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Abstract
Purpose Some patients have worse actual observed postoperative (apo) respiratory function values than predicted postop-
erative (ppo) values. The present study therefore clarified the predictive factors that hinder the recovery of the postoperative 
respiratory function.
Methods This study enrolled 255 patients who underwent anatomical pulmonary resection for lung cancer. A pulmonary 
function test (PFT) was carried out before surgery and at one, three, and six months after surgery. In each surgical procedures, 
the forced expiratory volume in 1 s (FEV1) ratio was calculated as the apo value divided by the ppo value. In addition, we 
investigated the predictive factors that inhibited postoperative respiratory function improvement in patients with an FEV1 
ratio < 1.0 at 6 months after surgery.
Results The FEV1 ratio gradually improved over time in all surgical procedures. However, 49 of 196 patients who underwent 
a PFT at 6 months after surgery had an FEV1 ratio < 1.0. In a multivariate analysis, right side, upper lobe, segmentectomy 
and pleurodesis for prolonged air leakage were independent significant predictors of a decreased FEV1 ratio (p = 0.003, 
0.006, 0.001, and 0.009, respectively).
Conclusion Pleurodesis was the only controllable factor that might help preserve the postoperative respiratory function. 
Thus, the intraoperative management of air leakage is important.

Keywords Predicted postoperative pulmonary function · Lung cancer · Pleurodesis

Abbreviations
PFT  Pulmonary function test
FEV1  Forced expiratory volume in 1 s
VC  Vital capacity
DLCO  Diffusing capacity of the lung for carbon 

monoxide
ppo  Predicted postoperative
apo  Actual observed postoperative

Introduction

Evaluating the pulmonary function is important for estimat-
ing the risk of postoperative complications in the field of 
general thoracic surgery. In patients with lung cancer, a pul-
monary function test (PFT) is a preoperative evaluation test 
that can determine the indication for surgery. Furthermore, 
several reports have shown a close relationship between the 
pulmonary function, postoperative complications, and qual-
ity of life [1–5].

According to the guidelines of the European Respira-
tory Society and the European Society of Thoracic Surgery 
[6], the predicted postoperative (ppo) forced expiratory 
volume in 1 s (FEV1) is commonly used in the evalua-
tion of lung resection candidates. However, the ppoFEV1 
tends to be underestimated in patients with moderate to 
severe chronic obstructive pulmonary disease (COPD) 
because of the “lung volume reduction effect”, which 
states that resection of emphysematous lung parenchyma 
improves the postoperative pulmonary function [7, 8]. 
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The diffusing capacity of the lung for carbon monoxide 
(DLCO), together with the FEV1, is used to evaluate of 
lung resection candidates, as the DLCO is associated with 
perioperative mortality and morbidity even in patients 
with a normal FEV1 or in those without COPD [6, 9, 10].

Thoracic surgeons calculate the ppoFEV1 and 
ppoDLCO according to the “anatomical method” and 
subsequently estimate the risk of postoperative mortal-
ity and morbidity. In fact, there is some variation in the 
actual observed postoperative (apo) pulmonary function 
depending on the extent of lung resection and the duration 
after surgery due to an imbalance in the air flow and blood 
flow distribution caused by the anatomical and physiologi-
cal conditions. Yokoba reported that improvements in the 
postoperative pulmonary function and symptoms varied 
according to the resected lobe [11]. In clinical practice, 
some patients have a decreased quality of life and respira-
tory symptoms, such as shortness of breath, because of a 
worse postoperative respiratory function than had been 
predicted preoperatively.

The present study therefore clarified the factors that 
inhibit postoperative respiratory function improvement. We 
retrospectively compared the ppo values with the apo val-
ues on the PFT performed one, three, and six months after 
surgery according to the surgical procedures and analyzed 
the predictors of patients with apo values lower than their 
ppo values.

Patients and methods

Study population

This was a retrospective single-institutional study. Between 
January 2017 and December 2017, a total of 454 patients 
underwent pulmonary resection for primary lung cancer at 
Juntendo University Hospital. Of those, 391 patients under-
went anatomical pulmonary resection, such as segmentec-
tomy, lobectomy, bilobectomy, and pneumonectomy. Among 
these 391 patients, 38 undergoing 36 lobectomies combined 
with wide wedge resection and 2 lobectomies with chest wall 
resection were excluded because their ppo values could not 
be accurately calculated. In addition, 98 patients with miss-
ing postoperative PFT data were also excluded. Therefore, 
the remaining 255 patients were the study subjects (Fig. 1). 
These patients underwent the following procedures: lobec-
tomy (n = 192), pneumonectomy (n = 4), bilobectomies 
(n = 11), lobectomies with bronchoplasty (n = 5), and seg-
mentectomy (n = 43). The medical records of each patient 
were retrospectively reviewed under a waiver of authoriza-
tion with approval by the Institutional Review Board of the 
Juntendo University School of Medicine (No: 16–084).

Surgical technique

A total of 178 patients underwent pulmonary resection 
by posterolateral or anterolateral open thoracotomy (over 
8-cm skin incision), 45 underwent video-assisted thoracic 
surgery, and 32 underwent robot-assisted thoracic sur-
gery. In segmentectomy, dissection of the inter-segmental 
plane was performed via stapler and/or electrocautery. We 
controlled the air leakages detected in the intraoperative 
sealing test by suturing the lung parenchyma and cover-
ing it with sealing materials, such as a polyglycolic acid 
sheet and fibrin glue. Prolonged air leakage was defined in 
cases where postoperative air leakage persisted for more 
than five days. For patients with prolonged air leakage, 
chemical pleurodesis by intrathoracic administration of the 
sclerosing agent OK432, with or without 50 mL of autolo-
gous blood through the chest tube, was initially performed 
according to the clinical judgement of the attending doctor 
for each patient [12]. Failing that, re-operation was consid-
ered in order to control prolonged air leakage.

Evaluating the perioperative pulmonary function

The patients underwent a PFT, including assessments of 
the FEV1, vital capacity (VC), and DLCO before surgery 
and at one, three, and six months after surgery. A total 
of 255 patients enrolled in the present study underwent 
a PFT at least once at 1, 3, and 6 months after surgery. 
At our institute, preoperative PFT and thin-section com-
puted tomography (CT) are usually performed within 
one month prior to surgery. We evaluated the number of 
functioning/obstructed segments on thin-section CT and 
calculated the ppo values using the following formula 
[6]: ppo values = preoperative value × (1 – a/b), where a 
is the number of functioning or unobstructed segments 
to be resected and b is the total number of functioning or 
unobstructed lung segments. The FEV1, VC, and DLCO 

Fig. 1  Flowchart of patients enrolled in this study
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ratios were calculated using the following formulae: FEV1 
ratio = apoFEV1/ppoFEV1, VC ratio = apoVC/ppoVC, and 
DLCO ratio = apoDLCO/ppoDLCO.

Evaluating the predictors of a decreased FEV1 ratio

Data of patients with an FEV1 ratio < 1.0 at 6 months after 
surgery were extracted and evaluated for their clinical char-
acteristics, and intraoperative and postoperative data were 
extracted to investigate predictive factors that impeded 
recovery of the postoperative respiratory function. The clini-
cal characteristics analyzed were the age, sex, body mass 
index, pack-years of smoking, location of tumors, radio-
logical findings on thin-section CT, FEV1, VC, and DLCO. 
All CT findings with respect to the radiological changes of 
interstitial pneumonia and emphysema were reviewed by one 
blinded independent radiologist, one pulmonary medicine 
physician, and at least two thoracic surgeons [13]. We retro-
spectively examined the intraoperative data, such as surgical 
procedure, operation time, amount of bleeding, use of seal-
ant materials, length of wound, number of staplers used to 
cut the pulmonary parenchyma, presence of adhesion, and 
postoperative data, such as whether or not chemical pleu-
rodesis for prolonged air leakage and adjuvant chemotherapy 
had been performed.

Statistical analyses

The FEV1, VC, and DLCO ratio at each point after sur-
gery were compared using Wilcoxon’s signed-rank test. A 
logistic regression analysis was conducted to investigate the 
predictive factors causing apoFEV1 values to be lower than 
ppoFEV1 values.

Statistical analyses were performed using the JMP Pro 14 
software program (SAS Institute Inc, Cary, NC, USA), and 
values of p < 0.05 were considered significant.

Results

Table 1 summarizes the patients’ characteristics. The num-
ber of right anatomical pulmonary resections was 162 (64%). 
Thirty-four (13%) patients were found to have interstitial 
changes on thin-section CT, while 57 (22%) were found 
to have emphysematous changes on thin-section CT. As 
shown in Table 1, of the 255 eligible patients who underwent 
anatomical lung resection for lung cancer, 192 underwent 
lobectomy, 4 underwent pneumonectomy, 11 underwent 
bilobectomy, 5 underwent lobectomy with bronchoplasty, 
and 43 underwent segmentectomy. Notably, there were 69 
right upper lobectomies, 13 right middle lobectomies, 40 
right lower lobectomies, 48 left upper lobectomies, and 22 
left lower lobectomies. There were two patients each who 

underwent right or left pneumonectomy. There were five 
right upper-middle bilobectomies and six right middle-lower 
bilobectomies. Among the five lobectomies with bronchop-
lasty, three were right upper sleeve lobectomy, one was left 
upper sleeve lobectomy, and one was left lower sleeve lobec-
tomy. Regarding segmentectomy, the resected segment was 
S1 + 2 in 1 patient, S1 in 3 patients, S2 in 2 patients, S3 in 
2 patients, S6 in 11 patients, S8 in 2 patients, basal segment 
in 3 patients on the right side, S6 in 3 patients, S1 + 2 + 3 in 
11 patients, and basal segment in 5 patients on the left side.

Table 2 shows the FEV1 ratio according to surgical pro-
cedure. Except for segmentectomy, the apoFEV1 exceeded 
the ppoFEV1 following all procedures until 3 months after 
surgery (FEV1 ratio for all procedures = 1.05, 95% CI 
1.03–1.08). Furthermore, in all procedures, the apoFEV1 
was higher than the ppoFEV1 at 6 months after surgery 
(FEV1 ratio = 1.10, 95% CI 1.08–1.13). The FEV1 ratio at 
6 months after surgery was 1.04 in right upper and 1.07 in 
right middle lobectomy. In contrast, the ratio was increased 
to 1.14 in left upper, 1.20 in left lower, and 1.19 in right 
lower lobectomy. Patients after pneumonectomy showed a 
high FEV1 ratio (FEV1 ratio = 1.25 at 3 months), and those 
who underwent segmentectomy showed an FEV1 ratio of 
1.02 at 6 months after surgery.

Supplemental Tables  1 and 2 show the VC and 
DLCO ratios by surgical procedure. Regarding the VC 

Table 1  Characteristics of eligible patients (n = 255)

CT computed tomography; VC vital capacity; FEV1 forced expira-
tory volume in 1 s; VATS video-assistedthoracic surgery; RATS robot-
assisted thoracic surgery

Clinical factors n = 255

Age < median > (years) 27–90 < 70 > 
Sex (male/female) 149/106
Body mass index < median > 15.7–37.6 < 22.5 > 
Pack year smoking < median > 0–135 < 20 > 
Side (right/left) 162/93
Interstitial changes on CT (%) 34 (13)
Emphysematous changes on CT (%) 57 (22)
VC < median > (L) 1.32–6.28 < 3.22 > 
FEV1 < median > (L) 0.6–4.64 < 2.18 > 
Procedure (%)
 Lobectomy 192 (75)
 Pneumonectomy 4 (2)
 Bilobectomy 11 (4)
 Sleeve lobectomy 5 (2)
 Segmentectomy 43 (17)

Surgical technique (%)
 Thoracotomy 178 (70)
 VATS 45 (18)
 RATS 32 (12)
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(Supplemental Table  1), the apoVC was less than the 
ppoVC in most cases at 3 months after surgery (VC ratio in 
all procedures = 0.99, 95% CI 0.97–1.01). Until 6 months 
after surgery, the apoVC exceeded the ppoVC (VC ratio in 
all procedures = 1.04, 95% CI 1.02–1.06). The VC ratio of 
right middle lobectomy and segmentectomy was < 1.0, even 
at 6 months after surgery (VC ratio = 0.99 and 0.97, respec-
tively). The same tendency as with the FEV1 ratio was seen 
with the DLCO ratio (Supplemental Table 2); the apoDLCO 
at 3 months after surgery was approximately equivalent to 
the ppoDLCO (DLCO ratio in all procedures = 1.00, 95% CI 
0.97–1.03), except for in cases of right upper lobectomy and 
segmentectomy (DLCO ratio = 0.92 and 0.93, respectively), 
and the ratio with right upper lobectomy and segmentec-
tomy remained < 1.0 even at 6 months after surgery (DLCO 
ratio = 0.96 and 0.97, respectively).

Regarding the change in the FEV1 ratio over time in all 
surgical procedures, the residual respiratory function after 
surgery gradually improved (median FEV1 ratio at 1, 3, 
and 6 months = 0.95, 1.05, and 1.10, respectively; Fig. 2). 
A total of 49 of 196 patients who underwent PFT had lower 
apoFEV1 values than ppoFEV1 values at 6 months after 
surgery (Fig. 3). Therefore, we investigated the predictive 
factors that inhibited the postoperative improvement of the 
pulmonary function.

As shown in Table 3, the overall cohort consisted of 113 
male and 83 female participants. The patients ranged in age 
from 27 to 90 years old, with a median age of 69 years old. 
Among them, 49 (25%) patients showed an FEV1 ratio < 1.0 
at 6 months after surgery (decreased FEV1 ratio group). Of 
these 49 patients, 38 (77%) had a tumor in the right side 
(p = 0.017), and 34 (69%) had a tumor in the upper lobe 
(p = 0.042). Radiological changes on thin-section CT (inter-
stitial change and emphysematous change, p = 0.085 and 
0.61, respectively) and the preoperative pulmonary func-
tion (%VC, %FEV1, DLCO, p = 0.70, 0.24, 0.96, respec-
tively) were not predictive factors for a decreased FEV1 

ratio. Regarding intra- and postoperative factors, 15 (30%) 
patients in the decreased FEV1 ratio group had undergone 
segmentectomy (p = 0.014). Other intraoperative factors, 
such as the surgical technique, operation time, amount of 

Table 2  FEV1 ratio in each surgical procedure

CI confidence interval; Rt. right; Lt. left; N/A not available

Procedure 1 Month (95% CI) 3 Months (95% CI) 6 Months (95% CI)

All (n = 255) 0.95 (n = 226) (0.93–0.97) 1.05 (n = 212) (1.03–1.08) 1.10 (n = 196) (1.08–1.13)
Rt. upper lobectomy (n = 69) 0.90 (n = 63) (0.86–0.93) 1.00 (n = 57) (0.96–1.03) 1.04 (n = 53) (0.99–1.09)
Rt. middle lobectomy (n = 13) 0.93 (n = 10) (0.84–1.02) 1.03 (n = 12) (0.95–1.11) 1.07 (n = 8) (0.97–1.17)
Rt. lower lobectomy (n = 40) 1.02 (n = 35) (0.97–1.06) 1.13 (n = 35) (1.07–1.19) 1.19 (n = 32) (1.12–1.26)
Lt. upper lobectomy (n = 48) 1.02 (n = 40) (0.98–1.07) 1.08 (n = 40) (1.02–1.13) 1.14 (n = 36) (1.09–1.20) 
Lt. lower lobectomy (n = 22) 0.98 (n = 21) (0.91–1.06) 1.15 (n = 18) (1.09–1.21) 1.20 (n = 18) (1.14–1.25)
Pneumonectomy (n = 4) 1.00 (n = 2) (0.18–1.82) 1.25 (n = 4) (1.03–1.47) N/A
Bilobectomy (n = 11) 0.98 (n = 11) (0.88–1.09) 1.05 (n = 7) (0.85–1.26) 1.11 (n = 8) (0.93–1.29)
Sleeve lobectomy (n = 5) 0.96 (n = 5) (0.62–1.30) 1.05 (n = 5) (0.82–1.28) 1.09 (n = 5) (0.89–1.29)
Segmentectomy (n = 43) 0.89 (n = 39) (0.85–0.94) 0.98 (n = 34) (0.93–1.02) 1.02 (n = 36) (0.98–1.07)

Fig. 2  Postoperative changes in the FEV1 ratio at one, three, and 
six months after surgery. Data are shown as the median with the 
interquartile range (IQR). a FEV1 ratio at 1  month after surgery 
(median = 0.95, IQR = 0.84–1.06); b FEV1 ratio at 3  months after 
surgery (median = 1.05, IQR = 0.94–1.18); c FEV1 ratio at 6 months 
after surgery (median = 1.10, IQR = 1.00–1.22); *, Wilcoxon’s 
signed-rank test

Fig. 3  Flowchart of patients for analyzing predictive factors for a 
decreased FEV1 ratio at six months after surgery
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bleeding, use of sealant, length of wound, number of sta-
plers used, and presence of adhesion were not predictive 
factors for a decreased FEV1 ratio (p = 0.79, 0.18, 0.61, 0.77, 
0.21, 0.86, and 0.63, respectively). In the early postoperative 
period, pleurodesis for prolonged air leakage was performed 
in 19 (9%) patients. Among these patients, lobectomy was 
performed in 15, segmentectomy in 3, and bilobectomy in 
1. Although three patients underwent pleurodesis twice, 
none underwent re-operation to manage prolonged air leak-
age. Nine (18%) patients were in the decreased FEV1 ratio 
group and 10 (6%) patients were in the recovered FEV1 ratio 
group. Pleurodesis was one predictive factor of a low FEV1 
ratio according to a univariate analysis (p = 0.025).

In multivariate analyses, right side, upper lobe, segmen-
tectomy, and pleurodesis were independent significant pre-
dictive factors for a decreased FEV1 ratio (p = 0.003, 0.006, 
0.001, and 0.009, respectively; Table 4).

Discussion

We compared ppo values to apo values for each lobe and 
each surgical procedure and analyzed factors that inhibited 
the postoperative respiratory function improvement. The 
apoFEV1 was found to equivalent to the ppoFEV1 in cases 
of right upper, middle lobectomy, and segmentectomy at 

Table 3  Results of a univariate analysis of clinical and perioperative factors in patients with apoFEV1 < ppoFEV1 at six months after surgery

CT computed tomography; VC vital capacity; FEV1 forced expiratory volume in 1 s; DLCO diffusing capacity of the lung for carbon monoxide; 
VATS video-assisted thoracic surgery; RATS robot-assisted thoracic surgery
* Logistic regression analysis

Clinical and perioperative factors FEV1 ratio < 1.0 (n = 49) FEV1 ratio ≥ 1.0 (n = 147) p value*

Age < median > (years) 27–84 < 69 > 36–90 < 70 > 0.16
Sex (male/female) 28/21 85/62 0.93
Body mass index < median > 17.3–33.5 < 21.8 > 15.7–37.6 < 22.3 > 0.72
Pack year smoking < median > 0–82 < 7 > 0–135 < 20 > 0.069
Side (right/left) 38/11 87/60 0.017
Tumor location (%)
 Upper 34 (69) 78 (53) 0.042 (upper)
 Middle 1 (2) 7 (4)
 Lower 14 (28) 62 (42)

Interstitial changes on CT (%) 3 (6) 22 (15) 0.085
Emphysematous changes on CT (%) 9 (18) 32 (21) 0.61
%VC < 80 (%) 2 (4) 7 (5) 0.70
%FEV1 < 70 (%) 13 (26) 52 (35) 0.24
DLCO% < median > 23.7–88.5 < 61.2 > 22.6–109 < 60.7 > 0.96
Procedure (%) 0.014 (Seg.)
 Lobectomy 29 (59) 117 (79)
 Sleeve lobectomy 2 (4) 3 (2)
 Bilobectomy 3 (6) 5 (3)
 Pneumonectomy 0 (0) 1 (1)
 Segmentectomy 15 (30) 21 (14)
 VATS / RATS (%) 16 (33) 51 (35) 0.79

Operation time < mean > (min) 86–313 < 165 > 70–401 < 149 > 0.18
Bleeding < mean > (ml) 3–155 < 25 > 2–285 < 22 > 0.61
Sealant 37 114 0.77
Length of wound < mean > (cm) 3–27 < 14 > 3–25 < 12 > 0.21
Number of staplers < median > 0–9 < 3 > 0–6 < 3 > 0.86
Intraoperative adhesion (%) 13 (26) 34 (23) 0.63
 Localized (%) 9 (18) 29 (20) 0.83
 Diffuse (%) 4 (8) 5 (3) 0.19

Pleurodesis (%) 9 (18) 10 (6) 0.025
Postoperative phrenic nerve palsy (%) 1 (2) 2 (1.4) 0.74
Adjuvant therapy (%) 9 (18) 34 (23) 0.48
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6 months after surgery (FEV1 ratio = 1.04, 1.07, and 1.02, 
respectively). In contrast, in cases of left upper, left lower, 
and right lower lobectomies, the apoFEV1 exceeded the 
ppoFEV1 (FEV1 ratio = 1.14, 1.20, and 1.19, respectively). 
In this study, the location of the tumor (right side and upper 
lobe), segmentectomy, and postoperative pleurodesis were 
revealed to be predictive factors for an inhibited postopera-
tive pulmonary function improvement (p = 0.003, 0.006, 
0.001, and 0.009, respectively).

Brunelli et al. evaluated the predicted versus observed 
FEV1 and DLCO values in 200 consecutive patients under-
going lobectomy or pneumonectomy [14]. They noted that 
the apoFEV1 was 3% higher than the ppoFEV1, and the 
apoDLCO was 6% higher than the ppoDLCO at 3 months 
after lobectomy. In our study, the apoFEV1 and apoDLCO 
were 8% and 2% higher, respectively, than the associated 
ppo values at 3 months after lobectomy. Our results were 
compatible with those previous findings, and any slight dif-
ferences in these two studies may have been due to patients’ 
physique, the study population undergoing the surgical pro-
cedure, and patients’ postoperative physical condition.

Regarding the FEV1 ratio at 6 months after surgery 
(Table 2), the apoFEV1 values in right lower, left upper, 
and left lower lobectomies were 1.14–1.20 times higher than 
the ppoFEV1 values. In contrast, the apoFEV1 values in seg-
mentectomy were approximately the same as the ppoFEV1 
values (FEV1 ratio = 1.02). Although segmentectomy has an 
advantage over lobectomy in that it can preserve the pulmo-
nary function [15, 16], the outcomes remain controversial; 
indeed, several reports have concluded that segmentectomy 
did not contribute to the preservation of the postoperative 
pulmonary function compared to lobectomy [17–19]. The 
reason was that the residual ipsilateral lung and the con-
tralateral lung expanded in a compensatory manner after 
major pulmonary resection. Ueda et al. reported that the 
extent of loss between the segmentectomy and lobectomy 
groups was not significantly different because the expansion 
of the bilateral residual lung after lobectomy was greater 
than that after segmentectomy [17]. Yamagishi et al. recently 
reported that a greater expansion after anatomical pulmo-
nary resection occurred in the lobe next to the diaphragm 

than in the other lobes [20]. Thus, in left upper and either-
side lower lobectomy, the actual observed postoperative 
pulmonary function was expected to be higher than the pre-
dicted postoperative pulmonary function due to significant 
postoperative expansion of the residual lung.

For the right upper and middle lobectomy procedures, the 
FEV1 ratios at 6 months after surgery were 1.04 and 1.07, 
respectively. Why the apoFEV1 was not further improved 
in these procedures might be due to only slight compen-
satory lung expansion or deformity of the bronchus after 
surgery. The amount of resected lung parenchyma in these 
procedures was smaller than that in left upper and both-sides 
lower lobectomy procedures, so postoperative compensatory 
lung expansion was relatively small. Furthermore, excessive 
upward bending and deviation of the right middle bronchus 
can occur after right upper lobectomy, which reduces the 
right middle lobe volume [21]. Yoshimoto et al. suggested 
that right upper segmentectomy might increase the FEV1 
of the remaining right middle lobe because deformation of 
the right middle lobe does not occur due to the presence of 
remnant right upper lung parenchyma [19]. Thus, the FEV1 
ratio after right upper and middle lobectomy might be lower 
than that after other lobectomy procedures.

Four predictive factors inhibiting the improvement of the 
postoperative pulmonary function were identified based on 
a multivariate analysis: tumor side, location, surgical pro-
cedure (segmentectomy), and postoperative chemical pleu-
rodesis. Among them, the tumor side and tumor location 
are unalterable factors, as they depend on the location of the 
tumor. The surgical procedure was determined by the tumor 
invasiveness and comorbidities of the patient and thus was 
similarly difficult to change. We usually determine the surgi-
cal procedure for patients with lung cancer based on radio-
logical findings, such as a solid component and/or ground-
glass opacity on CT, the degree of 18-F-fluorodeoxyglucose 
accumulation in the tumor or lymph nodes on positron emis-
sion tomography (PET), and the patient’s surgical tolerance, 
especially in patients with cardiopulmonary comorbidities. 
Postoperative chemical pleurodesis for prolonged air leak-
age was thus considered to be the only controllable factor 
for preventing the inhibition of postoperative pulmonary 
improvement.

Maeyashiki et al. described the loss of the pulmonary 
function in patients who underwent postoperative pleu-
rodesis after segmentectomy as being comparable to that in 
patients who underwent lobectomy [22]. Furthermore, they 
mentioned that pleural visceral thickening and adhesion with 
residual lung after pleurodesis led to a significant loss of the 
postoperative pulmonary function. Preventing pleurodesis 
with air leakage is thus important for ensuring recovery of 
the postoperative pulmonary function.

Several limitations associated with the present study war-
rant mention. First, this was a retrospective single-institution 

Table 4  Results of a multivariate analysis of predictive factors for the 
FEV1 ratio < 1.0 at 6 months after surgery

CI confidence interval
* Logistic regression analysis

Variant Odds ratio 95% CI p value*

Side (right) 3.59 1.55–8.30 0.003
Tumor location (upper) 3.00 1.38–6.53 0.006
Procedure (segmentectomy) 4.12 1.75–9.71 0.001
Pleurodesis 3.98 1.41–11.21 0.009
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study. Therefore, the number of patients enrolled in this 
study was small, and there was a selection bias among this 
cohort with regard to the decision on which surgical tech-
nique and surgical procedure to perform. Second, the PFT 
may contain measurement errors because of postoperative 
pain and the patient’s physical condition. Indeed, PFT results 
are not always reproducible, especially in elderly patients or 
patients with a low performance status.

Conclusion

The apoFEV1exceeded the ppoFEV1 in cases of left upper, 
left lower, and right lower lobectomy (FEV1 ratio = 1.14, 
1.20, and 1.19, respectively). According to a multivariate 
analysis, the tumor location (right side and upper lobe), 
segmentectomy, and postoperative pleurodesis were predic-
tive factors for inhibiting postoperative pulmonary function 
improvement. Pleurodesis was the only controllable factor 
among these predictive factors, so the intraoperative man-
agement of air leakage is important to avoid postoperative 
pleurodesis.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00595- 023- 02666-0.
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