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Introduction

Lung cancer is responsible for approximately 154,000 
deaths in 2018 and an estimated 142,000 deaths in 2019 
making it the leading cause of cancer related mortality in 
the United States (1,2). Among these, approximately only 
one-third of patients present with early stage disease that 
is amenable to surgical excision, this number increasing 
secondary to increased lung cancer screening (3). 

Pulmonary segmental resection offers a lung preserving 
alternative technique especially critical for patients with 
emphysema. This technique was first introduced in 1939 by 
Churchill and Belsey for the treatment of bronchiectasis (4).  
Despite this early introduction, pulmonary lobectomy 
continued to be the standard of care for stage I and II 
lung cancer and was further validated in 1995 by Ginsberg 
et al. who reported concerning results of increased local 
recurrence rates and a 30% increase in mortality with 
segmentectomy (5,6). 

Since then, multiple studies have demonstrated 
equivalent outcomes for segmental resection without 
compromise in survival or recurrence when compared to 
lobectomy. One prospective, randomized, multi-institutional 
trial conducted by the Cancer and Lymphoma Group 
B included 697 patients from 2007 to 2013 with T1N0 
peripheral tumors smaller than 2 cm and non-small cell 
pathology. Early results have been promising, with similar 
outcomes for patients randomized to lobectomy versus 
segmentectomy (7). In addition, multiple retrospective 
studies have shown equivalent disease-free survival and 
similar recurrence rates (8-18). Okada et al. also noted that 
the extent of removed lung parenchyma directly affected 
postoperative functional loss even at 6 months after surgery 
and segmentectomy offered significantly better functional 

preservation (15). This data has allowed segmentectomy to 
become a reasonable alternative, with no compromise to 
oncologic survival and the advantage of sparing more viable 
parenchyma compared to standard lobectomy. 

Anatomical pulmonary segmentectomy requires 
meticulous intraparenchymal dissection to expose the 
segmental bronchus and vessels. Open technique was 
gradually replaced by more minimally invasive techniques, 
with video-assisted thoracoscopic (VATS) seen to have 
comparatively excellent results in morbidity, rates of 
locoregional recurrence, and cancer-free survival compared 
to standard open technique (19-23). Robotic-assisted 
techniques were introduced at the end of the 1990s, the 
first series published for robotic lobectomy in 2002 (24). 
Few prior studies have examined robotic segmentectomy, 
the first a multicentric study reporting on 17 patients from 
2008 to 2010 followed by Toker et al. in 2014 reporting on 
21 patients (25-27). These early studies have concluded that 
robot-assisted thoracoscopic segmentectomy is safe and 
associated with few complications, short hospitalization, and 
oncologically acceptable lymph node harvest. However, no 
prospective studies have been performed comparing robot-
assisted to video-assisted thoracoscopic segmentectomy.

Musgrove  e t  a l .  compared  the ir  ear ly  robot ic 
segmentectomy experience with VATS segmentectomy 
in their single institution retrospective analysis (28). The 
median length of stay was 2 days with robotic approach 
as compared to 4 days with VATS and although patients 
in the robotic group had inferior pulmonary function, 
they had fewer post-operative complications. Additionally, 
Liang et al. performed a meta-analysis comparing outcomes 
of robotic lobectomy and segmentectomy with video-
assisted lobectomy and segmentectomy. They showed 
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fewer conversions to open and increased completion of 
the planned segmentectomy with robotic approach (29). 
Overall, the few experiences described in the literature 
confirm robotic-assisted thoracoscopic surgery is a safe 
alternative to VATS and an increasing number of surgeons 
are finding it an easier approach with the potential 
advantages of better visualization with three-dimensional 
optics, increased precision from articulating instruments 
providing seven degrees of motion, enhanced dexterity, and 
tremor filtration (27,30).

Pre-operative planning for robotic segmentectomy

The knowledge of the anatomy of the pulmonary segments 
is essential. The surgeon should be able to imagine the 3D 
anatomy of the segment of the interest. Pre-operative CT 
chest with 3D reconstruction can be extremely helpful to 
become familiar with the segmental anatomy and identify 
the branches of the vein, pulmonary artery, and bronchus 
to the particular segment. This also allows the surgeon to 
decide if segmentectomy would be an adequate oncological 
resection (31,32). 

Pre-operative localization of the smaller deeper nodule 
can be helpful for intra-operative identification of the 
lesion. Multiple reports of using navigation bronchoscopy 
to localize smaller deeper lung nodules have been published 
(33-35).

Techniques of robotic pulmonary 
segmentectomies

T h e  c o m m o n l y  p e r f o r m e d  r o b o t i c  u p p e r  l o b e 
segmentectomies are listed in Table 1.

The robotic segmentectomies are performed at the 
authors’ institution using Da Vinci (Intuitive, Sunnyvale 
CA) Si and Xi Platforms. Robotic staples are preferentially 
used when using Xi system while Ethicon (Johnson & 
Johnson, Cincinnati OH) endocutter and PVS vascular 
motorized stapler are used with Si system. The standard 
4-arm robotic technique for anatomical lung resection is 
used. The robotic ports and instruments are listed in Table 2.

Steps of the procedure

Port placement for robotic segmentectomy

Figures 1 and 2 show the usual port placement for the left 
and right sided upper lobe segmentectomy. The tip of the 
11th rib is identified. The 5 mm laparoscopic port is placed 
in either the 7th or 8th intercostal space in the posterior 
axillary line, depending on the planned segmentectomy. The 
posterior port is placed 10 cm posterior to the camera port. 
The paraspinal port is placed 4 cm lateral to the spine. The 
anterior port is placed 10 cm anterior to the camera port, 
but one or two intercostal spaces superior to the rest of the 

Table 1 Robotic pulmonary segmentectomies

Right upper lobe segments

1. Right upper lobe apical segment s1

2. Right upper lobe posterior segment s2

3. Right upper lobe anterior segment s3

4. Right upper lobe apico-posterior segmentectomy S1+S2

Left upper lobe segments

1. Left upper lobe upper division segmentectomy S1+S2+S3 

2. Left upper lobe apico-posterior segmentectomy S1+S2

3. Left upper lobe lingular segmentectomy S4+S5

Table 2 Robotic ports and instruments for robotic pulmonary  
segmentectomies

Robotic ports

•	 Two 8 mm robotic ports for camera and para-spinal port

•	 Two 12 mm robotic ports, one anterior to the camera port 
and the other posterior 

Robotic instruments

•	 Curve tip bipolar dissector

•	 Cadiere forcep

•	 Tip up fenestrated lung grasper

Locations of instruments (right)

•	 Arm 1: Curve tip bipolar dissector

•	 Arm 2: Camera

•	 Arm 3: Cadiere Forcep

•	 Arm 4: Tip up lung grasper

Locations of instruments (left)

•	 Arm 1: Tip Up Lung Grasper

•	 Arm 2: Curve Tip Bipolar Dissector

•	 Arm 3: Camera

•	 Arm 4: Cadiere Forcep
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ports. The assistant port is placed under direct vision just 
above the diaphragm between the camera and the anterior 
ports. This port is placed after CO2 insufflation is started 
to avoid diaphragmatic injury. The robot is docked. At this 
point the 5 mm camera port is switched to robotic camera 
port. The standard mediastinal lymph node dissection is 
performed. 

Right upper lobe apical segmentectomy (S1)

After completion of the mediastinal lymph node dissection, 
the lung is retracted anteriorly using the fourth arm. The 
pleura over the posterior surface of lung is opened and the 
bronchus is exposed. The bronchus intermedius and upper 
lobe are visualized, and the latter is dissected. The lymph 
node between the right upper lobe bronchus and bronchus 
intermedius is removed. The lung parenchyma is dissected 
off the bronchus using the bipolar dissector.

Subsequently the pleura over the apex and hilum is 
opened. The soft tissue/lymph node between the apical vein 
and the first branch of the pulmonary artery is removed. 
The first branch of the pulmonary artery is skeletonized. 
The division of the artery into the anterior segmental 
branch (A3) and one to two apical segmental (A1) branches 
are identified and dissected (Figure 3A). Subsequently the 
upper lobe vein is dissected and its division into the central 

vein and apical vein is identified (Figure 3B). The apical 
segmental vein (V1) is isolated and transected with the 
stapler introduced through the arm 3. Subsequently the 
apical segmental artery (A1) is isolated and transected with 
the stapler introduced through arm 1. This allows exposure 
to the bronchus. With the lung retracted, the apical 
segmental bronchus (B1) is the first branch encountered 
(Figure 3C). The bronchus is carefully dissected and 
encircled using a vessel loop. The stapler is passed through 
the arm 1. The bronchus is transected. Subsequently 
the Parenchyma of the segment is transected by stapler 
introduced through arm 1. 

Right upper lobe posterior segmentectomy (S2)

After completion of the mediastinal lymph node dissection, 
the lung is retracted anteriorly using the fourth arm. The 
pleura over the posterior surface of lung is opened. The 
bronchus is exposed. The bronchus intermedius and upper 
lobe bronchus are visualized, and the latter is dissected. The 
lymph node between the right upper lobe bronchus and 
bronchus intermedius is removed. The lung parenchyma is 
dissected off the bronchus using the bipolar dissector. The 
pleura over the apex of the lung is opened.

The dissection is performed in the major fissure to 
identify the pulmonary artery. Subsequently, the fissure is 

Figure 1 Right sided port placement. Arms 1-4. C is camera port 
at Arm 2. A is assistant port.

Figure 2 Left sided port placement. Arms 1-4. C is camera port at 
Arm 3. A is assistant port.
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completed by introducing the stapler through arm 1. The 
posterior segmental artery (A2) and vein (V2) are identified 
(Figure 4A). They are dissected and isolated. Both can be 
transected using a single stapler fire introduced through 
arm 1. This leads to the exposure of the posterior segmental 
bronchus (B2) (Figure 4B). With the lung retracted toward 
the lateral chest wall, the B2 is easily identified. The 
bronchus is dissected carefully and transected with stapler 
introduced through arm 1. Subsequently the parenchyma is 
transected by introducing the stapler through arm 1.

Right upper lobe apico-posterior segmentectomy (S1+S2)

The technique of apico-posterior segmentectomy is 
combination of S1 and S2 Segmentectomy. The pleura 
over the posterior surface and apical surface is opened as 
usual. The fissure is completed posteriorly and A2 and V2 

are transected as done in S2 segmentectomy. Subsequently 
the V1 and A1 are transected as done in S1 segmentectomy. 
The bronchi B2 and B1 are usually taken in once sparing 
the B3 from the fissure approach. 

Right upper lobe anterior segmentectomy (S3)

After the completion of the mediastinal lymph node 
dissection, the pleura over the apex of the lung is opened 
and the anterior segmental artery (A3) is dissected. The 
apical vein (V1) is isolated and retracted for the exposure. 
The upper lobe vein is dissected in preparation to complete 
the fissure anteriorly.

The dissection is done in the fissure to expose the central 
vein (Figure 5A). The posterior segmental vein (V2) is 
preserved. The anterior segmental vein (V3) is isolated 
and transected which leads to the exposure of the truncus 

Figure 4 Right upper lobe posterior segmentectomy (S2). (A) 
Right upper lobe posterior segmental artery (A2) and Vein (V2). 
(B) Right upper lobe posterior segment bronchus (B2) after the 
transection of artery and vein.
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Figure 3 Right upper lobe apical segmentectomy (S1). (A) View of 
the first branch of right pulmonary artery dividing into anterior (A3) 
and apical branches (A1) with lung retracted caudally. (B) Right 
upper lobe vein with lung retracted posteriorly. (C) Right upper 
lobe apical segment bronchus (B1) after the transection of A1.
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Figure 5 Right upper lobe anterior segmentectomy (S3). (A) Right 
upper lobe central vein division into posterior segmental (V2) and 
anterior segmental vein (V3). (B) Exposure of anterior segmental 
artery (A3) and bronchus (B3) after the division of the vein (V3).

Figure 7 Left pulmonary artery in the fissure with exposure of 
lingular and lower lobe branches.

Figure 6 Left upper lobe upper division segmentectomy 
(S1+S2+S3). (A) Left upper lobe apical and posterior segmental 
arteries. (B) Left upper lobe anterior segmental artery (A3) after 
the division of upper lobe upper division vein. 
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branch of the pulmonary artery. The fissure is completed 
anteriorly. The anterior segmental artery (A3) is dissected 
and transected. The bronchus (B3) is dissected and 
transected (Figure 5B). Finally, the parenchyma is resected 
by introducing the stapler from the posterior port. 

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

This procedure is also known as trisegmentectomy, 
Lingular sparing segmentectomy or Culmen resection. 
After  complet ion of  the mediast inal  lymph node 
dissection, the lung is retracted anteriorly using the 
fourth arm. The pleura over the posterior surface of lung 
is opened exposing the pulmonary artery posteriorly. 
The soft tissue over the artery is dissected and dissection 
is carried into the posterior part of the fissure. The 
fissure is completed posteriorly exposing the posterior 
segmental arteries. There usually are two branches 
(A1+A2) which are dissected and transected (Figure 6A).  
The lung is retracted posteriorly and the upper lobe vein is 
dissected, exposing the upper division and lingular branches. 
The upper division vein is transected allowing exposure of 
the first branch of the pulmonary artery (A3). The branch 
is dissected and transected. Generally, one or more lymph 
nodes are found at this location as well as between the 
lingular and apical bronchi. They are dissected and sent for 
frozen section. The left upper lobe bronchus is dissected 
and its division into upper division and lingular branches 
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is identified. The upper division bronchus is transected. 
Subsequently the parenchyma is transected. 

Left upper lobe apicoposterior segmentectomy (S1+S2)

Similar to the upper division segmentectomy, the dissection 
into the fissure posteriorly is performed to expose and 
transect the posterior segmental arteries. Subsequently the 
apical branch (A1), which may be arising as a common trunk 
with A3, is isolated and transected (Figure 6B). The upper 
division bronchus is dissected to expose its division into 
anterior (B3) and apico-posterior bronchi (B1+B2). The 
bronchus is transected and subsequently the parenchyma is 
resected in the line of the bronchial stump using the stapler.

Lingular segmentectomy (S4+S5)

After completion of the mediastinal and interlobar lymph 
node dissection, the lung is retracted anteriorly using the 
fourth arm. The pleura over the posterior surface of lung is 
opened. Subsequently the fissure is exposed. The pulmonary 
artery is dissected in the fissure and the lingular, basilar, 
and superior segmental branches are identified (Figure 7). 
The lingular branches (A4+A5) of the pulmonary artery are 
transected. The lingular vein is subsequently transected. 
The fissure is completed anteriorly. This allows exposure to 
the lingular bronchus, which is usually transected with blue 
load stapler. The Parenchyma is subsequently transected.

Superior segmentectomy (S6)

The steps of superior segmentectomy are almost similar on 
both sides. The dissection is started by incising the inferior 
pulmonary ligament, exposing the inferior pulmonary vein 
posteriorly. The superior segment vein is angled superiorly 
and can easily be isolated from basilar segment branch. 
Subsequently the dissection is performed in the fissure 
to expose the pulmonary artery superior segment A6 and 
basilar segment arterial branches. The fissure is completed 
posteriorly. The A6 is isolated and transected. Subsequently 
the venous branch V6 is transected. The bronchus B6 
is dissected in the fissure, isolated and transected. The 
parenchyma is resected in the line of the bronchial stump.

Lower lobe antero-medial segmentectomy (S7+S8) (S7 is 
absent on left)

The segment S7 is missing on the left side. On the right the 

dissection is done in the fissure to expose the most medial 
branch of the basilar segment artery A7 and it is followed 
cephalad to identify the anterior segment branch A8. These 
two branches usually come off as a common trunk from the 
basilar segmental artery. On the left only A8 is encountered. 
The fissure is completed anteriorly on the left and between 
middle and lower lobe on the right. The arterial branches 
are transected. This exposes the superior basilar vein usually 
draining S7 and S8. This is transected leading to good 
exposure of the bronchus which is also either transected or 
cut and oversewed. 

Lower lobe postero-lateral segmentectomy (S9+S10)

The inferior pulmonary ligament is incised and the vein is 
dissected. Next, the dissection is performed in the fissure 
to expose the basilar segmental artery and its division into 
antero-medial and postero-lateral (A9+A10) branches. The 
latter is isolated and transected, exposing the bronchus 
(B9+B10). The bronchus is transected which leads to 
exposure of the veins V9 & V10. The veins are transected.

Conclusions

Pulmonary segmentectomy using the robotic platform is a 
safe approach. The robotic platform allows for meticulous 
dissection enabling the surgeons to resect almost all 
pulmonary segments via minimally invasive approach 
with less conversion to open and shorter length of stay 
comparing to VATS. 
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