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Objective: With this review we have aimed to present our video-assisted thoracoscopic surgery mediastinal
lymph node dissection (VATS MLND) technique and to discuss about its accuracy.

Background: VATS resections (lobectomy) have proved to reach the same oncologic outcomes than
thoracotomy ones for stage I non-small cell lung cancer. It is also shown that VAT'S MLND is not inferior to
open thoracotomy in terms of accuracy of mediastinal lymph node dissection.

Methods: From May 2012 to December 2020, 525 patients were operated of VATS lobectomy with
a multiportal approach for non-small cell lung cancer (NSCLC) (468 stage I and 57 stage II-IV) at a
high volume Italian Thoracic Surgery Unit: 42 procedures with a 4-port approach, 56 procedures with a
3-ports approach and 427 with a 2-port approach. The main post-operative complications are reported.
We described the VAT'S MLND technique separately as right and left MLND to point out the technical
peculiarities of each node station starting with the anatomy. The accuracy of the procedure presented is
analyzed in terms of number of lymph node retrieved and upstaging rate comparing our data with that of
the most authoritative literature on this topic. We also investigated for the presence of predictors of post-
operative complications.

Conclusions: We should learn further to became more skilled at performing an adequate VATS lymph
node dissection. According to the data presented we can conclude that VATS MLND is a safe and accurate

procedure.
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Introduction

Roviaro er al. performing the first video-assisted
thoracoscopic surgery (VATS) lobectomy more than
20 years ago (1), started a new era in lung cancer surgery.
The better outcomes compared to “open procedures” in
terms of less pain, fewer post-operative complications,
reduced chest drainage duration and shorter length of stay
has, in fact, prompted nearly every thoracic surgeon in the
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world to at least attempt to VAT'S approach.

The hypothetical differences in terms of local recurrences
and long-term survival of VAT approaches compared with
open procedures have been overcome (2) and it is proved by
then that VAT lobectomy can offer, if performed by skilled
surgeons, a better complications rate and the same safety
profile of open surgery.

Since 2014 we routinely use the biportal VATS technique
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for lobectomy and, exceptionally, pneumonectomy (3)
believing that it is safe and effective. We have proved, in
fact, that a biportal VATS (camera-port with a single utility
incision) leads to a lower length of hospitalization (P<0.05),
lower duration of chest tube (P<0.05) and less pain (P<0.05)
compared with three- or four-ports groups (4). Some tricks
are to be considered like the sharp separation by scalpel
instead of monopolar incision and the carefully protection
of phrenic and laryngeal nerves during the dissection of
mediastinal lymph nodes (right side: station 2, 3, 4, 7, 8, 9;
left side: station 4, 5, 6, 7, 8, 9).

Pulmonary lobectomy is the standard surgical treatment of
early-stage lung cancer, only if it is associated with mediastinal
lymph node dissection (MLND) (5,6). Lymph node
dissection, detecting clinically occult metastases, can control
local tumor growth reducing effectively local recurrence.
Furthermore, upstaging the nodal status of the patients due
to its sensitivity and specificity enables the correct use of
adjuvant therapy and improve the long-term survival.

If there is a consensus on the downstaging rate of non-
invasive examinations such as chest CT and PET/CT as
suggested by the CALGB 9761 prospective trial (7) there
is, otherwise, controversial whether VATS approach can
achieve the same quality of an open approach in MLND.

Starting with the description of our experience in multi-
portal VATS lobectomy we present the different lymph
node dissection techniques starting from the coded and
most used ones. Then, we add our tricks and tips that allow
us to achieve the results presented. We also discuss about
the accuracy of this procedure reviewing the data of the
most authoritative literature on this topic.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
vats.amegroups.com/article/view/10.21037/vats-21-27/rc).

Methods

Since their introduction VATS procedures have gained
more and more importance until now when at our
Institution they are applied, compared with open procedure,
with a ratio of more than 85% vs. 15%. The reasons of
their widespread use are to be found in the decrease of post-
operative pain, length of stay, duration of chest tube and
costs of hospitalization that minimally invasive thoracic
surgery can guarantee.

From May 2012, date of starting of VATS surgery
program at Vito Fazzi Hospital - Lecce, to December 2020
we performed 42 procedures with a 4-port approach, 56
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with a 3-port approach and 427 with a 2-port approach. Our
surgical approach was ever focused on the most accurate
dissection of pulmonary and mediastinal structures and on
the best oncologic radical outcome. Since 2019 we perform,
sometimes, also uniportal VAT for lobectomy (1able I).

Starting with a review of the preeminent literature we
reported our data in terms of LNs retrieved, number of
LNs in each station N1 and N2 by side and by type of
surgical intervention.

The accuracy of MLND could be analyzed in three
different ways according with literature: (I) number of
lymph node dissected (8); (II) rate of postoperative nodal
upstaging (9,10); and (III) the weight of nodes dissected (8).

We analyzed the accuracy of MLND calculating and
comparing the number of LNs dissected and rate of post-
operative nodal upstaging due to the lack of data regarding
their weight.

The RUL and RML interventions are considered
together to be able to extend the comparison with the data
of another author.

Furthermore, we investigated the presence of predictors
associated with post-operative complications and length
of hospitalization with particular interest for the number
of lymph nodes removed. The same was done for the
relationship between the number of LNs removed and the
surgical time taking in account and reporting the short-
term outcome in terms of post-operative complications.

Surgical technique of VATS lobectomy

The preparation of the patient begins with the positioning
of a double-lumen endotracheal tube by the anesthesiologist.
That tube is inserted under fiber bronchoscopy guidance
during general anesthesia.

There is a growing consensus on the usefulness of non-
intubated anesthesia. The awake thoracic surgery via VAT has
several pros such as avoiding the need for general anesthesia,
permitting a more physiological cardiac, pulmonary, and
neurological state during the surgical procedure, and limiting
postoperative nausea and vomiting. However, we believe
that centers starting with such a procedure should begin by
performing minor VATS procedures in selected low-risk
patients. An early conversion is necessary for any situation
of sudden surgical difficulty or cardiopulmonary instability.
Then, we need to practice it even more with minor surgical
interventions (11). For these reasons, we have not considered
the surgical interventions performed by awake in the surgical
series reported in this study.
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Table 1 Baseline characteristics of thoracoscopic lobectomy

patients (N=525)

Characteristics Value
Overall (n) 525
Gender (female), n (%) 151 (28.8)
Age (years), mean (SD) 69.0 (8.2)
Smoke, n (%) 409 (78.2)
Comorbidity, n (%)
Heart 347 (66.1)
Liver 16 (3.0)
Kidney 15 (2.9)
Vascular 126 (24.0)
VC%, mean (SD) 91.2 (18.2)
FeV1%, mean (SD) 87.8 (18.6)
pCO, (mmHg), mean (SD) 39.1 (6.2)
Type of surgical intervention, n (%)
RUL/RML 200 (38.1)
RLL 117 (22.3)
LUL 120 (22.9)
LLL 88 (16.8)
Surgical time (min), median [IQR] 120 [100-130]
Lymph nodes, mean (SD) 7.82 (6.07)
pStage, n (%)
IA 409 (77.9)
B 59 (11.2)
A 18 (3.4)
B 12 (2.3)
A 23 (4.4)
v 4(0.8)
Length of hospital stay (days), median [IQR] 5 [5-6]
Complication, n (%) 72 (13.7)
Recurrent laryngeal nerve 9 (12.5)
Bronchial fistula 1(1.4)
Air leaks (>7 days) 31 (43.1)
Atrial fibrillation 6 (8.3)
Fluid retention 11 (15.3)
Surgical reintervention 9 (12.5)
Others 5(6.9)

RUL, right upper lobe; RML, right middle lobe; RLL, right lower
lobe; LUL, left upper lobe; LLL, left lower lobe; IQR, interquartile
range.
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The patient is then positioned in full lateral decubitus
(clasp-knife position) flexing slightly the middle chest to
allow splaying of the ribs.

VATS lobectomy requires total lung collapse and two
incisions in the case of biportal VATS. The camera port,
1.5 cm sized, is placed at the level of 8th—9th intercostal
space and the utility incision port, 4-5 cm sized, at 4th-5th
intercostal space.

The dissection of vein, bronchus, and artery with lymph
node dissection is performed individually. The instruments
should be long and curved for their simultaneous insertion
(two or three). Thus, we would rather a combination of
traditional and thoracoscopic ones.

A 12-mm trocar for the 10 mm-30° camera is inserted
through the lower incision. We usually start inspecting
first the pleural cavity to exclude the presence of metastasis
or hilar invasion. Secondly, we cut eventually adhesions
especially in the case of the redo interventions.

The pulmonary vein is isolated and ligated anterior to
the hilum or the lower pulmonary ligament. Subsequently,
the bronchial branch and the artery were addressed using
a stapler. In the end, in the case of an incomplete fissure,
it is stapled. We describe our lobe specific technique of
lobectomy as follows.

In the case of a right upper lobectomy, we dissect and
suture first the upper pulmonary vein. Before to do that, it
is very important to verify the anatomy of the middle lobar
vein. It follows the suture of the Boyden truncus (apical-
anterior branch of the upper pulmonary artery), that could
be also proximally bi- or tri-furcated. It must be careful of
the superior mediastinal artery to the upper lobe to avoid
his rupture. It is a small artery usually lying under the
posterior wall of the pulmonary vein and running toward
the upper lobar bronchus. It could be sutured by a clip or
hem-o-lok®. Dissecting the mediastinal pleura below the
posterior wall of the bronchus and identifying the secondary
carina could be useful to approach the upper lobar one.
When dividing the fissures, the anvil of the stapler must
be positioned over the hilum, taking care of the vascular
elements and the bronchus already sutured (12).

To perform a middle lobectomy, we isolated and dissect
the hilum elements as follow: vein, bronchus, and artery.
After suture of the main artery behind the bronchus, it
must pay attention to a second middle artery, inconstant
according with our experience, originating from the
intermediate artery. The middle lobe artery should be
transected to allow us the dissection of the intermediate
artery and to divide the fissure. This is particularly true

Video-assist Thorac Surg 2022;7:5 | https://dx.doi.org/10.21037/vats-21-27



Page 4 of 16

when the fissure is not complete.

When performing a right lower lobectomy, the incision
of the pulmonary ligament is mandatory to identify the
lower lobar vein. During dissection of the right lower vein,
we must take care of the middle vein, intrafissural dissection
of the lower lobar and A6 artery.

During a left sided upper lobectomy, we approach first
the upper lobar vein. There can be up to five arteries for
the left upper lobe, originating from the mediastinal and
fissural sides. If the fissure is incomplete, the upper lobe
bronchus is detached from the main pulmonary artery
(MPA) and then isolated and transected after the division of
the mediastinal branches of pulmonary artery. Finally, the
remaining branches of pulmonary artery come into view in
the fissure and can be sutured (13,14). The fissure is then
divided with a stapler. Sometimes the lingular artery lies
just behind the upper lobar bronchus and it may be useful
to carefully transect first the bronchus. Early confluence of
the upper and lower veins is common.

Finally, we describe the left lower lobectomy that we
consider as the simplest video-assisted thoracoscopic
lobectomy. The incision of the pulmonary ligament helps us
to identify the lower lobar vein. If the fissure is incomplete,
the pleura, fat and lymph nodes between the veins are
removed, exposing the main and lower lobe bronchus.
Pushing up the parenchyma over the artery creates a plane
between the upper wall of the artery and the parenchyma
where the anvil of the stapler can be placed to divide the
fissure. Alternatively, the mediastinal pleura is opened and
the pulmonary artery is dissect until it enters the posterior
part of the fissure. The lower pulmonary vein is dissected
first, and then the lobar bronchus and the basal branch of
the pulmonary artery that lies just over the bronchus. In the
end, the fissure is transected.

As it is written above, the surgical instruments could be
swapped from an incision to another. It can be important
especially for upper lobectomies.

Starting the dissection of mediastinal structures
performing the MLND could help the following phases
of the surgical intervention. We must take in mind that
the extent of the dissection should be not inferior to
conventional thoracotomy as better described below.

At the end of the operation one 28-Fr intrathoracic
drainage tube is inserted connected with a classical “bubble-
in-chamber” drainage system or a digital chest drainage
system.

© Video-Assisted Thoracic Surgery. All rights reserved.
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Preoperative and intraoperative nodal staging

The mediastinoscopy is the gold standard for pre-operative
(or primary) staging for patients with potentially operable
lung cancer.

The American College of Chest Physicians practice
guidelines could accept that invasive staging is probably
not needed in those patients with peripheral tumors and
no nodal involvement on computed tomography (CT) or
positron emission tomography (PET) (15).

The European Society of Thoracic Surgeons guidelines
confirm this position omitting the invasive staging for
patients with stage I lung cancer and negative mediastinal
PET imaging on the condition that the tumor is peripheral
because of the high negative predictive value (NPV) of PET
scan (16).

However, preoperative invasive nodal staging remains
indicated in the case of central tumors, PET hilar N1
disease, low uptake at 18F-FDG PET scan of the primary
tumor and large lymph-nodes on CT scan (16 mm).

The minimally invasive techniques (TBNA, EBUS-FNA,
EUS-FNA) can be complementary to surgical invasive
staging techniques because their specificity is high, but
NPV is low.

Due to the non-negligible rate of unexpected pN2
disease in ¢cNO-1 diseases during video-assisted major
pulmonary resection as reported by many authors (17-19),
MLND should be performed routinely intraoperatively
even when nodal metastases are considered unlikely.

We can conclude that surgical mediastinal node staging
is mandatory in every case of non-small cell lung cancer
(NSCLC) operated because of major accuracy of VATS
MLND than PET in staging the mediastinum.

Surgical technique of VATS MLND

After the description in 1956, by Nohl (20), of the lobe-
specific lymphatic pathway Naruke proposed in 1978 an
anatomical map where the lymph nodes grouped in stations
were numbered. Stations 1 to 9 designate mediastinal N2
stations and stations 10 to 14 refer to N1 stations (21). On
the same route went Mountain and Dresler (22) in 1997
publishing a new map of mediastinal lymph node stations.
With these two maps was uniformed the recording of the
lymph nodes involved and dissected during lung cancer
surgery even if each of them has pro and cons (23).
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We used the 8th edition of TNM Classification of
NSCLC (24) and the lymph node map proposed by the
International Association for the Study of Lung Cancer
(IASLC) in 2009 (25). This map was proposed by IASLC
to reconcile the differences between the Naruke and the
Mountain and Dresler-ATS maps and to redefine the
definitions of the anatomical boundaries of each lymph
node station. It was incorporated into the seventh edition
of the tumor, node, metastasis (TINM) staging system for
lung cancer, published by the International Union Against
Cancer (UICC) and the American Joint Committee on
Cancer (AJCC).

Several techniques for VAT'S MLND have been reported
and they could be schematically classified in grasping and
non-grasping techniques (26,27).

The “grasping” technique is performed using a grasper
or retractor that permits to grasp the target lymph nodes
directly. The “non-grasping” technique, otherwise,
essentially consists in a MLND wusing only energy devices
(electrocoagulation hook or an ultrasound scalpel) and a metal
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endoscopic suction. Guo et /. have proved that this technique
is superior to the traditional “grasping” technique (27).
We use instead a sort of “hybrid node dissection technique”
(4,28) with a massive use of energy devices, above all
ultrasound based (e.g., Harmonic®, Sonicision®), that
permits us to respect the anatomical boundaries well
described by Isaka (29) and the node’s integrity. However,
ligation of the connective tissue possibly with the minor
lymphatic vessels can prevent post-operative complications
such as chylothorax.

Our MLND’s technique, avoiding damaging the lymph
nodes, helps us also to easily count the number of nodes
retrieved.

As Watanabe er al. suggested (30) we think that to
perform an oncological correct mediastinal node dissection
two points should be considered mainly: (I) obtaining an
excellent thoracoscopic view; (II) recognizing the boundary
planes between the resected soft tissues and preserved
organs (Tuble 2).

Three lymph node compartments can be explored and

Table 2 Anatomical boundaries of mediastinal compartments that could be explored during MLND

Lymph node compartments  Lymph node stations

Anatomical boundaries

Superior mediastinum 2R °

Superior: apex of lung, thoracic inlet

e Inferior: intersection of caudal margin of the left BCA with the Tr

e Left: left (2L) and right (2R) are divided along the midline of the Tr

e Right: mediastinal pleura

e Anterior: PW of SVC

e Posterior: PW of Tr

4R .

Superior: intersection of caudal margin of the left BCA with the Tr

e Inferior: inferior border of the AV

o Left: left (4L) and right (4R) are divided along the midline of the Tr

e Right: mediastinal pleura

e Anterior: PW of SVC

e Posterior: PW of Tr

4L .

Superior: superior border of the AA

e Inferior: carina

e Left: medial to BL

e Right: left (4L) and right (4R) are divided along the midline of the Tr

e Anterior: AW of Tr

e Posterior: PW of Tr

Table 2 (continued)
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Lymph node compartments  Lymph node stations

Anatomical boundaries

Subaortic compartment 5 .

Superior: inferior border of AA

e Inferior: superior border of left MPA

e Left: mediastinal pleura

e Right: plane between BL and left VN

e Anterior: left PN

e Posterior: left VN

Superior: line tangential to the upper border of the AA

e Inferior: lower border of the AA

e Left: mediastinal pleura

e Right: left LW of Asc Ao

e Anterior: AW of Asc Ao

e Posterior: PW of Asc Ao

Subcarinal and inferior 7 .
compartment

Superior: carina

e Inferior: SW of LUPV

o Left: MW of left main bronchus

e Right: MW of right main bronchus

e Anterior: pericardium

e Posterior: esophagus

Superior: upper border of lower lobe bronchus on left, and lower border of

bronchus intermedius on right

e Inferior: diaphragm

9 (lying within the .
pulmonary ligament)

Superior: inferior pulmonary vein

e Inferior: diaphragm

MLND, mediastinal lymph node dissection; PW, posterior wall; AW, anterior wall; LW, lateral wall; SW, superior wall; MW, mediastinal wall;
BCA, brachiocephalic artery; SVC, superior vena cava; Tr, trachea; AV, azygos vein; AA, aortic arch; BL, Botallo’s ligamentum arteriosum;
PN, phrenic nerve; VN, vagus nerve; MPA, main pulmonary artery; Asc Ao, ascending aorta; LUPV, left upper pulmonary vein.

dissected: (I) the superior mediastinum especially in a
right intervention (stations 2R, 4R, 4L); (I) the subaortic
compartment in a left intervention (stations 5 and 6) and
(IIT) the subcarinal (station 7) and inferior mediastinum in
either a right- or left-sided approach (stations 7-14) (31).

The superior mediastinal compartment is that comprised,
on the right side, between the posterior wall (PW) of
superior vena cava and the PW of the trachea. Inferiorly
there is the MPA and superiorly the right subclavian artery.
"This area comprises stations 2R and 4R.

On the left side, the anatomical boundaries are the
anterior wall (AW) and PW of the trachea on a ventral-

© Video-Assisted Thoracic Surgery. All rights reserved.

dorsal plane. We found, instead, the aortic arch and MPA
superiorly and inferiorly respectively.

The subaortic compartment, containing station 5 and 6
(with interposition of the Botallo’s ligamentum arteriosum)
is that comprises between the left phrenic nerve anteriorly
and the left vagus nerve posteriorly. Superiorly we found
the aortic arch and inferiorly the left MPA.

Finally, the subcarinal region (station 7) is well
circumscribed anteriorly by the pericardium and PW of
MPA, posteriorly by the mediastinal pleura and esophagus,
superiorly by the carina and by the superior wall (SW) of
the left upper pulmonary vein.
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Following, we describe the surgical technique of VATS
MLND separately as right and left MLND.

Right MLND

The pleura overlying the mediastinal stations 2R/4R is
divided between the azygos vein and right brachiocephalic
artery using electrocoagulation hook or an ultrasonic
scalpel (e.g., Harmonic®, Sonicision®). Alternatively, we use
a vessel-sealing system (e.g., Ligasure®). The azygos vein
is needed to be divided rarely. The nodes with surrounded
soft tissue are dissected en bloc from the anterolateral side
of the trachea just below the caudal edge of the right
brachiocephalic artery. The right vagus nerve is retracted
backward with a peanut dissector. Then the lymph nodes
block is dissected along the posterior wall of the superior
vena cava (retracted anteriorly with a peanut dissector).
Finally, the upper edge of the right MPA is dissected and
the nodal block is removed under the azygos vein cranially.

According with our experience, and in contrast with
other Authors, the dissection of the subcarinal nodes
(station 7) is performed before the right main bronchus or
right intermediate bronchus is taped. The carina is pulled
into the operative field, which clearly exposes the left main
bronchus. Exposure of the left main bronchus gives us the
certainty that carinal station is completely explored. Lung
tissue to be preserved is pushed and retracted toward the
anterolateral side with a peanut dissector.

Lymph nodes could be absent at station 3 (station
prevascular and retrotracheal), station 8 (paraesophageal
station), and station 9 (pulmonary ligament station). We
explore station 8 when we dissect station 7. Dissection
of station 9 is performed when the inferior pulmonary
ligament is excised.

Finally, dissection of N1 stations (e.g., stations 10, 11
and 12) is done when isolating contemporary pulmonary
vein and artery, respectively.

Left MLND

The pleura is divided alongside the left vagus nerve. The
pleura is divided from the upper edge of the left lower
pulmonary vein to the lower edge of the aortic arch along
the vagus nerve and the preserved lung is pushed. As
previously reported, the branches of the left vagus nerve are
divided from the bronchus.

The dissection of the station 4L is very difficult especially
via VATS. The risk of damaging the laryngeal recurrent
nerve is very high then it is needed to pay attention to this
nerve especially when using energy devices. As suggested

© Video-Assisted Thoracic Surgery. All rights reserved.
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also by Nagashima er /. (32), one way that we are used to
is to identify and transect the cardiac branch of left vagus
nerve. Subsequently we exert a weak traction on it with a
silk tread. The tension applied on the recurrent laryngeal
nerve allows us to better visualize and dissect lymph
node at station 4L. The left vagus nerve is pushed to the
posterolateral side with a peanut dissector and the left-sided
rotation of the surgical table could be useful.

Subcarinal nodes are often excised before the section of
the bronchus. Thus, we do not use to traction the bronchial
stump to expose the station 7. Gaining more and more
experience, we have understood that could be useful to use
a right single lumen tube when performing left lobectomy.
This allows us to have a left main bronchus more mobile
and therefore easier to expose the subcarinal station only
with the help of the right lung ventilation increasing slightly
PEEP. Instruments should be long and curved to permit the
insertion of two or three instruments simultaneously. Then,
we use a combination of traditional and thoracoscopic
equipment. It is important to consider that to make an
anatomical operation though two incisions, the camera
and the instruments are exchanged from one incision to
the other. Nagashima er al. suggests also to traction the
main bronchus to gain a better view (32). The nodal station
sited over the posterior pericardium is excised from the
left lower pulmonary vein to the tracheal carina. Then, the
nodal tissue is dissected alongside the right main bronchus.
For this purpose, the esophagus is pushed with a peanut
dissector and the nodal block is removed.

Sometimes we adopt for the MLND in station 7 the so
called “anterior technique” described by Baste ez 4/. (33). In
order to open and dissect the subcarinal space the bronchial
stump is lifted after the lobectomy by its anterior face.

The energy-based devices are very useful in pleura
and lymph node dissection (34). The pleura overlying the
mediastinal LN stations is divided using electrocoagulation
hook or an ultrasonic scalpel (e.g., Harmonic®, Sonicision®).
Alternatively, we use a vessel-sealing system (e.g.,
Ligasure®). Care must be taken using ultrasonic devices not
to put the uncovered tip in contact with a pulmonary vessel
or a nerve. For this reason, we would rather Harmonic®
and Sonicision® over Ligasure® when performing MLNS
at station 7. Otherwise, we prefer to use Ligasure® over
Harmonic® and Sonicision® when performing MLNS at
station 5 and 6.

To sum up, we should take in mind two important issues.
Firstly, we must recognize the anatomical landmarks and
dissect the mediastinal sheets as previously described. The
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Figure 1 Plot diagram shows no differences between side and type of lobectomy in terms of lymph nodes retrieved.

nodal compartment should be completely free of lymph
node and the anatomical structures well recognizable (e.g.,
for level 7, the corresponding portions of carina, both main
stem bronchi, esophagus, and pericardium). Secondly, to get
a better thoracoscopic view, the lung must be completely
collapsed.

Statistical analysis

Numerical data were expressed as mean and standard
deviation or median and interquartile range (IQR)
according to their distribution. Categorical data were
recorded as frequencies and percentages.

Comparison between groups was performed Mann
Withney test. Pearson’s correlation index was used to assess
relationship between variables. Inter-rater agreement
between pN and cN was estimated through the Cohen’s
kappa (x) coefficient. Logistic regression analyses were
performed to investigate whether there is a relationship
between the risk of having complication and the pre-
operative and surgical variables including number of lymph
nodes retrieved. Generalized linear model with Gamma-
distributed response variables was applied to estimate the
relationship between length of stay as dependent variables
and possible predictors such as the pre-operative and surgical

© Video-Assisted Thoracic Surgery. All rights reserved.

variables including number of lymph nodes retrieved.

All tests were two-tailed, and a P value <0.05 was
considered as statistically significant. Analyses were
performed using R version 4.0.1 (The R Project for Statistical
Computing).

Results

Demographic, comorbidity, preoperative and postoperative
information of the patients is presented in Tuble 1.

We had no cases of chylothorax and 9 cases of laryngeal
recurrent nerve palsy after MLIND (6 cases after MLND at
station 4L and 3 cases after MLLND at station 5).

From May 2012 to December 2020, we operated 525
patients of VATS lobectomy (conversion rate 11.5%)
using a multiportal approach: 42 procedures with a 4-port
approach, 56 procedures with a 3-port approach and 427
with a 2-port approach.

We analyzed and compared the number of lymph nodes
collected during VAT lobectomy, in each station N1 and
N2 by side and by type of surgery. The RUL and RML
interventions are also considered together to be able to
extend the comparison with the data of another author.
There was no statistically significant difference in the
number of total lymph nodes retrieved either by side or by
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Table 3 Number of lymph nodes per station and surgical intervention

Page 9 of 16

. P value P value
Station RUL + RML RLL LUL LLL (RUL + RML vs. RLL) (LUL vs. LLL)
Station 1 0 (0-0); 0 (0-0); 0 (0-0); 0 (0-0); 0.11 0.84
(min=0tomax=0) (min=0tomax=0) (min=0to max=0) (min =0 to max =0)

Station 2 0 (0-0); 0 (0-0); 0 (0-0); 0 (0-0); 0.88 0.25
(min=0tomax =2) (min=0tomax=2) (min=0tomax=0) (min =0 to max =1)

Station 3 2 (1-3); 1(0-2); 0 (0-0); 0 (0-0); <0.01 0.92
(min =0 to max =10) (min =0 to max =10) (min =0 to max =13) (min =0 to max =6)

Station 4 0 (0-0); 0 (0-0); 2 (1-3); 1 (0-2); 0.27 <0.01
(min=0tomax=5) (min=0tomax=5) (min=0tomax=8) (min =0 to max =6)

Station 5 0 (0-0); 0 (0-0); 0 (0-0); 0 (0-0); 0.45 0.65
(min=0tomax=1) (Min=0tomax=0) (min=0tomax=2) (min =0 to max =2)

Station 6 2 (1-3); 2 (1-3); 1(1-2); 1(1-2); 0.27 0.54
(min=0tomax=9) (min=0tomax=9) (min=0tomax=4) (min =0 to max =6)

Station 7 0 (0-0); 0 (0-1); 0 (0-0); 0 (0-0); <0.01 <0.01
(min=0tomax =4) (min=0tomax=5) min=0tomax=3) (min =0 to max =3)

Station 8 0 (0-0); 0 (0-1); 0 (0-0); 1(0-1.25); <0.01 <0.01
(min=0tomax =6) (min=0tomax=3) (min=0to max=1) (min =0 to max =5)

Station 9 3 (1-4); 1 (0-2); 2 (1-4); 1.5 (0-2); <0.01 <0.01
(min =0 to max =23) (min =0to max =13) (min =0to max=9) (min =0 to max =12)

Station 10 1(0-2); 2 (0-3); 2 (1-3); 2 (1-3); <0.01 0.75
(min =0 to max =11) (min =0 to max =14) (min=0to max =7) (min =0 to max =8)

Station 11 0 (0-1); 0 (0-0); 0 (0-2); 0 (0-1); 0.40 0.07
(min=0tomax=6) (min=0tomax=6) (min=0tomax=7) (min =0 to max =6)

Station 12 0 (0-0); 0 (0-0); 0 (0-0); 0 (0-0); - 0.25

(min =0 to max =0)

(min =0 to max =0)

(min =0 to max =0)

(min =0 to max =1)

RUL, righ upper lobectomy; RML, right middle lobectomy; RLL, right lower lobectomy; LUL, left upper lobectomy; LLL, left lower lobectomy.

type of surgical intervention (Figure I).

We observed that there is a statistically significant
difference in the number of lymph nodes collected at station
3 between patients undergoing RUL + RML vs. RLL and at
station 4 between LUL vs. LLL (Table 3).

Lymphadenectomy at stations 7, 8 and 9 is significantly
different between RUL + RML vs. RLL and between LUL
vs. LLL, respectively. Finally, the difference in ND during
RUL + RML vs. RLL is significative also for station 10
(Table 3).

We assessed the accuracy of our lymphadenectomy
technique also considering the upstaging rate. Evaluating
the value of the Cohen Kappa index (0.292) there is a poor
agreement between pN and cN. We recorded 79 cases (15%)
in which pN and cN are discordant. We have an upstaging
rate: 2.5% and a downstaging rate: 12.6%. In each case of

© Video-Assisted Thoracic Surgery. All rights reserved.

downstaging the involved lymph nodes were N2 (stations
4R and 7).

We found that the only variable associated with a risk
of postoperative complications is vital capacity (VC)
(OR =0.979; 95% CI: 0.964 to 0.993; P value =0.005).
The variables that are instead related with the length
of hospitalization are FEV1 (BFEV1=-0.0032; 95% CI:
~0.0050 to -0.0013; P value <0.001), VC (BVC =-0.0026;
95% CI: -0.0045 to -0.0006; P value =0.010) and gender-
male (BMale =0.0800; 95% CI: 0.0010 to 0.1581; P value
=0.046).

The number of lymph nodes removed is therefore not
related either to having post-operative complications or to
the length of hospitalization.

The same can be said about the impact that the number
of lymph nodes removed has on the surgical time. There is
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Figure 2 There is only a weak relationship (r=0.177) between the

number of lymph nodes removed and the surgical time.

only a weak relationship (r=0.177) between the number of
lymph nodes removed and the surgical time (Figure 2).

Discussion

"To better understand the importance of MLND, we believe
it is necessary to report a brief historical background.

Regional lymph node dissection it considered as one
of the most important part of the surgical treatment
of many solid tumors. It was applied first in 1894 by
Halsted (35) to surgical treatment of breast cancer during
radical mastectomy. Then, it was later applied to the other
malignancies such as head and neck cancers, gastrointestinal
neoplasms, and melanomas.

Cahan was the first surgeon (36) to introduce, in
1951, the term “radical pneumonectomy” referring to a
pneumonectomy with hilar and MLND. In 1960 (37), the
same author, published 48 cases of “radical lobectomy”
(lobectomy with regional lymph node dissection). His work
indicated a procedure that rapidly became the standard
surgical treatment for lung cancer.

Nael Martini, reporting his experience on lymph node
dissection at Memorial Sloan-Kettering Cancer Center,
describe in 1995 (31) the radical MLND previously
hypothesized by Cahan as the removal, on the right side,
of all paratracheal nodes, all subcarinal nodes and all nodes
near the inferior pulmonary ligament. On the left side, node

© Video-Assisted Thoracic Surgery. All rights reserved.
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dissection means all nodes in the aorticopulmonary window,
subcarinal region and near the inferior pulmonary ligament.

In 1996 the terms “radical” and “mediastinal” were
discarded by the International Association for the Study
of Lung Cancer (IASLC) to avoid the discount of the
importance of evaluating N1 nodes and to avoid erroneous
therapeutic benefit meaning from this evaluation (38).

ESTS guidelines define different type of “Radical
Mediastinal Lymphadenectomy” according with the extent
of dissection.

Systematic nodal dissection (SND) is defined as the
dissection and removal of all mediastinal tissue containing
the lymph nodes within anatomical landmarks.

The term “sampling” describes instead a lesser
excision of fewer nodal stations that seem to be suspect
for metastases in presurgical evaluations or intraoperative
findings. The term “systemic sampling” is used, otherwise,
for a routine biopsy of lymph node stations specified by the
surgeon (39).

Finally, it has been proposed also a more selective lymph
node dissection. Advanced analysis of the lymph node
pathway of metastases had led, in fact, to perform even
lobe- or segment-specific nodal dissection or sampling (40).

ESTS’s guidelines determining the extent of node
dissection and standardizing MLND according to surgical
procedure and NSCLC staging, have established that
systematic MLND is mandatory during every pulmonary
surgical intervention with oncological radical intent.
Lobe-specific systematic node dissection is acceptable for
peripheral T1 tumors if hilar and intralobar nodes are
negative on frozen sections. It means that at least three hilar
and intralobar nodes and three mediastinal nodes should be
sampled (41).

It is commonly a matter of discussion the assumption
that MLND during open procedure is more accurate than
that performed during VATS ones. It is demonstrated (42),
regardless of how accuracy is assessed, at least the non-
inferiority of VATS MLND to that through an open
thoracotomy.

There are many authors who have proved the non-
inferiority of MLND via VATS to that through an open
thoracotomy considering the amount of lymph nodes
retrieved.

D’Amico et al. (43) compared the accuracy and efficacy
of MLND during lobectomy via VATS versus thoracotomy.
He found that the number of LNs retrieved was similar
between the two groups. The same route was for Scott
et al. (2), Watanabe et al. (42) and Palade er al. (44). Finally,

Video-assist Thorac Surg 2022;7:5 | https://dx.doi.org/10.21037/vats-21-27



Video-Assisted Thoracic Surgery, 2022

Page 11 of 16

Table 4 Number of dissected lymph nodes in patients operated of VAT lobectomy according with literature

Author Published year No. patients No. ports Side No. lymph node (mean value)
Watanabe (42) 2005 191 2 Right; Left 32.3%; 28.9*
Whitson (49) 2007 59 3/4 Bilateral 6.3

Denlinger (50) 2010 79 NA Bilateral 7.1

Scott (2) 2010 66 NA Bilateral 15

Merritt (51) 2013 60 2/3 Bilateral 9.9

Wang (46) 2014 2,703 NA Bilateral 18.03

Palade (44) 2013 32 3 Right; Left 24; 251

Medbery (45) 2016 4,437 NA Bilateral 10.3

Andriolo (4) 2018 400 2;3;4 Bilateral 11;12.2;9

*, value between upper/middle and lower lobectomy. VATS, video-assisted thoracoscopic surgery.

Medbery et al. (45) and Wang et al. (46) found that MLND
via VAT'S approach is even superior to that via thoracotomy.

If we consider instead the nodal upstaging as index of
accuracy, we must consider the study of Boffa et 4. (47) who
demonstrated that MLND by VATS and thoracotomy has
the same upstaging rate (considering only N2 stations).

It remains premature to declare the superiority of a
specific type of VATS approach (e.g., uniportal versus
biportal versus three or four ports) in lung cancer surgery
and in particular for MLND (48). A higher level of evidence
is needed, especially in investigating objective benefits
and treatment efficacy of the different VATS approaches.
In 2018 we reviewed a series of 400 consecutive cases of
VATS lobectomy, performed from May 2012 to December
2017, using progressively less ports (4-3-2). To avoid the
limit of a small sample size (single center study), the non-
randomized and retrospective design of the study, we used
a Propensity score analysis to overcome several biases. We
can affirm, confirming and reproducing the results of all the
series published even in the case of the largest ones such as
that of Medbery (45) where 4,437 patients were operated of
VATS lobectomy and MLND (7able 4), that there were no
significant differences in terms of number of complications,
operative time and number of lymph node retrieved
between the three groups. Our study did not compare
these results with a group of lobectomies performed via
thoracotomy (4).

Another matter of discussion about MLND are the
hypothetical benefits of SND over sampling. Due the fact
that they are not clear, we believe it is important to adapt on
a case-by-case basis, the extent of lymphadenectomy.

© Video-Assisted Thoracic Surgery. All rights reserved.

There are no RCTs (52,53), comparing one lymph node
sampling group to another lymph node dissection group
due to different reasons: from obvious ethical considerations
to the hazard of statistical biases (54). The few studies
published on this subject, enrolling a low number of
patients, sometimes concluded giving an important role
only to the stage migration of the (expected) survival benefit
registered of the SND over the sampling.

Many surgeons, included us at the beginning of our
experience, are moved by the common sense that SND
lead to an almost absolute nodal staging. But the potential
risk of such a dissection can led to a worst postoperative
outcome than nodal downstaging itself. The dehiscence
of bronchial stump favored by the extensive devitalization
of bronchial tree, the chylothorax and bleeding caused by
the extensive field of dissection and the increased risk of
ARDS or pulmonary edema after resection of lymphatic
pathway should led to reflection before performing SND
independently by the clinical stage. However, it also true
that the preoperative evaluation with CT and PET is
not reliable enough due to the always possible presence
of micrometastases (55). In fact, Nomori et a/. (56)
has identified a threshold for detection of lymph node
metastases by PE'T. He found that a tumor focus measuring
less than 4 mm in diameter were not recognized by PET.
Furthermore, a positive PET needs whenever a pathological
evaluation due to its high false positive rate (57). Thus,
according with the literature (58), we decided subsequently
to perform sampling for the stage I NSCLC and SND for
higher ones. We performed 468 VATS lobectomy for stage
I A + IB) NSCLC. In these patients we performed only
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mediastinal lymph node sampling.

Swapping a double ND technique: sampling and
systematic nodal dissection we tried to evaluate the accuracy
of our lymphadenectomy considering first the number
of lymph nodes collected. We cannot be sure that each
lymph node considered as whole is, in reality, a fragment of
that because we use a hybrid technique between grasping
and non-grasping technique. However, the fact that our
lymphadenectomy series is compatible with that of the most
authoritative literature (Table 4) makes us confident that in
most cases the lymph nodes considered are whole.

Furthermore, in several cases (peripheral tumor smaller
than 2 cm with negative PET) we performed even a lobe-
specific lymphadenectomy. This last aspect, considering
the technical peculiarities of each type of lobectomy with
its own lymphadenectomy, would explain the significant
differences in the number of lymph nodes removed
considering the same station but in different operations
on the same side. Station 3 is more frequently explored
during upper and middle lobectomy rather than lower right
lobectomy as station 3 receives lymph predominantly from
the upper half of the lung (59,60). There is a significative
difference in lymphadenectomy in station 4 between LUL
versus LLL. The same can be said for lymphadenectomy
in stations 7, 8 and 9 between RUL + RML versus RLL
and between LUL versus LLL (7able 3). Finally, station 7
is more easily explored after upper left lobectomy, exerting
traction on the bronchial stump (32), than after lower left
lobectomy and this would explain the significant difference
in the number of lymph nodes removed.

There was no statistically significant difference in the
number of total lymph nodes retrieved either by side or by
type of surgical intervention (Figure I).

We assessed the accuracy of our lymphadenectomy
technique also considering the upstaging rate. Graham
et al. (61) showed that the presence of “unexpected” pN2
exists independently of the histology, size, and location of
the primary tumor. In fact, up to 20% of cases of T'1 <2 cm
has an incidence of pN2 >20%. This is even more evident
when we consider the upstaging rate (cNO to pN1-N2
or cN1 to pN2) after lung cancer surgery. It is known, in
fact, that up to 38% of patients with pN2 also do not have
consensual pN1 due to skip metastases.

The nodal upstaging after surgical resection provides
important information about prognosis and may influence
the use of adjuvant treatment and, consequently, survival (62).
Detection of unsuspected lymph node metastases depends
on the extent of lymph node removal: dissection or
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sampling. However, MLND is not performed routinely in
all centers. In a large study using the Nationwide Inpatient
Sample (NIS) database, the overall lymphadenectomy
rate was 56% in 222,233 patients (63). Thus, the data of
nodal upstaging are not ever comparable between different
centers.

Evaluating the value of the Cohen Kappa index (0.292)
there is a poor agreement between pN and cN. We recorded
79 cases (15%) in which pN and cN are discordant. We
have an upstaging rate: 2.5% and a downstaging rate:
12.6%.

In each case of downstaging the involved lymph nodes
were N2 (stations 4R and 7). This may be because we have
recently started mediastinal staging with EBUS/TBNA,
and we still consider those results as cN. We consider our
mediastinal staging with EBUS/TBNA as cN due to the
fact we are at the beginning of learning curve. Thus, it
could be considered, in our opinion, as a staging with PET
scan with consequently high NPV. Instead, TBNA, EBUS-
FNA and EUS-FNA, if performed by experienced surgeons
have high specificity and low NPV.

We also investigate for potential predictors of
postoperative complications. We found that the number of
lymph nodes removed is not related either to having post-
operative complications or to the length of hospitalization.

The same can be said about the impact that the number
of lymph nodes removed has on the surgical time. There is
only a weak relationship (r=0.177) between the number of
lymph nodes removed and the surgical time (Figure 2).

We have not had any case of chylothorax due to MLND
(both sampling and systematic). Developing a VATS
technique after a long-lasting training and learning tips and
tricks of the procedure permits us to avoid this difficult-to-
treat complication. Conversely, during our surgical activity
we registered 9 cases of laryngeal recurrent palsy after left
procedure (6 cases after MLND at station 4L and 3 cases
after MLND at station 7). To prevent that complication,
we learned to use properly the energy-based devices and
to better expose the recurrent nerve and its branches. To
avoid putting the uncovered tip in contact with the nerve
we prefer Ligasure® over Harmonic® and Sonicision® when
performing MLND at station 5 and 6.

Otherwise, when performing MLND at station 4L
we progressively adopted the technique described by
Nagashima ez 4/. Using a silk tread to traction the recurrent
laryngeal nerve the nodal dissection could be safer and more
effective thanks to a better view.

Finally, we reckon that analysis describing short-term
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and (especially) long-term survival are beyond the purpose
of our manuscript. Due to the retrospective study design
and the monocentric experience reported we are not able to
do an accurate estimate of the impact that different types of
MLND have on the survival rate after VAT'S lobectomy for
NSCLC.

Conclusions

According with our anatomical-surgical review and data
reported we can affirm that VATS approach could permit us
to be accurate and effective in treating lung cancer patients.
We reckon that we should learn further to become more
skilled at performing an adequate lymph node dissection.
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