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CASE REPORT

Fissureless technique of robotic left lingular 
segmentectomy for primary lung cancer 
with incomplete fissure: a case report
Masahiro Yanagiya1*, Masaaki Nagano1 and Jun Nakajima1 

Abstract 

Background  Pulmonary segmentectomy for a lung with an incomplete interlobar fissure may complicate persistent 
air leakage. The fissureless technique is often used in lobectomy to prevent persistent air leakage. We herein describe 
successful use of the fissureless technique for segmentectomy with the aid of a robotic surgical system.

Case presentation  A 63-year-old man was clinically diagnosed with early-stage lung cancer for which lingular 
segmentectomy was indicated. A preoperative image revealed a lung with an incomplete fissure. Based on three-
dimensional reconstruction imaging, we planned to divide the hilum structures in the order of the pulmonary vein, 
bronchus, and pulmonary artery and finally resect the lung parenchyma by dividing the intersegmental plane and 
interlobar fissure. This fissureless technique was successfully conducted using a robotic surgical system. The patient 
did not develop persistent air leakage and was alive without recurrence 1 year after segmentectomy.

Conclusions  The fissureless technique may be a useful option in segmentectomy for a lung with an incomplete 
interlobar fissure.
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Background
Segmentectomy may be a feasible option for surgi-
cal treatment of early-stage non-small cell lung cancer 
despite the fact that lobectomy with lymph node dissec-
tion has long been the standard treatment for primary 
lung cancer [1]. A recent multi-institutional prospective 
trial suggested that segmentectomy is superior to lobec-
tomy in terms of overall survival for patients with early-
stage non-small cell lung cancer [2].

Although segmentectomy is beneficial in terms of 
overall survival and preservation of lung parenchyma, 

persistent air leakage has been observed more frequently 
after segmentectomy than after lobectomy [3]. Persis-
tent air leakage after anatomical resection may occur 
especially in patients with dense fissures [4, 5]. In these 
patients, the manipulation of interlobar fissures during 
segmentectomy complicates persistent air leakage.

The current report describes a fissureless technique for 
left upper lingular segmentectomy of early-stage primary 
lung cancer with a dense fissure. Although the fissure-
less technique has been proven effective in lobectomy for 
decreasing the incidence of persistent air leakage [6], we 
applied this technique to segmentectomy. Using a robotic 
system, we successfully performed fissureless lingular 
segmentectomy for primary lung cancer in a patient with 
a densely fused incomplete interlobar fissure.
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Case presentation
A 63-year-old asymptomatic man with a history of ulcer-
ative colitis was referred to our hospital because of an 
abnormal ground-glass lung nodule. The ground-glass 
nodule had been detected by chest computed tomog-
raphy (CT). During 2 years of close follow-up, the nod-
ule had gradually increased in size. CT finally showed a 
part-solid ground-glass nodule measuring 19  mm (the 
solid component measured 8 mm) in the left lingular seg-
ment, which raised suspicion for malignancy (Fig.  1A). 
18F-fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) showed hypometabolic activity (maxi-
mum standardized uptake value, 2.1). Distant metastases 
were not detected by whole-body CT or FDG-PET. The 
patient was suspected to have early-stage lung cancer 
(cT1aN0M0-IA1). Surgical resection was indicated.

Considering the tumor size and location, we decided 
to perform left lingular segmentectomy and lymph node 
dissection with the aid of a robotic system. The preopera-
tive CT image suggested an incomplete interlobar fissure 
(Fig.  1A). The three-dimensional CT image was recon-
structed by SYNAPSE VINCENT software (Fujifilm 
Medical, Tokyo, Japan). The lingular pulmonary artery 
(A4 + 5) completely branched from the interlobar pul-
monary artery (Fig. 1B). The patient had a common trunk 
of the pulmonary vein (Fig.  1C). We adopted a fissure-
less segmentectomy technique to minimize persistent 
air leakage. We planned to sequentially dissect the pul-
monary vein, segmental bronchus, and pulmonary artery 
from the anterior hilum. After division of the vascular 
and bronchial structures, we planned to finally divide the 
interlobar fissure and intersegmental plane with mechan-
ical staplers.

The surgery was conducted via four incisions and one 
assist incision. Four robotic ports were placed in the 
eighth intercostal space. The assist port was placed in the 

fifth intercostal space on the anterior axillary line. Prior 
to docking of the robotic system, we initially confirmed 
no pleural effusion, pleural dissemination, or adhesion 
under thoracoscopy. We also identified the tumor loca-
tion using finger palpation. The da Vinci Xi Surgical 
System (Intuitive Surgical, Sunnyvale, CA, USA) was 
docked. We dissected the anterior hilum and exposed 
the pulmonary veins. Although this patient had a com-
mon trunk of the pulmonary vein, we were able to iden-
tify V4 + 5 based on the tumor location (Fig. 2A). V4 + 5 
was exposed. V3 was partially exposed and taped to con-
firm both V4 + 5 and B4 + 5. V4 + 5 was dissected by a 
robotic stapler (Additional file 1). Because we knew that 
B4 + 5 branched immediately behind V4 + 5 based on 
the preoperative CT image, we exposed and taped B4 + 5 
(Fig. 2B, Additional file 2). To confirm that the taped seg-
mental bronchus was indeed B4 + 5, the console surgeon 
performed bronchoscopy and correctly identified B4 + 5 
(Additional file  2). In addition to endobronchial confir-
mation of B4 + 5, we were also able to recognize B4 + 5 
from the surgical field with the aid of the Firefly fluores-
cence image mode (Intuitive Surgical) (Fig.  2C). Under 
the Firefly mode, the light at the tip of the bronchoscope 
turned green (Fig. 2C, Additional file 2). B4 + 5 was dis-
sected by a robotic stapler (Additional file  2). We then 
carefully exposed A4 + 5 branching from the interlobar 
pulmonary artery (Fig. 2D). A4 + 5 was also transected by 
a robotic stapler (Additional file 3).

The resection line was designed to obtain a surgi-
cal margin (Fig.  3A). In the area around the tumor, we 
planned to concomitantly resect part of the anterior 
segment of the lower lobe (S8) to secure a surgical mar-
gin because the tumor was near the interlobar fissure 
(Fig. 3B). After division of part of the interlobar fissure, 
4  mL (10  mg) of indocyanine green (ICG) was injected 
intravenously to identify the interlobar fissure and 

Fig. 1  Preoperative chest computed tomography image and three-dimensional images. A Chest computed tomography showed a part-solid 
ground-glass nodule containing a solid component that was highly suspicious for malignancy. B The lingular pulmonary artery (A4 + 5) completely 
branched from the interlobar pulmonary artery. C The lingular pulmonary vein (V4 + 5) drained into the common trunk of the left pulmonary vein
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Fig. 2  Intraoperative photographs of surgical field. A The lingular pulmonary vein (V4 + 5) was exposed from the hilum and identified. B The 
lingular bronchus (B4 + 5) was located immediately behind the dissected lingular pulmonary vein (V4 + 5). C Under Firefly mode, the light of the 
bronchoscope turned green, indicating the lingular bronchus (B4 + 5). D The lingular pulmonary artery (A4 + 5) was exposed immediately behind 
the dissected lingular bronchus (B4 + 5)

Fig. 3  Division of interlobar fissure and intersegmental plane. A Image of division of lung parenchyma. The black lines indicate the resection 
lines considering the surgical margin around the interlobar fissure. The white lines indicate the intersegmental plane between the left upper 
division segment and lingular segment. The black dotted area indicates the tumor. B Division of lung parenchyma around the interlobar 
fissure. Concomitant resection of the anterior segment of the left lower lobe was conducted to obtain a surgical margin. C Delineation of the 
intersegmental plane by intravenous injection of indocyanine green under Firefly mode. The white arrows indicate the intersegmental plane
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intersegmental plane. The surgical field was visualized 
with the Firefly fluorescence image mode (Fig. 3C, Addi-
tional file 4). The interlobar fissure line and intersegmen-
tal line were identified as the border separating the green 
lung parenchyma (remaining parenchyma) from the 
dark lung parenchyma (resected parenchyma) (Fig.  3C). 
The lung parenchyma was divided by mechanical sta-
plers as planned (Additional file 4). The main branch of 
V3 was preserved. We achieved extended lingular seg-
mentectomy using the fissureless approach. We obtained 
a surgical margin of more than 2  cm. The frozen sec-
tion diagnosis of the resected specimen was adenocar-
cinoma. We subsequently conducted systematic lymph 
node dissection. The whole surgical time was 218  min, 
and the console time was 134 min. Only slight blood loss 
occurred. The chest tube was removed on postoperative 
day 3, and the patient was discharged on postoperative 
day 7.

The patient developed no complications such as per-
sistent air leakage. The final pathological diagnosis was 
invasive adenocarcinoma with an invasion size of 8 mm 
and total size of 15  mm. The pathological stage was 
p-T1aN0M0. The patient was alive without recurrence 
1 year postoperatively.

Discussion
We have herein described the successful performance 
of a fissureless technique of left lingular segmentectomy 
for lung cancer in a patient with an incomplete fissure. 
Because a recent prospective trial demonstrated prom-
ising outcomes of segmentectomy [2], thoracic surgeons 
are more likely to manage challenging cases as shown 
in the current case. This case report offers an optional 
technique to manage an incomplete fissure during seg-
mentectomy. In an assessment of 250 patients by high-
resolution chest CT, a left incomplete fissure was found 
in 24% [7]. Thus, this technique might be required in 
approximately one-quarter of all lingular segmentecto-
mies. The three key points for successful performance of 
this surgery are preoperative CT image reconstruction, 
intraoperative tumor identification, and systemic ICG 
injection.

Preoperative three-dimensional CT image reconstruc-
tion is necessary to successfully complete this surgery. 
Because the segmental anatomy is highly various [8–12], 
surgeons must understand the patient’s detailed anatomy. 
In our patient, A4 + 5 branched from the interlobar pul-
monary artery, not from the mediastinal pulmonary 
artery. Thus, we were easily able to plan the procedure to 
cut the vessels and the bronchus.

Tumor localization is also important when perform-
ing this surgery. Our patient had a common trunk, 

which reportedly exists with an incidence of 6.5–17.0% 
[11, 13, 14]. V4 + 5 is usually difficult to identify in the 
presence of a common trunk [12]. In our patient, how-
ever, the location of the tumor made it easier to identify 
and confirm V4 + 5. Tumor localization greatly helps to 
understand the anatomy and safely perform the surgery. 
In addition, tumor identification is important in terms 
of securing the surgical margin [15]. Although segmen-
tectomy is promising in terms of overall survival, the 
procedure may have a higher risk of local recurrence 
[2]. A secure surgical margin is required to achieve 
curative segmentectomy and thus prevent local recur-
rence [15]. In the present case, we obtained a sufficient 
surgical margin because of successful tumor identifica-
tion. Although it was easy to localize the tumor in the 
current case, a tumor localization technique such as 
virtual-assisted lung mapping might be necessary for 
an impalpable tumor appearing as a pure ground-glass 
nodule located deep to the pulmonary surface [16].

Systemic ICG injection and the fluorescence image 
mode were highly valuable during the surgery in this 
case. Previous reports have shown the efficacy of sys-
temic ICG injection in terms of identification of 
intersegmental planes [17]. Systemic ICG injection has 
been widely applied in segmentectomy [18]. In the cur-
rent case, intraoperative ICG injection facilitated iden-
tification of not only the intersegmental plane but also 
the interlobar fissure [19]. The present case shows that 
systemic ICG injection is useful for challenging cases 
involving a patient with an incomplete fissure.

In addition to these three key points, the robotic 
surgical system greatly contributed to this surgery. 
Because of the operability of the robotic surgical sys-
tem, the console surgeon was able to easily and meticu-
lously dissect the vessels and bronchus [20]. Moreover, 
the console surgeon was able to perform bronchoscopy 
to precisely confirm the anatomy. Previous reports have 
suggested that segmentectomy might require skilled 
bronchoscopists other than surgeons to confirm the 
bronchus and intersegmental plane [18]. One of the 
advantages of performing segmentectomy by robotic 
surgery is that a skilled bronchoscopist is not required.

Although the fissureless technique for lobectomy 
has been widely demonstrated in the literature [4–6], 
reports of the fissureless technique for segmentectomy 
are limited [21]. One report described two cases of fis-
sureless segmentectomy via a four-port thoracoscopic 
approach using an inflation–deflation technique [21]. 
The authors showed promising results in terms of the 
efficacy and safety of this fissureless technique [21]. 
Unlike their approach, we conducted fissureless seg-
mentectomy via a robotic approach using systemic ICG 
injection.
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Conclusion
We successfully conducted robotic left lingular segmen-
tectomy via the fissureless technique. This technique is 
an optional surgical procedure for a lung with an incom-
plete fissure.
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