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Abstract
Background  Implementation of enhanced recovery after surgery has generally been applied to gastrointestinal surgeries; 
however, few studies have investigated minimally invasive McKeown esophagectomy. In this study, we aimed to evaluate 
the safety and feasibility of an enhanced recovery protocol after minimally invasive McKeown esophagectomy.
Methods  Data were collected between January 2015 and April 2020 for patients who underwent esophagectomy. Of these 
patients, those who underwent minimally invasive McKeown esophagectomy was selected for the investigation. Periopera-
tive outcomes and nutritional index were compared using propensity score matching between the conventional group and 
the enhanced recovery group.
Results  A total of 119 patients were enrolled in this study. Of these, 73 and 46 were treated with conventional and enhanced 
recovery protocol, respectively. Forty-two pairs were matched in two groups. The enhanced recovery group showed a lower 
rate of pulmonary complications (9.5% vs. 28.5%, p = 0.0235), abdominal dysfunctions (16.7% vs. 42.9%, p = 0.0078), and 
shorter hospital stay as compared with the conventional group (17.5 days vs. 23 days, p = 0.0034). The loss of body weight 
(6.3% vs. 7.7%, p = 0.0065) and body mass index (5.6% vs. 8.1%, p = 0.0017) were significantly lower in the enhanced 
recovery group than in the conventional group. In contrast, nutritional biochemistry data did not differ significantly between 
the two groups.
Conclusions  This study shows that the promotion of an enhanced recovery protocol in minimally invasive McKeown 
esophagectomy maintains nutritional status without increasing postoperative complications.

Keywords  Enhanced recovery after surgery · Esophageal neoplasms · Esophagectomy · Postoperative complications · 
Nutritional status

Introduction

Esophageal cancer is the sixth most common cancer, with 
more than 400,000 deaths worldwide. Currently, esophagec-
tomy is considered the best curative modality for esoph-
ageal cancer, with a 5-year survival rate of 55.6% [1, 2]. 
However, surgical damage and postoperative complications 
associated with esophagectomy are more severe than those 
associated with other digestive system surgeries. From a 
Japanese nationwide review, the postoperative outcomes 

after esophagectomy are still unsatisfactory, with overall 
morbidity of 59%, length of postoperative hospital stay 
of 41 days, and 30-day mortality of 2.4% [3]. Nutritional 
management and prevention of postoperative complications 
are two important factors that promote rapid recovery for 
esophageal cancer surgery.

A transition from open to endoscopic surgery has recently 
been applied to many types of surgery [4]. Combined thora-
coscopy and laparoscopy for patients with esophageal malig-
nancy have been used as minimally invasive esophagectomy 
(MIE). The indications for MIE have expanded with clini-
cal evidence regarding oncological safety and advantages in 
postoperative management [5, 6]. In particular, an enhanced 
recovery after surgery (ERAS) protocol has become standard 
perioperative care to minimize postoperative complications 
and accelerate recovery [7]. On the other hand, the timing of 
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extubation and diet rehabilitation after minimally invasive 
McKeown esophagectomy (MIMcE) remains controversial 
[8, 9].

In April 2018, we introduced an enhanced recovery pro-
tocol for MIMcE with the aim to improve the outcomes after 
MIMcE. Therefore, we aimed to examine the safety and fea-
sibility of ERAS for MIMcE in the current study.

Patients and methods

Patients

A total of 137 patients with esophageal cancer who under-
went MIMcE at the Department of Surgery, Jikei Univer-
sity Hospital between January 2015 and April 2020, were 
enrolled. In total, 137 patients underwent thoracoscopic 
esophagectomy. After excluding 18 patients who were 

not eligible for simultaneous reconstruction, laparoscopic 
surgery for gastric conduit, and cervical anastomosis, the 
remaining 119 patients were classified into two protocols. 
Of these, 73 patients were treated with the conventional 
protocol, and 46 patients were treated with a new proto-
col. The patients were matched in 42 pairs for clinical and 
demographic variables as follows: age; sex; body mass 
index (BMI); American Society of Anesthesiologists phys-
ical status (ASA-PS); and clinical stage using propensity 
scores, and divided into C and ER groups (Fig. 1).

Clinical TNM staging was diagnosed according to the 
TNM classification of malignant tumors (8th edition) 
before treatment with computed tomography (CT) and 
esophagogastroduodenoscopy (EGD). Patients with clini-
cal stage IB-IVA disease were treated with preoperative 
chemotherapy.

This study was approved by the Institutional Review 
Board of the Jikei University Hospital (Approval number, 

Fig. 1   Patients’ tree. Patients in this study were matched for demographic variables by propensity scores, in the matched two-group consisting of 
42 patients each
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28–054), and written informed consent was obtained from 
all patients.

Surgical procedure

The patients underwent thoracoscopic esophagectomy with 
two- or three-field lymphadenectomy according to the treat-
ment guidelines in Japan [10]. Lymphadenectomy along the 
recurrent laryngeal nerves was securely performed with an 
intraoperative nerve integrated monitoring system to prevent 
nerve injury. After the thoracic procedure, gastric mobiliza-
tion was performed laparoscopically. The gastric conduit was 
constructed extracorporeally and pulled up via the posterior-
mediastinal or retro-sternal route. An end-to-end anastomo-
sis was created in the cervix (McKeown esophagectomy). 
Feeding button-type jejunostomy was routinely performed 
for adequate postoperative enteral nutrition (EN).

Perioperative care

Conventional protocol

Table 1 shows the conventional protocol from January 2015 
to March 2018. Respiratory rehabilitation using the device 
was initiated before admission. Mechanical bowel prepara-
tion was routinely used with polyethylene glycol the day 
before surgery, and clear fluid was allowed until 10 h before 
surgery. At the end of the operation, two cervical drains and 
a single thoracic drain were placed, and a nasogastric (NG) 
tube was inserted for decompression of the gastric conduit. 
Extubation followed by a vocalization assessment with an 
anesthesiologist and removal of the NG tube were performed 
on a postoperative day (POD) 1. EN was commenced from 
jejunostomy, increasing the volume gradually to 1680 kcal/
day by POD 7. Postoperative physiotherapy was started 
after transfer to the surgical ward from the intensive care 
unit (ICU) on POD 2. Cervical drains and a thoracic drain 
were generally removed on POD 3 and POD 7, respectively. 
Fasting was performed until POD 6. After a swallowing 
assessment by an otolaryngologist on POD 7, oral intake 
was resumed with an ice cube, followed by a soft diet on 
POD 8. Discharge was scheduled on POD 17 for a patient 
with a planned postoperative course.

Enhanced recovery protocol

The enhanced recovery protocol, in use since April 2018, is 
shown in Table 2. Respiratory rehabilitation was the same 
as in conventional protocol. Unlike the conventional proto-
col, bowel preparation was not required, and instead of clear 
fluid a solid meal was allowed before surgery. Extubation 
followed by vocal cord assessment and removal of the NG 
tube were performed immediately in the operating room. 

Bedside physical rehabilitation was started in the ICU on 
POD 1. EN was increased in volume up to 960 kcal/day by 
POD 4. According to the ERAS concept, ice cube intake 
resumed on POD 2, and a soft fractionated diet was started 
on POD 4 after swallowing assessment. Discharge was gen-
erally scheduled on POD 12.

Outcomes

The following variables in the matched groups consisting of 
42 patient pairs were compared: (1) postoperative clinical 
course; (2) postoperative complication; and a (3) nutritional 
assessment.

Evaluation of the postoperative clinical course

The following parameters were assessed: use of catecho-
lamine, time to extubation, duration of ICU stay, time to 
ambulation, time to oral feeding, time to defecation/flatus, 
inflammatory response, and length of hospital stay.

Complications

Postoperative morbidity was analyzed according to the Cla-
vien–Dindo classification (CD). Regarding the diagnosis of 
vocal cord palsy, each patient was routinely referred to an 
anesthesiologist at the time of extubation. Otolaryngologist 
conducted a swallowing assessment and examined hoarse-
ness, pooling of saliva, and clearance to the esophagus with 
video endoscopy. We defined a pulmonary complication as 
the presence of clinical signs confirmed by chest X-ray or 
CT within 2 weeks postoperatively. Diagnosis of anasto-
motic leakage was based on the nature of the neck as well 
as CT and EGD. Chylothorax was diagnosed by either a 
change in milky white color of thoracic drainage, regardless 
of output, or confirmation of chylomicrons in the fluid with 
high‐volume discharge.

Nutritional assessment

Maximum dosage of EN and total calorie intake were com-
pared between two groups. Abdominal dysfunction related 
to EN was defined as gastro-intestinal complaints such as 
diarrhea and abdominal distention; the amount of tube feed-
ing was reduced or temporarily suspended until the com-
plaints resolved. We evaluated physical examination and 
biochemical nutritional markers before surgery and 1 month 
after esophagectomy. The biochemical nutritional markers 
included serum albumin (Alb), cholinesterase (ChE), and 
serum transthyretin (TTR).
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Statistical analysis

All quantitative data are expressed as median or 
mean ± standard deviation. A propensity score was calcu-
lated for each participant using a logistic regression model to 
adjust for the following five covariates: age, sex, BMI, ASA-
PS, and clinical stage. Differences between the two groups 
were compared using the Student t test, Wilcoxon rank-sum 
test, or Chi squared test. JMP version 14 (SAS Institute Inc., 
Cary, NC, USA) was used for statistical analysis. Statistical 
significance was considered at p < 0.05.

Results

Table 3 shows demographic and clinical characteristics of 
the two protocols before and after matching. The patients in 
the current study were predominantly male, ASA-PS2 clas-
sification, and had squamous cell carcinoma. There were 
no significant differences in all covariates before and after 
matching.

Table 4 shows perioperative outcomes of the two proto-
cols before and after matching. The two groups had similar 
intraoperative outcomes such as operative time, blood loss, 
fluid balance, and use of catecholamine. Time to extubation 
was shorter in ER group than in C group (0 days vs. 1 days, 
p < 0.0001). Postoperative use of catecholamine was lower 
in ER group than in C group (16.7% vs. 92.8%, p < 0.0001). 
Length of ICU stay was similar in both the groups. Time 
to the first ambulation was shorter in ER group than in C 
group (2 days vs. 3 days, p < 0.0001). Overall complication 
rate was not significantly different between the two groups 
(p = 0.2575), whereas the postoperative pulmonary compli-
cation rate was significantly higher in the C group compared 
to the ER group (28.5% vs. 9.5%, p = 0.0235). The group 
differences in anastomotic leakage were not statistically 
significant. Time to oral feeding was shorter in ER group 
than in C group (4.5 days vs. 9 days, p < 0.0001). Time to 
flatus and defecation did not differ between the two groups. 
There were no significant differences in re-intubation and 
re-fasting between the two groups. Maximum dosage of 
EN in ER group was significantly fewer than in C group 

Table 3   Demographic and clinical characteristics of all patients and propensity score-matched patients

SD standard deviation; BMI body mass index; ASA-PS american society of anesthesiologists physical status

All patient p value Propensity score-matched patients p value

Conventional 
protocol (n = 73)

Enhanced recovery 
protocol (n = 46)

C group (n = 42) ER group (n = 42)

Sex, n (%) 0.5391 0.3914
 Male 59 (80.8%) 35 (76.1%) 36 (85.7%) 33 (78.6%)
 Female 14 (19.2%) 11 (23.9%) 6 (14.3%) 9 (21.4%)

Age, year, mean ± SD 67.1 ± 7.7 67.2 ± 8.6 0.3437 68.3 ± 5.8 68.4 ± 6.0 0.9414
BMI, kg/m2, mean ± SD 22.0 ± 3.5 21.6 ± 3.2 0.5134 22.1 ± 3.6 21.8 ± 3.3 0.6463
Serum albumin, g/dL, mean ± SD 3.9 ± 0.4 4.0 ± 0.4 0.2694 3.9 ± 0.4 4.0 ± 0.4 0.2888
Cholinesterase, U/L, mean ± SD 290.3 ± 70.9 284.1 ± 72.8 0.6480 286.5 ± 72.0 277.1 ± 66.3 0.5352
Serum transthyretin, mg/dL, mean ± SD 26.3 ± 5.4 26.3 ± 4.4 0.9586 26.3 ± 5.4 26.4 ± 4.4 0.9298
ASA-PS 0.2022 0.8413
 1 15 (20.5%)  7 (15.2%) 8 (19.0%) 6 (14.3%)
 2 52 (71.2%) 38 (82.6%) 33 (78.6%) 35 (83.3%)
 3 6 (8.3%) 1 (2.4%) 1 (2.4%) 1 (2.4%)

Histology 0.2363 0.2950
 Squamous cell carcinoma 69 (94.6%) 43 (93.5%) 41 (97.6%) 39 (92.9%)
 Adenocarcinoma 2 (2.7%) 3 (6.5%) 1 (2.4%) 3 (7.1%)
 Basaloid carcinoma 2 (2.7%)

Preoperative chemotherapy 0.7186 0.8232
 Yes 42 (57.5%) 28 (60.9%) 25 (59.5%) 26 (61.9%)
 No 31 (42.5%) 18 (39.1%) 17 (40.5%) 16 (38.1%)

Clinical stage, n (%) 0.9660 0.9699
 0/I 28 (38.2%) 15 (32.6%) 17 (40.5%) 15 (35.7%)
 II 25 (34.3%) 17 (37.0%) 13 (31.0%) 15 (35.7%)
 III 15 (20.6%) 11 (23.9%) 9 (21.4%) 10 (23.8%)
 IVA 5 (6.9%) 3 (6.5%) 3 (7.1%) 2 (4.8%)
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(1050.0 ± 190.0 kcal vs. 1394.3 ± 269.0 kcal, p < 0.0001), 
while no differences in maximum total calorie intake were 
observed between both groups. The C group had higher EN-
related abdominal discomfort compared to the ER group 
(42.9% vs. 16.7%, p = 0.0078). The length of hospital stay 
in the ER group was significantly shorter than in the C group 

(17.5 days vs. 23 days, p = 0.0034). In-hospital mortality was 
not observed in the two groups.

Figure 2 shows the perioperative nutritional physical 
examination maintenance rate before and after matching. 
The median loss of body weight (6.3% vs. 7.7%, p = 0.0065) 
and BMI (5.6% vs. 8.1%, p = 0.0017) were significantly 

Table 4   Perioperative outcomes

SD standard deviation; ICU intensive care unit; EN enteral nutrition; CD Clavien Dindo classification; CRP C-reactive protein; POD postopera-
tive day; N/A not applicable

All patient p value Propensity score-matched patients p value

Conventional 
protocol 
(n = 73)

Enhanced 
recovery protocol 
(n = 46)

C group (n = 42) ER group (n = 42)

Intraoperative outcome
 Operative time, mean ± SD, minute 548.9 ± 68.7 546.8 ± 73.4 0.8766 549.4 ± 74.8 550.4 ± 71.3 0.9537
 Bleeding, mean ± SD, ml 188.6 ± 131.3 172.1 ± 146.9 0.5113 188.6 ± 131.3 177.6 ± 152.3 0.7239
 Fluid balance, mean ± SD, ml 4034.4 ± 989.5 3916.7 ± 1024.4 0.5342 4135.1 ± 1061.4 3922.2 ± 1009.2 0.3489
 Use of catecholamine, n (%) 70 (95.9%) 41 (89.1%) 0.1583 41 (97.6%) 38 (90.5%) 0.1531

Lymphadenectomy
 3-fields 64 (87.6%) 34 (73.9%) 0.0584 37 (88.1%) 32 (76.2%) 0.1510
 2-fields 9 (12.3%) 12 (26.1%) 5 (11.9%) 10 (23.8%)

Postoperative outcome
 Time to extubation, median, day, range 1 (0–55) 0 (0–1)  < 0.0001* 1 (0–1) 0 (0–1)  < 0.0001*
 Use of catecholamine, n (%) 68 (93.2%) 10 (21.7%)  < 0.0001* 39 (92.8%) 7 (16.7%)  < 0.0001*
 Length of ICU stay, median, day, range 2 (2–94) 2 (0–6) 0.0628 2 (2–94) 2 (2–3) 0.2192
 Time to ambulation, median, day, range 3 (3–24) 2 (2–11)  < 0.0001* 3 (3–22) 2 (2–11)  < 0.0001*
 Vocal cord palsy (swallowing with VE 

CD > I), n (%)
8 (11.0%) 8 (17.4%) 0.3219 6 (14.3%) 8 (19.1%) 0.5576

 Time to oral feeding, median, day, range 9 (7–46) 4.5 (4–44)  < 0.0001* 9 (7–46) 4.5 (4–37)  < 0.0001*
 Time to flatus, median, day, range 2 (1–5) 2 (1–5) 0.7434 3 (1–5) 2 (1–5) 0.6617
 Time to defecation, median, day, range 3 (2–6) 3 (2–6) 0.5744 3 (2–6) 3 (2–6) 0.5470
 Overall morbidity (CD > II), n (%) 37 (50.0%) 14 (30.4%) 0.0283* 18 (42.9%) 13 (30.9%) 0.2575
 Pulmonary complications, n (%) 20 (27.4%) 4 (8.7%) 0.0094* 12 (28.5%) 4 (9.5%) 0.0235*
 Anastomotic leakage, n (%) 6 (8.2%) 6 (13.0%) 0.4003 3 (7.1%) 5 (11.9%) 0.4551
 Chylothorax, n (%) 3 (4.1%) 0 (0%) 0.0843 2 (4.8%) 0 (0%) 0.0930

CRP, mean ± SD, mg/dL
 POD 1 7.4 ± 1.9 7.6 ± 2.9 0.2622 7.0 ± 1.8 7.7 ± 2.7 0.2148
 POD 3 14.2 ± 8.4 13.6 ± 7.8 0.9108 13.8 ± 8.4 13.9 ± 7.5 0.9388
 POD 7 6.6 ± 5.6 5.2 ± 5.5 0.4996 6.1 ± 5.2 5.1 ± 5.7 0.4780
 POD 10 3.2 ± 3.5 2.8 ± 3.4 0.5575 3.2 ± 3.3 2.7 ± 3.6 0.5849
 Maximum dosage of EN, mean ± SD, ml/

day
1380.8 ± 268.9 1053.2 ± 186.7  < 0.0001* 1394.3 ± 269.0 1050.0 ± 190.0  < 0.0001*

 Maximum calorie intake, mean ± SD, 
kcal/day

1489.7 ± 203.8 1455.9 ± 199.0 0.3750 1483.3 ± 214.1 1470.2 ± 193.8 0.7697

 Abdominal dysfunction related to EN, n 
(%)

28 (38.4%) 9 (19.6%) 0.0485* 18 (42.9%) 7 (16.7%) 0.0078*

 Re-intubation, n (%) 5 (6.8%) 1 (2.2%) 0.2292 3 (7.1%) 1 (2.4%) 0.2950
 Re-fasting, n (%) 9 (12.5%) 8 (17.4%) 0.4642 8 (16.7%) 6 (14.2%) 0.7628
 Length of hospital stay, median, day, 

range
23 (14–317) 17.5 (12–72) 0.0007* 23 (16–317) 17.5 (12–63) 0.0034*

 In-hospital mortality N/A N/A N/A N/A
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lower in the ER group than in the C group one month 
postoperatively.

Figure 3 shows perioperative nutritional biochemistry 
data one month after surgery before and after matching. 
There was no significant difference between both groups 
for Alb (88.5% vs. 89.4%), ChE (78.2% vs. 81.8%), and TTR 
(82.4% vs. 85.5%).

Discussion

This study demonstrates the safety and feasibility of an 
enhanced recovery protocol in patients who underwent 
MIMcE for esophageal carcinoma. Implementation of our 
enhanced recovery protocol includes early extubation and 
successful oral intake without increasing respiratory and 
anastomotic complications.

ERAS was introduced as a perioperative management 
protocol to maintain physiological function and early 

recovery after surgery, and has now been popularized for 
some types of major gastrointestinal surgery, including 
esophagectomy [7–9]. However, there are few reports on 
ERAS, especially after MIMcE.

Lassen et al. reported that oral resumption on the first day 
after major upper gastrointestinal (UGI) surgery does not 
increase postoperative complications as compared to con-
ventional care with nil-by-mouth (28% vs. 36%, p = 0.26) 
[10]; however, although ERAS has been applied to com-
mon UGI surgeries, only 2.7% of patients undergoing tran-
sthoracic esophagectomy in the above study were included. 
ERAS protocols, including the timing of oral intake, remain 
controversial. Weijs et al. reported that initiation of oral 
intake on POD 1 after esophagectomy did not increase 
pneumonia and the severity of anastomotic leakage [12]. 
However, their main procedure was Ivor Lewis, which is 
different from our procedure of McKeown esophagectomy. 
McKeown esophagectomy has additional risks for laryngeal 
elevation disorder and recurrent nerve palsy compared to 

Fig. 2   Difference in postoperative nutritional status for a BW, b BMI before matching. Difference in postoperative nutritional status for c BW, d 
BMI after matching. BW body weight, BMI body mass index
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Ivor Lewis [13]. Sun et al. reported early oral feeding on 
POD 1 for patients who underwent esophagectomy, includ-
ing 3.2% of 3-field lymphadenectomy, was similar to late 
oral feeding on POD 7 with regard to postoperative pul-
monary complications (22.1% vs. 28.6%, 95% confidence 
interval (CI): − 16.7–3.7%) and anastomotic leak (3.6% vs. 
4.3%, 95% CI: − 5.3–3.9%). In addition, they had a quicker 
recovery of bowel function and improved short-term qual-
ity of life [14]. Most patients in this study required cervical 
lymphadenectomy due to oncological background. Overall 
complications and anastomotic leakage between the two 
groups were similar to previous outcomes, which support 
postoperative early recovery [15, 16].

In the conventional protocol, we managed the patient on 
ventilation until POD 1 in the ICU to prevent aspiration, 
secure the airway, and control pain. However, ventilator 
management (VM) carries the risk of ventilator-associated 
pneumonia, lung injury, and sedation-related complications. 
Lanuti et al. advocate in their report that most patients who 
underwent esophagectomy were safely extubated immedi-
ately with appropriate fluid balance, limited blood loss, and 

adequate anesthetic and analgesic techniques [17]. Several 
reports have shown that immediate extubation (IE) after 
McKeown esophagectomy is feasible and safe. Toh et al. 
demonstrated that IE tended to reduce the incidence of pul-
monary complications compared with VM (12% vs. 24%, 
NS) [18]. Imai et al. reported that the rate of ambulation 
on POD 1 was significantly higher in the IE group than in 
the VM group (50 vs. 19%, p = 0.003) which resulted in a 
shorter ICU stay [3 (2.75–3) days vs. 3 (3–4) days, p = 0.01], 
without increasing postoperative complications [19]. Time 
to ambulation was shorter in the ER group than in the C 
group. Although morbidity did not differ between the 
groups, pulmonary complications were significantly lower 
in the ER group than in the C group. This is because early 
mobilization is an indispensable part of ERAS protocol. 
Prolonged bed rest in the postoperative period causes mus-
cle loss, atelectasis, pulmonary complications, and venous 
thromboembolism [20]. For the prevention of these prob-
lems, the ER group received adequate early physical reha-
bilitation after esophagectomy, preferably in the ICU. Based 
on these results, early extubation and active rehabilitation 

Fig. 3   Maintenance of nutritional biochemistry data for a Alb, b ChE, and c TTR before matching. Maintenance of nutritional biochemistry data 
for d Alb, e ChE, and f TTR before matching. Alb serum albumin, ChE cholinesterase, TTR​ serum transthyretin
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associated with an enhanced protocol should be recom-
mended for favorable postoperative respiratory management 
after MIMcE.

Traditionally, NG tube after esophagectomy was con-
sidered useful for reflux or decompression of anastomosis 
compared to other gastrointestinal surgery. In a systematic 
review and meta-analysis, there was no difference in anas-
tomotic leakage (risk ratio (RR):0.85, 95% CI: 0.46–1.54), 
postoperative pneumonia (RR:1.27, 95% CI: 0.70–2.29) and 
mortality (RR:0.71, 95% CI: 0.30–1.69) between immediate 
or early and late removal NG tube following esophagectomy 
[21]. Contrastingly, Zhang et al. reported NG tube placement 
does not decrease the risk of anastomotic leak and postop-
erative pneumonia in esophagectomy patients; the patients 
without NG tube had faster bowel function recovery and 
shorter hospital length of stay [22]. Our results were aligned 
with this hence we conclude that our ERAS protocol with 
the complete omission of NG tube is feasible.

Feeding jejunostomy or gastrostomy for feeding is gen-
erally performed during esophagectomy. The usefulness of 
early postoperative enteral feeding has been demonstrated 
in several reports. Early postoperative EN may be able to 
improve the immune system and suppress excessive inflam-
matory responses in patients who have undergone gastroin-
testinal surgery [23]. Aiko at el. have shown that EN follow-
ing esophagectomy was associated with fewer postoperative 
complications, shorter hospital stays, and a lower level of 
C-reactive protein (CRP) than total parental nutrition [24]. 
In this study, early postoperative EN was applied in both 
protocols.The trend of postoperative CRP in the two groups 
were not significantly different, thus, an addition of early 
oral intake to early postoperative EN may not affect the 
worsening of inflammation after MIMcE.

Implementation of the ERAS protocol after esophagec-
tomy was successful with respect to complications, postop-
erative hospital stay, and costs [8, 11–22, 25]. In addition, 
postoperative EN after thoracoscopic esophagectomy was 
more favorable than total parental nutrition for bodyweight 
loss (-2.94 ± 3.19% vs. 5.05 ± 3.65%, P = 0.020) [26]. In 
our study, we also focused on perioperative changes in a 
physical examination and biochemical nutritional index. 
Currently, there is evidence to support initiating enteral 
nutrition early and reaching full-calorie requirement target 
at 3–6 days following esophagectomy, whereas, there is 
no consensus on the flow rate of the nutrient with jeju-
nostomy after esophagectomy [27]. Desistance of post-
operative body weight and BMI were better in the ER 
group than in the C group. The flow rate of EN in C group 
seemed to exceed the intestinal tolerance to volume load-
ing, therefore, abdominal dysfunction-related EN were 
more frequently observed in C group. Consequently, these 
symptoms may be related to the difference in weight loss 
between the two groups. It is considered that early oral 

feeding for target calorie intake in the ER group reduced 
abdominal symptoms and may have affected the 1.4% dif-
ference in BW maintenance between both groups. Notably, 
body weight loss and subnutrition after esophagectomy 
are known prognostic factors for esophageal cancer. Fur-
thermore, one previous study demonstrated that severe 
transthyretin, which decreased after esophagectomy, was 
shown to be a risk factor for anastomotic leak after MIE 
[28]. Thus, an enhanced recovery protocol can also be ben-
eficial for the improvement of prognosis for patients with 
esophageal cancer [29]. On the other hand, the change in 
biochemical nutritional data was not significant in either 
group in this study. Li et al. reported that perioperative 
changes in albumin and transthyretin, as well as morbid-
ity, were not significantly different between the early oral 
intake and one-week tube feeding groups [30]. Given the 
above findings, biochemical nutritional markers may not 
change as compared to the change in body weight or BMI.

In general, ASA-PS 3 is associated with negative postop-
erative outcomes. There was no statistic dispersion in ASA-
PS before matching. Five patients with ASA-PS 3 had been 
excluded after propensity score matching; the confounding 
factor was adjusted for the patient background associated 
with postoperative outcomes. Therefore, a more appropriate 
comparison could be achieved after matching.

This study has several limitations. First, this was a 
single-center study with a small number of patients. A 
multicenter collaborative study with a large cohort might 
provide more definitive results. Second, nutrition manage-
ment after discharge were not been matched. Third, BW, 
BMI, and biochemistry data may be inadequate indicators 
of nutrition assessment.

In conclusion, this study shows that an enhanced recovery 
protocol can be applied safely to patients receiving MIMcE 
for esophageal carcinoma without worsening postoperative 
nutritional status as well as minimizing complications.
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