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Abstract 1 

Background: The advantages of segmentectomy over lobectomy in sparing pulmonary function 2 

remain controversial. Lower lobe segmentectomy is divided into simple segmentectomy, such as 3 

segment 6; and complex segmentectomy, which includes the basal segments. Here we compared 4 

residual lung function after thoracoscopic segmentectomy versus lobectomy in the lower lobe 5 

using the three-dimensional computed tomography volumetric method. 6 

Methods: Between January 2012 and October 2020, 67 patients who underwent thoracoscopic 7 

segmentectomy of the lower lobe were matched to 67 patients who underwent thoracoscopic 8 

lower lobectomy during the same period using propensity score matching analysis. The 9 

postoperative decrease in the rate of forced expiratory volume in 1 s was compared between 10 

methods. The regional forced expiratory volume in 1 s of the residual lobe rescued by 11 

segmentectomy was measured using volumetric and spirometric analyses and compared to 12 

lower lobectomy. The ratio of the actual to predicted postoperative forced expiratory volume in 13 

1 s in the residual lobe was defined as the preservation rate.  14 

Results: Of the 67 thoracoscopic segmentectomies, 43 were S6, seven were S8, three were S8+9, 15 

seven were S10, and seven were S9+10. The percentage of postoperative/preoperative forced 16 

expiratory volume in 1 s was significantly higher in the segmentectomy versus lobectomy group 17 

(90.7% vs. 85.7%, p=0.001). The preservation rates after simple segmentectomy (n=43) and 18 

complex segmentectomy (n=24) did not differ significantly (82.2% vs. 80.2%, p=0.709). 19 

Conclusions: Thoracoscopic lower lobe segmentectomy versus lobectomy preserves 20 

postoperative lung function. Even complex segmentectomy exhibited outcomes relevant to 21 

simple segmentectomy by sparing the residual lobe. 22 
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Introduction 1 

While lobectomy has been accepted as a standard surgical treatment for peripheral small-2 

sized non-small-cell lung cancer, segmentectomy has gained enthusiasm among thoracic 3 

surgeons for its ability to spare postoperative pulmonary function [1-3]. However, whether such 4 

limited resection can preserve pulmonary function compared with lobectomy remains 5 

controversial [4-6]. We previously reported that thoracoscopic segmentectomy is superior to 6 

thoracoscopic lobectomy for preserving pulmonary function using a three-dimensional (3D) 7 

volumetric method [7]. As the number and size of each segmentectomy type were too small in 8 

previous studies, the impact of the resected site on the extent of decreased pulmonary function 9 

has not been sufficiently investigated. 10 

Lower lobe segmentectomy is roughly divided into two types: S6 and basal segment. S6 11 

segmentectomy, considered among the most straightforward resections, is relatively easy and 12 

safe for thoracic surgeons with limited experience. Moreover, this procedure creates one linear 13 

intersegmental plane; therefore, it may be considered a “simple segmentectomy.” In contrast, 14 

basal segment segmentectomy, such as posterior basal segmentectomy, requires a deep 15 

anatomical understanding and surgical expertise. Furthermore, such a segmentectomy creates 16 

several intricate intersegmental planes and is thus considered a “complex segmentectomy.” 17 

Therefore, in terms of procedural complexity, basal segment segmentectomies differ completely 18 

from S6 segmentectomies. Although this procedural difference might affect postoperative 19 

functional changes, no comparative studies have examined the difference in postoperative 20 

pulmonary function between “simple” and “complex” thoracoscopic segmentectomies limited to 21 

the lower lobe. 22 



 4 

Thus, this study aimed to demonstrate the superiority of segmentectomy over lobectomy for 1 

preserving pulmonary function with focus on the lower lobe and examine whether the 2 

procedural differences between “simple” and “complex” segmentectomies could influence the 3 

sparing of the postoperative lung function using a novel 3D volumetric method. We focused only 4 

on lower lobe segmentectomy in order to validate our technique for basal segment 5 

segmentectomies and its influence on postoperative pulmonary function. 6 

 7 

 8 

Material and Methods 9 

 10 

Ethical statement 11 

The Hyogo Cancer Center Institutional Review Board (IRB) approved the study (IRB number: 12 

G-249; approved on February 2, 2022), and each participant provided informed consent. 13 

 14 

Patient collection 15 

We examined consecutive patients who underwent thoracoscopic lower segmentectomy at 16 

Hyogo Cancer Center between January 2012 and October 2020.   17 

Using propensity score matching, 67 patients were paired with patients who underwent 18 

thoracoscopic lobectomy during the same period based on sex, smoking history, tumor location, 19 

and pulmonary function. The basic selection criteria for thoracoscopic segmentectomy included 20 

small peripheral non-small cell lung cancer with ground-glass opacity (indicating clinical 21 

T1a/1bN0M0 cancer based on the 8th edition of the Lung Cancer Stage Classification), 22 
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compromised resection making patients poor candidates for lobectomy because of their limited 1 

cardiopulmonary function, and the presence of pulmonary metastases or benign lesions. Patients 2 

who had received induction therapy were excluded from the study.  3 

We reviewed postoperative pulmonary complications, age, sex, smoking history, operative 4 

side, operation time, blood loss volume, forced expiratory volume in 1 s (FEV1.0), and forced vital 5 

capacity (FEV1.0/FVC) measured by spirometry. Operative mortality was defined as death within 6 

30 days post-resection. Postoperative complications were defined as hypoxia requiring home 7 

oxygen therapy, pneumonia, prolonged air leakage that required adhesion therapy or lasted for 8 

more than 7 days, bronchopleural fistula (diagnosed by bronchoscopy or operative findings of 9 

leakage), empyema, atelectasis detected by chest radiography, uncontrolled sputum production 10 

that required bronchoscopy or tracheostomy, and acute exacerbation of idiopathic interstitial 11 

pneumonia.  12 

 13 

Operative procedure 14 

All segmentectomy and lobectomy procedures involved a 4-port thoracoscopic approach and 15 

were performed via 1–4-cm incisions without a rib spreader. 16 

Representative images and movies are shown in Figure 1 and supplementary movie. First, we 17 

began by exposing the affected hilar structures, such as the segmental vessels and bronchus, 18 

which were dissected toward the periphery and subsequently severed. The intersegmental 19 

planes were identified using the inflation-deflation line method, with the systemic injection of 20 

indocyanine green (0.3 mg/kg) under a near-infrared thoracoscopic camera system (Visela Elite 21 

II; Olympus Co, Tokyo, Japan) being used to determine the demarcation line in some cases. The 22 
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intersegmental planes were dissected using a staple device. To prevent prolonged air leakage, 1 

we used a bio-absorbable mesh (Neoveil; Gunze, Osaka, Japan) in combination with fibrin sealant 2 

(Beriplast; CSL Behring, Tokyo, Japan) immediately after intraoperative detection.  3 

In terms of procedural difficulty, segmentectomy was categorized into simple and complex, 4 

specifically right or left S6 segmentectomy and resection of segments other than S6, respectively. 5 

 6 

CT and 3D lung image construction 7 

All plain chest CT examinations were performed using 16- or 80-multidetector row CT (MDCT) 8 

scanners (Aquilion 16 or Prime; Toshiba Medical Systems, Otawara, Japan). The entire lung was 9 

scanned from the lung apex to the diaphragm during a single breath hold at end inspiration. The 10 

scan parameters of the MDCT examination were as follows: 130 kVp and 150 mAs for collimation 11 

1 mm × 16 and rotation, 0.5 s; 120 kVp and 390–500 mAs for collimation 0.5 mm × 80 and rotation, 12 

0.35 s; 512 × 512 matrix; field of view, 320 mm; and reconstruction, 1 mm/1 mm.  13 

Three-dimensional images were reconstructed from the CT data using SYNAPSE VINCENT 3D-14 

CT rendering software (Fujifilm Corporation, Tokyo, Japan).  15 

  16 

Image interpretation and data analysis 17 

As shown in Figure 2 and described elsewhere [7], the regional FEV1.0 of the residual lobe 18 

rescued by segmentectomy was measured from the volumetric and spirometric parameters using 19 

the following formula: 20 

FEV1.0 × (regional subjected lung volume/whole lung volume) 21 

The predicted FEV1.0 of the lower residual segments to be preserved after segmentectomy 22 
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was calculated using the following formula: 1 

Preoperative FEV1.0 × (subjected lung volume/whole lung volume measured using 2 

preoperative 3D-CT) 3 

Similarly, the actual FEV1.0 of the residual preserved lobe was calculated using the following 4 

equation: 5 

Actual FEV1.0 × (subjected lung volume/whole lung volume measured using 6 

postoperative 3D-CT) 7 

The ratio of the actual to predicted postoperative FEV1.0 in the residual lobe was defined as 8 

the preservation rate (%). 9 

 10 

Statistical analysis 11 

All statistical analyses were performed using JMP software (version 13; SAS Inc., Cary, NC, USA). 12 

All values are expressed as mean ± standard deviation. Because of the heterogeneity of the study 13 

cohorts, 1:1 propensity score matching was performed considering age, sex, lobectomy or 14 

segmentectomy, operation time, blood loss, smoking history, and preoperative FEV1.0. A two-15 

tailed Student’s t-test or the Mann-Whitney U test was used for the analysis. 16 

The difference between the predicted and actual pulmonary functions of the residual 17 

preserved lobe in each segmentectomy group was analyzed using a paired t-test. Statistical 18 

significance was set at p<0.05. 19 

 20 

Results 21 

Operative results 22 
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Patient characteristics and results of the overall operation of the resected segment are 1 

summarized in Table 1. The average operation time and amount of bleeding were 190 ± 58 min 2 

and 47.9 ± 60.1 mL, in segmentectomy, and 180 ± 44 min and 74.6 ± 87.3 mL, in lobectomy cases, 3 

respectively. The amount of bleeding was significantly lower in the segmentectomy group than 4 

in the lobectomy group (p=0.041). 5 

Regarding postoperative complications, among those who underwent segmentectomy, four 6 

patients presented with prolonged air leak, two with pneumonia, one with empyema, and one 7 

with atrial fibrillation. Among those who underwent lobectomy, four patients presented with 8 

prolonged air leak, one with empyema, and three with other symptoms. The complication rate 9 

was not significantly different between the two groups (p=1.000). No postoperative deaths 10 

occurred in either group. 11 

 12 

Change in lung function  13 

Figure 3a shows the changes in pulmonary function of the segmentectomy versus lobectomy 14 

groups. The percentages of postoperative/preoperative FEV1.0 were 90.7% and 85.7% for 15 

segmentectomy and lobectomy, respectively. Furthermore, the rate was higher in the lower 16 

segmentectomy group than in the lower lobectomy group (p=0.009). Figure 3b compares the 17 

percentage of postoperative/preoperative FEV1.0 between simple segmentectomy (such as 18 

segment 6), complex segmentectomy, and lobectomy. In the simple segmentectomy group, the 19 

percentage was 91.1%, whereas in the complex segmentectomy group, it was 90.0%. The 20 

percentages of postoperative/preoperative FEV1.0 did not differ significantly between S6 and 21 

complex segmentectomy (p=0.670). 22 
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 1 

Comparison of “complex” and “simple” segmentectomy 2 

Figure 4 shows the predicted and actual residual lobe volumes in S6 and complex 3 

segmentectomy. No significant difference was observed between the predicted and actual 4 

residual lobe volumes (S6, p=0.191; complex, p=0.115). The preservation rate of the residual lobe 5 

was 82.2% ± 21.0% in S6, 90.8% ± 23.0% in S8, 86.9% ± 11.9% in S8+9, 76.9% ± 21.1% in S10, and 6 

70.1% ± 12.7% in S9+10. Figure 5 compares the preservation rates between S6 and complex 7 

segmentectomies, showing a non-significant difference (p=0.756) for S6 and complex 8 

segmentectomy (82.2% and 80.2%, respectively).  9 

 To further investigate whether preoperative pulmonary function may affect surgical 10 

outcomes and pulmonary functional changes, we divided the patients who underwent 11 

segmentectomy into two groups (COPD group: FEV1.0/FVC < 70%; non-COPD group: FEV1.0/FVC 12 

≥ 70%). The rate of postoperative complications was non-significantly higher in the COPD group 13 

than in the non-COPD group (21.1% vs. 8.3%; p=0.152) (Table 2). Pulmonary functional changes, 14 

such as the percentage of postoperative/preoperative FEV1.0 and the preservation rate of the 15 

residual lobe, were not significantly different irrespective of preoperative pulmonary function 16 

(p=0.152 and p=0.243, respectively).  17 

  18 

 19 

Discussion 20 

Segmentectomy has evolved to offer better postoperative pulmonary function than 21 

lobectomy in cases of peripheral small non-small-cell lung cancer. Although several researchers 22 
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have demonstrated and validated its functional benefit, some issues remain to be addressed, 1 

including the evaluated time point (short- or long-term after surgery), whether patients with 2 

impaired pulmonary function can benefit from this procedure, and whether the thoracoscopic 3 

approach may preserve pulmonary function better than thoracotomy [8]. Moreover, it remains 4 

unclear whether the segmentectomy site could affect the postoperative functional change; that 5 

is, whether anatomical repositioning of the ipsilateral preserved lobes after resection could 6 

influence postoperative lung function. To date, no studies have focused on the postoperative 7 

functional changes in thoracoscopic segmentectomy limited to the lower lobe.  8 

The utilization of 3D-CT is a game-changer in the field of general thoracic surgery because it 9 

enables the identification of the vasculature and surgical margin from the tumor before lung 10 

resection [9,10]. It can also be applied to other analyses, including calculations of lung volume, 11 

as well as quantitative and morphological assessment of emphysema as demonstrated previously 12 

[11]. Using this cutting-edge 3D reconstruction software, we investigated the postoperative 13 

functional difference between thoracoscopic segmentectomy and lobectomy in the lower lobe 14 

and examined whether segmentectomy type could affect the dynamic change in the residual lobe. 15 

While S6 segmentectomy is technically simple, basal segment segmentectomy, particularly 16 

dorsal basal segmentectomy, is challenging owing to its technical complexity. In the current study, 17 

we safely performed 14 dorsal basal segmentectomy procedures through a unique posterior 18 

approach in which the parenchyma between segments S6 and S10 was divided along V6 from the 19 

dorsal side of the lower lobe [12,13]. This procedure can expose the targeted bronchus and artery 20 

from the posterior side, avoiding unnecessary parenchymal splitting from the major fissure. Thus, 21 

to validate our technique for basal segment segmentectomy and its influence on postoperative 22 
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pulmonary function, we focused only on lower lobe segmentectomy, and compared lower lobe 1 

simple and complex segmentectomies. As a result, despite the difference in procedural difficulty 2 

among segmentectomy types, the preservation rate of the residual lobe in these procedures did 3 

not differ in the current study, demonstrating that thoracoscopic complex segmentectomy is 4 

feasible since it spares postoperative lung function.  5 

Next, the surgical outcomes of complex segmentectomy should be considered. Handa et al. 6 

reported that complex segmentectomy did not increase the postoperative complications rate 7 

compared with simple segmentectomy [14]. This is consistent with the findings of the current 8 

study, which showed that simple and complex segmentectomies of the lower lobe yielded 9 

comparable surgical outcomes to those of lower lobectomy. However, we should keep in mind 10 

that the patients with COPD exhibited the higher rate of postoperative complication than that 11 

with non-COPD. The optimization with the use of preoperative inhaled bronchodilator and 12 

pulmonary rehabilitation may prevent postoperative complications in the patients with COPD [15, 13 

16]. Prolonged air leak after complex segmentectomy should also be noted, particularly in the 14 

patients with COPD, and no effort should be expended during the operation to prevent 15 

postoperative air leaks. Concretely speaking, fistulae of the bronchioles that found during the 16 

water-sealing test should be sutured thoroughly. Moreover, we usually consider that mechanical 17 

stapling line cutting for the intersegmental plane should be performed in line to minimize the 18 

number of junctional points, which helps avoid postoperative air leaks. 19 

The preservation rate of the residual lobe was lower than that expected preoperatively for 20 

all segmentectomy types. One reason for this is that the intersegmental plane was dissected by 21 

staplers, which disturbed the inflation of the residual lobe. Ohtsuka et al. demonstrated that 22 
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cutting the intersegmental plane with electrocautery could achieve meticulous division of the 1 

intersegmental plane and maintain the shape of the residual segments, leading to better 2 

preservation of postoperative pulmonary function than with staplers [17]. However, the 3 

drawback of this procedure is prolonged air leaks. Pleural sutures or closure of residual segments 4 

should be considered to prevent extended air leakage. 5 

The present study has several limitations. First, it was a non-randomized retrospective single-6 

institution study. Despite the propensity score matching and performance of all procedures 7 

uniformly through a thoracoscopic approach, this study design is associated with patient 8 

selection and other biases. Second, we examined postoperative pulmonary function only by 9 

calculating lung volume without evaluating perfusion of the residual lungs. Additional modalities 10 

such as lung perfusion single-photon emission CT should be considered. Third, postoperative 11 

spirometry was performed at 6 months post-resection. Several time-point evaluations, such as 12 

the 1-year evaluation after lung resection, should be performed to elucidate the chronological 13 

functional changes that occur after resection.  14 

Using the cutting-edge 3D-CT volumetric method, we confirmed that thoracoscopic 15 

segmentectomy in the lower lobe helps better preserve postoperative pulmonary function than 16 

thoracoscopic lobectomy. Moreover, complex segmentectomy yields a comparable effect to 17 

simple segmentectomy in terms of retaining the residual lobe rescued by segmentectomy, 18 

indicating that our thoracoscopic segmentectomy method could contribute to the maintenance 19 

of postoperative pulmonary function, even in cases of complex segmentectomy. 20 

 21 

  22 
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Table 1,  1 

Table 1. Patients Characteristics After Propensity Score Matching 

Characteristics 
Segmentectomy Lobectomy 

P value 
(n = 67) (n = 67) 

    

Age,y 69.5 69.4 0.928 
Gender   0.594 

Male 44 41  

Female 23 26  

Smoking History (PY) 28.6 23.6 0.373 

Diagnosis   0.049 
Lung Cancer 57 64  

Metastases 7 2  

Malignant lymphoma 0 1  

Benign diseases 3 0  

Preoperative FEV1.0/FVC, % 73.7 73.7 0.995 
Preoperative FEV1.0, L 2.23 ± 0.68 2.31 ± 0.66 0.478 
Postoperative FEV1.0, L 2.02 ± 0.63 1.98 ± 0.61 0.704 
Resected location   0.035 

Right 34 46  

S6 22   

S8 4   

S8+9 3   

S10 2   

S9+10 3   

Left 33 21  

S6 21   

S8 3   

S8+9 0   

S10 5   

S9+10 4   

Operating time, min 190 ± 58 180 ± 44 0.250 
Blood loss, mL 47.9 ± 60.1 74.6 ± 87.2 0.041 



 18 

Postoperative complications 8 (11.9) 9 (13.4) 0.797 
Prolonged air leak * 4 4  
Pneumonia 2 0  
Empyema 1 1  
Interstitial pneumonia 0 1  
Atrial fibrillation 1 2  
Cerebral infarction 0 1  

        
        
*Prolonged air leak was defined as air leak lasting longer than 7 days or the use of 
pleurodesis. 
Value are n, mean ± SD, or n (%)    

FEV1.0, forced expiratory volume in 1 second. 
PY, pack-year. 

  

 1 

  2 
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Table 2, 1 

Table 2. Comparison of patient characteristics and perioperative outcomes between COPD and 
non-COPD patients who underwent segmentectomy. 

Characteristics 
COPD non-COPD 

P-value FEV1.0/FVC < 70% FEV1.0/FVC ≥ 70% 
(n= 19) (n = 48) 

Age,y 68.7 71.7 0.228 
Gender   0.009 

Male 17 27  
Female 2 21  

Smoking History (PY) 49.1 20.4 0.002 
Postoperative complications 4 (21.1) 4 (8.3) 0.152 

Prolonged air leak * 0 4  
Pneumonia 2 0  
Empyema 1 0  
Atrial fibrillation 1 0  
    
    
*Prolonged air leak was 

defined as air leak lasting longer 
than 7 days or the use of 
pleurodesis. 

 

  

Value are n, mean ± SD, or n 
(%) 

   

FEV1.0, forced expiratory volume in 1 second. 
FVC, forced vital capacity. 
PY, pack-year. 
 
 

  2 
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Figure legends 1 

Figure 1,  2 

A representative case of thoracoscopic left S10 segmentecomy. 3 

A, Computed tomography findings showing a solid nodule (yellow arrow) in the left S10c.  4 

B, Three-dimensional vasculature image and visual guidance of virtual S10 segmentectomy 5 

produced by the Synapse Vincent.  6 

C, After ligation of the segmental artery, vein, and bronchus, the intersegmental plane was 7 

identified using a systemic indocyanine green injection. 8 

D, Operative view after S10 segmentectomy. The intersegmental plane was dissected to preserve 9 

the intersegmental veins.  10 

 11 

Figure 2, 12 

The regional FEV1.0 of the residual lobe rescued by segmentectomy was measured from the 13 

volumetric and spirometric parameters. 14 

 15 

Figure 3, 16 

Comparison of the percentage of postoperative/preoperative of FEV1.0 (A) between 17 

segmentectomy and lobectomy in the lower lobe, and (B) simple, complex segmentectomy, and 18 

lobectomy. 19 

 20 

Figure 4,  21 



 21 

The change in the left upper residual lobe volume before and after simple (S6) and complex (S10) 1 

segmentectomy (A, C). There were no significant differences in predicted and actual residual lobe 2 

volume (S6; p=0.191, complex; p=0.115) (B, D).  3 

 4 

Figure 5,  5 

Comparison of the preservation rate of the residual lobe between simple (S6) and complex 6 

segmentectomies. The preservation rate was not significant different in simple and complex 7 

segmentectomies (p=0.71). 8 

 9 

  10 
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Figure 5 1 
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