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Optimal discharge planning for
esophagectomy patients with
enhanced recovery after surgery:
Recommendations
Kunzhi Li , Kangning Wang , Xing Wei , Xuefeng Leng
and Qiang Fang*

Division of Thoracic Surgery, Sichuan Cancer Hospital & Institute, Sichuan Cancer Center, School of Medicine,
University of Electronic Science and Technology of China, Chengdu, China

Background: Studies have suggested that the postoperative length of stay (PLOS) of
esophagectomy patients under the enhanced recovery after surgery (ERAS) pathway
should be >10 days as against the previously recommended 7 days. We investigated
the distribution and influencing factors of PLOS in the ERAS pathway in order to
recommend an optimal planned discharge time.
Methods: This was a single-center retrospective study of 449 patients with thoracic
esophageal carcinoma who underwent esophagectomy and perioperative ERAS
between January 2013 and April 2021. We established a database to prospectively
document the causes of delayed discharge.
Results: The mean and median PLOS were 10.2 days and 8.0 days (range: 5–97),
respectively. Patients were divided into four groups: group A (PLOS≤ 7 days), 179
patients (39.9%); group B (8 ≤ PLOS≤ 10 days), 152 (33.9%); group C (11≤ PLOS≤ 14
days), 68 (15.1%); group D (PLOS > 14 days), 50 patients (11.1%). The main cause of
prolonged PLOS in group B was minor complications (prolonged chest drainage,
pulmonary infection, recurrent laryngeal nerve injury). Severely prolonged PLOS in
groups C and D were due to major complications and comorbidities. On
multivariable logistic regression analysis, open surgery, surgical duration >240 min,
age >64 years, surgical complication grade >2, and critical comorbidities were
identified as risk factors for delayed discharge.
Conclusions: The optimal planned discharge time for patients undergoing
esophagectomy with ERAS should be 7–10 days with a 4-day discharge observation
window. Patients at riskof delayeddischarge should bemanaged adopting PLOSprediction.
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Introduction

Esophageal cancer is the seventh most commonly diagnosed cancer in the world and the

sixth most common cause of cancer-associated mortality (1). More than 500,000 people die

of this disease each year (1, 2). Currently, surgery is the cornerstone of multidisciplinary

treatment for resectable esophageal cancer. The concept of enhanced recovery after surgery

(ERAS) was first introduced by Professor Henrik Kehlet in Denmark in 1997. Over the

subsequent years, the ERAS pathway has rapidly evolved and has been applied to all fields of

surgery. ERAS model has been shown to significantly reduce the length of hospital stay

without increasing complications (3–5). Most studies have demonstrated the safety, feasibility,

and effectiveness of ERAS in patients with esophageal cancer (6–8); however, there is no clear

consensus whether this approach can shorten the postoperative length of stay (PLOS). In the
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TABLE 1 Standardized ERAS protocol for perioperative.

Postoperative
day

Daily Goals and Scheduled ERAS Item (s)

Admission Comprehensive screening and assessment

Preoperative
preparation

Complete auxiliary examinations; adjust blood sugar,
blood pressure, nutritional status

Li et al. 10.3389/fsurg.2023.1112675
traditional perioperative pathway for esophageal cancer surgery,

discharge time is usually determined according to the patient’s

postoperative status, and there is no emphasis on establishing a

uniform, planned PLOS. In contrast, in the esophagectomy ERAS

pathway, the currently accepted PLOS ends on postoperative day 7

(9). However, most studies have reported a mean or median PLOS

of >10 days (6, 10, 11). As esophagectomy is a complex major

surgery with many complications, a proportion of patients do not

successfully complete the standard full perioperative protocol in

the ERAS model of esophagectomy, resulting in delayed discharge.

In the international esophageal cancer dataset (Esodata) study, in

which our institution is a participating center, the overall rate of

perioperative complications was as high as 60%, and only

approximately 40% of patients experienced no complications (12).

Esophagectomy ERAS does not significantly increase complications

compared to conventional surgery, but the distribution of PLOS is

not well characterized. Further research to develop a standardized

PLOS for these patients is a key imperative. In addition,

neoadjuvant therapy has gradually been introduced as a standard

treatment option in esophageal cancer surgery (13, 14); however,

its impact on the PLOS of ERAS is yet to be determined. In this

study, we investigated the distribution and influencing factors of

PLOS in patients undergoing ERAS esophagectomy from the

beginning of the implementation of ERAS pathway at our

institution in January 2013. Our findings may help establish a

reasonable target PLOS for this population.
−1 expectoration and breathing training; ERAS education;
thrombosis prevention;

Before anesthesia Oral 50 g glucose water 4 h before anesthesia

Operation Surgical approaches: Minimally invasive esophagectomy
(MIE) or open thoracotomy preserving the serratus
anterior

Surgical methods: pyloroplasty, stapler anastomosis

No drainage tube placed near the anastomosis

No gastric tube

No jejunal feeding tube

0 Relieving pain with intravenous analgesic pump;
rehydration; if there is no hoarseness, drink 100–200 ml of
warm water 6–8 h after surgery

1 5 min sport in bed

Oral intake of water or clear liquid, a total of 500 ml

Parenteral Nutrition; Fluid Control

Radiology tests, blood tests

2 Mobilization; remove urinary catheter; oral fluid or semi-
liquid 500–1,000 ml
Methods

Data collection

This was a single-center retrospective cohort study of 449 patients

with thoracic esophageal cancer who were treated at the Department

of Thoracic Surgery between January 01, 2013 and April 30, 2021. All

patients underwent surgery, and perioperative ERAS measurements

were performed by the same team. The study was conducted

according to the principles enshrined in the Declaration of Helsinki

and the study protocol was approved by the Ethics Committee (EC)

for Medical Research and New Medical Technology of Sichuan

Cancer Hospital (SCCHEC-02-2022-042). Written informed

consent of patients was waived by the EC. Data pertaining to

clinical status, tumor characteristics, neoadjuvant therapy, surgical

approach, surgical duration, intraoperative blood loss, anastomotic

approach, anesthesia, PLOS, and perioperative complications

(severity assessed using the Clavien-Dindo grading scale) were

recorded. Causes of delayed discharge were monitored prospectively.
3 Fluid control; chest tube removal assessment; oral semi-
fluid 500–1,000 ml

Radiology tests, blood tests

4–6 Eating soft food; appropriate amount of fluid replacement
or discontinuation of fluid replacement as appropriate

Chest tube removal assessment

7 Radiology tests, blood tests

Discharge assessment
Diagnosis, treatment, and the standards for
discharge from hospital

Clinical staging was based on preoperative contrast-enhanced

cervicothoracic and abdominal CT, endoscopic ultrasound,

fibreoptic bron choscopy, neck and abdominal ultrasound, and

bone scan, with additional contrast-enhanced head MRI, and PET-

CT scans to rule out distant metastases, if necessary. Tumor
Frontiers in Surgery 02
pathology was staged according to the 8th edition of the

International Union Against Cancer (UICC). Neoadjuvant

chemoradiotherapy, chemotherapy, or immunochemotherapy was

administered according to the National Comprehensive Cancer

Network guidelines, the Chinese Society of Clinical Oncology

guidelines, registered clinical trials, and the patients’ wishes.

Patients were treated with McKeown esophagectomy and three-

field lymph node dissection if the tumor was located in the

thoracic segment; the Ivor-Lewis or transhiatal surgical approach

was used for tumors located at the esophagogastric junction.

Clinical protocols of patients undergoing esophagectomy are shown

in Table 1. The criteria for removal of the thoracic drainage tube

were: no air leak, pleural drainage fluid <100 ml/day, and non-

cloudy pleural drainage fluid. Patients were discharged when they

qualified the following criteria: no need for intravenous

rehydration, transoral semi-liquid diet with soft food that can meet

physiological needs, normal body temperature, white blood cell

count and neutrophil count within the normal range, wound
frontiersin.org
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TABLE 2 Patient characteristics and preoperative data.
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healing grade A, ability to move freely when getting out of bed, no

other serious complications, and willingness to be discharged.

Variables N = 449 (%)

Age (mean, range) 63.1 (36–84)

Sex

Male 358 (79.7)

Female 91 (20.3)

Location

Upper chest 94 (20.9)

Middle chest 250 (55.7)

Lower chest 105 (23.4)

T

0 36 (8.0)

1 57 (12.7)

2 80 (17.8)

3 190(42.3)
Statistical analysis

Data analyses were performed using SPSS 24.0 software.

Normally distributed continuous variables were expressed as mean ±

standard deviation and between-group differences assessed using

independent samples t test. Non-normally distributed continuous

variables were expressed as median (range) and between-group

differences assessed using the Mann-Whitney U test. Categorical

variables were expressed as frequency (percentage) and between-

group differences assessed using the Chi-squared test or Fisher’s

exact probability method. All statistically significant perioperative

variables were included in a multifactorial analysis model using

binary logistic stepwise regression analysis. Variables that were not

statistically different were phased out until the model was

explained by the lowest number of variables. P values < 0.05 were

considered indicative of statistical significance.
4 86 (19.2)

N

0 234 (52.1)

1 117 (26.1)

2 62 (13.8)

3 36 (8.0)

Surgical modalities

McKeown 276 (61.4)

Ivor-Lewis 166 (37.0)

Transhiatal 7 (1.6)

Anastomosis

End-to-side anastomosis 255 (56.8)

Side-to-side anastomosis 194 (43.2)
Results

Descriptive characteristics

A total of 449 patients (358 men, 91 women; mean age: 63.1 ±

8.7 years) who were selected for the perioperative ERAS pathway

were included in this study. The baseline characteristics are

summarized in Table 2. Neoadjuvant therapy was used in 99

(22.0%) patients, and 82.8% of these patients had received

neoadjuvant therapy within the past 4 years. Neoadjuvant

chemoradiotherapy was administered to 75 patients, whereas

5 patients received neoadjuvant immunochemotherapy, 18

patients received neoadjuvant chemotherapy, and 1 patient received

neoadjuvant radiotherapy. Esophagectomy was performed 4–8 weeks

after neoadjuvant therapy.
Neoadjuvant therapy

No 350 (78.0)

Yes 99 (22.0)
Distribution of PLOS

The distribution of the PLOS in our cohort is shown in Figure 1.

The mean and median PLOS were 10.2 and 8.0 (range 5–97) days,

respectively. Patients were divided into four groups according to

their PLOS: group A (PLOS≤ 7 days, n = 179, 39.9%); group B

(8≤ PLOS≤ 10 days, n = 152, 33.9%); group C (11≤ PLOS≤ 14

days, n = 68, 15.1%); and group D (PLOS > 14 days, n = 50, 11.1%).

The PLOS data had a skewed distribution. The PLOS of 73.8%

patients was within the range of 3 days from the standard PLOS

plan (5≤ PLOS≤ 10 days, groups A and B).
Reasons for delayed discharge

The most important reason for delayed discharge was

postoperative complications (Table 3). Patients in group B had

mild complications, the most common of which were prolonged
Frontiers in Surgery 03
chest drainage time, pulmonary infection, recurrent laryngeal nerve

injury, pulmonary air leak, and electrolyte abnormalities. Patients

in group C had moderate complications, the most common of

which were prolonged chest drainage, recurrent laryngeal nerve

injury, poor incision healing, pulmonary infection, and

gastrointestinal disorders. Pulmonary impairment was the most

significant comorbidity leading to delayed discharge. More serious

complications occurred in group D, most notably anastomotic

fistulas and pulmonary infection. Prolonged chest drainage and

pulmonary air leakage were important causes of complications,

which may be closely related to the poor lung function experienced

by those with preoperative comorbidity, leading to significant

pulmonary and liver function impairment.
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FIGURE 1

Postoperative hospital length of stay, patient distribution. PLOS, postoperative length of stay; Patients (No.), the number of patients;.

TABLE 3 Reasons for delayed discharge.

Group B (8–10) Group C (10–14) Group D (>14) Total (%) n = 270

Complications 140(92.18%) 57 (83.8%) 46 (92.0%) 243 (90.0%)

Anastomotic leakage 3 (2.0%) 1 (1.5%) 20 (40.0%)

Pulmonary infection 35 (23.0%) 6 (8.8%) 11 (22.0%)

Recurrent laryngeal nerve injury 12 (7.9%) 11 (16.2%) 3 (6.0%)

Prolonged chest drainage 75 (49.3%) 20 (29.4%) 6 (12.0%)

Pneumothorax 9 (5.9%) 3 (4.4%) 5 (10.0%)

Poor wound healing 6 (3.9%) 8 (11.8%) 2 (4.0%)

Chylothorax 4 (2.6%) 3 (4.4%) 2 (4.0%)

Gastrointestinal disorders 9 (5.9%) 9 (13.2%) 2 (4.0%)

Arrhythmia 6 (3.9%) 2 (2.9%) 0 (0%)

Electrolyte disorders 7 (4.6%) 3 (4.4%) 0 (0%)

Bleeding 2 (1.3%) 2 (2.9%) 0 (0%)

Comorbidities 15 (9.9) 11 (16.2) 7 (14.0) 33 (12.2%)

Lung function loss 4 (2.6%) 11 (16.2%) 3 (6.0%)

Kidney function loss 3 (2.0%) 0 (0%) 0 (0%)

Liver function loss 8 (5.3%) 0 (0%) 4 (8.0%)

Special surgical modality 1 (0.7%) 2 (2.9%) 1 (2.0%) 4 (1.5%)

Li et al. 10.3389/fsurg.2023.1112675
Readmission

Six patients were readmitted within one month of discharge

(readmission rate: 1.3%). Two patients were in group A, three in

group B, and one in group C. All six patients were readmitted

because of complications [anastomotic leakage (four patients),

aspiration pneumonia (two patients), and recurrent laryngeal nerve

injury (one patient)]. Clinical manifestations and blood indices of
Frontiers in Surgery 04
these patients were within the normal range, and all readmitted

patients were eventually discharged (Table 4).
Factors influencing PLOS

In this study, there were no significant differences between

patients with PLOS ≤10 days and those with PLOS >10 days with
frontiersin.org
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TABLE 4 General clinical data of patients readmitted within 1 month after discharge.

1 2 3 4 5 6

WBC (109/L) 5.30 6.68 5.73 4.37 4.56 7.55

CRP (mg/L) 33.21 36.90 30.83 10.86 57.19 31.03

Temperature (°C) 36.0 36.3 36.6 37.3 37.0 36.8

Pulse rate (/min) 79 70 91 100 89 81

PLOS (d) 7 7 8 8 9 12

Reason Anastomotic
leakage

Anastomotic
leakage

Aspiration
pneumonia

Anastomotic
leakage

Anastomotic
leakage

Aspiration
pneumonia

Readmission time (d) 11 9 15 9 13 18

Length of hospital stay again (d) 11 11 5 14 28 6

WBC, white blood cell; CRP, C reactive protein; PLOS, postoperative length of stay; Reason, reason for readmission.

The readmission time is patient readmission time after operation. The length of hospital stay again is length of hospital stay for patients readmitted.

Li et al. 10.3389/fsurg.2023.1112675
respect to sex, tumor location, T stage, N stage, surgical approach, or

neoadjuvant therapy. However, there were significant differences

between the two groups with respect to age (P < 0.001), access

modality (P = 0.04), American Society of Anesthesiologists (ASA)

score (P = 0.01), intraoperative bleeding (P = 0.01), surgical

duration (P = 0.04), classification of surgery-related complications

(P < 0.001), and severe comorbidities (P < 0.001) (Table 5). There

was no significant difference with respect to the PLOS between the

neoadjuvant group (8 days, range, 5–97 days) and the non-

neoadjuvant group (8 days, range 5–51 days, P = 0.88). PLOS score,

operative time, intraoperative bleeding, and age were transformed

into categorical variables.

Variables that showed significant differences in the

univariable analysis were included in the multivariable binary

logistic regression models. Multivariable binary logistic

regression was performed after excluding patients with

intraoperative blood loss of >150 ml (P = 0.515, OR = 1.180, 95%

CI: 0.717–1.942) and ASA score >2 (P = 0.244, OR = 1.717, 95%

CI: 0.692–4.261). The Hosmer-Lemeshow test revealed that the

model explained 23.9% (Nagelkerke R2) of delayed discharges

and correctly predicted 78.2% of discharges, with a sensitivity

of 95.5%, specificity of 29.7%, positive predictive value of

79.2%, and a negative predictive value of 70.0%. The results of

the multivariable binary logistic regression model are shown in

Table 6; surgical duration >240 min [odds ratio (OR) = 1.903,

95% confidence interval (CI): 1.184–3.057], age >64 years (OR

= 2.218, 95% CI: 1.376–3.575), surgery-related complication

grade >2 (OR = 44.378, 95% CI: 9.719–202.632), and severe

comorbidities (OR = 4.183, 95% CI: 2.199–7.985) were identified

as significant factors affecting the PLOS.
Discussion

The goal of the ERAS pathway is to enable patients to recover

and approach a healthy physiological state as soon as possible after

esophagectomy (15). Several studies have demonstrated the safety

and efficacy of ERAS in esophagectomy (4, 8). Compared to the

conventional esophagectomy protocol, the main intraoperative
Frontiers in Surgery 05
measures in the ERAS protocol include minimally-invasive surgery,

pyloroplasty, no placement of drains near the anastomosis, no

nasogastric tube, and no feeding tube. The main postoperative

measures include early initiation of oral diet with parenteral

nutrition, early postoperative removal of the nasogastric tube, and

restriction of perioperative fluids (9). In the international

multicentre Esodata study, the overall rate of surgery-related

complications was approximately 60%, regardless of the surgical

approach (minimally-invasive, hybrid, or open surgery). The

incidence of Clavien-Dindo grade ≥ III b ranged from 15.7%–

19.2%, with a mean length of stay of more than 10 days. Severe

surgical complications affect the PLOS (16). Under the traditional

clinical pathway, perioperative complications and mortality are core

evaluation indicators, whereas PLOS is not (4, 17). In contrast,

PLOS is the main indicator for evaluating the success of

the standard ERAS pathway. Currently, in the ERAS pathway, the

planned discharge time is set to 7 days after surgery. However, the

timing and content of a standardized pathway based on this

concept have not been well described. There are no specific reports

on the number of patients who can successfully complete this

pathway. The current lack of evidence prevents surgeons and

patients from accurately developing individualized preoperative

ERAS protocols and postoperative recovery goals. In this study, the

mean and median PLOS were 10.2 days and 8.0 days, respectively.

Only 39.9% of the patients were discharged within 7 days, and the

majority of patients were unable to meet the planned discharge

time according to the standard pathway. Approximately 40% of

patients reached the planned standard PLOS without any

complications, which is consistent with the results of the

International Esodata Study. If the planned PLOS were extended

by 3 days, 73.8% of patients would have successfully achieved the

target PLOS with the ERAS protocol. The current target PLOS

should be further optimized to improve its applicability. In our

study, 15.1% and 11.1% of the patients were discharged after 11–14

days and 14 days, respectively. We identified the risk factors for

increased PLOS, which may help determine the patient suitability

for treatment with the standard ERAS protocol. Our results may

help inform strategies for development of individualized ERAS

clinical protocols for patients.
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TABLE 5 Univariable analysis of delayed discharge.

Variables Total (n %) 449 PLOS χ2 P

≤10 (331) >10 (118)

Age (median) 64 (56–69) 63 (56–68) 67 (61–72) <0.001a

Sex 1.091 0.35b

Male 358 (79.7) 260 (78.5) 98 (83.1)

Female 91 (20.3) 71 (21.5) 20 (16.9)

Location 0.134 0.95b

Upper chest 94 (20.9) 70 (21.1) 24 (20.3)

Middle chest 250 (55.7) 185 (55.9) 65 (55.1)

Lower chest 105 (23.4) 76 (23.0) 29 (24.6)

T 1.436 0.28b

T ≤ 3 363 (80.8) 272 (82.2) 91 (77.1)

T > 3 86 (19.2) 59 (17.8) 27 (22.9)

N 0.033 1.00b

N≤ 2 413 (92.0) 304 (91.8) 109 (92.4)

N > 2 36 (8.0) 27 (8.2) 9 (7.6)

Access modality 4.653 0.04b

MIE 378 (84.2) 286 (86.4) 92 (78.0)

Open 71 (15.8) 45 (13.6) 26 (22.0)

Surgical approaches 0.464 0.51b

McKeown esophagectomy 276 (61.5) 206 (62.2) 70 (59.3)

Ivor-Lewis esophagectomy 166 (37.0) 119 (36.0) 47 (39.8)

Transhiatal esophagectomy 7 (1.5) 6 (1.8) 1 (0.9)

Neoadjuvant therapy 0.069 0.80b

NO 350 (78.0) 257 (77.6) 93 (78.8)

YES 99 (22.0) 74 (22.4) 25 (21.2)

ASA 7.091 0.01b

≤2 422 (94.0) 317 (95.8) 105 (89.0)

>2 27 (6.0) 14 (4.2) 13 (11.0)

Intraoperative blood loss 150 (100–200) 150 (100–200) 200 (100–300) 0.01a

Surgical duration 240 (213.5–270) 240 (210–270) 250 (215–300) 0.04a

Surgical Complications 43.868 <0.001b

≤2 429 (95.5) 329 (99.4) 100 (84.7)

>2 20 (4.5) 2 (0.6) 18 (15.3)

Comorbidities 21.572 <0.001b

NO 401 (89.3) 309 (93.4) 92 (78.0)

YES 48 (10.7) 22 (6.6) 26 (22.0)

Due to the small number of cases of transhiatal esophagectomy in the surgical procedure, this group was excluded from univariable analysis.
aMann-Whitney U test.
bχ2 test or Fisher’s exact probability.

The severity of the complications are evaluated using the Clavien-Dindo grading scale.

Li et al. 10.3389/fsurg.2023.1112675
The readmission rate in our cohort was 1.3%, which is lower than

that cited in the International Esodata Study statistical index (19.4%)

(12). Five of the six patients readmitted after discharge belonged to

groups A (2 patients) and B (3 patients), and these patients were
Frontiers in Surgery 06
readmitted because of anastomotic leak or aspiration pneumonia.

Even when patients are discharged after successfully completing

the standard ERAS pathway, there may be potential for

undetectable anastomotic leaks. Four patients had a clinically
frontiersin.org
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TABLE 6 Multivariable analysis of delayed discharge.

Variables B S.E. P. OR 95%CI (OR)

Lower Upper

Open 0.542 0.306 0.077 1.719 0.943 3.135

Surgical duration >240 min 0.643 0.242 0.008 1.903 1.184 3.057

Age > 64 0.797 0.244 0.001 2.218 1.376 3.575

Surgical Complication
grade >2

3.793 0.775 <0.001 44.378 9.719 202.632

Comorbidities 1.431 0.328 <0.001 4.183 2.199 7.985

Constant −2.208 0.246 <0.001 0.110

B indicates beta coefficient; CI, confidence interval; OR, odds ratio; S.E., standard

error.

Li et al. 10.3389/fsurg.2023.1112675
significant anastomotic leak within 4 days of the planned PLOS

discharge. However, the diagnosis of an anastomotic leak is time-

related and is determined by leak characteristics. Therefore,

patients at risk for anastomotic leak in any aspect of the

perioperative period should be strictly evaluated for discharge

criteria, with a possible extended discharge observation window, or

additional testing to identify subtle clues of leakage. Optimal

planning of the PLOS in the ERAS pathway for esophagectomy

should be set within a window of approximately 4 days to provide

a sufficient observation period for patients at potential risk. This

would help maximize the timely detection of leak.

The database on which this study is based was primarily developed

to address causes of impact-planned discharges. The database actively

records impact events and causes. This is critical for an accurate

analysis of the reasons for delayed discharge. Continuous analysis of

these reasons can improve the quality of the ERAS protocol and

provide a basis for developing the optimal PLOS plan for each patient.

In this study, 33.9% of patients were discharged within 8–10 days;

whether this group of patients could achieve the standard PLOS

pathway (PLOS≤ 7 days) warrants further analysis. In group B, the

reasons for delayed discharge included prolonged chest drainage,

pulmonary infection, and minor complications, such as recurrent

laryngeal nerve injury, electrolyte disturbance, or pneumothorax.

Esophagectomy and lymph node dissection result in large intrathoracic

wounds that impede lymphatic return and produce more exudate

(18, 19). Postoperative tissue repair and inflammation also increase

capillary permeability inducing more drainage (20). Many factors

contribute to the prolonged duration of chest drainage after

esophagectomy. These factors vary among individual patients and are

typically uncontrollable in advance despite being the main causes of

prolonged chest drainage time. Pulmonary infection in post-

esophagectomy patients is closely associated with advanced age,

smoking history, underlying lung disease, and duration of surgery (21).

The high incidence of pulmonary infection and individual differences

make it difficult for patients in group B to fully meet the planned

PLOS discharge criteria, even if they have successfully undergone the

surgery and ERAS protocol. Patients tend to recover better if a

discharge observation window is appropriately provided. This meets

the requirements of ERAS and should be included in the PLOS plan.

In group C, more than 10% of patients had delayed discharge due to

severely prolonged drainage, poor pulmonary function, recurrent
Frontiers in Surgery 07
laryngeal nerve injury, gastrointestinal disturbances, or poor wound

healing. More than 5% had delayed discharge due to pulmonary

infection. Patients in groups B and C had similar complications;

however, complications in group C were more severe, and the patient’s

underlying condition tended to be worse. In patients with risk factors

undergoing esophagectomy, it is particularly important to selectively

dissect the lymph nodes surrounding the recurrent laryngeal nerve in

order to avoid damage to it (22). This is a key surgical technique to

avoid thermal and traction injury to the recurrent laryngeal nerve. The

main reasons for delayed discharge in group D were severe

anastomotic leak, pulmonary infection, prolonged chest drainage,

impaired liver function, and prolonged postoperative air leak due to

pleural adhesions and pulmonary bullae. For these patients, it is

difficult to shorten the PLOS using ERAS. These patients should not

be included in the standard ERAS protocol; however, their PLOS can

be shortened using improved techniques and methodology.

We compared various factors in the perioperative period of the

two subgroups (PLOS≤10 days and PLOS >10 days), and factors

with significant differences in univariable analysis were included in

a multivariable logistic regression model. We found that a surgical

duration >240 min, age >64 years, surgical complication grade >2,

and severe comorbidities were risk factors for increased PLOS. This

result is consistent with previous studies (5, 22–25). Inclusion of

these risk factors in the regression model would enable better

prediction of delayed patient discharges and facilitate the

development of personalized ERAS protocols by physicians and

their patients. Patients with a high positive predictive value should

be more carefully evaluated, and observed for longer periods of

time, for each important ERAS measure to improve quality control

rather than simply including them in the standard ERAS protocol.

Some limitations of our study should be considered while

interpreting the results. This was a retrospective single-center

study, and the conclusion was based on the single-center ERAS

mode. Larger multicentre studies are required to investigate the

applicability of our findings to other ERAS pathways.
Conclusions

The optimal planned discharge time for the ERAS pathway for

esophagectomy should be between 7 and 10 days postoperatively,

with a 4-day discharge observation window. For patients with risk

factors for delayed discharge, prediction methods should be

implemented to determine the planned PLOS. Individualized

perioperative management protocols should also be provided.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approved by Medical Research and New Medical Technology of
frontiersin.org

https://doi.org/10.3389/fsurg.2023.1112675
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Li et al. 10.3389/fsurg.2023.1112675
Sichuan Cancer Hospital. Written informed consent for participation

was not required for this study in accordance with the national

legislation and the institutional requirements.
Author contributions

KL: Conceptualization; Formal analysis; Methodology;

Visualization; Investigation; Writing—original draft; Writing—

review & editing; KW: Data curation; Writing—review & editing;

XW: Conceptualization; Methodology; Writing—review & editing;

XL; Data curation; Writing—review & editing; Funding acquisition;

QF: Conceptualization; Formal analysis; Funding acquisition;

Methodology; Project administration; Supervision; Visualization;

Writing—original draft; Writing—review & editing. All authors

contributed to the article and approved the submitted version.
Funding

This research was supported by Sichuan Province Science and

Technology Support Program (No. 2021YJ0118 andNo. 2020YFH0169).
Frontiers in Surgery 08
Acknowledgments

The authors are grateful to all medical and nursing staff, enrolled
patients and their families, and hospital committee members.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors and

do not necessarily represent those of their affiliated organizations, or

those of the publisher, the editors and the reviewers. Any product that

may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: gLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

2. Zhang S, Sun K, Zheng R, Zeng H, Wang S, Chen R, et al. Cancer incidence and
mortality in China, 2015. J Natl Cancer Center. (2021) 1:2–11. doi: 10.1016/j.jncc.2020.12.001

3. Adamina M, Kehlet H, Tomlinson GA, Senagore AJ, Delaney CP. Enhanced
recovery pathways optimize health outcomes and resource utilization: a meta-analysis
of randomized controlled trials in colorectal surgery. Surgery. (2011) 149:830–40.
doi: 10.1016/j.surg.2010.11.003

4. Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after surgery: a review. JAMA
Surg. (2017) 152:292–8. doi: 10.1001/jamasurg.2016.4952

5. Cerfolio RJ, Bryant AS, Bass CS, Alexander JR, Bartolucci AA. Fast tracking after Ivor
Lewis esophagogastrectomy. Chest. (2004) 126:1187–94. doi: 10.1378/chest.126.4.1187

6. Low DE, Kunz S, Schembre D, Otero H, Malpass T, Hsi A, et al. Esophagectomy–it’s
Not just about mortality anymore: standardized perioperative clinical pathways improve
outcomes in patients with esophageal cancer. J Gastrointest Surg. (2007) 11:1395–402.
doi: 10.1007/s11605-007-0265-1

7. Chen L, Sun L, Lang Y, Wu J, Yao L, Ning J, et al. Fast-track surgery improves
postoperative clinical recovery and cellular and humoral immunity after esophagectomy
for esophageal cancer. BMC Cancer. (2016) 16:449. doi: 10.1186/s12885-016-2506-8

8. Jiang K, Cheng L, Wang JJ, Li JS, Nie J. Fast track clinical pathway implications in
esophagogastrectomy. World J Gastroenterol. (2009) 15:496–501. doi: 10.3748/wjg.15.496

9. Parise P, Ferrari C, Cossu A, Puccetti F, Elmore U, De Pascale S, et al. Enhanced
recovery after surgery (ERAS) pathway in esophagectomy: is a reasonable prediction of
hospital stay possible? Ann Surg. (2019) 270:77–83. doi: 10.1097/SLA.0000000000002775

10. Blom RL, van Heijl M, Bemelman WA, Hollmann MW, Klinkenbijl JH, Busch OR,
et al. Initial experiences of an enhanced recovery protocol in esophageal surgery. World
J Surg. (2013) 37:2372–8. doi: 10.1007/s00268-013-2135-1

11. Ford SJ, Adams D, Dudnikov S, Peyser P, Rahamim J, Wheatley TJ, et al. The
implementation and effectiveness of an enhanced recovery programme after
oesophago-gastrectomy: a prospective cohort study. Int J Surg. (2014) 12:320–4.
doi: 10.1016/j.ijsu.2014.01.015

12. Kuppusamy MK, Low DE, International Esodata Study Group (IESG). Evaluation
of international contemporary operative outcomes and management trends associated
with esophagectomy: a 4-year study of >6000 patients using ECCG definitions and the
online esodata database. Ann Surg. (2022) 275:515–25. doi: 10.1097/SLA.
0000000000004309

13. Burt BM, Groth SS, Sada YH, Farjah F, Cornwell L, Sugarbaker DJ, et al. Utility of
adjuvant chemotherapy after neoadjuvant chemoradiation and esophagectomy for
esophageal cancer. Ann Surg. (2017) 266:297–304. doi: 10.1097/SLA.0000000000001954
14. Shah MA, Kennedy EB, Catenacci DV, Deighton DC, Goodman KA, Malhotra NK,
et al. Treatment of locally advanced esophageal carcinoma: ASCO guideline. J Clin Oncol.
(2020) 38:2677–94. doi: 10.1200/JCO.20.00866

15. Ren L, Zhu D, Wei Y, Pan X, Liang L, Xu J, et al. Enhanced recovery after surgery
(ERAS) program attenuates stress and accelerates recovery in patients after radical
resection for colorectal cancer: a prospective randomized controlled trial. World
J Surg. (2012) 36:407–14. doi: 10.1007/s00268-011-1348-4

16. Van der Wilk BJ, Hagens ERC, Eyck BM, Gisbertz SS, van Hillegersberg R, Nafteux
P, et al. Outcomes after totally minimally invasive versus hybrid and open Ivor Lewis
oesophagectomy: results from the international esodata study group. Br J Surg. (2022)
109:283–90. doi: 10.1093/bjs/znab432

17. NiX, JiaD,ChenY,WangL, Suo J. Is the enhanced recoveryafter surgery (ERAS)program
effective and safe in laparoscopic colorectal cancer surgery? A meta-analysis of randomized
controlled trials. J Gastrointest Surg. (2019) 23:1502–12. doi: 10.1007/s11605-019-04170-8

18. Yoshihara M, Shimono R, Tsuru S, Kitamura K, Sakuda H, Oguchi H, et al. Risk
factors for late-onset lower limb lymphedema after gynecological cancer treatment: a
multi-institutional retrospective study. Eur J Surg Oncol. (2020) 46:1334–8. doi: 10.
1016/j.ejso.2020.01.033

19. Younes RN, Gross JL, Aguiar S, Haddad FJ, Deheinzelin D. When to remove a
chest tube? A randomized study with subsequent prospective consecutive validation.
J Am Coll Surg. (2002) 195:658–62. doi: 10.1016/S1072-7515(02)01332-7

20. Nakanishi R, Fujino Y, Yamashita T, Oka S. A prospective study of the association
between drainage volume within 24 h after thoracoscopic lobectomy and postoperative
morbidity. J Thorac Cardiovasc Surg. (2009) 137:1394–9. doi: 10.1016/j.jtcvs.2008.10.035

21. Shimakawa T, Asaka S, Miyazawa M, Yamaguchi K, Murayama M, Yokomizo H,
et al. Esophageal cancer surgery in elderly patients aged 80 years or older. Gan to Kagaku
Ryoho. (2018) 45:2123–5. doi: 10.4993/acrt.18.50

22. Li B, Zhang Y, Miao L, Ma L, Luo X, Zhang Y, et al. Esophagectomy with three-
field versus two-field lymphadenectomy for middle and lower thoracic esophageal
cancer: long-term outcomes of a randomized clinical trial. J Thorac Oncol. (2021)
16:310–7. doi: 10.1016/j.jtho.2020.10.157

23. Yoshida N, Yamamoto H, Baba H, Miyata H, Watanabe M, Toh Y, et al. Can
minimally invasive esophagectomy replace open esophagectomy for esophageal
cancer? Latest analysis of 24,233 esophagectomies from the Japanese national clinical
database. Ann Surg. (2020) 272:118–24. doi: 10.1097/SLA.0000000000003222

24. Li J, Wang B, Liang T, Guo NN, Zhao M. Pre-embedded cervical circular stapled
anastomosis in esophagectomy.ThoracCancer. (2020) 11:723–7. doi: 10.1111/1759-7714.13324

25. Schmidt HM, El Lakis MA, Markar SR, Hubka M, Low DE. Accelerated recovery
within standardized recovery pathways after esophagectomy: a prospective cohort study
assessing the effects of early discharge on outcomes, readmissions, patient satisfaction,
and costs. Ann Thorac Surg. (2016) 102:931–9. doi: 10.1016/j.athoracsur.2016.04.005
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jncc.2020.12.001
https://doi.org/10.1016/j.surg.2010.11.003
https://doi.org/10.1001/jamasurg.2016.4952
https://doi.org/10.1378/chest.126.4.1187
https://doi.org/10.1007/s11605-007-0265-1
https://doi.org/10.1186/s12885-016-2506-8
https://doi.org/10.3748/wjg.15.496
https://doi.org/10.1097/SLA.0000000000002775
https://doi.org/10.1007/s00268-013-2135-1
https://doi.org/10.1016/j.ijsu.2014.01.015
https://doi.org/10.1097/SLA.0000000000004309
https://doi.org/10.1097/SLA.0000000000004309
https://doi.org/10.1097/SLA.0000000000001954
https://doi.org/10.1200/JCO.20.00866
https://doi.org/10.1007/s00268-011-1348-4
https://doi.org/10.1093/bjs/znab432
https://doi.org/10.1007/s11605-019-04170-8
https://doi.org/10.1016/j.ejso.2020.01.033
https://doi.org/10.1016/j.ejso.2020.01.033
https://doi.org/10.1016/S1072-7515(02)01332-7
https://doi.org/10.1016/j.jtcvs.2008.10.035
https://doi.org/10.4993/acrt.18.50
https://doi.org/10.1016/j.jtho.2020.10.157
https://doi.org/10.1097/SLA.0000000000003222
https://doi.org/10.1111/1759-7714.13324
https://doi.org/10.1016/j.athoracsur.2016.04.005
https://doi.org/10.3389/fsurg.2023.1112675
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Optimal discharge planning for esophagectomy patients with enhanced recovery after surgery: Recommendations
	Introduction
	Methods
	Data collection
	Diagnosis, treatment, and the standards for discharge from hospital
	Statistical analysis

	Results
	Descriptive characteristics
	Distribution of PLOS
	Reasons for delayed discharge
	Readmission
	Factors influencing PLOS

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


