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Background: Parenchymal preserving lung surgeries for lung cancer have been largely restricted to select 
patients with pulmonary compromise. Recent evidence has largely questioned the need for lobectomy in 
early stage lung cancer especially with the increased detection rates of early lesion by advanced imaging 
techniques. Conservative surgeries in the form segmental resections have been increasing used for 
management of early stage lesions. Minimal invasive technique like uniportal video-assisted thoracoscopic 
surgery (U-VATS) segmentectomy, further reduces the morbidity.
Methods: Retrospective analysis of prospectively maintained data base of patients undergoing uniportal 
Segmental resection was done. Data from July 2014 to March 2018 was analysed. Patient’s preoperative 
demographic data, intra operative and post-operative outcomes along with surgical pathology details were 
collected and analysed. Statistical analysis was done using SPSS 17.0.
Results: A total of 371 patients underwent uniportal segmentectomy. Median age was 58 years. Majority 
were asymptomatic (73.74%). Smoking was less prevalent (12.4%). Most of these patients were thin built 
with a mean BMI of 23.76 (±3.05) with a mean FEV1/FVC (%) of 79.45 (±8.51). On preoperative CT 
imaging, the median lesion diameter was 10.00 mm. 65.5% underwent single Segmental resection, 19.4% 
had bi-segmentectomy while multiple segmentectomy in 14.02%. The mean operating time was 1.75 (±0.65) 
hours with median intra operative blood loss of 50 mL. Conversion to thoracotomy was done in 2 patients 
(0.54%) for intraoperative bleeding and conversion to lobectomy was done on 1 patient (0.27%) due to non-
identification of lesion. The median duration of intercostal drainage was 2.5 days and mean postoperative 
stay in hospital was 3.7±1.8 days. Postoperative complications observed were seen in 6% with prolonged 
intercostal drainage being the most prevalent. The 30-day mortality was zero.
Conclusions: U-VATS segmentectomy for early stage lung cancer was found to be feasible and safe with 
respect to short term outcomes. Long-term follow-up including survival analysis is required to confirm its 
oncological efficacy.
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Introduction

Uniportal video-assisted thoracoscopic surgery (U-VATS) 
has become increasingly accepted as the newer alternative 
approach to conventional thoracoscopic surgery, for 
management of lung cancers across the globe (1). In our 
earlier publication we had shared our experience in the field 
of anatomical resection for carcinoma lung-(lobar resections 
and above), where U-VATS was found to be safe and 
oncologically sound (2). The Lung Cancer Study Group 
(LCSG) concluded that sub lobar resection was inferior to 
lobectomy due to higher local recurrences and higher deaths 
observed (3). There has been quite a few non randomised 
studies and meta-analysis after LCSG publication, which 
have shown sub lobar resections especially segmentectomy 
to be effective in select patients (4-8).

With the recent wide spread use of CT screening, 
increasing number of early stage lung cancer and 
preinvasive lesions are being picked up. Segmentectomy is 
more commonly being performed in patients having solitary 
pulmonary nodule ≤2 cm in an anatomical segment of lung, 
small T1N0M0 non-small cell lung cancer, ground glass 
opacity, benign nodules on imaging, nodule with very slow 
doubling time on serial imaging. The recent international 
multidisciplinary classification of adenocarcinoma of lung 
updated in 2011 reclassifies bronchio alveolar carcinoma 
(BAC) and introduced newer terminologies especially for 
patients who underwent resection, namely adenocarcinoma 
in situ (AIS) and minimally invasive adenocarcinoma (MIA). 
These have been introduced based on the pathological, 
clinical data which show these two subsets have a very good 
survival rates post resection. 

Given the advancement in imaging and pathological 
assessment, more and more of early stage tumours are 
being identified and sublobar resection offers an effective 
alternative, reducing the morbidity due to loss of lung 
volume. Minimal invasive thoracic surgery has become 
gold standard compared to conventional thoracotomy, 
when feasible. Of late interest has been in the performance 
of minimally invasive segmentectomy with uniportal 
technique. Recent publications have documented the 
feasibility and advantage of uniportal segmentectomy over 
multiport techniques (9,10). In this article we present our 
experience in U-VATS segmentectomy, which is currently 
the largest series in published literature at the time of 
submission. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/vats-19-55).

Methods

Retrospective analysis of prospectively maintained database 
was done. Records of all patients who had undergone 
uniportal segmental resection from July 2014 to March 
2018 were analysed. Preoperative patient’s parameters, 
intraoperative and postoperative outcomes were analysed. 
Statistical analysis was done using SPSS 17.0 software. The 
study was conducted in accordance with the Declaration 
of Helsinki. The study was approved by institutional 
review board of Shanghai Pulmonary Hospital (K17-160). 
Individual Consent was waived off as this was a retrospective 
analysis and data was accessed after masking the patient’s 
identity.

Surgical technique

The most important prerequisite for segmentectomy 
is a clear knowledge of the segmental anatomy—of the 
segmental branches of arteries, veins and bronchus. The 
two sides of lung differ in their anatomy and so does 
individual segment. Some segments have only one vascular 
feeding branch, while some have more than one. Few have 
a recurrent branch of artery like the segment 1 on right 
side. In some segments, we need to dissect out the arterial 
branches distally to preserve the proximal branch and divide 
distally.

There are different techniques, used in the procedure of 
segmentectomy especially for defining the intersegmental 
plane like dissecting along the intersegmental vein and 
dividing them separately, use of Indo cyanine green (ICG) 
fluorescence to identify the segmental boundaries and of 
late 3D CT reconstruction aided performance of segmental 
resections (SAMURAI Technique) (11-13).

In our study, all patients were intubated using a double 
lumen endo tracheal tube. Patients were positioned in 
lateral position, with the involved side up, with a bridge 
under the chest to spread out the ribs. Operating surgeon 
stood on the ventral aspect of the patient, with assistant on 
the dorsal aspect. A single incision of length 4 cm was made 
in the anterior axillary line in 4th or 5th intercostals space 
depending on the location of the lesion. A few patients 
underwent subxiphoid incision for the surgery.

We describe Safe Accurate Feasible and Easy (SAFE) 
technique of segmentectomy by Jiang lei. In this approach 
after entering the thoracic cavity, the segment to be resected 
is identified and defined. Hilar dissection is carried out 
to identify the segmental artery, which is divided using 
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endoscopic staplers. With further dissection, we approach 
the division of bronchus entering the segment. Once the 
bronchus to the segment to be resected is identified, ligature 
is passed around the proximal aspect of bronchus division and 
tightened. Using a sharp fine scissors, a small nick incision, 
about 5 mm in size, is given on the bronchus distal to the 
ligature. This opens up the airway leading to the segment 
of interest (Figure 1). A deep vein catheter is passed through 
the U-VATS incision and its tip placed into the opening 

created in the bronchus, tip directed distally (Figure 2). Air 
is pushed with help of a syringe till segmental parenchyma 
gets inflated. The segmental parenchyma gets insufflated 
exactly defining the segmental boundary (Figure 3)  
(Video 1). Once the boundary is defined, the catheter is 
removed and bronchus is divided with staplers and the distal 
bronchial stump is lifted up to dissect the parenchyma in its 
posterior aspect. This opens up a part of the intersegmental 
plane and helps us gain space for manoeuvring staplers 
for parenchymal resection, reducing the risk of damaging 
surrounding structures.  Further dissection in the 
intersegmental plane is carried out using electro cautery 
and division is done using staplers. Separate identification 
of the intersegmental veins, which is tedious and time 
consuming, is not performed. We don’t perform the 
insufflations desufflation technique which has shortcomings 
like injury the lung (especially in emphysematous patients), 
time consuming as we need to wait for the lung to deflate. 
By selective canulation and insufflations, we overcome these 
issues as we are inflating only the segment that is going to 
be removed. We had employed this in all our segmental 
resections. After completion of procedure lung is insufflated 
to check for air leak and intercostal drain is placed.

Results

A total of 371 patients were identified from the prospectively 
maintained database. All these patients had undergone 
segmental resection of lung for various pathologies, over 
a period of 45 months (from July 2014 to March 2018). 
Median age was 58 years (range, 23–85 years). Female 
patients were more in number (male 147, female 224).

Most of these patients were asymptomatic, with 
radiological abnormality picked on screening CT scan 
of chest (73.74%). Other presentations include cough, 
haemoptysis, chest pain, which have been elaborated in Table 
1. Smoking was less prevalent (12.4%). Table 1 describes the 
demographic details of patients included in the study.

All these patients underwent a thorough work up. A 
HRCT was done to evaluate the lesion and the same was 
categorised based on morphology as ground glass opacity 
(GGO), ground glass nodules or mass lesions. The lesion 
size was documented as an average of the two perpendicular 
diameters. They were also assessed for the presence of any 
mediastinal nodes or other sites of disease. Patients, who 
had no other abnormalities, were further evaluated with 
pulmonary and cardiac functions to assess their fitness for 
surgery (Table 2). 

Figure 1 Segmental Bronchus incised for insertion of insufflation 
catheter.

Figure 2 Insufflation catheter placed at bronchotomy site.

Insufflation catheter placed in bronchotomy site

Segmental bronchus

Figure 3 Selective inflation of the segment parenchyma by 
insufflation of air through catherter in the segmental bronchus.

Segmental parenchyma inflated

Catheter in segmental bronchus
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All patients underwent U-VATS segmentectomy. 
Patients who had defined lesion localisable to an anatomical 
segment on CT scan underwent direct surgery. Those 
patients, in whom the lesions could not be localised to an 
anatomical segment, underwent pre-operative image guided 

wire localisation, for intraoperative identification.
Surgical details are described in Table 3. Left sided 

surgeries were more common than right side. In 5 cases, 
bilateral segmental resections were done. Most of the 
resections were single segmental resections. The most 
common segment removed was dorsal segment of the 
lower lobe, followed by apical segment of upper lobe. 
(Table 3). Among the bisegmentectomy, apicoposterior 
s egmentec tomy  was  mos t  common fo l lowed  by 
lingulectomy. Among the multisegmental resection proximal 
segments of left upper lobe is most common, followed by 
basal segments of lower lobe. There were conversions to 
thoracotomy in two patients, both due to intraoperative 
bleeding, while in one case conversion to lobectomy was 
done due to inability to localise the lesion. Mean operating 
time was 105 minutes. Median blood loss was 50 mL. 
The operative time showed improvement over the years  
(Figure 4). There was no intra/peri-operative death.

On postoperative histopathological analysis, 29.4 % 
patients had invasive tumour, 26.4% had AIS and 21.6% had 
MIA, 1.1% had both MIA and AIS component. 0.8% was 
metastatic lesion from other organ and 20.8% were benign 

Table 1 Demography details

Demographic parameters Number/percentage

Total number 371

Age (median) 58 years

Male 147

Female 224

Symptoms

Screening (asymptomatic) 73.74%

Chest pain 5.3%

Cough 9.8%

Hemoptysis 1.59%

Fever 1.85%

Previous lung cancer 1.06%

Others 6.66%

Smoking 12.4%

Preoperative BMI

Mean ± SD 23.76±3.05

Range 14.8–37.7

Table 2 Preoperative patient characteristics 

Preoperative parameters Mean values ± standard deviation

CT characteristics 

Ground glass opacities 62.3%

Nodules (≤3 cm) (cT1) 33.7%

Mass lesion (>3 cm) 2.7%

Others 1.3%

Mean size of lesion (mm) 12.3±5.7

FVC (L) 3.061±1.38

FEV1 (L) 2.62±0.24

FEV1/FVC (%) 79.45±8.51

Haemoglobulin 128.64±16.73

Albumin 39.5±5.23

Table 3 Operative details

Parameters Value

Surgery type

Single segment 243

Dorsal segment of lower lobe 25.1%

Apical segment of upper lobe 23.8%

Posterior segment of upper lobe 23.45%

Anterior segment upper lobe 14.4%

Posterior basal segment of lower lobe 5.76%

Others 7.49%

Bisegments 72

Multi segments (≥3) 52

Along with lobectomy 4

Operating time (mean ± SD) (hours) 1.75±0.65

Blood loss (median) (mL) 50

Conversion to thoracotomy 2 patients 
(intraoperative 
hemorrhage)

Conversion to lobectomy 1 patient (not able to 
localise focus)
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lesions. Of the invasive tumours, most common was invasive 
adenocarcinoma (103 patients) followed by squamous cell 
carcinoma (3 patients), large cell carcinoma (2 patients) and 
small cell carcinoma (1 patient). Benign histology included 
Atypical adenomatous hyperplasia (16 patients), hamartoma, 
bronchiectasis, Cysts, intra pulmonary fibrosis, tuberculosis.

In all patients a frozen analysis was done intraoperatively 
and in patients with invasive tumours, minimally invasive 
tumours and in AIS, a systematic nodal sampling was done. 
The median number of nodal stations sampled was 4. A 
median number of 9 nodes were removed. Nodes were 
positive in 4 patients (all N1 nodes), one node positive in 
two patients with AIS with lymphatic invasion, another 
in one invasive adenocarcinoma. Two nodes were positive 
in two patients, one with small cell carcinoma and other 
with invasive adenocarcinoma. All patients had a negative 
resection margin, with a minimum of 2 cm margins all 
around the tumour.

 The mean postoperative stay was 3.7±1.8 days. The 
median duration of intercostal drainage was for 2.5 days. 
There were no in house/30-day mortality. Postoperative 
complications were minor in 6% (Clavien Dindo grade 1)  
with prolonged intercostal drainage being the most 
common. Few Grade 2 complications were seen in 3 cases, 
which included atrial fibrillation, pulmonary infection and 
wound discharge. All were managed conservatively with no 
patients requiring return to theatre. 

Discussion

With the National Lung Screening Trial (NLST) (14) 
indicating a reduction in the mortality rates in select 
patients with low dose CT scans, the use of CT screening 
has increased across the globe. Increasing use of screening 

CT scan in turn has resulted in increased frequency 
of detection of early lung cancers and radiological 
abnormalities, which were otherwise not routinely picked 
up on radiograph. The increased detection of these lesions 
has rekindled interest, in the use of sublobar resection for 
treatment of these suspicious lesions. 

The publication of LCSG, may not be completely 
applicable to the present day scenario (3), with the greatly 
improved imaging techniques. While the study primarily 
used radiograph, current CT images not only helps detect 
earlier changes better, also the routine use of HRCT and 
PET CT scans have helped in the detection of nodal and 
distant metastasis. The International Association for Study 
of Lung Cancer (IASLC) had redefined and classified 
the earlier used term of BAC into Minimal invasive 
adenocarcinoma [small solitary adenocarcinoma with 
either pure lepidic growth (AIS) or predominant lepidic 
growth with ≤5 mm invasion] and AIS variants. These have 
been proven to have comparatively better survival rates in 
comparison to invasive early lung cancer, close to 90–100% 
(15,16). Though the former is staged under stage IA1, while 
the latter is staged 0 (as per 8th edition of AJCC TNM 
staging), the studies described above have shown both to 
have near similar results.

Anatomical segmentectomy has many advantages 
over lobectomy as evident in the meta-analysis by Lim 
et al. (5). It can be safely performed in a patient with 
compromised lung function, helps in faster recovery and 
lesser complications compared to lobectomy and also helps 
in preserving the lung volume for future resection in case 
of recurrence or new primary in the lung. Anatomical 
segmentectomy is a demanding procedure and performance 
of the same by VATS is highly demanding. The Uniportal 
technique has a number of advantages over conventional 
multiport VATS—reducing the number of ports and thus 
reduction in the intercostals nerve damage, better and direct 
visualisation like that in a thoracotomy.

In this article we publish the largest experience on 
uniportal segmental resection (9,10,17-19). The other 
largest series include publications by Duan et al. (9) and 
Ali et al. (17). The latter had described their experience on 
subxiphoid approach.

The mean age was 56.24±1.15 in our study which was 
similar to the other studies (17-20) ranging from 53– 
56 years. The majority was females. Smoking was less 
prevalent in our study 12.4% similar to the other studies 
(12.55–23.7%) (9,17,18). Most of the patients were thin 
built as evident from the lower BMI. Ali et al. had also 
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reported a lower BMI of 23.78 (17). Preoperative symptoms 
were reported in our study and majority were asymptomatic 
with lesions being detected on screening CT scan. This is 
in line with the increased detection rates of screening CT 
as found in the western countries (14), even though we had 
lower smoking rates.

The average operating time was 1.75±0.65 hours 
which was comparatively less in comparison to the others 
studies (range, 2.05–2.9 hours) (9,17-20). We had three 
conversions—two to thoracotomy due to intraoperative 
bleed and one to lobectomy due to non-identification of 
lesion. These were comparable to published literature 
(9,17,20). Our median nodal harvest was 9 which again 
is comparable to literature (17,19). On the post op 
histopathological analysis nearly half (48%) of our patients 
had preinvasive tumour (AIS and MIA). Since curative 
resections of these lesion are expected to give close to 100% 
5-year survival, Uniportal VATS segmentectomy helps in 
appropriate management of these patients with parenchyma 
preservation and lesser morbidity. This is similar to studies 
published by Ali et al. and Duan et al. (9,17).

Conclusions

Increased detection of early stage lung cancers and 
precancerous lesions by CT screening and finding of 
enhanced survival in patients with AIS and MIA and the 
advantages of uniportal VATS guided segmentectomy 
and the literature suggesting sublobar resection having 
comparable survival rates among select patients with early 
stage tumours, U-VATS segmentectomy may be considered 
as a reasonable option in patients with limited stage early 
disease. Use of selective cannulation and open insufflations 
makes the procedure simpler and easier to perform. Longer 
follow up will help in confirming the oncological outcomes 
and help us in determining the difference in survival rates 
if any. 
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