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Lung cancer continues to be one of the most commonly 
diagnosed cancer and leading cause of cancer related deaths 
worldwide (1). Historically only one-third of the patients 
with lung cancer presented with early stage disease. The 
growing acceptance of the low dose computed tomography 
(LDCT) for lung cancer screening is changing the paradigm 
with the expectation that two-third of all lung cancers in 
the screening population will be detected in their early  
stages (2). These patients will be potentially surgically 

resectable and may be candidate for segmentectomy (3). 
Lymph node metastasis in lung cancer is associated with 
poor outcomes. Overall nodal upstaging can occur up to 
18% of clinical stage 1 lung cancer (4-7). Skip lymph node 
metastasis to N2 only nodes occurs in 4–7% of patients 
and N2 upstaging can be found up to 8.8% of clinical stage 
1A non-small cell lung cancer (NSCLC) (4). Usual lymph 
node metastasis travels from intraparenchymal stations to 
the interlobar stations and then to hilar and mediastinal 
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Abstract: Lung cancer continues to be the leading cause of cancer related deaths both in men and women. 
Most patients present with locally advanced disease and are not candidates for resection. A recent surge of 
lung cancer screening programs for high-risk patients across the western world has led to a rising number 
of patients with early stage lung cancer. These patients with clinical stage I lung cancer and compromised 
pulmonary reserves can be candidates for sub-lobar resection with curative intention and similar outcomes 
as compare to lobectomy. Systemic or lobe-specific mediastinal lymph node dissection is an integral part 
of lung cancer surgery, especially during lobectomy as nodal upstaging can occur up to 18% of clinical 
stage I lung cancers and is associated with a worse prognosis. Nodal upstaging can occur in N1 lymph 
nodes only or as a skip metastasis to the N2 lymph nodes or both. The characteristics and location of the 
tumor plays an important role in lymph node metastasis. Recently, it has been suggested that a lobe-specific 
mediastinal lymph node dissection is equivalent to multi-station aggressive nodal dissection for early stage 
lung cancer detected during screening. Determining mediastinal and intersegmental lymph node metastasis 
is important during segmentectomy as it is associated with an increase recurrence rate and poor survival. 
These patients are perhaps better served with lobectomy rather than segmentectomy. The techniques and 
method of standard mediastinal lymph node dissection are well described in literature but description of a 
systematical approach for N1 lymph node dissection during a segmentectomy to efficiently identify the nodal 
upstaging intra-operatively, is lacking. We describe a methodological evaluation of N1 lymph node during 
segmentectomy in an effort to avoid failure to recognize nodal upstaging.
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lymph nodes with worsening outcomes. The higher 
number of lymph node harvested and nodal upstaging are 
considered a surrogate for good quality oncological surgical 
resection. This has led to recommendation of the systemic 
mediastinal lymph node dissection during lung cancer 
surgery. The technique and method of a methodological 
intraoperative evaluation and removal of mediastinal 
lymph nodes focusing on N2 lymph node dissection is 
well described (8). Recently, many reports, especially from 
Asia, has questioned the benefit of routine aggressive 
mediastinal lymph node dissection (9,10). The patterns of 
nodal metastasis vary by the size and location of the tumor. 
For example, the incidence of level 7, 8 & 9 lymph node 
(lower mediastinal lymph nodes) metastasis is less than 1% 
for a <2 cm right upper lobe peripheral adenocarcinoma (9). 
Similarly, small peripheral lower lobe tumors preferentially 
metastasis to the lower mediastinal lymph nodes. This 
has become the basis of recommendation for lobe-specific 
mediastinal lymph node dissection in few centers. Hattori 
et al. didn’t find any survival benefit for part solid clinical 
stage 1 adenocarcinoma when they underwent systemic 
mediastinal lymph node dissection as compare to lobe-
specific mediastinal lymph node dissection or hilar only 
lymphadenectomy (10). In contrary, the standard uptake 
value (SUV) of the positron emission topography (PET) 
and carcinoembryonic antigen (CEA) levels showed a better 
correlation with nodal upstaging as compare to the extent 
of lymphadenectomy (10).

The debate over the role of segmentectomy as an 
alternative to lobectomy for stage 1 lung cancer was started 
by Jensik et al., when they showed equivalent survival 
between segmentectomy and lobectomy in their series 
presented in American Association of Thoracic Surgeons in 
1971 (11).

Two decades later, Lung Cancer Study Group (LCSG) 
showed significantly worse recurrence and mortality with 
segmentectomy as compare to lobectomy (12). Although 
this study had several flaws but it established lobectomy 
as the preferred approach for stage 1 lung cancer over 
segmentectomy for next decade. Subsequently, reports from 
Japan showed equivalent survival between segmentectomy 
and lobectomy for tumor less than 2 cm (13). Multiple 
subsequent meta-analysis also showed equivalent outcomes 
between segmentectomy and lobectomy for tumor less 
than 2 cm in size (14-17). Lutfi et al., recently reviewed the 
National Cancer Database to evaluate the impact of nodal 
upstaging in patients who underwent segmentectomy. There 
was no difference in the overall survival in patients with  

nodal upstaging who had segmentectomy or lobectomy (18).
Lobectomy is perceived as a better surgical approach 

by many authorities with the assumption that lobectomy 
allows for a more radical lymphadenectomy and better 
margins thus decreasing the chances of local recurrence. 
Although no randomized study is available yet to prove 
that segmentectomy and lobectomy have similar outcome 
for stage 1 lung cancer, but single institutional reports and 
meta-analyses have shown similar outcomes for at least T1a 
and T1b tumors.

In our experience at West Virginia University Medicine 
lobectomy was associated with 20% nodal upstaging as 
compare to 10% with segmentectomy. Though the nodal 
upstaging was higher in lobectomy group, the number of 
lymph nodes harvested in patients who had nodal upstaging 
was similar in both lobectomy and segmentectomy group 
leading to the conclusion that it is not the number of lymph 
node harvested but the characteristics and location of tumor 
that influences the nodal metastasis.

Our indications for segmentectomy are: 
(I) Tumor less than 2 cm; 
(II) Peripherally located; 
(III) Preferentially ground-glass opacity or part solid; 
(IV) Confined to a segment and segmentectomy would 

lead to acceptable margins; 
(V) Systemic lymph node dissection for N1 and N2 

nodes with intraoperative frozen sections.
We perform intraoperative segment specific lymph 

node evaluation with frozen section before committing 
to segmentectomy. Consideration must be given to the 
logistic of multiple intraoperative frozen sections which can 
be resource consuming and may not be feasible in every 
institution.

In this manuscript, we are sharing the West Virginia 
University’s method of systemic lymph node dissection and 
segment specific intraoperative lymph node evaluation for 
anatomical pulmonary segmentectomy.

We do perform standardize mediast inal  lymph 
node dissection for segmentectomy as we would do for 
lobectomy. Once the systemic mediastinal lymph node 
dissection is completed then we proceed to segment specific 
lymph node evaluation.

Right upper lobe segmentectomies

The dissection is started by opening the pleura over the 
posterior surface and the apex of the lung and over the 
hilum. Frozen section of level 10 lymph node should be 
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performed by skeletonizing the space over the right main 
stem bronchus till the inferior margin of the azygous vein. 
Subsequently, lymph node between apical segment vein 
and the anterior segmental pulmonary artery branch should 
be removed. If these lymph nodes are negative, then right 
upper lobe segmentectomy can be pursued with caution.

Right upper lobe apical segmentectomy (S1)

The mediastinal and hilar lymph node dissection is 
completed as described. The apical vein is transected 
leading to exposure of the lymph node at the origin of the 
truncus over the pulmonary artery. If this lymph node is 
not sent for frozen then it should be done at this point as 
lobectomy would be a better approach if this lymph node 
is positive. Subsequently, the truncus branch is dissected 
till its bifurcation into apical and anterior segment. The 
lymph node at bifurcation (level 12) is removed. The 
apical branches are transected leading to the exposure of 
B1. There are usually smaller lymph node exposed at the 
meeting site of the three segmental bronchi. The bronchus 
is cleared to the base and frozen section should be obtained 
of any suspicious lymph node (Figures 1,2).

Right upper lobe posterior segmentectomy (S2)

Dissection is done in the fissure. The pulmonary artery is 
exposed. The lymph node over the pulmonary artery is sent 
for frozen section. Subsequently, the posterior segment 
vein (V2) arising from the central vein is dissected and 
transected. Similarly, the pulmonary artery branch (A2) 
is transected and the fissure is completed. This leads to 
the exposure of the base of the right upper lobe bronchus, 
origin of the right upper lobe posterior and anterior 
bronchi. All the lymph nodes in this area are removed and 
frozen section performed of a representative lymph node. 
Then right upper lobe posterior segment bronchus (B2) is 
transected.

Right upper lobe anterior segmentectomy (S3)

After the completion of the mediastinal and hilar lymph 
node dissection, the space between the upper lobe and 
middle lobe vein is dissected. Subsequently, the dissection 
is done in fissure extending it anteriorly and exposing the 
central vein of the right upper lobe. The anterior segment 
branch (V3) is transected leading to the exposure of the 
bronchus and the artery along with small lymph nodes. It 
will be appropriate to proceed with segmentectomy if the 
frozen section is negative otherwise a lobectomy would be a 
better option (Figure 3)

Left upper lobe segmentectomies

Following left upper lobe segmentectomies are usually 
performed.
	Left upper lobe upper division segment (S1 + S2 + S3);
	Left upper lobe apicoposterior segment (S1 + S2); 
	Lingular segmentectomy (S4 + S5).
A standard left sided mediastinal lymph node dissection 

is performed. The pleura over the posterior surface of 
the lung is opened and the level 10 lymph node over the 
pulmonary artery is sent for frozen section. Subsequently, 
the lymph node between the upper vein and the main 
pulmonary artery is evaluated.

Left upper lobe upper division segment (S1 + S2 + S3)

After the completion of the mediastinal and hilar lymph 
node dissection the fissure is completed posteriorly. The 
posterior segmental arteries are transected leading to the 
exposure of the posterior surface of the bronchus and 
lymph node between lingular and upper division segmental 

Figure 1 View of the first branch of right pulmonary artery 
dividing into anterior (A3) and apical branches (A1) with lung 
retracted caudally. 

Figure 2 Right upper lobe apical segment bronchus (B1) after the 
transection of A1.

A1 - Apical segment artery

A3 - Anterior segment artery

B1 - Apical segment bronchus
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bronchi. The sample should be sent for frozen section. 
Anteriorly the upper division vein is transected leading to 
the exposure of the lymph node over the first branch of the 
pulmonary artery which also should be confirmed to be 
negative before committing to segmentectomy.

Left upper lobe apicoposterior segment (S1 + S2)

The steps are similar to upper division segmentectomy 
except that only the apicoposterior vein and bronchus rather 
than whole upper division and bronchus is transected.

Lingular segmentectomy (S4 + S5)

The mediastinal and hilar lymph node dissection is 
completed. The dissection is done in the fissure and any 
suspicious lymph node is sent for frozen. The lingular 
branches of the artery and vein are transected leading to 
the exposure of lingular bronchus and lymph nodes in 
secondary carina which should be sent for frozen before 
committing to the lingular segmentectomy.

Right and left lower lobe superior and basilar 
segmentectomy [S6 + S7(8)–10]

Lower lobe segment specific lymph node dissection depends 
on the targeted segment. Segment 7 is missing on the left. 
The technique of lower lobe segmentectomy is mentioned 
in a separate manuscript of this issue. Following is the 
suggested technique for lymph node dissection.

The pleura over the posterior surface of the lung is 
opened and the space between the vein and the bronchus is 
dissected to expose the level 11 lymph node which should 
be confirmed to be negative.

Any suspicious lymph node over the pulmonary artery 
and branches should be confirmed to be negative.

Transection of the targeted segmental artery leads to 
the exposure of the lymph node over the bronchus which 
should be sent to frozen.

Lower lobe anteromedial (S7 + S8) and 
posterolateral (S9 + S10) segmentectomy

Similar to common basilar segmentectomy, any suspicious 
lymph node in the fissure is sent for frozen. Subsequently, 
the targeted segmental branch is transected which exposes 
the lymph node over the bronchus which is sent for frozen. 

In conclusion, segmentectomy is an acceptable alternate 
to lobectomy for tumors less than 2 cm.

In addition to the systemic or lobe-specific mediastinal 
lymph node dissection, a segment specific lymph node 
dissection should be performed before committing to the 
segmentectomy to avoid missing nodal upstaging.
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Figure 3 Exposure of right upper lobe anterior segment bronchus (B3).

A1 - Apical segment arteryBronchus B3

A3 - Anterior segment artery
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