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Abstract 

Purpose 

To evaluate the safety of early chest tube removal after thoracic esophagectomy with 

three-field dissection. 

Methods 

This prospective cohort study evaluated patients who underwent thoracic 

esophagectomy with three-field dissection during 2013–2015. Patients were assigned 

into two groups according to whether they underwent early or late chest tube removal. 

Propensity score matching in a 1:1 ratio was applied. The two groups were compared 

regarding incidences of postoperative pulmonary complications and thoracocentesis.  

Results 

After propensity score matching, 89 patients in each group were analyzed. There 

was no significant difference between groups in the incidences of pulmonary 

complications, or thoracocentesis. Significantly more patients achieved first 

mobilization within 15 hours postoperatively in the early removal group (89.8%) 

compared with the late removal group (52%, p<0.01). Multivariate analysis revealed 

that early chest tube removal was not a risk factor for pulmonary complications or 

thoracocentesis. Independent risk factors for pulmonary complications were previous 
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history of pulmonary disease (odds ratio: 0.81 [0.63–0.98]; p=0.02) and neoadjuvant 

chemotherapy (odds ratio: 0.67 [0.32–0.96]; p=0.04). 

Conclusion 

Early chest tube removal is feasible and safe compared with late chest tube removal 

after thoracic esophagectomy with three-field dissection. 
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Introduction 

Chest tube drainage after thoracic esophagectomy with three-field dissection for 

esophageal cancer is performed to prevent and detect postoperative pulmonary 

complications, such as postoperative bleeding and pneumothorax. However, the optimal 

duration of chest tube drainage is still controversial [1]. The widely accepted practice 

has been to remove the chest tube when the daily drainage volume becomes less than 

100–200 ml, with no air leakage [2,3]. Another report suggests that the chest tube 

should routinely be left in place until there is no evidence of chylothorax or anastomotic 

leakage detected by postoperative contrast study [3]. In thoracic esophagectomy with 

three-field dissection, the chest tube usually remains inserted for more than 4 days to 

reduce the drainage volume to the accepted amount or to ensure the absence of 

chylothorax and anastomotic leakage [3,4]. 

The enhanced recovery after surgery (ERAS) program recommends that chest tubes 

should be removed as soon as possible. The efficacy of the ERAS program for 

perioperative management of esophagectomy has been widely described [1,2]; however, 

there is little evidence of the effects of early chest tube removal in transthoracic 

esophagectomy with three-field dissection. Although some reports have investigated the 

safety and feasibility of early chest tube removal, the duration of chest tube drainage in 
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these reports was still 2–3 days [5,6]. 

In clinical practice, the optimal timing and criteria for chest tube removal varies 

among institutions and physicians, but most physicians use the total drainage volume 

per day as one of the criteria. Herein, we performed early chest tube removal on 

postoperative day 1 (POD1) using early removal criteria, regardless of the daily amount 

of drainage volume being produced. The aim of the present study was to investigate the 

safety and feasibility of early chest tube removal on POD1 in thoracic esophagectomy 

with three-field dissection by analyzing the incidence of postoperative pulmonary 

complications and thoracocentesis. 

 

 

Methods 

Study design and population 

This was a prospective cohort study. Comprehensive informed consent regarding the 

present study were obtained at the first visit of our Division. Data were collected from 

patients who underwent thoracic esophagectomy with three-field dissection in the 

Division of Esophageal Surgery of the National Cancer Center Hospital East from 

December 2013 to December 2015. We excluded patients who underwent transhiatal 
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esophagectomy or salvage esophagectomy, and thus included a total of 220 patients. 

This study was approved by the Institutional Review Board of the National Cancer 

Center Hospital East (approval number # 2015-183). 

 

Chest tube management 

We classified the patients into two groups based on chest tube management. In the 

first half of the study period (2013 to August 2014), chest tubes were removed when the 

drainage volume was less than 200 ml/day; the patients treated via this protocol were 

classified as the late removal group. In the second half of the study period (September 

2014 to December 2015), chest tubes were removed based on the following criteria, 

regardless of the daily total drainage volume: 1) non-turbid drainage volume not 

exceeding 300 ml for the last 6 hours, 2) no air leakage. If either of these criteria were 

not fulfilled, the chest tube was not removed until conditions were deemed appropriate. 

The patients treated via this second protocol were classified as the early removal group. 

 

Study outcomes 

The primary outcome was to evaluate the safety and feasibility of early chest tube 

removal on POD1 by comparing the incidences of pulmonary complications and 
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thoracocentesis between the early and late removal groups. The secondary outcome was 

to compare the early and late removal groups regarding the duration of chest drainage, 

early removal rate, total drainage volume, and achievement of first mobilization within 

15 hours postoperatively. Pulmonary complications were defined as conditions such as 

pneumonia, pyothorax, pneumothorax, and chylothorax (Clavien-Dindo Class II). The 

indication for thoracocentesis was dyspnea and peripheral oxygen desaturation due to 

effusion and atelectasis. 

 

Operative management 

Esophagectomy with three-field lymph node dissection was performed via either 

open thoracotomy or thoracoscopy, followed by the placement of a chest tube for 

drainage in both thoracic cavities. The area of lymph node dissection was the same 

regardless of the thoracic approach. Routinely, the left middle and lower mediastinal 

pleurae were partially resected to enable optimal dissection of the lymph nodes located 

around the descending aorta and left pulmonary ligament. At the end of the thoracic 

procedure, a 20 Fr double-lumen chest tube (Argyle™ Trocar Catheter, Nippon 

Covidien Ltd. Tokyo, Japan) was placed dorsally and apically in both thoracic cavities. 

All cases were reconstructed by the stomach via the posterior mediastinal route or 
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retrosternal route, with cervical anastomosis. 

 

Postoperative management 

After surgery, the endotracheal tube was removed in the operating room. All patients 

with stable vital signs attempted first mobilization in the morning on POD1. However, 

first mobilization was postponed in patients without stable vital signs during activity. 

From POD1, the patients received 24-hour continuous enteral feeding of a polymeric 

formula at an initial speed of 20 ml/h from the jejunum via a nasogastric tube. The 

feeding speed was increased by 20 ml/h every 24 hours, reaching 80 ml/h on POD4. 

After the enteral feeding had started, the chest tube was removed on POD1 if the criteria 

were fulfilled. Enteral feeding was continued at a speed of 80 ml/h until oral intake was 

started on POD7. 

On POD7, all patients underwent a contrast study to identify any anastomotic 

leakage. If there was no leakage, liquid oral intake was started immediately. Starting on 

POD8, the oral diet progressed daily from semisolid to solid. When the oral intake was 

insufficient to provide the daily caloric requirement, peripheral parental nutrition was 

added. Patients who were able to take in enough nutrition orally were discharged after 

POD10. 
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Statistical analysis 

Statistical analyses were performed with R (The R Foundation for Statistical 

Computing, Vienna, Austria). For unmatched comparisons, categorical variables were 

analyzed using the Fisher exact test, whereas continuous variables were analyzed using 

a two-sided t-test or a Mann-Whitney U test. All differences with a p value of < 0.05 

were considered statistically significant. The association between the late and early 

removal groups was analyzed using propensity score matching. Propensity scores to 

determine the matched pairs between the two groups were created using four variables 

that could potentially influence the occurrence of pulmonary complications and the 

persistence of pleural effusion; these four variables were clinical stage, receipt of 

neoadjuvant chemotherapy, type of surgical approach, and procedure applied to the 

thoracic duct. Multivariate logistic regression analysis was performed to determine 

whether these four variables were factors that could determine the duration of chest tube 

drainage. We matched the propensity scores in a 1:1 ratio using the neatest neighbor 

method, with no replacements, and a 0.2 caliper width. Multivariate analysis by logistic 

regression was performed to evaluate categorical variables. 
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Results 

Patient characteristics in the two groups 

A total of 220 patients were divided into the late (n = 110) and early (n = 110) 

removal groups. All patients underwent curative thoracic esophagectomy with 

reconstruction of the gastric conduit. The baseline characteristics of the patients before 

and after propensity score matching are listed in Table 1. After propensity score 

matching, 89 matched patients remained in each group. The characteristics of the 89 

matched cases are shown in Table 1. The two groups had similar clinical features; 

however, the posterior mediastinal reconstruction route was more frequently performed 

in the late removal group. 

 

Chest tube drainage volume 

The average drainage volume did not significantly differ between the two groups 

after propensity score matching. Figure 1 shows the average drainage volume in the first 

24 hours postoperatively in both thoracic cavities. In the bilateral thoracic cavity, the 

average drainage volume did not significantly differ between the two groups (712.6 ± 

271.7 ml in the late removal group vs. 773.9 ± 300.6 ml in the early removal group, p = 
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0.15). There were also no significant differences between groups in the drainage 

volumes from the left thoracic cavity (277.4 ± 178.3 ml in the late removal group vs. 

302.7 ± 171.6 ml in the early removal group, p = 0.34) and right thoracic cavity (435.0 

± 197.4 ml in the late removal group vs. 479.9 ± 226.6 ml in the early removal group, p 

= 0.16). The early removal group tended to have a larger drainage volume than the late 

removal group. 

 

Duration of chest tube drainage and early chest tube removal rate 

Figure 2 presents the duration of chest tube drainage. The average duration of 

drainage significantly differed between the groups. The average duration until bilateral 

chest tube removal was 3.77 ± 2.3 days in the late removal group and 1.52 ± 1.3 days in 

the early removal group (p < 0.01). The duration until left chest tube removal was 2.88 

± 1.6 days in the late removal group vs. 1.07 ± 0.4 days in the early removal group (p < 

0.01). The duration until right chest tube removal was 3.35 ± 2.2 days in the late 

removal group vs. 1.51 ± 1.2 days in the early removal group (p < 0.01). 

 

Analysis of potential factors associated with amount of chest drainage volume 

  To further analyze the potential factors associated with the amount of chest drainage 
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volume after thoracic esophagectomy, we investigated the important clinical factors 

such as ;1) ligation of thoracic duct, 2) liver function before treatment, 3) extent of 

lymph node dissection (D2 versus D3 lymph node dissection) based on the definition 

Japanese Classification of Esophageal Cancer (The 11
th
 edition), 4) pathological tumor 

invasion, and 5) infectious events in thoracic cavity. Tables 2 shown that there were no 

significant differences of these factors between early and late chest drain removal after 

propensity-score matched groups.   

 

Incidences of surgical complications after propensity score matching 

The rate of early chest tube removal, and the incidences of pulmonary complications 

and thoracocentesis were compared after propensity score matching (Table 3). After 

propensity score matching, there were no significant differences between the two groups 

in patient demographics and type of surgical treatment. In the early removal group, the 

success rates of early removal of the right and left chest tubes were 70.7% and 96.6%, 

respectively, while no patient underwent early chest tube removal in the late removal 

group. There were no significant differences between the early and late removal groups 

in the incidences of anastomotic leakage (16.9% vs. 20.2%, p = 0.70), pulmonary 

complications (7.9% vs. 6.7%, p = 1.00), and thoracocentesis (10.1% vs. 13.5%, p = 
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0.64), and in the postoperative hospital stay (21.4 ± 14.2 days vs. 19.7 ± 11.1 days, p = 

0.39). 

The number of patients and duration of chest tube drainage are shown in Figure 3. 

Early removal on POD1 of the chest tube in the right thorax was performed in 63 of 89 

(70.7%) patients, and in the left thorax in 86 of 89 (96.6%) patients in the early removal 

group. In contrast, no patient underwent chest tube removal on POD1 in the late 

removal group (p < 0.01). Compared with the late removal group, the early removal 

group had significantly greater rates of early chest tube removal in the right thorax 

(92.1% vs. 22.4%, p < 0.01) and the left thorax (97.7% vs. 53.9%, p < 0.01). Overall, 

the early removal group accomplished successful chest tube removal earlier than the late 

removal group (Figure 3). 

 

Postoperative first mobilization in the two groups 

  The efficacy of the fast-track postoperative protocol is widely reported in many fields, 

including the field of esophageal surgery. Early chest drain removal after thoracic 

esophagectomy reportedly accelerates patients’ postoperative activity [7]. Thus, we 

compared the timing of postoperative first mobilization in the two groups. As described, 

the same postoperative analgesic protocol was applied in each group. As shown in 
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Figure 4, 89.8% of patients in the early removal group achieved postoperative first 

mobilization within 15 hours, whereas this early mobilization was only achieved in 

58.4% of patients in the late removal group (p < 0.01). In both groups, the remaining 

patients could not achieve first postoperative mobilization within 15 hours due to 

reasons such as discomfort, pain, patient refusal, and low blood pressure (data not 

shown). 

 

Uni- and multivariate analyses of pulmonary complications and thoracocentesis 

Potential factors associated with amount of chest drainage volume and the 

incidences of pulmonary complications and thoracocentesis did not significantly differ 

between the two groups after propensity score matching (Table 2 and 3). The pulmonary 

complications that we encountered were pyothorax (n = 3), chylothorax (n = 4), 

pneumothorax (n = 7), and pneumonia (n = 4). The causes of pyothorax were 

chylothorax (n = 1) and retrograde infection (n = 2), and did not occur due to 

anastomotic leakage (data not shown). 

Uni- and multivariate analyses were performed to determine whether early chest 

tube removal was a risk factor for pulmonary complications and thoracocentesis (Tables 

4 and 5). 
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The risk factors for pulmonary complications were history of pulmonary disease (p 

= 0.02) and neoadjuvant chemotherapy (p = 0.04). In contrast, uni- and multivariate 

analyses found no significant risk factors for thoracocentesis. These results indicate that 

early chest tube removal was not a risk factor for pulmonary complications or 

thoracocentesis. 

 

 

Discussion 

The present study found that early chest tube removal after thoracic esophagectomy 

was not an independent risk factor for pulmonary complications or thoracocentesis, and 

promoted early mobilization. This suggests that early chest tube removal may be 

considered as safe and feasible as late chest tube removal. 

In thoracic surgery, the aims of chest tube insertion are to evacuate air and fluid 

from the pleural space, ensure complete pulmonary re-expansion, and restore respiratory 

mechanics. In cases with intra-thoracic anastomosis, chest tube insertion also aids in 

monitoring for anastomotic leakage. Therefore, the criteria for chest tube removal 

include complete expansion of the remaining lung tissue, and cessation of air leakage 

and high-volume fluid drainage. Chest tubes can exacerbate postoperative pain, cause 
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ineffective ventilation, decrease sputum evacuation, and lead to atelectasis [1]; hence, 

thoracic surgeons aim to reduce the duration of chest drainage. In thoracic 

esophagectomy, in general, the widely accepted practice was to remove the chest tube 

when the drainage volume was less than 100–200 ml per day, with no leakage of air or 

chyle and no anastomotic problems [2,3]. However, these criteria occasionally lead to a 

long duration of chest tube drainage, and most patients require more than 4 days of 

chest tube retention postoperatively [2,3]. 

Since the ERAS program has been applied to thoracic esophagectomy, the safety 

and feasibility of relatively early chest tube removal with high drainage volume has 

been proven [5]. However, even with the acceptance of the ERAS program, there are 

few clinical trials or multicenter reports regarding chest tube management after thoracic 

esophagectomy. Thus, the optimal timing of chest tube drainage removal depends on the 

criteria set by each institution and physician. Therefore, the present study was 

conducted to evaluate the safety and feasibility of early chest tube removal on POD1 

after thoracic esophagectomy with three-field dissection. 

Compared with chest tube management in lung surgery, the difficulty in conducting 

clinical trials for chest tube management after esophagectomy is based on the 

reconstruction of the resected esophagus, as either intra-thoracic or cervical anastomosis 
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can be performed. In cases with intra-thoracic anastomosis, a chest tube inserted 

intraoperatively may be effective for drainage when anastomotic leakage occurs [8,9]. 

However, as the anastomosis in thoracic esophagectomy with three-field dissection is 

located in the cervical area, chest tubes may not be effective for the monitoring and 

treatment of anastomotic leakage. There were 33 cases of cervical anastomotic leakage 

in the present study; these patients were successfully managed via the transcervical 

approach, and no patient required chest tube placement to treat the leakage. Hence, we 

considered that early chest tube removal was possible in the present study regardless of 

the evaluation of anastomosis, as all patients underwent thoracic esophagectomy with 

three-field dissection. Thus, judgment of the appropriate timing of chest tube removal in 

the present study was based on the daily total drainage volume [2,3,5]. 

Early chest tube removal after thoracic surgery is reportedly influenced by two 

parameters: the reported daily drainage amount, and the protein content of the pleural 

drainage fluid. The maximum amount of daily pleural drainage at which chest tube 

removal may be attempted is considered to be 450 ml/day of nonchylous drainage [10]; 

however, several reports failed to validate this recommendation [11]. Therefore, a 

consensus on the threshold drainage volume for safe chest tube removal has not yet 

been reached. Previous reports suggest that the protein content of the pleural drainage 
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fluid is a more reliable and precise criterion for chest tube removal than drainage 

amount, due to the poor absorption rate of proteins from the pleural surfaces [11]. 

Therefore, the appropriate criteria for chest tube removal are drainage volume below the 

safe threshold, and protein density in the range of the absorption rate. In the present 

study, we chose removal criteria of non-turbid drainage volume not exceeding 300 ml 

for the last 6 hours, and no air leakage. Although these criteria did not precisely meet 

the protein density criterion, the summary of these criteria did not conflict with previous 

reports. 

We successfully removed the chest tubes based on these criteria. The success rate on 

the early removal group was 97.7% for the left chest tube, and 70.7% for the right. 

There is no previous report of a chest tube being removed as early as in the present 

study. In addition, our data showed that the pulmonary complication rate was 6–7%, 

which was similar to the previously reported rates of 7–38% [12-14]. Also, the rates of 

thoracocentesis in our study (10–13%) were almost the same as those described by 

Kosugi et al. (12%) [15]. Therefore, we achieved early chest tube removal with a high 

success rate and without a significant increase in pulmonary complications or 

thoracocentesis. 

The present study also demonstrated a possible advantage of early chest tube 
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removal regarding its effect on first mobilization after esophagectomy. Chest drainage 

tubes often increase chest pain, and restrict patient mobility after thoracic surgery. A 

previous report found that early chest tube removal significantly reduced the 

impairment of 6-minute walking distance after thoracic surgery [16]. The recent ERAS 

concept supports this advantage. Therefore, we evaluated the potential influence of 

early chest tube removal on the timing of first mobilization after thoracic 

esophagectomy. The present study revealed significantly greater achievement of first 

mobilization within 15 hours postoperatively in the early removal group compared with 

the late removal group. 

The present study has several limitations. The study covered a period of more than 2 

years, during which time the thoracic and abdominal surgical devices differed slightly. 

However, the anesthesia and perioperative patient management procedures were 

performed consistently with the same clinical management pathway, which may be 

considered a strength of the study. Further studies on chest tube management should be 

planned in a prospective, randomized, controlled manner in multiple centers. In addition, 

although the present patients were all managed with the same analgesics and 

postoperative mobilization protocol, further exploration is required to determine the best 

patient support after thoracic esophagectomy. 
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In conclusion, the present study revealed that the incidences of postoperative 

pulmonary complications and repeat chest puncture did not significantly differ between 

the early and late removal groups. Furthermore, early chest tube removal promoted 

early first mobilization postoperatively. Thus, the present results indicate that early 

chest tube removal using early removal criteria may be considered as safe and feasible 

as late chest tube removal. 
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Figure Legends 

 

Fig. 1 Average drainage volume in 24 hours after esophagectomy in the bilateral, 

left, and right thoracic cavities after propensity score matching 

Although the drainage volume tended to be slightly higher in the early removal group 

than the late removal group, this difference was not significant. In the bilateral thoracic 

cavity, the average drainage volume did not significantly differ between groups (712.6 ± 

271.7 ml in the late vs. 773.9 ± 300.6 ml in the early removal group, p = 0.15). There 

was also no significant difference in the drainage volume from the left (277.4 ± 178.3 

ml in the late vs. 302.7 ± 171.6 ml in the early removal group, p = 0.34) and right 

thoracic cavity (435.0 ± 197.4 ml in the late vs. 479.9 ± 226.6 ml in the early removal 

group, p = 0.16). 

Early removal group (n = 89): chest tubes were removed on postoperative day 1 

regardless of the daily total drainage volume, as long as the non-turbid drainage volume 

had not exceeded 300 ml over the last 6 hours, and there was no air leakage. Late 

removal group (n = 89): chest tubes were removed when the drainage volume was less 

than 200 ml/day. 
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Fig. 2 Average duration of chest tube drainage in the two groups after propensity 

score matching 

The average duration until bilateral chest tube removal was 3.77 ± 2.3 days in the late 

and 1.52 ± 1.3 days in the early removal group (p < 0.01). The duration until left chest 

tube removal was 2.88 ± 1.6 days in the late removal group vs. 1.07 ± 0.4 days in the 

early removal group (p < 0.01). The duration until right chest tube removal was 3.35 ± 

2.2 days in the late vs. 1.51 ± 1.2 days in the early removal group (p < 0.01). 

Early removal group (n = 89): chest tubes were removed on postoperative day 1 

regardless of the daily total drainage volume, as long as the non-turbid drainage volume 

had not exceeded 300 ml over the last 6 hours, and there was no air leakage. Late 

removal group (n = 89): chest tubes were removed when the drainage volume was less 

than 200 ml/day. 

 

Fig. 3 Number of patients and duration of drainage in early and late removal 

groups 

In the early removal group, the chest tubes were successfully removed on the first 

postoperative day from the left thorax in 96.6%, and the right thorax in 70.7%. In 
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contrast, no patients in the late removal group underwent chest tube removal on 

postoperative day 1 (p < 0.01). By postoperative day 2, 92.1% of the right and 97.7% of 

left chest tubes had been removed in the early removal group, whereas 22.4% and 

53.9%, respectively, had been removed in the late removal group. 

Early removal group (n = 89): chest tubes were removed on postoperative day 1 

regardless of the daily total drainage volume, as long as the non-turbid drainage volume 

had not exceeded 300 ml over the last 6 hours, and there was no air leakage. Late 

removal group (n = 89): chest tubes were removed when the drainage volume was less 

than 200 ml/day. 

 

Fig. 4 Number of patients and first postoperative mobilization in the early and late 

chest tube removal groups after esophagectomy 

The number of patients who achieved first postoperative mobilization within 15 hours 

was significantly greater in the early removal group compared with the late removal 

group (89.8% vs. 58.4%, p < 0.01). The other patients failed to achieve first 

postoperative mobilization within 15 hours for several reasons, such as discomfort, pain, 

low blood pressure, and patient refusal. 

Early removal group (n = 89): chest tubes were removed on postoperative day 1 
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regardless of the daily total drainage volume, as long as the non-turbid drainage volume 

had not exceeded 300 ml over the last 6 hours, and there was no air leakage. Late 

removal group (n = 89): chest tubes were removed when the drainage volume was less 

than 200 ml/day. 
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Table 1. Patient demographics and type of surgical treatment before and after propensity score matching 

 
Before propensity score matching 

 
After propensity score matching  

Factors 
Late removal 

(n = 110) 

Early removal 

(n = 110) 
p value 

 

Late removal  

(n = 89) 

Early removal 

 (n = 89) 
p value 

Sex, male/female 93/17 91/19  0.86 
 

73/16 74/15 1.00 

Age (years), n (%) 

< 65 
≥ 65 

 

46 (41.8) 
64 (58.2) 

 

45 (41.7) 
63 (58.3) 

1 

  
 

 

 

39 (43.8) 
50 (56.2)  

 

36 (40.4) 
53 (59.6)  

0.76 

  
 

ASA-PS 

1 

≥ 2 

 

39 (35.5) 

71 (64.5) 

 

31 (28.2) 

79 (71.8) 

0.24 

 

 
 

 

34 (38.2) 

55 (61.8)  

 

26 (29.2) 

63 (70.8)  

0.27 

 

 

BMI, mean ± SD  22.0 ± 3.3  21.8 ± 2.7 0.62 
 

 22.0 ± 3.4  21.7 ± 2.7 0.62 

Smoking status, n (%) 
Smoker 

Never smoked 

  
 90 (81.8)  

 20 (18.2)  

  
 85 (78.7)  

 23 (21.3)  

0.76 
 

 
 

 
71 (79.8)  

18 (20.2)  

 
65 (75.8)  

21 (24.1)  

0.80 
 

 

Heart disease, n (%)   8 (7.2)   7 (6.3) 1 
 

 6 (6.7)  5 (5.6) 1.00 

Pulmonary disease (%)  14 (12.7)   8 (7.2) 0.26 
 

13 (14.6)  6 (6.7) 1.00 

Clinical stage (UICC 7th), n (%) 

I 
II 

III 

IV 

  

44 (40.0) 
21 (19.1) 

38 (34.5) 

7 ( 6.4) 

  

38 (34.5) 
13 (11.8) 

54 (49.1) 

5 ( 4.5) 

0.14 

 
 

 

 

 

 

33 (37.1)  
11 (12.4)  

38 (42.7)  

 7 ( 7.9)  

 

31 (34.8)  
13 (14.6)  

40 (44.9)  

 5 ( 5.6)  

0.90 

 
 

 

 
Location of primary tumor, n (%) 

Upper thoracic 

Middle thoracic 
Lower thoracic 

   

 11 (10.0)  

 55 (50.0)  
 44 (40.0)  

  

 16 (14.5)  

 56 (50.9)  
 38 (34.5)  

0.67 

  

  
  

 

  

 9 (10.1)  

44 (49.4)  
36 (40.4)  

 

15 (16.8)  

44 (49.4)  
27 (33.4)  

0.49 

  

  
  

Neoadjuvant chemotherapy, n (%) 51 (46.3) 52 (47.2) 1 
 

42 (47.1) 42 (47.1) 1.00 

Type of surgical approach, n (%) 

Thoracoscopy 

Thoracotomy 

 

59 (53.6)  

51 (46.4)  

 

73 (66.4)  

37 (33.6)  

0.08 

 

  
 

 

54 (60.7)  

35 (39.3)  

 

54 (60.7)  

35 (39.3)  

1.00 

  

 

Thoracic duct, n (%) 
Preserved 

Resected 

 
42 (38.2)  

68 (61.8)  

 
50 (46.3)  

58 (53.7)  

0.22 
 

 
 

 
36 (40.4)  

53 (59.6)  

 
36 (40.4)  

53 (59.6)  

1.00 
 

 

Reconstruction route, n (%) 
Posterior mediastinal 

Retrosternal 

 
101 (91.8)  

  9 ( 8.2)  

  
80 (74.1) 

28 (25.9) 

0.001 
  

 
 

 
82 (92.1)  

 7 ( 7.9)  

 
69 (77.5)  

20 (22.5)  

0.01 
  

 

ASA-PS: American Society of Anesthesiologists-Physical Status, BMI: body mass index, SD: standard deviation, UICC: Union for International Cancer Control. Early removal group 

(n = 89): chest tubes were removed on postoperative day 1 regardless of the daily total drainage volume, as long as the non-turbid drainage volume had not exceeded 300 ml over the 

last 6 hours, and there was no air leakage. Late removal group (n = 89): chest tubes were removed when the drainage volume was less than 200 ml/day. 
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Table 2. Factors potentially associate with amount of drainage volumes  

 
Propensity score matching 

Factors 
Late removal Early removal 

p value 
(n = 89) (n = 89) 

Ligation of thoracic duct, n (%) 

  Preserved 

  Resected 

 

36 (40.4)  

53 (59.6) 

 

36 (40.4)  

53 (59.6) 

1.00 

 

 

Liver function, n (%) 

  Child-Pugh A 

  Child-Pugh B 

 

83 (93.2) 

6 (6.8) 

 

85 (95.5) 

4 (4.5) 

0.74 

 

 
Extent of lymph node dissection, n (%) 

  D2 LN dissection 

  D3 LN dissection 

 

12 (13.4) 

77 (86.6) 

 

16 (17.9) 

73 (82.1) 

0.41 

 

 
Pathological tumor invasion, n (%) 

  pT1, pT2 

  pT3, pT4 

 

41 (46.0) 

48 (54.0) 

 

43 (48.3) 

46 (52.7) 

0.76 

 

 

Infectious events in thoracic cavity, n (%) 1 (1.1) 2 (2.2) 1.00 

D2 and D3 LN (lymph node) dissection is based on the definition Japanese Classification of Esophageal Cancer (The 11
th

 edition). Early removal group (n = 89): chest tubes were 

removed on postoperative day 1 regardless of the daily total drainage volume, as long as the non-turbid drainage volume had not exceeded 300 ml over the last 6 hours, and there was 

no air leakage. Late removal group (n = 89): chest tubes were removed when the drainage volume was less than 200 ml/day. 
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Table 3. Surgical complications in the two groups after propensity score matching  

 
Propensity score matching 

Factors 
Late removal Early removal 

p value 
(n = 89) (n = 89) 

Success removal on POD1, n (%) 
Right chest tube 

Left chest tube 

 
0 (0) 

0 (0) 

 
64 (71.0) 

86 (96.6) 

< 0.001 
 

 

    

Anastomotic leakage, n (%) 15 (16.9) 18 (20.2) 0.70 

Pulmonary complications, n (%) 7 (7.9) 6 (6.7) 1.00 

Thoracocentesis, n (%) 9 (10.1) 12 (13.5) 0.64 

Hospital stay (days), mean ± SD 21.4 ± 14.2 19.7 ± 11.1 0.39 

Continuous variables are listed as the mean ± SD. 

POD1: postoperative day 1, SD: standard deviation. Early removal group (n = 89): chest tubes were removed on postoperative day 1 regardless of the daily total drainage volume, as 

long as the non-turbid drainage volume had not exceeded 300 ml over the last 6 hours, and there was no air leakage. Late removal group (n = 89): chest tubes were removed when the 

drainage volume was less than 200 ml/day. 
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Table 4. Uni- and multivariate analyses of pulmonary complications after propensity score matching 

Factors 

Univariate analysis 

 

Multivariate analysis  

Pulmonary 

complications (-) 

Pulmonary 

complications (+) 
p value Odds ratio (95% CI) p value 

Sex   

  Male 

  Female 

 

135 

30 

 

12 

1 

0.47 

 

 
 

0.47 (0.16–1.38) 0.17 

Age (years) 

  < 65 

  ≥ 65 

 

69 

96 

 

4 

7 

0.96 

 

 
 

1.54 (0.69–3.45) 0.31 

ASA-PS 

   1 

  ≥ 2 

 

111 

54 

 

8 

5 

0.90 

 

 
 

1.85 (0.85–4.02) 0.12 

BMI, mean ± SD 21.9 (±3.0) 20.6 (± 3.5) 0.12 
 

1.44 (0.63–3.29) 0.39 

Smoking status 

  Smoker 

  Never smoked 

 

126 

39 

 

11 

2 

0.73 

 

 
 

0.70 (0.27–1.78) 0.45 

Pulmonary disease 

  With pulmonary disease 

  Without pulmonary disease 

 

14 

151 

 

5 

8 

< 0.01 

 

 
 

0.81 (0.63–0.98) 0.02 

Clinical stage (UICC 7
th

) 

  I 

  II 

  III 

  IV 

 

63 

22 

70 

10 

 

2 

2 

7 

2 

0.61 

 

 

 

 

 
1.20 (0.42–3.49) 0.73 

Neoadjuvant chemotherapy 

  With neoadjuvant chemotherapy 

  Without neoadjuvant chemotherapy 

 

82 

83 

 

2 

11 

0.02 

 

 
 

0.67 (0.32–0.96) 0.04 

Type of surgical approach 

  Thoracoscopy 

  Thoracotomy 

 

98 

67 

 

10 

3 

0.25 

 

 
 

1.26 (0.59–2.71) 0.55 

Thoracic duct 

  Preservation 

  Resection 

 

66 

99 

 

6 

7 

0.77 

 

 
 

1.03 (0.47–2.26) 0.95 

Drainage volume in right thoracic cavity, 

mean ± SD 
455.0 (±211.3) 486.6 (±241.6) 0.61 

 
1.25 (0.38–4.15) 0.71 

Drainage volume in left thoracic cavity, 

mean ± SD 
381.6 (±158.5) 396.1 (±307.7) 0.84  1.3 (0.82–1.11)   0.37 

Chest tube removal 

  Early removal 

  Late removal 

 

82 

83 

 

7 

6 

1 

 

 

 0.71 (0.03–14.40) 0.82 

ASA-PS: American Society of Anesthesiologists-Physical Status, BMI: body mass index, CI: confidence intervals, SD: standard deviation, UICC: Union for International 

Cancer Control. Early removal group (n = 89): chest tubes were removed on postoperative day 1 regardless of the daily total drainage volume, as long as the non-turbid 
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drainage volume had not exceeded 300 ml over the last 6 hours, and there was no air leakage. Late removal group (n = 89): chest tubes were removed when the drainage 

volume was less than 200 ml/day. 
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Table 5. Uni- and multivariate analyses of thoracocentesis after propensity score matching 

Factors 
Univariate analysis 

 

Multivariate analysis 

Thoracocentesis (-) Thoracocentesis (+) p value Odds ratio (95% CI) p value 

Sex 

  Male 

  Female 

 

130 

27 

 

17 

4 

0.77 

 

 
 

0.62 (0.30–1.28) 0.20 

Age (years) 

  < 65 

  ≥ 65 

 

65 

92 

 

10 

11 

0.64 

 

 
 

1.86 (0.88–3.94) 0.11 

ASA-PS† 

   1 

  ≥ 2 

 

103 

54 

 

15 

6 

0.81 

 

 
 

1.22 (0.59–2.55) 0.59 

BMI, mean ± SD 21.9 (±3.1) 20.8 (±3.1) 0.11 
 

1.26 (0.66–2.42) 0.48 

Smoking status 

  Smoker 

  Never smoked 

 

121 

36 

 

5 

16 

0.81 

 

 
 

0.86 (0.06–12.10) 0.91 

Pulmonary disease 

  With pulmonary disease 

  Without pulmonary disease 

 

17 

140 

 

2 

19 

1.00 

  
0.50 (0.18–1.38) 0.18 

Clinical stage (UICC 7
th

) 

  I 

  II 

  III 

  IV 

 

54 

23 

68 

12 

 

10 

1 

10 

0 

0.34 

 

 

 

 

 
1.41 (0.63–3.18) 0.41 

Neoadjuvant chemotherapy 

  With neoadjuvant chemotherapy 

  Without neoadjuvant chemotherapy 

 

76 

81 

 

8 

13 

0.49 

 

 
 

0.79 (0.31–3.90) 0.62 

Type of surgical approach 

  Thoracoscopy 

  Thoracotomy 

 

96 

61 

 

12 

9 

0.81 

 

 
 

0.53 (0.18–1.53) 0.24 

Thoracic duct 

  Preservation 

  Resection 

 

63 

94 

 

9 

12 

0.82 

 

 
 

0.99 (0.53–1.84) 0.98 

Drainage volume in right thoracic 

cavity, mean ± SD 
453.0 (±205.3) 491.5 (±269.9) 0.45 

 
1.02 (0.47–2.21) 0.96 

Drainage volume in left thoracic 

cavity, mean ± SD 
289.9 (±175.5) 291.4 (±175.2) 0.97  0.93 (0.07–11.90) 0.96 

Chest tube removal 

  Early removal 

  Late removal 

 

77 

80 

 

12 

9 

0.64 

 

 

 0.70 (0.27–1.78) 0.45 

ASA-PS: American Society of Anesthesiologists-Physical Status, BMI: body mass index, CI: confidence intervals, SD: standard deviation, UICC: Union for International 

Cancer Control. Early removal group (n = 89): chest tubes were removed on postoperative day 1 regardless of the daily total drainage volume, as long as the non-turbid 

drainage volume had not exceeded 300 ml over the last 6 hours, and there was no air leakage. Late removal group (n = 89): chest tubes were removed when the drainage 
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volume was less than 200 ml/day. 
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