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Introduction

Surgical resection is the preferred treatment of the 
esophageal or gastroesophageal junction (GEJ) cancer in 
the limited stage (1). Despite the recent improvement in 
surgical technique, esophagogastric anastomotic leakage 

is still the most severe postoperative complication. The 

incidence of intrathoracic anastomotic leakage after 

esophagectomy ranges from 4% to 44%, and the mortality 

rate following anastomotic leakage reaches approximately 

40% (2). Due to the fact that anastomotic leakage leads to 
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a series of complications, such as severe lung inflammation, 
empyema, respiratory failure, heart failure, etc., patients' 
postoperative recovery, subsequent treatment and prognosis 
would be severely affected with the occurrence and healing 
of anastomotic leakage (3). Therefore, it is of great clinical 
value to improve the treatment of the postoperative 
anastomotic leakage.

Anastomotic leakage could be classified, according 
to the time of postoperative onset, as early (1–3 days), 
intermediate (3–14 days), or late (more than 14 days) stage. 
Currently, the Esophageal Complications Consensus Group 
(ECCG) has proposed a definition and classification of 
postoperative complications following esophageal resection, 
including anastomotic leakage. The anastomotic leakage 
were grouped into type I, II and III, according to the 
treatment (4). This study focused on type II anastomotic 
leakage to figure out the potential improvement of therapy. 
The treatment of anastomotic leakage depends on the 
location of the anastomosis, the extent of the leakage and 
the physical condition of the patients (2). There is no 
denying that maintaining smooth pleural drainage with 
pleural drainage tube is the most critical treatment for 
postoperative anastomotic leakage, besides antibiotics, 
nutrition support, reoperation, etc. (5). However, the 
drainage range of traditional pleural drainage tube is limited 
when the location of peri-anastomotic empyema cavity 
is too deep to approach. Therefore, the natural drainage 
with traditional pleural drainage tube alone would be 
inadequate for the treatment (6). Essentially, the fact that 
pus accumulates around the fistula, even forms empyema 
cavities, would directly interfere the healing of the fistula. 
To solve this problem, Hooper et al. verified that pleural 
irrigation with normal saline was a useful therapy for 
empyema (7), which guided us to investigate the value of 
irrigation in the improvement for the drainage of peri-
anastomotic empyema cavity. 

Based on our 8-year experience in the application of 
the slow-flow irrigation drainage tube, we report the 
application procedure and detect its efficacy and safety in 
a retrospective study. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/apm-20-1401).

Methods

Patient data 

In this study, we distributed the patients, with postoperative 

anastomotic leakage, into slow-flow irrigation drainage 
tube group (I+) or traditional drainage (non-irrigation) 
tube group (I−), in order to evaluate the effect and safety 
of the application of slow-flow irrigation drainage tube. 
From January 2012 to June 2019, all the patients who 
underwent radical resection for esophageal or GEJ 
cancer were reviewed. The patients who suffered acute 
respiratory failure or other severe complication which lead 
to death in short term (within 2 weeks), with no chance of 
irrigation, were excluded in this study. Patients with cervical 
anastomotic leakage were also excluded. In addition, the 
patients whose postoperative hospital stay were less than 1 
month or more than 4 months were excluded. Eventually, 
totally 42 patients, who suffered postoperative anastomotic 
leakage with refractory empyema, were enrolled in this 
study. The operative approach includes left thoracic 
esophagectomy, right thoracic-abdominal esophagectomy 
and abdominal gastroesophagectomy. All the patients 
received digestive tractreconstruction with esophagogastric 
anastomat. The diagnosis of anastomotic leakage was 
confirmed with at least one of the following three ways: 
endoscopy, oral methylene blue being drained through the 
pleural drainage tube, or oral contrast agent flowing out of 
the digestive tract detected with CT. 

All the patients received the nutritional support with 
nasal feeding. Irrigation in (I+) group was carried out 
at least two weeks after primary surgery, for fear of pus 
would be dispersed in the thorax by irrigation without 
confinement. In (I+) group, the slow-flow irrigation 
drainage tube was placed along the primary pleural drainage 
tube into the empyema cavity. Eleven patients received the 
first generation slow-flow irrigation drainage tube, and 9 
patients received the second one according to time order. 
And traditional pleural drainage tube was used in (I−) 
group. No patient received other intervention, including 
stent, endo-sponge, primary repair, etc. The healing of 
anastomotic leakage of each patient was confirmed with 
endoscopy. Thereafter, the drainage tube was drawn out for 
2 centimeters per day until it was totally moved out. All the 
patients were discharged with semi-liquid diet and removal 
of drainage tube. Reoperation for repairing the fistula 
was not conducted for the reason that the local chronic 
inflammatory was prone to interfere the recovery of fistula.

A total 42 patients’ clinicopathological data was collected 
in details, including sex, age, tumor pathology, tumor size, 
tumor depth, lymph node metastasis, operative approach, 
neoadjuvant therapy, tumor location, tumor-node-metastasis 
(TNM) stage (according to American Joint Committee on 
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Figure 1 The structure of the first generation slow-flow irrigation drainage tube. (A) The components of the first generation slow-flow 
irrigation drainage tube includes anesthesia epidural catheter, double perfusion cannula joint and water-sealed drainage bottle joint. (B) The 
composition of the first generation slow-flow irrigation drainage tube. (C) The structure diagram of the first generation slow-flow irrigation 
drainage tube. (D) The fixation mode of the first generation slow-flow irrigation drainage tube.
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Cancer, eighth edition) (8). The detailed clinicopathological 
and hospitalization information of each patient was available 
in the database of the department (Table S1). The written 
informed consent was obtained from each patient. This 
study conformed to the provisions of the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the ethics committee on human research of Zhongshan 
Hospital, Fudan University.

The structure of slow-flow irrigation drainage tube

The first generation slow-flow irrigation drainage tube 
is made up of an anaesthesia epidural catheter, a double 
perfusion cannula joint, a water-sealed drainage bottle 
joint and a traditional pleural drainage tube (Figure 1A). 
The structure of the slow-flow irrigation drainage tube 
after assemble is shown in Figure 1B. A little pinhole is 
made in the double perfusion cannula joint, through which 
the epidural catheter is placed into the empyema cavity 
directly along with the primary pleural drainage tube and 

saline solution is irrigated through the epidural catheter 
into the empyema cavity at bedside (Figure 1C). However, 
the first generation slow-flow irrigation drainage tube 
showed some inevitable disadvantage, such as fluid leakage 
from the pinhole, trouble in fixation and limited irrigating 
speed, since the irrigation drainage tube was temporarily 
assembled (Figure 1D). Thus, we got down to designing the 
second generation slow-flow irrigation drainage tube, which 
would serve the irrigation and drainage function as an all-
in-one device.

In the second generation slow-flow irrigation drainage 
tube, multiple components were integrated as an entirety 
to solve the above disadvantages. Using sil ica gel 
materials, a second-generation tube was divided into two 
parts: the outer tube and the inner irrigation tube. The 
special joint design could adjust the irrigation tube depth 
in the empyema cavity and prevent fluid leakage with a 
silica gel spacer at the pinhole for inner irrigation tube to 
insert in (Figure 2A,B). This construction of the second-
generation irrigation drainage tube could be well fixed 
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Figure 2 The structure of the second generation slow-flow irrigation drainage tube. (A) The structure diagram of the second generation 
slow-flow irrigation drainage tube. (B) The real-made second generation slow-flow irrigation drainage tube. (C,D) The clinical application 
of the second generation slow-flow irrigation drainage tube in patients. 

Drainage tube

Silicone tube (32F)55 cm

8 cm 4 cm

Perfusion tube

Drainage pack

B

D

A

C

outside the body (Figure 2C,D). Compared with epidural 
catheter, the diameter of the inner irrigation tube was 
widened significantly. This improvement could increase 
the irrigation speed, which offers multiple option for the 
irrigation volume and speed. We used traditional infusion 
pump to control the speed and volume. At early stage, the 
pus was relatively thick and hard to be drained. Then, we 
kept the irrigation at the largest speed and maintained the 
irrigation throughout the day. Once the drainage fluids 
become relative clean, we adjust the irrigation speed 
to 120–150 mL/h and reduce the irrigation volume to  
1,000 mL/day.

The design of the second-generation irrigation 
drainage tube was awarded a national patent (No. ZL 
201520007804.4) in 2015. The allocation sequence was 
generated by F Xu. J Gu enrolled the participants and C Lu 
assigned participants to interventions.

Statistical analysis

Statistical analysis was undertaken with SPSS software 

(version 17.0). Variables were compared the Student’s t-test, 
and chi-square test according to the type of variables. A 
two-sided P value less than 0.05 was considered statistically 
significant. 

Results

General condition of the patients

Among the 42 patients enrolled in this study, there was a 
male predominance in the cohort of 32 men and 10 women. 
The average age of the total patients was 65±8 years. There 
was no significant difference in age (P=1.000) or gender 
(P=0.723) between (I+) group and (I−) group. The features 
of tumor pathology, including tumor histology, location, 
size, differentiation, invasion depth, lymph node metastasis, 
tumor stage were all similar between the two groups  
(Table 1). No patient suffered diabetes, chronic liver 
diseases, using of steroid or malnutrition.

In histology, 32 cases of squamous cell carcinoma 
occupied a majority proportion, compared with 8 cases 
of adenocarcinoma, 1 case of stromal tumor and 1 case of 
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squamous cell carcinomas mixed with small cell carcinoma. 
2 patients undertook neoadjuvant chemotherapy or radio-
chemotherapy in each group, respectively. The operative 
approach includes 24 cases of left thoracic esophagectomy, 
16 cases of right thoracic-abdominal esophagectomy 
and 2 cases of abdominal gastroesophagectomy. There 
were significantly more instances of application of the 
left thoracic approach in (I+) group, more instances of 
application of the right thoracic-abdominal approach in 
(I−) group, and only 2 cases of abdominal approach in 
(I+) group (P=0.003). In addition, the leakage stage (early, 
intermediate, or late) was parallel between two groups 
(Table 1).

Management and outcome of anastomotic leakage

There were 22 patients in (I−) group and 20 patients in 
(I+) group. In the analysis of curative efficacy, we found 
that 1 patient in (I−) group suffered the postoperative 
bleeding drained from the tube, while none in (I+) group. 
Meanwhile, patients in (I−) group were more likely to 
encounter pulmonary complications (including pneumonia, 
hypoxemia, respiratory failure, etc.) (18 vs. 9, P=0.023), 
reoperation for bleeding or severe thorax infection (5 vs. 0, 
P=0.049), readmission into ICU (8 vs. 5, P=0.514) than the 
ones in (I+) group. These data indicated that the application 
of slow-flow irrigation-drainage tube had a significant 
advantage in the recovery period of anastomotic leakage, 
compared with traditional group (Table 2). With the 
application of slow-flow irrigation-drainage tube, the fistula 
was prone to be healed together with the elimination of pus 
cavity (Figure 3).

In the analysis of patients’ burden and life quality, we 
found that patients in (I−) group underwent longer healing 
duration of anastomotic leakage (77±35 vs. 49±29, P=0.007), 
longer postoperative hospital stay (103±37 vs. 77±30, 
P=0.018), and longer duration of indwelling drainage 
tube (95±38 vs. 73±30, P=0.047) than the ones in (I+) 
group. Meanwhile, the application of the novel slow-flow 
irrigation drainage tube caused no more economic losses at 
hospitalization cost. These results suggested that slow-flow 
irrigation-drainage tube would be an economical curative 
way for anastomotic leakage (Table 2). 

Moreover, during the process of irrigation-drainage, 
only cough and reflux were observed in 3 patients. No other 
severe complication occurred during the irrigation in both 
groups.

Discussion

As one of the most severe complications following 
esophageal  surgery,  anastomotic leakage remains 
unavoidable during the clinical process. Up till now, there 
is no treatment standard for postoperative anastomotic 
leakage (2). We introduced our design of a type of slow-
flow irrigation drainage tube, which facilitates the clean of 
empyema cavity and healing of the fistula.

Whether the past or present, smooth drainage is the 
most vital prerequisite of the treatment for anastomotic 
leakage (9). However, some empyema cavity in deep site 
is hard to be drained thoroughly through the traditional 
pleural drainage tube. Numerous surgeons have employed a 
nasogastric tube to reach the deep empyema cavity through 
the anastomotic defect, which served as an internal drainage 
system (10,11). This technique, on the other hand, also 
risks further injury of the anastomosis and prolongs the 
healing duration (5). Meanwhile, the location of empyema 
cavity might be so elusive that traditional drainage tube 
fails to approach, even if the tube placement is guided with 
CT, ultrasound, or endoscopy. Inspired by the idea that 
irrigation facilitates the rapid disinfection and closure of 
the empyema space by Nakamoto et al. (12), we attempted 
to ameliorate this system in the treatment of anastomotic 
leakage with peri-anastomotic empyema cavity.

We designed the first generation slow-flowing irrigation 
drainage tube by assembling an epidural catheter, a double 
cannula and a series of connective device (Figure 1A,B). 
The irrigation drainage tube got access to the deep abscess 
cavity along with the previous traditional drainage tube 
and effectively diluted the pus with irrigated normal saline. 
Hooper et al. proved that the patients receiving normal 
saline irrigation had a significantly greater reduction 
in pleural collection volume on CT compared to those 
receiving standard care and significantly fewer patients 
in the irrigation group were referred for surgery (7). 
Rosenfeldt et al. verified cyclical irrigation resulted in a 
shorter hospital stay and a shorter period of wound drainage 
than other methods for empyema and pneumonectomy 
space infection (13). We wondered whether irrigation 
through the slow-flowing irrigation drainage tube produced 
the similar effects.

In the clinical practice of irrigation drainage tube, the 
patients using the irrigation-drainage tube benefited from 
decreasing the rate of multiple complications secondary 
to anastomotic leakage, such as postoperative bleeding, 
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Table 1 Characteristics of patients in slow-flow irrigation group (I+) and non-irrigation group (I−)

Variables No. of patients
Slow-flow irrigation, n [%]

P
(−) (+)

Age, years 1.000

≤60 11 6 [55] 5 [45]

>60 31 16 [52] 15 [48]

Gender 0.723

Male 32 16 [50] 16 [50]

Female 10 6 [60] 4 [40]

Histology 0.006

Squamous 32 21 [66] 11 [34]

Adenocarcinoma 8 1 [13] 7 [87]

Other 2 0 [0] 2 [100]

Tumor size, cm 0.533

≤3 18 8 [44] 10 [56]

>3 24 14 [58] 10 [42]

Location 0.738

Upper/middle 12 7 [58] 5 [42]

Lower 30 15 [50] 15 [50]

Differentiation 0.346

I–II 25 15 [60] 10 [40]

III 17 7 [41] 10 [59]

Tumor invasion depth 0.115

T1–2 17 6 [35] 11 [65]

T3–4 25 16 [64] 9 [36]

Lymph node metastasis 1.000

Yes 16 8 [50] 8 [50]

No 26 14 [54] 12 [46]

Tumor stage 0.537

I–II 20 9 [45] 11 [55]

III–IV 22 13 [59] 9 [41]

Neoadjuvant therapy 1.000

No 38 20 [53] 18 [47]

Yes 4 2 [50] 2 [50]

Operative approach 0.003

Left thoracic esophagectomy 24 9 [37] 15 [63]

Right thoracic-abdominal esophagectomy 16 13 [81] 3 [19]

Abdominal gastroesophagectomy 2 0 [0] 2 [100]

Leakage stage 1.000

Early 2 1 [50] 1 [50]

Intermediate 36 19 [53] 17 [47]

Late 4 2 [50] 2 [50]
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Table 2 Characteristics of anastomotic leakage healing and complication resulting from anastomotic leakage in slow-flow irrigation group (I+) 
and non-irrigation group (I−)

Variables I−, n=22 I+, n=20 P

Postoperative bleeding, n [%] 1 [5] 0 [0] 1.000

Pulmonary complications, n [%] 18 [82] 9 [45] 0.023

Reoperation, n [%] 5 [23] 0 [0] 0.049

Readmission into ICU, n [%] 8 [36] 5 [25] 0.514

Healing duration of anastomotic leakage, days 77±35 49±29 0.007

Postoperative hospital stay, days 103±37 77±30 0.018

Duration of indwelling drainage tube, days 95±38 73±30 0.047

Hospitalization costs, ¥ 183,628±66,399 172,702±86,362 0.651

Figure 3 The representative therapeutic effect of slow-flow irrigation drainage tube on anastomotic leakage with empyema cavity. (A) 
The endoscopy image of a representative anastomotic leakage with a traditional drainage tube passively inserted into the fistula. (B) The 
endoscopy image of the same case was healed with the slow-flow irrigation drainage tube. (C) The CT image of the same case of anastomotic 
leakage showed an empyema cavity near the fistula. (D) The CT image of the same case, healed with the slow-flow irrigation drainage tube, 
showed the clearance of the empyema cavity.
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pulmonary complications [including pneumonia, hypoxemia, 
respiratory failure, etc. (14)], reoperation for bleeding or 
severe thorax infection, compared with the patients using 
traditional drainage tube (Table 2). Meanwhile, the effective 

reduction of these complications accelerated the healing 
of anastomotic leakage, and shortened the duration of 
postoperative hospital stay and indwelling drainage tube 
(Table 2). These achievements were quite inspiring.
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During the clinical practice, we also figured out some 
deficiencies in the structure of the first generation slow-
flowing irrigation drainage tube, including fluid leak 
through the connective device, limitation in irrigating speed 
and block in the epidural catheter. To fix these problems, 
we altered the primary structure and design the second 
generation slow-flowing irrigation drainage tube. The new 
designed tube is an integrated and non-invasive device, 
which improves patient's quality of life and reduced nurses’ 
workload.

The solution chosen for irrigation in this study was 
normal saline. Other choice, such as antimicrobial, is also 
applicable through the slow-flowing irrigation drainage 
tube. Irrigation with arbekacin into the empyema cavity was 
proved to be an effective and safe way for treating MRSA 
following lung resection (15). Intrapleural vancomycin 
irrigation was reported effective and well tolerated in 
postpneumonectomy empyema (6). Hence, the fluid used 
for irrigation could be adjusted based on drug sensitivity 
test or experience. During the process of irrigation, only 
cough and reflux were observed in 3 patients and no severe 
complication occurred. Hence, our designed slow-flow 
irrigation drainage tube is an effective and safe way for the 
treatment of anastomotic leakage with peri-anastomotic 
empyema cavity.

However, there existed some limitations in our study. 
First, since it was a retrospective study, certain defects 
of this study were uncontrollable, including the exact 
proportion of the two groups, limited number of cases, 
nutritional status of the patient and the size of the fistula 
could not be matched precisely. Besides, the design of the 
irrigation drainage tube still need improvement in the 
course of clinical practice. Thus, in the future, we will carry 
out a prospective study in multicenter to analyse the value 
of slow-flow irrigation drainage tube in the treatment of 
anastomotic leakage with peri-anastomotic empyema.

Conclusions

The anastomotic leakage with peri-anastomotic empyema 
after esophagectomy remains an intractable problem for 
thoracic surgeons. We designed a slow-flow irrigation 
drainage tube, which is easily placed into the deep empyema 
cavity along the primary pleural drainage tube to drain and 
flush the thick pus. This curative method has been proved 
non-invasive, safe, and effective during the clinical practice, 
which is worthy of promotion and widen application in 
the treatment of empyema or deep localized infections. 

Given the small number of people in this study, additional 
prospective study is also required to furtherly investigate 
the virtue of slow-flow irrigation drainage and its extended 
application in deep infections in thorax.
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Table S1 The detailed clinicopathological information of the enrolled patients

Group Sex Age, years Operation approach Pathology Tumor major diameter pT pN pM G Location Stage Neoadjuvant therapy

1st I+ Male 71 Right thoracic-abdominal Squamous 3.0 3 0 0 2 Middle IIB No

1st I+ Male 67 Left thoracic Squamous 0.5 1a 0 0 2–3 Middle IB No

1st I+ Female 64 Left thoracic Squamous 3.5 2 0 0 2 Middle IIA No

1st I+ Female 70 Left thoracic Squamous 3.0 1a 1 0 2 Middle IIB No

1st I+ Male 60 Right thoracic-abdominal Squamous + small cell carcinoma 3.5 1b 1 0 2–3 Middle IIB No

1st I+ Male 59 Left thoracic Squamous 2.0 1b 0 0 2 Lower IB No

1st I+ Male 71 Left thoracic Squamous 3.5 2 2 0 3 Lower IIIB No

1st I+ Male 53 Left thoracic Squamous 5.5 3 3 0 2 Lower IVA No

1st I+ Male 68 Left thoracic Adenocarcinoma 10.5 3 3 0 2 Lower IVA No

1st I+ Male 81 Left thoracic Adenocarcinoma 3.0 3 0 0 2 Lower IIB No

1st I+ Male 79 Abdominal Adenocarcinoma 4.0 3 0 0 3 Lower IIB No

2nd I+ Female 54 Left thoracic Stromal tumor 7.0 2 0 0 2–3 Lower IIA No

2nd I+ Male 69 Left thoracic Squamous 2.5 1a 1 0 2 Lower IIB No

2nd I+ Male 61 Left thoracic Squamous 1.5 3 2 0 2–3 Lower IIIB No

2nd I+ Male 62 Abdominal Adenocarcinoma 2.5 3 3 0 3 Lower IVA No

2nd I+ Male 63 Left thoracic Adenocarcinoma 6.5 3 2 0 2–3 Lower IIIB No

2nd I+ Male 62 Left thoracic Adenocarcinoma 3.0 3 2 0 2–3 Lower IIIB No

2nd I+ Female 65 Left thoracic Adenocarcinoma 6.0 3 1 0 3 Lower IIIB No

2nd I+ Male 50 Right thoracic-abdominal Squamous 4.0 3 2 0 2 Lower IIIB Yes

2nd I+ Male 70 Left thoracic Squamous 3.0 1b 0 0 2 Lower IB Yes

I− Male 78 Left thoracic Squamous 2.5 3 1 0 2 Middle IIIB No

I− Male 74 Left thoracic Squamous 4.0 2 0 0 2 Middle IIA No

I− Male 63 Right thoracic-abdominal Squamous 2.0 3 0 0 2 Middle IIB No

I− Male 71 Right thoracic-abdominal Squamous 2.0 3 0 0 2 Middle IIB No

I− Male 60 Right thoracic-abdominal Squamous 2.0 2 1 0 2 Middle IIIA No

I− Female 70 Right thoracic-abdominal Squamous 3.5 3 0 0 2 Middle IIB No

I− Female 58 Right thoracic-abdominal Squamous 2.8 3 2 0 3 Middle IIIB No

I− Male 68 Right thoracic-abdominal Squamous 4.5 3 1 0 3 Lower IIIB No

I− Male 68 Left thoracic Squamous 3.5 3 0 0 3 Lower IIA No

I− Male 71 Left thoracic Squamous 2.5 3 1 0 2 Lower IIIB No

I− Female 68 Left thoracic Squamous 3.5 3 3 0 3 Lower IVA No

I− Female 65 Left thoracic Squamous 1.8 1b 0 0 3 Lower IB No

I− Male 60 Right thoracic-abdominal Squamous 3.2 2 0 0 2 Lower IIA No

I− Male 67 Right thoracic-abdominal Squamous 3.5 3 2 0 2 Lower IIIB No

I− Male 43 Right thoracic-abdominal Squamous 4.5 3 1 0 3 Lower IIIB No

I− Male 67 Right thoracic-abdominal Squamous 4.0 3 2 0 2 Lower IIIB No

I− Male 46 Right thoracic-abdominal Squamous 6.5 3 0 0 1–2 Lower IIA No

I− Female 67 Right thoracic-abdominal Squamous 5.0 3 2 0 2 Lower IIIB No

I− Male 77 Left thoracic Squamous 3.5 2 1 0 2 Lower IIIA No

I− Male 69 Left thoracic Adenocarcinoma 5.0 3 3 0 3 Lower IVA No

I− Female 64 Left thoracic Squamous 5.0 3 2 0 2 Lower IIIB Yes

I− Male 60 Right thoracic-abdominal Squamous 1.5 1 1 0 x Lower IIB Yes

I+, slow-flow irrigation drainage tube group; I−, traditional drainage (non-irrigation) tube group.
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