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Curative Effects of Different Sequences of
Vessel Interruption During the Completely

Thoracoscopic Lobectomy on Early Stage
Non-Small Cell Lung Cancer

Fengwei Li, MD,!> Guanchao Jiang, MD,' Yingtai Chen, MD,? and Jun Wang, MD!

Objective: To study the correlation between prognosis and different sequences of pulmo-
nary artery and vein interruption during completely thoracoscopic lobectomy for early
stage non-small cell lung cancer.

Methods: Retrospective analysis of 334 cases underwent completely thoracoscopic lobec-
tomy, which were identified as stage I~II non-small cell lung cancer by pathology. They were
divided into three groups according to the order of vessel interruption: pulmonary vein first
(Group V, n = 174), pulmonary artery first (Group A, n = 93), and artery-vein-artery group
(Group M, n = 67). Their preoperative and operative conditions, and the postoperative sur-
vival, recurrence were compared.

Results: Group A had less cases with history of smoking but more with history of pulmo-
nary infection. The average bleeding amount during the operation in Group A is signifi-
cantly less Group V, and Group M fell in between them. The duration of operation and
postoperative complications were similar among the three groups. The types of tumor
recurrence were also similar, which were mostly distant metastasis. There was no statisti-
cally significant difference in tumor-free survival and overall survival among the three
groups.

Conclusions: For the treatment of stage I~II non-small cell lung cancer using completely
thoracoscopic lobectomy, pulmonary artery interruption first can reduce the bleeding
amount without affecting the operative difficulty and postoperative complications. The
sequence of vessel interruption during lobectomy by thoracoscopic surgery would not affect
tumor recurrence, metastasis and survival.
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Surgery is still the best treatment for early lung cancer
currently, but approximately 40%—-50% of patients will
develop distant metastases after the operation. It was
reported through pulmonary vein during an operation that
remote dissemination may occur.” How to improve surgi-
cal methods and reduce the incidence of distant metasta-
ses and lower mortality is the direction of the continuous
efforts of thoracic surgeons. Of note, whether different
sequences of pulmonary artery and vein interruption
during the operation have different effects on the meta-
static dissemination of carcinomas remains controversial.
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Most surgeons interrupt the vein first believing that it
will reduce tumor cells dissemination due to crushing of the
tumor during the operation, which is more in line with the
principle of tumor-free surgery.”? However, others claimed
that artery interruption first may reduce the extravasated
blood in the remaining lung and the amount of bleeding.”
There were also a few reports showing that the two methods
had the similar effect on cancer dissemination.?

These studies were limited in that all pulmonary lobec-
tomies were conducted by thoracotomy, with relatively
short follow-up time and fewer cases. Other limitations
included lack of stratified analysis, too many interference
factors in the control group and non-specific tumor mark-
ers used. As a result, the conclusions remain to be further
confirmed.

The completely thoracoscopic lobectomy began in the
early 1990s. With over ten years of development and prac-
tice, its advantages including safety, feasibility and effi-
cacy for treatment of early lung cancer has been appreciated.
This technology has gradually become one of the main
methods of lung cancer surgery.>® This study retrospec-
tively analyzed the effects of different sequences of pulmo-
nary artery and vein interruption on stage I~II non-small
cell lung cancer in the completely thoracoscopic lobec-
tomy conducted between September 2006 and June 2013
in our hospital. We concluded that the sequence of vessel
interruption did not affect the prognosis of lung cancer, and
the sequence of vessel interruption should be performed
based on the specific circumstances of the individual
patient.

Materials and Methods

Cases

Retrospective analysis was performed with 1337
patients underwent lobectomy in the thoracic surgery
department between September 2006 and June 2013.
Patients inclusion criteria were: (1) received the com-
pletely thoracoscopic lobectomy; (2) pathologically con-
firmed I~II non-small cell lung cancer; (3) performed by
the surgeons with more than 30 completely thoracoscopic
lobectomy experience. Exclusion criteria were: (1) con-
verted to open lobectomy; (2) lung metastatic cancer; (3)
small cell lung cancer; (4) Pre-pulmonary wedge resec-
tion; (5) closed chest; (6) death during the operation.
Based these criteria, we excluded open lobectomy (135
cases), lung metastatic cancer (39 cases), small cell lung
cancer (20 cases), benign diseases (234 cases). Among the
909 non-small cell lung cancer left, we further excluded
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the stage 0, III, IV (185 cases), pre-pulmonary wedge
resection (284 cases), sleeve lobectomy (6 cases), com-
posite lobectomy (28 cases), transiting open thoracotomy
(41 cases), closed chest (8 cases), the operation performed
by the surgeon with less than 30 cases experience (22
cases), death during the operation (1 case). Finally, a total
of 334 cases met the selection criteria. According to the
order of the pulmonary artery and vein interruption, they
were divided into pulmonary vein first (Group V) with
174 cases, artery first group (Group A) with 93 cases, and
mixed group (Group M) with 67 cases.

Operation

Group V: after a incision is made, the pulmonary vein
was separated and interrupted first, followed by other vas-
cular operation. Group A: the pulmonary artery was sepa-
rated and interrupted first, and then the pulmonary vein.
Group M: (1) In the process of right upper lobectomy, the
sequence goes as follows: the posterior segment of artery-
vein-the anterior apical segments of artery; (2) In the pro-
cess of left upper lobectomy, the sequence goes as follows:
the lingual and posterior artery-vein-the anterior apical
segments of artery.

These three methods were all the complete thoracoscope
lobectomy with systematic mediastinal lymph node dissec-
tion, including at least the seventh group and three groups
from mediastinal lymph nodes and three from intrapulmo-
nary lymph nodes. All lymph nodes and adjacent adipose
tissue were removed together. Samples were marked
according to the IASLC (2009) (The International Associa-
tion for the Study of Lung Cancer) method after pathologi-
cal examination by more than two senior pathologist
respectively. The patients in the post-operative stage II or
stage IB with high risk received the platinum-based double
drugs chemotherapy for 1-4 periods, and then were fol-
lowed up by every three months in the first year and every
six months in the next years. Chest CT (Computed Tomog-
raphy) and abdominal ultrasound were conducted in order
to evaluate whether there are local recurrences, distant
metastasis. The whole body bone scan was applied for the
patients who were over | year after operation or had bone
pain and other signs of bone metastases. Skull CT was also
done for those who were over 1 year after operation or had
discomfort in head to exclude intracranial metastasis.

Statistical analysis

The observed indexes related to operation included:
operation time, intra-operative bleeding volumes, the dif-
ference of hemoglobin value between the first day after the
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Table 1 Patient clinical features (X £ s/(%))

Group V (n=174) Group A (n=93) Group M (n = 67) P-value

Gender (male,%) 94 (54.0) 36 (38.7) 37 (55.2) 0.040
Age (year) 62.8 £10.8 62.6 £10.5 60.8 £9.8 0.369
History of smoking (n,%) 69 (39.7) 23 (24.7) 28 (41.8) 0.026
Patient with pulmonary infections (n, %) 8 (4.6) 12 (12.9) 1(1.5) 0.008
Pre-operation complications (n,%) 102 (58.6) 56 (60.2) 40 (59.7) 0.966
History of malignancy (n,%) 7 (4.0) 8 (8.6) 4 (6.0) 0.304
Lesion diameter (cm) 29+1.6 28+14 3.1+4.3 0.732
Elevate pre-operative CEA (n, %) 27 (15.5) 8 (8.6) 10 (14.9) 0.267
Lesion location 0.000

Right upper lobe 76 (62.8) 12 (9.9) 33 (27.3)

Right middle lobe 27 (73.0) 9(24.3) 1.7

Right lower lobe 17 (27.9) 43 (70.5) 1(1.6)

Left upper lobe 41 (58.6) 34.3) 26 (37.1)

Left lower lobe 13 (28.9) 26 (57.8) 6 (13.3)
Pre-operation pulmonary function (% Pre)

FEV1 24+0.6 22+0.6 25+£0.7 0.277

FEV1/FVC 76.5+84 75.5£85 785+ 11.1 0.274

FEV1/pre 82.7+£14.9 842+ 159 883155 0.055

CEA: carcinoembryonic antigen; FEV1: forced expiratory volume in one second; FVC: forced vital capacity

operation and pre-operation, postoperative drainage vol-
umes, complications and the length of postoperative hospi-
tal stay, et al. The effectiveness of thoracoscopic pulmonary
lobectomy was evaluated through comparing the tumor-
free survival, the long-term survival, recurrence and metas-
tasis between the two groups. Enumeration data were
analyzed by the % test. Quantitative data were analyzed by
the Student’s t test. Survival analysis adopted Kaplan-
Meier method, Log-rank test and Cox regression model for
single-factor and multiple factors analysis. Differences
were considered significant when P <0.05.

Results

General

There were 334 cases in the three groups, with 167 male
and 167 female, age between 33 to 86 (the middle age 63).
Two-side upper lobectomy and right middle lobectomy
were more prevalent in the Group V, while two-side lower
lobectomy were more prevalent in the Group A. Group M
mainly included a small number of two-side upper lobec-
tomy. Group A was composed with more female, while
other two groups (V and M) with more male. Group A had
less cases with history of smoking but more with history of
pulmonary infection. The patient’s age, main complica-
tions, tumor history, lesion diameter, pre-operative tumor
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markers and pre-operative lung function (Forced expira-
tory volume in one second (FEV1), FEV1/Forced vital
capacity (FEV1/FVC) and Fevl/predicted Fevl (FEV1/
pre)) had no statistically significant differences among the
three groups (P >0.05, Table 1).

The perioperative period

All 334 cases underwent successful operation without
serious complications, 80 cases with minor complica-
tions including prolonged drainage time (>7 days), atrial
fibrillation, pulmonary infection, subcutaneous emphy-
sema and chylothorax, et al. Except for two cases of chy-
lothorax which were cured by reoperation of ligation of
thoracic duct and local exudates treatment and one case
of chest wall hematoma which was removed by reopera-
tion, others were cured by conservative treatment.

The mean operation time was 181.7 £ 53.5 min, and
the mean bleeding amount was 128.0 £ 123.0 mL. There
were no statistical differences between individual sur-
geon’s levels among the three groups. The bleeding
amount during the operation in Group A was less than
that in Group V while that in Group M fell in between.
The difference was statistically significant (P <0.05).
But there were no statistically significant difference in
the operation time, the hemoglobin value between the
first day after the operation and pre-operation, required
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Table 2 The perioperative period characters of the three groups (x + s/(%))

Group V (n=174) Group A (n=93) Group M (n=67) P-Values

Operations by senior surgeon (n, %) 125 (71.8) 60 (64.5) 38 (56.7) 0.073
Operation time (min) 186.2 £ 53.6 167.0£45.2 190.5 £ 62.5 0.797
Bleeding amount (mL) 148.3 £ 1429 105.1 £97.5 107.0 £ 123.0 0.005
Hemoglobin variation 12.5£8.0 102+7.1 129+£10.3 0.802
Required blood transfusion (n, %) 7 (4.0) 3(3.2) 1(1.5) 0.663
Drainage time (day) 6.6+3.0 5.8+34 63+33 0.293
Hospital stay time (day) 9.5+99 8.0x4.0 8.7+42 0.270
Complications (n, %) 44 (25.3) 23 (24.7) 13 (19.4) 0.625
Pathological types (n, %) 0.826

Squamous cell carcinoma 32 (18.4) 15 (16.1) 9(13.4)

Adenocarcinoma 134 (77.0) 75 (80.6) 54 (80.6)

Others” 8 (4.6) 3(3.2) 4(6.0)
Differentiation degree (n, %) 0.467

Highly differentiated 23 (13.2) 16 (17.2) 11 (16.7)

Moderately differentiated 86 (49.4) 52 (55.9) 31 (47.0)

Poorly differentiated 65 (37.4) 25 (26.9) 24 (36.4)
TNM stages (n, %) 0.477

I 138 (79.3) 79 (84.9) 56 (83.6)

I 36 (20.7) 14 (15.1) 11(16.4)

TNM: tumor-node-metastasis classification

blood transfusion ratios, postoperative closed thoracic
drainage tube indwelling time, postoperative hospital
stay, minor complications, tumor pathological types, dif-
ferentiation degree and stages (P >0.05, Table 2).

Long-term results

Median follow up was 30 (4-86 months) months in
Group V, with 4 loss in 174 cases. Six patients had local
recurrence; one patient had cutting edge swelling consid-
ering as local recurrence because of enhanced metabolism
on PET-CT scan (Positron Emission Tomography-
Computed Tomography); five cases had enlarged hilar and
mediastinal lymph nodes; and 22 cases had distant metasta-
ses by imaging examination (11 pulmonary metastases, five
bone metastases, three brain metastases, three liver metasta-
ses). Median follow up was 26 (11-80 months) months in
Group A, with five loss in 93 cases. Two cases showed local
recurrence suggested by enlarged hilar and mediastinal
lymph node on CT scan; seven cases had distant metastases
by imaging examination (four pulmonary metastases, two
pleural metastases, one bone metastases). In Group M,
median follow up was 20 months (7-77 months), with three
loss in 67 cases. One patient had local recurrence indicated
by enlarged hilar and mediastinal lymph nodes on CT scan;
two cases had distant metastases by imaging examination
(one pulmonary and one bone metastases).
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No statistically significant differences were found in the
local recurrence and distant metastases among the three
groups (P >0.05). There were also no statistically signifi-
cant differences in the 1-, 3- and 5-year overall survival and
tumor-free survival (P >0.05, Figs. 1, 2). No statistically
significant differences were found as well by stratified anal-
ysis according to the excision sites, gender, history of smok-
ing and pulmonary infection. Variables having a significant
impact on overall survival by univariate Cox regression
analysis were age, elevated preoperative CEA (carcinoem-
bryonic antigen) and postoperative stages (P <0.05). Fur-
ther multivariate Cox regression analysis showed that age
and postoperative stages still had statistically significant
(P <0.05) (Table 3).

Discussion

By retrospective analysis of patients underwent thoraco-
scopic lobectomy in our hospital, we discussed the curative
effects of different sequences of pulmonary artery and vein
interruption during the completely thoracoscopic lobec-
tomy on early stage non-small cell lung cancer. The three
groups had significant differences in the distribution of
lesions. It is mainly because that compared to the tradi-
tional thoracotomy, completely thoracoscopic lobectomy
can reveal and zoom in certain areas that are difficult to do
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Fig.1 There were no statistically significant differences in
overall survival time among the three groups.

in open thoracotomy. However, this technique has limita-
tions. Unlike open thoracotomy, it is impossible to separate
and dissect from various angles in the completely thoraco-
scopic lobectomy when serious adhesion appears. It is also
difficult to stop bleeding by directly pressing. Therefore,
forced dissection from one direction or a certain fixed
order may cause serious bleeding, which then requires the
conversion to open thoracotomy. Sometimes, there are
swellings and calcified lymph nodes around pulmonary
veins, which make it difficult to separate the pulmonary
veins first. Under this situation, if the lobar fissure is dis-
sected and the pulmonary artery branches are handled first,
it will be easier to deal with the pulmonary veins from
another angle. This condition is especially prominent in the
operation under endoscope. For patient safety, there is pos-
sibly only one vessel interruption order for a certain pul-
monary lobe of a certain patient. We summarized the
experience of over 500 thoracoscopic lobectomy cases and
optimized this approach. One of the core principles is to do
the easy ones first instead of following the traditional fixed
interruption order of artery after vein.” As a result, the
safety of the thoracoscopic lobectomy was improved. To
be specific, the rate of conversion to open thoracotomy has
decreased; the duration of the surgery has shortened and
the bleeding amount has reduced. For this reason, except
for the vein first group and artery first group, there were
still some cases in mixed group in the study. And three
groups vary in the distribution of lesion locations.

The three groups showed differences in the gender dis-
tribution, smoking history and the history of pulmonary
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Fig.2 There were no statistically significant differences in
diseases free time among the three groups.

infection. But this study mainly discussed the effects of
vessel interruption order on the survival and surgical
operation. it has indicated that these differences has no
influence on the survival and recurrence through stratified
analysis and Cox model analysis. Smoking and pulmo-
nary infection may theoretically aggravate the adhesion
in thoracic cavity, which can increase the amount of
bleeding and the difficulty of surgery. However, this study
excluded the extreme situation, closed chest, of these
effects. Therefore, no correlation has been found when
the history of smoking and pulmonary infection was used
as influence factors to analyze the bleeding amount and
surgery duration.

Traditionally, the vein should be cut before the artery in
the pulmonary lobectomy for lung cancer treatment, which
was thought that may reduce the dissemination of tumor
cells during the operation.”? By comparing the CEA level
before and after pulmonary lobectomy, Kurusu found that
surgical operation could raise the detection rate of periph-
eral tumor cell.? The change was even more obvious in the
artery cut first group. By univariate Cox model analysis,
the study found that the increased opreoperative CEA in
the peripheral blood was a risk factor, but further multi-
factor analysis indicated that this risk factor had no statisti-
cal significance. This study was a retrospective study, so
detection of circulating tumor cell was not conducted. Sim-
ilar to this study, Wulf Sienel detected the circulating tumor
cell in the pulmonary vein of 49 lung cancer patients using
cytokeratin-associated antigens as the marker. The patients
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Table 3 Cox regression analysis of survival

95% CI
B SE Wald df Sig. RR Low Up
pTNM -1.341 0.339 15.675 1 0.000 0.261 0.135 0.508
Age 0.055 0.018 8.926 1 0.003 1.056 1.019 1.095
CEA -0.680 0.408 2.779 1 0.096 0.507 0.228 1.127

CI: confidence interval; B: beta, equal to regression coefficient; SE: standard error; df: degree of
freedom; RR: relative risk; pTNM: pathological TNM classification; CEA: carcinoembryonic

antigen

were divided into two groups: tumor cell positive (10
cases) and tumor cell negative (39 cases). Follow-up study
showed that free circulating cell positive was a risk factor
of prognosis, but the effects of vessel process on survival
was not compared in the study.® Yael Refaely compared
the vein cut first group (133 cases) and the artery cut first
group (146 cases) but found no significant difference in
recurrence and survival between the two groups. Kozak
conducted the prospective randomized study on the effects
of artery and vein interruption sequences. The study com-
pared the artery cut first group (215 cases) with the vein cut
first group (170 cases) and found that there’s no statistical
difference in recurrence and survival between the two
groups.” However, these studies all focused on thoracot-
omy lobectomy. Kurusu pointed out that the traction of
pulmonary tissue increased the risk of recurrence and
metastases.”? Yamashita held the view that thoracoscopic
surgery had a more powerful traction on pulmonary lobe
and the tumor. The detection rate of peripheral tumor cell
was higher, which might have effects on the survival after
surgical treatment.'” Our study, for the first time, reveals
that different sequences of pulmonary artery and vein
interruption during completely thoracoscopic lobectomy
has no influence on the recurrence, metastases, tumor-free
survival and overall survival. Tumor metastases involve a
complex interaction between tumor cells and host cells.
The tumor cells shedding from the tumor discontinuously
enter the blood circulation where most of them are recog-
nized and eliminated by multiple immune factors and
immune cells. A few tumor cells can break through the
vascular endothelium but the majority of them will be
destructed by immune system in the tissues and organs.
Eventually very few cells can settle in distal tissues and
develop into metastatic colonization.

There are also some scholars who support the idea
that the artery should be cut first, and then the vein.>¥
They think that this order can reduce the extravasated
blood in the remaining lung and the amount of bleeding.
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Pulmonary congestion can lead to the enlargement of the
pulmonary volume and make the narrow intrathoracic
room even smaller, which, therefore, extends the dura-
tion of surgery and increases the operation difficulty.
This is more important for thoracoscopic operation. In
this study, the average amount of bleeding in Group A
was 105.1 ml, which was obviously lesser than that in
Group V (148.3 ml). Group M fell in between the above
two groups with the number of 107.0 ml, which showed
that cutting the artery first can reduce the bleeding vol-
ume during the operation. However, the advantage of
this less bleeding did not present in the change of hemo-
globin before and after the surgery or the ratio of trans-
fusion. It also has no influence on complications or
postoperative recovery indicators like the time with closed
thoracic drainage tube. Both 105.1 ml and 148.3 ml are
less than 5% of the total blood volume, so it will not affect
the health condition of the body. Surgical duration is an
important manifestation of the difficulty of the surgery.
The average duration of operation in Group A was about
167.0 min, which was less than the 186.2 min in Group V.
However, the difference showed no statistical significance.
On the other hand, it indicates that, instead of situations
that require complicated operation such as difficulty in
vessel treatment and arteriorrhexis, the increase of bleed-
ing caused by cutting the vein first mainly comes from
oozing blood of pulmonary wound.

There are several factors that may affect the postopera-
tive distant metastasis of tumor. When selecting the cases,
we tried our best to exclude a variety of main affecting fac-
tors. The study excluded the patients with stage III and
above as there was a higher possibility of micrometastasis
before the operation, which may have a significant influ-
ence on the postoperative distant metastasis. The study
excluded patients who received the wedge resection of
tumor and the follow-up lobectomy with a confirmed
pathology. The pulmonary wedge resection has an obvious
compress on the pulmonary tissue and the tumor, which
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may result in the shedding of tumor cells into the blood.
Moreover, there is no tumor in the follow-up operation and
the vessel cut order will not influence the long-term recur-
rence, metastases and survival. So these kind of patients
were excluded to reduce the confounding factors. Their
tumors are usually small and peripheral, so we excluded
most patients with small tumors. Together with the exclu-
sion of patients with the stage Il and above, the diameter of
the tumor was limited to a small range (on average 3 cm).
Smaller diameter dispersion can explain that the tumor
diameter is not an independent risk factor in the survival
analysis.

The limitations of this study are as follows. First of all,
as a retrospective study, certain deviation appears during
the selecting of the cases. The amount of cases was small
with a large time span. The patients were mainly in the
early or middle stage, so the follow-up was short and most
of them did not experience the outcome event. Therefore,
the conclusion needs further follow-up validation. This
article aimed to VATS lobectomy and pathological early
stage non-small cell lung cancer patients. Indeed there
were staging improving in Clinical practice, but of small
probability,!" such patients have more disturbing factors
of tumor spread and metastasis. Such patients may have
some slightly isolated metastases which were difficult to
detect preoperative. Once a postoperative metastasis come
up, it is difficult to tell whether it was caused by different
sequences of vascular interruption or proliferation of orig-
inal micrometastases. Similarly with the relevant litera-
ture, patient with staging improving remains comparatively
rare in our center. And patients’ clinical data were not bal-
anced between the two groups, our existing data can not
be used to make conclusions about this condition. There-
fore in order to ensure our persuasion pathological early
stage non-small cell lung cancer patients were restricted.
Most of the cases in vein cut first group were middle or
upper lobectomy while most of the cases in artery cut first
group were lower lobectomy. There were no analysis of
postoperative effects caused by surgical complexity, such
as adhesion of regional lymph nodes or long separation
time. These factors need further investigation by conduct-
ing prospective study.

Conclusions
In conclusion, for thoracoscopic treatment of I~1I stage
non-small cell lung cancer, handling and cutting artery first

can reduce the amount of bleeding during the surgery with-
out affecting the operative difficulty and postoperative
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complications. The sequence of vessel interruption during
lobectomy by thoracoscopic surgery would not affect
tumor recurrence, metastasis and survival. The sequence of
vessel interruption should be performed based on the spe-
cific circumstances of the individual patient.
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