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Mediastinal micro-vessels clipping during lymph node dissection
may contribute to reduce postoperative pleural drainage
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Background: Postoperative pleural drainage markedly influences the length of postoperative stay and
financial costs of medical care. The aim of this study is to retrospectively investigate potentially predisposing
factors related to pleural drainage after curative thoracic surgery and to explore the impact of mediastinal
micro-vessels clipping on pleural drainage control after lymph node dissection.

Methods: From February 2012 to November 2013, 322 consecutive cases of operable non-small cell lung
cancers (NSCLC) undergoing lobectomy and mediastinal lymph node dissection with or without application
of clipping were collected. Total and daily postoperative pleural drainage were recorded. Propensity score
matching (1:2) was applied to balance variables potentially impacting pleural drainage between group clip
and group control. Analyses were performed to compare drainage volume, duration of chest tube and
postoperative hospital stay between the two groups. Variables linked with pleural drainage in whole cohort
were assessed using multivariable logistic regression analysis.

Results: Propensity score matching resulted in 197 patients (matched cohort). Baseline patient
characteristics were matched between two groups. Group clip showed less cumulative drainage volume
(P=0.020), shorter duration of chest tube (P=0.031) and postoperative hospital stay (P=0.022) compared
with group control. Risk factors significantly associated with high-output drainage in multivariable logistic
regression analysis were being male, age >60 years, bilobectomy/sleeve lobectomy, pleural adhesion, the
application of clip applier, duration of operation >220 minutes and chylothorax (P<0.05).

Conclusions: This study suggests that mediastinal micro-vessels clipping during lymph node dissection

may reduce postoperative pleural drainage and thus shorten hospital stay.
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Introduction the hospital stay may enhance patient outcomes by

accelerating recovery, return to work, and minimizing
Surgical intervention remains an important and effective economic burden on the healthcare system.
treatment option for early stage lung cancer. During the Postoperative pleural effusion often occurs after major

perioperative period, decreasing morbidity and shortening pulmonary resection and systematic mediastinal lymph node
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dissection (SMLD), which is associated with prolonged
duration of chest tube, prolonged hospital stay and higher
hospital costs (1,2). Meanwhile the concomitant sequelae,
including postoperative pain, functional limitation, and
potential risk of infection, may lower the quality of surgery.
Furthermore, some studies (3-5) have investigated the
role of immune complexes, lymphocytes and cytokines
existing in the pleural fluid, implicating a potential immune
impairment after losing significant pleural fluid in a short
time after surgery.

The present study aimed to detect potentially predisposing
factors related with high-output pleural drainage after
curative thoracic surgery in a group of non-small cell lung
cancer (NSCLC) patients retrospectively and explore the
impact of micro-vessels clipping in the mediastinum on
pleural drainage control after lymph node dissection.

Materials and methods
Patients

From February 2012 to November 2013, 339 NSCLC
patients admitted to the department of Thoracic Surgery
I1, Beijing Cancer Hospital and Institute, Peking University
School of Oncology and treated with lobectomy or
above and SMLD were eligible for the study. In addition,
pyothorax after surgery (n=4), and reoperation due to
postoperative hemorrhage (n=2) or chylothorax (n=2) were
excluded because these specific complications could affect
postoperative drainage dramatically. Pneumonectomies
(n=9) were excluded for different physiology of the empty
pleural space after the removal of the whole lung. The
Institutional Review Board at Beijing Cancer Hospital
provided ethical approval for the present retrospective
study and patient consent was waived. The routine
preoperative staging included computed tomography
of the chest, brain magnetic resonance imaging (MRI),
abdominal ultrasonography, bone scintigraphy or positron
emission tomography/computed tomography (PET/CT).
Fibrobronchoscopic biopsy was applied to central localized
tumor. Pulmonary function testing and cardiac evaluation
were required for preoperative assessment.

Surgical technique

Pulmonary resections, including lobectomy, bilobectomy
and sleeve-lobectomy were selected on the basis of tumor
location. SMLD was performed to each patient using
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a standard procedure according to the International
Association for the Study of Lung Cancer (IASLC) (6).
Electric cautery was used to perform en-bloc dissection
during operation and micro-vessels were cauterized and
transected. Due to the existence of direct lymphatic
communication between the pulmonary parenchyma and
the mediastinum (7), some surgeons preferred to clip hilar/
mediastinal lymphatic node pedicle and tube-like structures,
such as micro-vessels, linked with surrounding anatomic
landmarks by using clip applier during en-bloc dissection of
lymphatic and fatty tissue (Figure I). The application of clip
applier was at the discretion of the attending surgeons.
Measurements of pleural fluid were recorded at morning
rounds. All of chest tube were always connected with water-
sealed drainage bottles and no external suction system was
applied. The criteria for chest tube removal were as follows:
(I) drainage volume less than 200 mL in 24 hours; (II)
absence of air leakage and intrathoracic hemorrhage; (I1I)
absence of signs of purulent pleural effusion and atelectasis.

Statistical analysis

The pleural drainage volume was recorded each day after
surgery until chest tube removal and the sum of each day’s
volume was recorded as cumulative drainage volume.
We calculated the propensity score by incorporating
the variables that can potentially affect pleural drainage,
including gender, age, operative side, upper/lower
lobectomy, neoadjuvant chemotherapy, video-assisted
thoracic surgery (VATS) approach, resection volume,
pleural adhesion, duration of operation, mediastinal
lymphadenectomy meets National Comprehensive Cancer
Network (NCCN) criteria and complications such as
chylothorax, cardiac arrhythmia, atelectasis, representing
the probability of being assigned to either the group
applying clip (group clip) or the group no clip was applied
(group control). We matched propensity scores one to
two using nearest neighbor methods, no replacement
and 0.2 caliper width. Finally, matched 73 patients from
group clip and 124 patients from group control were
included in the analysis. The characteristics of both group
clip and group control were compared before and after
propensity score matching. Multivariable logistic regression
analyses were performed for binary outcomes to predict
the factors significantly associated with pleural drainage.
Continuous variables were expressed as the mean + standard
deviation. Frequencies and percentages were expressed as
categorical variables. The student’s #-test was used for the
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Figure 1 The application of clip during operation. (A) Shows the application of clip applier dealing with a fine tube during SMLD; (B)

shows the scene of surgical site after the application of clip applier in right superior mediastinal region; (C) shows the scene of surgical site

in right middle mediastinal region; (D) shows postoperative chest radiography and several clips are seen in mediastinal region. SMLD,

systematic mediastinal lymph node dissection.

analysis of normally distributed data after the assurance of
homogeneity by Lavene’s test. The Pearson’s chi-square
() test was used to compare proportions (or the Fisher’s
exact test as required). The P values for differences were
calculated with a significance level of P<0.05. SPSS software
(version 18.0; SPSS, Chicago, IL, USA) was used for all
analysis.

Results

Demographic and perioperative data

Three hundred and twenty-two cases met the inclusion
criteria and entered the final analysis, which was divided
into group clip and croup control according to applying
clip or not. The demographic and perioperative variables of
the patients in two groups were compared before and after
propensity score matching in 7zble 1. In matched cohort,
cumulative drainage volume of group clip was significantly
less than that of group control (1,465.4+817.3 wvs.
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1,758.9£865.4 mL, P=0.020, Figure 24). Group clip showed
less daily drainage volume when compared with group
control in the day of surgery, the first postoperative day
and the second postoperative day (P<0.05). However, the
difference was absent after the third operative day (Figure 2B).
Meanwhile, group clip presented shorter duration of
chest tube (5.2£2.7 vs. 6.0£2.3 d, P=0.031, Figure 2C) and
postoperative hospital stay (8.0+3.2 vs. 9.1£3.3 d, P=0.022,
Figure 2D) compared with group control.

Multivariable logistic regression analysis for factors
associated with bigh-output pleural drainage

Total postoperative pleural drainage was 1,639.8+840.1 mL
in all cases. High-output was defined as pleural drainage
exceeded 1,804 mL, which was 10% above the average. Risk
factors significantly associated with high-output drainage
in multivariable logistic regression analysis were being
male (P=0.003), age >60 years (P=0.001), bilobectomy/
sleeve lobectomy (P=0.032), pleural adhesion (P=0.009), the
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Table 1 General characteristic of the two groups of lung cancer patients

Total cases Matched group
Group clip Group control P value Group clip Group control P value
(n=99) (n=223) (n=73) (n=124)

Males/females 64/35 122/101 P=0.112 47/26 81/43 1.000
Age 60.0+11.1 60.1+8.7 P=0.947 59.2+10.6 61.0+9.1 0.229
Left/right 46/53 99/124 P=0.808 32/41 59/65 0.658
Upper/lower lobectomy* 62/37 146/77 P=0.616 47/26 81/43 1.000
Neoadjuvant chemotherapy, n (%) 16 (16.2) 44 (19.7) P=0.536 15 (20.5) 28 (22.6) 0.859
VATS, n (%) 21 (21.2) 3(1.3) P<0.001 5 (6.8) 3(2.4) 0.149
Resection volume, n (%)

Lobectomy 82 (82.8) 189 (84.8) P=0.741 59 (80.8) 102 (82.3) 0.850

Bilobectomy/sleeve lobectomy 17 (17.1) 34 (15.2) 14 (19.2) 22 (17.7)
Pleural adhesion, n (%) 39 (39.4) 119 (53.4) P=0.022 30 (41.1) 56 (45.2) 0.656
Duration of operation (min) 214.7+52.6 229.6+54.0 P=0.022 219.9+53.4 224.8+50.1 0.515
Mediastinal lymphadenectomy meets 70 (70.7) 200 (89.7) P<0.001 58 (79.5) 102 (82.3) 0.706
NCCN criteria, n (%)
Complications, n (%)

Chylothorax 6 (6.1) 12 (5.4) P=0.797 3(4.1) 5 (4.0) 1.000

Cardiac arrhythmia 5(5.1) 27 (12.1) P=0.068 5(6.8) 9 (7.3 1.000

Atelectasis 6 (6.1) 26 (11.7) P=0.158 5(6.8) 13 (10.5) 0.453

*, eighteen patients underwent middle lobectomy were subclassified to upper lobectomy. VATS, video-assisted thoracic surgery;
NCCN, National Comprehensive Cancer Network.
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Figure 2 The comparison of drainage volumes in matched cohort. (A) Cumulative drainage volume in group control (n=124) and in group
clip (n=73); (B) daily drainage volume in d0-d3; (C) duration of chest tube; (D) postoperative hospital stay. Values are expressed as the
median drainage (IQR); *, P<0.05 for postoperative pleural drainage and d0-d2 daily drainage volume (d0, the day of surgery; d1, the first
postoperative day; d2, the second postoperative day; d3, the third postoperative day).
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Table 2 Multivariable logistic regression analysis for factors as- application of clip applier (P=0.005), duration of operation
sociated with high-output drainage 2220 minutes (P<0.001) and chylothorax (P=0.001) (7able 2).
Characteristics OR (95% Cl) P value® The application of clip applier was the only factor that
Gender 0.002 negatively correlated with high-output drainage [odds ratio
Female 1.00 (OR) 0.410; 95% confidence interval (CI): 0.221-0.763], as
Male 2.466 (1.379-4.411) showed in Table 2.
Age 0.001
<60 years 1.00 : ;
60 years 2.563 (1.478-4.444) Discussion
Operative side 0.381 Pleural fluid filters from the capillaries of the parietal
Left 1.00 pleura and drains through the lymphatic stomata of the
Right 1.283 (0.735-2.239) parietal pleura under normal physiological conditions (8).
Upper/lower lobectomy 0.683 However, there is increasing evidence suggesting that
Upper 1.00 stomata drainage coexists with absorption through the
Lower 1.128 (0.633-2.009) visceral mesothelium and electrolyte-coupled liquid
Neoadjuvant chemotherapy 0.897 absorption through both visceral and parietal mesothelial (9).

No 1.00 An increase in pleural liquid volume after thoracic operations
Yes 1.054 (0.480-2.313) enhances the contractility of lymphatic smooth muscle, and
VATS 0.594 causes an increase in lymphatic flow through the stomas,
No 1.00 which could drain more than 20 times greater than that
ves 0.671(0.155-2.911) reported under physiological conditions (10). Although several
Resection volume 0.032 mechanisms promote absorption of increased pleural liquid
L?bectomy 1.00 due to the thoracic surgery, it still seems a necessary procedure
Bilobectomy/sieeve lobec-  2.267 (1.072-4.795) to place intercostal tubes postoperatively. Chest tubes
tomy ) could prevent pleural effusion and life-threatening tension
Pleural adhesion 0.009 pneumothorax, measure the blood loss and air leakage (11).
s:s » 039 (111'(;2—3.487) H(?wever, chest tubes. are associate.d with‘ postoperative
Clip applier 0.005 paln,.functlonal limitation (.1)’ risk of 1n'fe.ct10n (12)
No 1.00 and hinder pulmonary mechanics (13). The timing of tube
Yes 0.410 (0.221-0.763) ren?oval is limited k.)y several reasons, of wl.lic.h.postoperative
Duration of operation (min) <0.001 drainage volume might be the major rate-limiting factor.
<220 1.00 In this multivariate analysis, we demonstrated that
2220 2.701 (1.567-4.657) sev§ral clinical ‘factors were notably linked with high-output
Mediastinal lymphadenectomy meets NCCN criteria ~ 0.641 drainage for this research group, such as male, age >60 years,
No 1.00 bilobectomy/sleeve lobectomy, pleural adhesion, duration
Yes 1.214 (0.537-2.742) of operation 2220 minutes and chylothorax. These factors
Chylothorax 0.001 might induce more pleural effusion after surgery based on
No 1.00 their pathophysiological features. However, our purpose
Yes 7.879 (2.230-27.832) is to find any procedure which might help to reduce
Cardiac arrhythmia 0.199 postoperative pleural effusion and remove the chest tube as
No 1.00 soon as possible.
Yes 0.558 (0.229-1.360) It is a novel finding that using micro-vessel clipping might
Atelectasis 0.051 reduce postoperative pleural drainage after lobectomy and
No 1.00 lymph node dissection. As non-penetrating titanium clips
Yes 2.375 (0.998-5.651) provide a close apposition of the tissues without creating a
$, binary-enter stepwise logistic regression estimate. OR, odds suture tract and the use of titanium clips is easier and faster
ratio; Cl, confidence interval; VATS, video-assisted thoracic (14,15), it gradually changes to be a routine instrument
surgery; NCCN, National Comprehensive Cancer Network. at surgery. At the beginning of our practice, we clipped
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some fine vascular vessels to avoid potential bleeding
after dissecting. With the accumulation of experience,
we found there were also plenty of lymphatic networks
in the mediastinum besides micro-blood vessels. En-bloc
dissecting fatty-lymphatic tissue could produce a traumatic
surface with severe exudation (16). Therefore, we clipped
these tube-like structures as many as possible for effusion
control after surgery. Sometimes, lymphatic node pedicle
retracted when it was transected. Therefore, the lymphatic
node pedicle was often clipped before transection in order
to block micro-blood and lymphatic vessels exactly. Our
results suggested that the application of clip applier was the
negative factor which could reduce the odds of high-output
drainage by 59%. Mediastinal micro-vessels clipping could
also lead to a shorter chest tube duration and postoperative
hospital stay in this study. These findings may be attributed
to extensive lymphatic and vascular network existing in
the mediastinum (17). After dissection, this network was
transected and exudation from surgical surface could be
obvious, especially in a drainage system with negative
intrathoracic pressure. Blocking these micro-blood and
lymphatic vessels with clip could occlude the network, thus
then avoid exudation of lymph fluid or interstitial fluid.
There was other research focusing on identifying patients
at higher risk of developing a large pleural effusion (18).
We suggest using clip-appliers in these patients who
may develop postoperative high-output drainage under
researchers’ speculation.

Titanium clips are not expected to dislodge in a magnetic
field (19,20) and thus patients’ safety can be secure during
MRI examination. In very rare cases, a tear in the great
vessel due to friction of a titanium clip would cause major
bleeding after surgery (21). Considering possible tissue
excursions triggered by the heartbeat, all clips must be
rechecked before closing incision to avoid abrasion to the
vascular wall. If necessary, the option of local tamponade
over clips using hemostatic sponge should be adopted to
make vascular wall free from friction. In this group, no such
cases were recorded after clip application.

Several methods could theoretically reduce pleural
fluid, either by clipping or energy sealing the micro-vessels
structure or by increasing intrathoracic pressure, such as
intermittent chest tube clamping. There were some reports
investigating the role of vessel sealing instruments, such
as ultrasonic dissection device, bipolar sealing device and
LigaSure on pleural fluid control. Kamiyoshihara e a/. (22)
found the drainage volume after using bipolar sealing
device in right superior mediastinal lymph node dissection
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was same as the combination of clip applier and monopolar
electrocautery. Further data is needed to elucidate the
benefits and side-effects of these different methods on
pleural effusion control.

Nevertheless, retrospective analysis and non-randomization
are the major limitations of this study. Therefore, we used
a propensity score-matched analysis to minimize selection
bias. Although our investigation shows the tendency of
superiority in using clip applier, we need prospective study
to confirm these results. A randomized controlled trial will
be suitable to compare the clip applier with vessel sealing
instruments in the efficacy of reducing postoperative pleural
drainage for further study.

Conclusions

In conclusion, NSCLC patients with postoperative high-
output drainage present with certain clinical characteristics.
The application of clip-applier could reduce cumulative
drainage volume, and we suggest using clip-appliers in
patients possessing risk factors of postoperative high-output
drainage.
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