 2/22/1
Comorbiditiesd

 Heart disease 9 10 0.951‡

 Pulmonary disease 0 2 0.166‡

 Diabetes mellitus 2 7 0.087‡

 Cerebrovascular disease 1 1 0.952‡

 Orthopedic disease 3 3 0.913‡

Total protein (g/dL)a 6.6 ± 0.9 6.6 ± 0.5 0.980†

Albumin (g/dL)a 4.1 ± 0.4 4.2 ± 0.6 0.287†

Respiratory functiona

 VC (L) 3.3 ± 1.0 3.5 ± 0.6 0.532†

 %VC (%) 97.9 ± 14.9 98.3 ± 10.6 0.904†

 FEV1.0 (L) 2.5 ± 0.6 2.6 ± 0.5 0.549†

 FEV1.0% (%) 78.4 ± 7.8 78.8 ± 5.5 0.832†

Surgical procedure 0.952‡

 Right thoracotomy 1 1
 Thoracoscopy 22 24

Route of reconstruction 0.132‡

 Posterior mediastinal 21 25
 Retrosternal 2 0

Lymph node dissection 0.263‡

 Two-field 11 8
 Three-field 12 17

operation

Admission (3 days before surgery)

Control groupEP group

Admission (7 days before surgery)

operation

Outpatient

・IMT
・Self-training
・walking
・squat

Outpatient

・IMT
・Self-training
・walking
・squat

EP in hospital

・Aerobic exercise
・Muscle strength training

Postoperative rehabilitation Postoperative rehabilitation

Fig. 1   Perioperative rehabilitation. EP; enhanced prehabilitation, IMT 
inspiratory muscle training



59Esophagus (2021) 18:56–64	

1 3

Atelectasis included all cases confirmed by X-rays that were 
examined routinely twice per day on PODs 1–4, and once on 
POD5 and 7. Atelectasis was diagnosed by loss of volume of 
lobe or lobar segment including sign such as displacement 
of the interlobar fissure, increase in the hemidiaphragm and 
mediastinal shift, and silhouette sign [19]. If pleural effu-
sion was identified, differential diagnosis of pleural effusion 
and atelectasis was made via ultrasonography. Complication 
grades were defined according to the Clavien–Dindo clas-
sification [20].

Statistical analysis

Statistical analyses were performed using SPSS software 
(version 23.0; IBM-SPSS, Inc., Armonk, NY, USA). 
Between-group differences in patient characteristics and 
outcomes were assessed using the chi-squared test, Stu-
dent’s t test, or Mann–Whitney U test. The p values for 
multiple comparisons of correlated data in the 6MWD 
of the EP group were adjusted for multiplicity using the 

Tukey–Kramer test. p < 0.05 was considered to statistically 
significant.

Results

The clinical characteristics of the patients are shown in 
Table 1. There were no significant between-group differ-
ences in age, sex, body mass index, tumor location, clinical 
and pathological stage, preoperative treatment, the American 
Society of Anesthesiologists performance status, comorbidi-
ties, respiratory function, and surgical procedures (Table 1). 
Although 16 patients (69.6%) had comorbidities in the EP 
group, there were no exercise-related adverse events during 
perioperative rehabilitations. All patients in the EP group 
were able to accomplish a planned program.

Table 2 shows the functional outcomes in the EP group. 
The preoperative (EP group vs. control group, 492.9 ± 79.7 
vs. 418.9 ± 71.8 m, p < 0.001) and postoperative (EP group 
vs. control group, 431.5 ± 80 vs. 378 ± 68.7 m, p < 0.001) 

Table 2   Functional outcomes

EP enhanced prehabilitation, 6MWD 6-min walk distance
* p < 0.05
† Student’s t test
a Mean ± standard deviation
b 1 day before surgery
c Before the patients left the hospital

EP group
N = 23

Control group
N = 25

p value†

6MWD (m)a

 On admission 448.8 ± 81.5 –
 Preoperativeb 492.9 ± 79.7 418.9 ± 71.8  < 0.001*
 Postoperativec 431.5 ± 80 378 ± 68.7  < 0.001*

Rate of change between preoperative and postopera-
tive 6MWD (%)

91.3 ± 7.9 91 ± 11.2 0.917

Right handgrip (kg)a

 On admission 31 ± 9.3 –
 Preoperativeb 31.6 ± 9.8 32.6 ± 9.9 0.708
 Postoperativec 29.3 ± 10.5 32.1 ± 8.8 0.339

Left handgrip (kg)a

 On admission 29.2 ± 9.4 –
 Preoperativeb 30.6 ± 9.8 32.3 ± 9.7 0.561
 Postoperativec 28.2 ± 9.3 32.2 ± 9 0.160

Right knee extensor muscle strength (Nm/kg)a

 On admission 1.7 ± 0.6 –
 Preoperativeb 1.8 ± 0.6 1.7 ± 0.6 0.408
 Postoperativec 1.7 ± 0.6 1.6 ± 0.6 0.571

Left knee extensor muscle strength (Nm/kg)a

 On admission 1.8 ± 0.6 –
 Preoperativeb 1.8 ± 0.5 1.6 ± 0.6 0.209
 Postoperativec 1.6 ± 0.5 1.6 ± 0.7 0.750



60	 Esophagus (2021) 18:56–64

1 3

6MWD was significantly higher in the EP group than in the 
control group. The rate of change between preoperative and 
postoperative 6MWD was not significantly different between 
the two groups. No significant differences were also found 
in the handgrip or knee extensor muscle strength before and 
after surgery between the two groups.

The mean 6MWD values in both groups are shown 
in Fig. 2. There was a significant increase in the 6MWD 
after EP (492.9 ± 79.7 m) compared to that at admission 
(448.8 ± 81.5 m; p < 0.000). Although the value of 6MWD 
decreased significantly after surgery (431.5 ± 80 m) compar-
ing to that before surgery (492.9 ± 79.7 m; p < 0.000), the 
same level was maintained as that recorded at admission 
(p = 0.941).

Details of postoperative morbidities are presented in 
Table 3. The overall complication rates in the EP and con-
trol groups were 34.8% and 44%, respectively (Table 3). 
Although between-group difference was not observed in 
overall morbidity rates, the rate of respiratory complica-
tions was significantly lower in the EP group (4.3%) than in 
the control group (36%) (p = 0.007). In particular, the inci-
dence of atelectasis was significantly lower in the EP group 
(0%) than in the control group (24%) (p = 0.012). We did 
not perform preventive mini-tracheostomy for all patients. 
Among the six patients with atelectasis in the control group 
two developed pneumonia; one underwent tracheostomy and 
the other underwent mini-tracheostomy via cricothyrotomy. 
No patients underwent tracheostomy or mini-tracheostomy 
in the EP group. The operative mortality rate was zero in 
both groups.

Results of postoperative blood tests conducted after sur-
gery and at postoperative month (POM) 3 and POM 6 are 
shown in Table 4. Regarding total protein, the value at POM 
6 was significantly higher in the EP group than in the control 
group (6.9 vs. 6.6 g/dL, p = 0.028). Postoperative maximum 

values of total bilirubin (0.8 vs. 1.2 mg/dL, p = 0.013) and 
blood urea nitrogen (BUN; 19.7 vs. 22 mg/dL, p = 0.044) 
on POD 7 were significantly lower in the EP group than in 
the control group. In terms of body weight loss after sur-
gery, there was no significant difference in rate of weight 
loss at discharge, postoperative 3 month, and postoperative 
6 month compared with body weight at operation in both 
groups. No significant differences between the two groups 
were observed in the length of hospital stay after surgery 
(Table 4).

Discussion

Several studies have demonstrated that intensive preopera-
tive physical therapy performed for short periods reduced 
the incidence of postoperative morbidities or the length of 
hospital stay in patients undergoing esophagectomy and 
lobectomy [11, 21]. However, there is insufficient knowl-
edge regarding the appropriate training period, the training 
content, and the intensity of training for prehabilitation.

The primary purpose of EP training was to achieve 
improvements in exercise tolerance and muscle strength 
through cardiopulmonary functional training by aerobic and 
resistance exercise. Inoue et al. reported that preoperative 
physical training, such as muscle strength exercise and bik-
ing on ergometer, in addition to respiratory rehabilitation 
reduced the occurrence of postoperative pulmonary com-
plications although the preoperative rehabilitation did not 

300

400

500

600

* *

EP group
(n=23)

Control group
(n=25)

6M
W

D
(m

)

On admission Preoperative Postoperative
*：p < 0.05

NS

*

Fig. 2   Mean 6-min walk distance in the EP group. NS no significant 
difference

Table 3   Postoperative complications

EP enhanced prehabilitation
* p < 0.05
‡ Chi-squared test

EP group
N = 23 (%)

Control group
N = 25 (%)

p value‡

Morbidity 8 (34.8) 11 (44) 0.514
 Respiratory complication 1 (4.3) 9 (36) 0.007*

Pneumonia 1 (4.3) 5 (20) 0.101
  Atelectasis 0 6 (24) 0.012*

 Dysrhythmia atrial 0 3 (12) 0.086
 Anastomotic leak 0 0 –
 Chyle leak 0 0 –
 Vocal cord palsy 6 (26) 3 (12) 0.212
 Bleeding requiring reopera-

tion
0 1 (4) 0.332

 Wound infection 0 1 (4) 0.332
 Overall infectious disease 1 (4.4) 5 (20) 0.101

Clavien–Dindo classification 0.156
 I/II/IIIa/IIIb 6/1/1/0 3/6/1/1

Mortality 0 0 –
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Table 4   Postoperative outcomes

AST aspartate transaminase, ALT alanine aminotransferase, BUN blood urea nitrogen, CRP C-reactive pro-
tein, POD postoperative day, POM postoperative month, WBC white blood cell
* p < 0.05
† Student’s t test
§ Mann–Whitney U test
a Mean ± standard deviation
b Maximal values within POD 7
c Median (interquartile range; 25th percentile to 75th percentile)
d Values at POD14
e Before the patients left the hospital

EP group
N = 23

Control group
N = 25

p value

Postoperative blood test
 WBC (/µL)a

  Postoperativeb 11,233 ± 2084.7 12,546.4 ± 3556.7 0.123†

  POM 3 4887.2 ± 1810.5 4649 ± 1566.5 0.915†

  POM 6 5027.1 ± 1783.1 4687 ± 1049.7 0.496†

 CRP (mg/dL)c

  Postoperative b 7.0 (5.1–10.0) 6.9 (5.7–12.5) 0.375§

  POM 3 0.1 (0.1–0.4) 0.1 (0.1–0.1) 0.177§

  POM 6 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.320§

 Total protein (g/dL)a

  Postoperatived 6 ± 0.4 6.2 ± 0.5 0.167†

  POM 3 6.8 ± 0.4 6.6 ± 0.4 0.165†

  POM 6 6.9 ± 0.4 6.6 ± 0.4 0.028* †

 Albumin (g/dL)a

  Postoperatived 3.4 ± 0.3 3.5 ± 0.4 0.288†

  POM 3 4.1 ± 0.3 4.1 ± 0.4 0.466†

  POM 6 4.2 ± 0.2 4.1 ± 0.4 0.267†

 Total bilirubin (mg/dL)
  Postoperativeb,c 0.8 (0.6–0.9) 1 (0.7–1.8) 0.028* §

  POM 3a 0.6 ± 0.2 0.5 ± 0.1 0.401†

  POM 6a 0.6 ± 0.2 0.5 ± 0.2 0.246†

 AST (U/L)
  Postoperativeb,c 51 (0.6–0.9) 46 (42.5–64.5) 0.710§

  POM 3a 19.4 ± 5.9 22.5 ± 8.1 0.203†

  POM 6a 20.9 ± 4.4 23.2 ± 8.7 0.329†

 ALT (U/L)
  Postoperativeb, c 44 (25–65) 47 (34.5–59.5) 0.710§

  POM 3 a 18.6 ± 9.1 20.8 ± 9.8 0.482†

  POM 6a 20.5 ± 8.8 22.4 ± 10.6 0.566†

 BUN (mg/dL)a

  Postoperativeb 19.7 ± 4.2 22 ± 3.3 0.044* †

  POM 3 13.4 ± 4.1 15.1 ± 6.2 0.334†

  POM 6 14.2 ± 3.5 17.1 ± 7.5 0.140†

 Creatinine (mg/dL)a

  Postoperative b 0.8 ± 0.2 0.8 ± 0.2 0.462†

  POM 3 0.7 ± 0.1 0.8 ± 0.1 0.112†

  POM 6 0.7 ± 0.1 0.8 ± 0.2 0.336†

 Rate of weight loss (%)a

  Postoperativee 4.2 ± 2.9 5.7 ± 4.0 0.164†

  POM 3 8.9 ± 6.0 7.1 ± 5.8 0.330†

  POM 6 9.5 ± 6.0 10.3 ± 6.1 0.695†

 Postoperative hospital stay (days)c 14 (12–16) 16 (13.5–19.5) 0.103§
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improve the respiratory function [11]. Furthermore, previous 
studies have reported that high maximum oxygen uptake 
(VO2 max), an index of endurance and exercise tolerance, 
was a predictor of low postoperative complications after sur-
gery in patients with esophageal and lung cancer [22, 23]. 
These results might suggest that improvement in VO2 max 
on prehabilitation training could reduce the postoperative 
respiratory complications.

Many patients with esophageal cancer are elderly and 
undernourished. Further, some patients had comorbidi-
ties such as heart disease and musculoskeletal disease, for 
whom the safety of intensive rehabilitation training was a 
concern. Although in the EP group 6 patients (26.1%) were 
aged > 70 years and 16 (69.6%) had comorbidities, includ-
ing as heart, pulmonary, cerebrovascular, and/or orthopedic 
diseases, there were no serious adverse events in any patient. 
In the postoperative hematologic examination, there was no 
deterioration in the findings between the time of surgery and 
at 6-month follow-ups in the EP group compared to those in 
the control group (Table 4).

In this study, we observed that appropriate exercise train-
ing can be performed safely under the supervision of profes-
sional physical therapist in our hospital. In contrast, it might 
be difficult to ensure the safety of the patients’ self-training 
in the outpatient setting. EP program would facilitate at-
home training without hospitalization with some ingenuity. 
However, in terms of guaranteeing the quality of training and 
accurate evaluation of the outcomes, training in the hospital 
under the supervision of a physical therapist was found to 
be more favorable.

This study primarily aimed to investigate the safety of 
the EP. In this process, improvement of 6MWD and reduc-
tion in respiratory complications, especially atelectasis in 
the EP group, were also confirmed. In this study, we evalu-
ated exercise tolerance using the 6MWD test. This test has 
been used to measure exercise tolerance and to determine the 
correlation with postoperative morbidities [24, 25]. In addi-
tion, the 6MWD value correlates with VO2 max [24, 25]. In 
the EP group, the 6MWD value increased significantly after 
EP training during the preoperative period (Fig. 2). Con-
sidering that there was no significant difference in the rate 
of change between preoperative and postoperative 6MWD 
values between the two groups, and that the postoperative 
6MWD value decreased to the level observed at admission 
in the EP group, it is noteworthy that patients were able 
to achieve the maximum possible improvement before sur-
gery. Preoperative reservation of tolerance via EP training 
may enable patients to better withstand surgical stress [9]. 
Although several studies have reported that prehabilitation 
training could improve exercise tolerance of patients, it is 
uncertain whether it translates into a reduction in postop-
erative complications [9, 26]. In a previous study, patients 
received home-based training program in the outpatient 

setting [9]. Interestingly, in the present study, the rate of 
respiratory complications, especially atelectasis, was sig-
nificantly lower in the EP group than in the control group 
(Table 3). Licker et al. reported that preoperative enhanced 
cardiorespiratory fitness training under experienced physi-
cal therapists for patients with lung cancer significantly 
improved VO2 max and reduced postoperative atelectasis in 
the study group (12.2%) as compared with those in the con-
trol group (36.4%, p < 0.001) [27]. These results might sug-
gest that quality-assured prehabilitation-induced improve-
ment in cardiorespiratory fitness enables patients to better 
withstand respiratory muscular weakness and facilitates 
lung re-expansion postoperatively [27]. Improvement in 
VO2 max due to EP training improved the efficacy of oxy-
genation in ventilation, resulting in reduced perioperative 
respiratory muscle fatigue. Reduction in respiratory muscle 
fatigue is advantageous for postoperative lung expansion and 
self-expectoration and might contribute to the prevention of 
atelectasis. Further examination is required to determine the 
effectiveness of EP.

Studies have reported an association between preopera-
tive sarcopenia and postoperative complications and prog-
nosis [28, 29]. In recent years, several patients had received 
preoperative chemotherapy or chemoradiotherapy; therefore, 
frailty could have been further accelerated before surgery 
[30]. If sarcopenia of the patients can be improved before 
surgery, it may help reduce the occurrence of postopera-
tive complications. Although the 6MWD value increased 
significantly during the preoperative period by EP training, 
muscle strength was not improved in terms of grip strength 
and knee extension in our study. This may have been caused 
by the less-intensive exercise or that more time may be 
required to increase muscle strength preoperatively. Fearon 
et al. considered that 3 weeks might be sufficient to obtain 
a moderate gain in aerobic and muscle strength reserve, 
although the preoperative period was limited [31]. There-
fore, it is necessary to design an effective program in the 
outpatient department in addition to in-patient EP training. 
Nutritional support is also important to improve sarcopenia 
in addition to resistance training [9, 32]. Because patients 
with esophageal cancer often have dysphagia due to weight 
loss and malnutrition, nutritional assessment and support are 
essential [33]. The knowledge of sufficient nutritional sup-
port including appropriate calorie and protein administra-
tion that matched the strength of exercise is uncertain. This 
examination should be conducted in the future.

The present study has demonstrated that EP is safe and 
effective in reducing the incidence of postoperative respira-
tory complications. However, our study has certain limita-
tions. First, this was a retrospective cohort study with a small 
population. Second, selection bias was undeniable because 
the patients had been judged able to withstand surgery. 
Third, there may have been other confounders that could 
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affect the outcomes. Therefore, a prospective randomized 
control study is required to obtain more robust findings.

Conclusions

EP was performed safely for patients before esophagec-
tomy. EP improved the exercise tolerance of patients before 
esophagectomy and might be useful in preventing the 
occurrence of respiratory complications. Further research 
is needed to verify the usefulness of EP in the future.
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