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Abstract

OBJECTIVES: Changes in postoperative pulmonary function vary among patients after lobectomy. We aimed to define preoperative fac-
tors that negatively influence postoperative % vital capacity (%VC) in patients treated by lobectomy.

METHODS: We included 276 patients who had been treated by lobectomy at our institution between 2007 and 2018 and their preopera-
tive and postoperative pulmonary function data were complete. We assigned them to groups based on postoperative pulmonary function
defined as better (good) or worse (poor) than predicted %VC, then compared clinicopathological findings between them. Poor postopera-
tive pulmonary function was also assessed using logistic regression analysis.

RESULTS: Interstitial pneumonia (IP) was diagnosed in 37 (13.4%) patients. The preoperative and postoperative %VC values were, respec-
tively, 101.1% (interquartile range, 90.5-110%) and 87.6% (interquartile range, 73.8-99.1%). Logistic regression analysis revealed that IP, ad-
vanced age (>75 years), and induction therapy were independent risk factors for reduced postoperative pulmonary function [odds ratios
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3.01 (1.41-6.41), 2.49 (1.35-4.60), and 9.03 (2.43-33.5), P=0.0044, 0.0035, and 0.001, respectively]. Postoperative %VC worsened with in-
creasing IP severity and advanced age. Six (75%) of 8 patients aged >80 years with usual IP or suspected usual IP on preoperative computed

tomography images had poor postoperative %VC.

CONCLUSIONS: Surgical indications for lobectomy based on predicted postoperative %VC require careful consideration for elderly

patients with IP, particularly those aged >80 years.

Keywords: Interstitial pneumonia « Lobectomy + Lung cancer « Pulmonary function

ABBREVIATIONS

DLco Diffusing capacity for carbon monoxide

FEV1 Forced expiratory volume 1 s
IP Interstitial pneumonia
NSCLC  Non-small cell lung cancer
ulP Usual interstitial pneumonia
VvC Vital capacity
INTRODUCTION

Postoperative pulmonary function is a crucial factor in general status
after surgical lung resection. The feasibility of lung resection includ-
ing lobectomy, segmentectomy and wedge resection is assessed us-
ing several preoperative factors to predict general postoperative
status. Among these factors, postoperative pulmonary function is
predicted based on preoperative pulmonary function and the num-
ber of segments that will be removed. However, postoperative pul-
monary function is sometimes worse than predicted. Thus,
predictive factors should be identified that would be clinically useful
when selecting the most ideal patients for lung resections. Resection
mode [1-3], induction chemoradiation therapy [4-6] and surgical
approach [7-9] influence postoperative pulmonary function.
However, few studies have compared predicted, with actual postop-
erative pulmonary function, to identify associated risk factors.

Here, we aimed to determine preoperative risk factors for poor
postoperative pulmonary function by measuring ratios of % vital
capacity (%VC) before, and after surgical lung resection to treat
pulmonary diseases. Postoperative pulmonary function is generally
determined by the amount of resected lung parenchyma.
Lobectomy helps to preserve pulmonary function including forced
vital capacity, forced expiratory volume in 1s (FEV1) and diffusing
capacity for carbon monoxide (DLco) compared with pneumonec-
tomy [10, 11]. Segmentectomy is more beneficial than lobectomy
for postoperative pulmonary function [1-3]. Thus, we focused on
lobectomy, because it is a standard surgical procedure for reducing
the influence of the amount resected lung parenchyma in patients
with non-small cell lung cancer (NSCLC), and because it affects
postoperative pulmonary function more than sublobar resection
such as segmentectomy and wedge resection. Our findings gener-
ated valuable information with which to determine appropriate
treatment strategies for patients who will undergo lung resection.

PATIENTS AND METHODS
Ethics statement
The Ethical Committee for Epidemiology of Hiroshima University

approved this retrospective review of a prospective database and
waived the requirement for informed consent from individual

patients (13 June 2018, E1216) because it was a retrospective
study.

Patient population

We initially collected information about 975 consecutive patients
who were treated by lobectomy for pulmonary diseases at
Hiroshima University Hospital between January 2007 and
December 2018. We analysed data from 276 patients who had
complete preoperative and postoperative data about %VC (Fig. 1).
Definitive or suspected lung cancer at clinical stages O-lll was
treated by lobectomy when ground-glass opacity dominant
tumours were large (>3 cm) or centrally located, small (<3cm) or
solid dominant tumours were large (>2cm), or centrally located,
small (<2 cm). Lobectomy was also applied to infectious diseases
with lesions that were not completely resectable by any other
means.

Pulmonary function

Pulmonary function was evaluated by spirometry before, and 1
year after lung resection using the same procedures and equip-
ment. The predicted VC was calculated as follows:

males : VC (L) = 0.045 x height (cm) - 0.023 x age - 2.258;

females : VC (L) = 0.032 x height (cm) - 0.018 x age - 1.178.

The predicted postoperative %VC calculated using the preoperative
%VC and the number of segments to be removed was subtracted
from the actual postoperative %VC. The numbers of resected seg-
ments were right upper (n=3), right middle (n=2), right lower
(n="5), left upper (n=4) and left lower (n = 4) lobes. Calculated values
that were <0 or >0 were, respectively, considered to indicate poor
and good postoperative pulmonary function (Fig. 2).

Definition of interstitial pneumonia on high
resolution computed tomography images

Interstitial pneumonia was defined as usual interstitial pneumo-
nia (UIP), suspected UIP and inconsistent with UIP according to

Complete data of pre- and post-operative pulmonary function
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199 patients 77 patients
Better than predicted %VC Worse than predicted %VC

276 patients: Pulmonary nodules with lobectomy ‘

Figure 1: Study flowchart. VC: vital capacity.



T. Mimae et al. / Interactive CardioVascular and Thoracic Surgery

Poor Good

60 — =

Patients (n)
] w ey U
(=] o o (=]
| | 1 |

=
o
|

o il

-20% 0% 20% 40%
Postoperative %VC — predicted %VC

Figure 2: Predicted postoperative %VC based on preoperative values sub-
tracted from actual postoperative %VC. Poor and good postoperative pulmo-
nary functions are respectively determined as values <0 and >0. VC: vital
capacity.

the 2011 ATS/ERS/JRS/ALAT international guidelines for intersti-
tial pulmonary fibrosis [12]. At least 1 physician and at least 1
blinded independent radiologist interpreted computed tomogra-
phy images with respect to interstitial pneumonia (IP) and
emphysema.

Statistical analyses

Continuous and categorical variables were analysed using non-
parametric Mann-Whitney U-tests, Kruskal-Wallis tests and %2 or
Fisher exact tests. Poor postoperative %VC was assessed by multi-
variable logistic regression analyses with cut-off values in models
including gender, age, emphysema, IP and induction therapy that
significantly (P<0.05) differed between patients with good and
poor postoperative %VC in univariate analyses. The Brinkman in-
dex was excluded from analysis because smoking is a cause of
emphysema. Age >75 years is defined as elderly and is associated
with higher rate of postoperative morbidity [13]. Therefore, we
selected 75years as the cut-off for age. All data were statistically
analysed using EZR v. 1.37 (Saitama Medical Centre, Jichi Medical
University, Shimotsuke, Japan), which is a graphical user interface
for R (The R Foundation for Statistical Computing, version 3.4.4)
[14]. More precisely, EZR is a modified version of R commander
version 2.4-0 that was designed to add statistical functions that
are frequently used in biostatistics. Values with P<0.05 were
deemed statistically significant.

RESULTS

Clinicopathological findings of patients with %VC
that were poorer than predicted

Table 1 shows the pre- and postoperative clinical characteristics
of the 2 groups of patients with complete data regarding
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Table 1: Clinical characteristics of patients treated by
lobectomy
Variables All (n=276)
Median age (year) 70 (63-75)
Age <75years 203 (73.6%)
>75 years 73 (26.4%)
Gender Female 125 (45.3%)
Male 151 (54.7%)
BI 400 (0-1000)
PS 0 153 (55.4%)
1 11 (4.0%)
Unknown 112 (40.6%)
1P No 239 (86.6%)
Yes 37 (13.4%) ©
Emphysema No 190 (68.8%) o
Yes 86 (31.2%) g
Preoperative VC (ml) (IQR) 2990 (2495-3572.5) o
Preoperative %VC 101.1 (90.5-110) |:E
Postoperative %VC 87 6(73.8-99.1)
Induction therapy 11 (4.0%)
Diagnosis NSCLC 267 (96. 7%)
SCLC 3(1.1%)
Benign 3(1.1%)
Others 3(1.1%)
Surgical duration (min) 140 5(113- 175)
Blood loss (g) 40 (20-85.3)
Surgical approach Open 5(1.8%)
VATS 252 (91.3%)
RATS 19 (6.9%)
Hospital stay (day) (IQR) 7 (6-9)
Duration of chest tube 3(2-4)
placement (day) (IQR)
Postoperative complications Grade 0 222 (80.4%)
Grade >1 54 (19.6%)
Pleurodesis 20 (7.2%)
Adjuvant therapy 86 (31.2%)

Data are shown as medians with IQR in parentheses, or n (%).

Bl: Brinkman index; IP: interstitial pneumonia; IQR: interquartile range;
NSCLC: non-small cell lung cancer; PS: performance status; RATS: robot-as-
sisted thoracic surgery; SCLC: small cell lung cancer; VATS: video-assisted
thoracic surgery; VC: vital capacity.

preoperative and postoperative pulmonary function as %VC.
All of them underwent lobectomy to treat NSCLC, small cell
lung cancer, benign pulmonary diseases and other lung
pathologies.

The patients with a postoperative %VC that was worse than
predicted were older, more likely to be male, smoke more ciga-
rettes, have a higher rate of IP or emphysema, a poorer preoper-
ative %VC and a higher frequency of induction therapy than
those with a good postoperative %VC. However, preoperative VC
did not significantly differ between the good and poor groups
(Table 2). Male sex, advanced age (>75 years), induction therapy,
IP or emphysema were associated with poorer postoperative
%VC (Fig. 3). In terms of intraoperative and postoperative find-
ings, prolonged surgery, a larger volume of intraoperative blood
loss, prolonged postoperative hospital stay and prolonged chest
tube placement were prevalent among the patients with poor,
compared with good postoperative %VC (Table 2). The differen-
ces between the predicted and actual postoperative values of
FEV1 and %DLco were significantly worse in the group with a
poor, than a good %VC (Supplementary Material, Table S1).
Supplementary Material, Table S2 shows detailed information
about the diagnosis and staging of malignancies.


https://academic.oup.com/icvts/article-lookup/doi/10.1093/icvts/ivac014#supplementary-data
https://academic.oup.com/icvts/article-lookup/doi/10.1093/icvts/ivac014#supplementary-data
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Table 2: Clinical characteristics of patients treated by lobectomy based on postoperative %vital capacity

Variables Good (n=199) Poor (n=77) P-value
Age overall 68 (62.5-74) 72 (66-76) 0.001
Age, n (%) <75 years 1 57 (78.9%) 46 (59.7%) 0.002
>75 years 42 (21.1%) 31 (40.3%)
Gender, n (%) Female 98 (49.2%) 27 (35.1%) 0.043
Male 101 (50.8%) 50 (64.9%)
BI 170 (0-900) 620 (0-1000) 0.027
PS, n (%) 0 111 (55.8%) 42 (54.5%) 0.15
1 5(2.5%) 6 (7.8%)
Unknown 83 (41.7%) 29 (37.7%)
1P, n (%) No 182 (91.5%) 57 (74.0%) <0.001
Yes 17 (8.5%) 20 (26.0%)
Emphysema, n (%) No 147 (73.9%) 43 (55.8%) 0.006
Yes 52 (26.1%) 34 (44.2%)
Preoperative VC 2970 (2480-3675) 3020 (2550-3520) 077
Preoperative %VC 102.4 (92.1-110.4) 94.7 (86.5-107.3) 0.022
Postoperative %VC 92.2 (83.3-102. 2) 67.8 (61.0-79.2) <0.001
Induction therapy, n (%) 4(2.0%) 7(9.1%) 0.013
Diagnosis, n (%) NSCLC 191 (96.0%) 76 (98.7%) 0.70
SCLC 3(1.5%) 0 (0%)
Benign 3(1.5%) 0 (0%)
Other 2(1.0%) 1(1.3%)
Surgical duration (min) 131 (109.5-162) 162 (137-210) <0.001
Blood loss (g) (IQR) 31 (20-69) 60 (36-115) <0.001
Surgical approach, n (%) Open 2(1.0%) 3(3.9%) 0.061
VATS 180 (90.5%) 72 (93.5%)
RATS 17 (8.5%) 2 (2.6%)
Hospital stay (days) 7 (6-8) 8(7-10) <0.001
Duration of chest tube placement (days) 3(2-3) 3(2-5) <0.001
Postoperative complications, n (%) Grade 0 5 (82.9%) 57 (74.0%) 0.13
Grade >1 34(17.1%) 20 (26.0%)
Pleurodesis, n (%) 11 (5.5%) 9(11.7%) 0.12 0.12
Adjuvant therapy, n (%) 66 (33.2%) 20 (26.0%) 031 031

Bl: Brinkman index; FEV: forced expiratory volume in 1s; IP: interstitial pneumonia; NSCLC: non-small cell lung cancer; PS: performance status; RATS: robot-assis-

ted thoracic surgery; SCLC: small cell lung cancer; VATS: video-assisted thoracic surgery; VC: vital capacity.
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Figure 3: Predicted postoperative %VC based on preoperative values subtracted from actual postoperative %VC according to several factors. Values are calculated
according to (A) age, (B) interstitial pneumonia, (C) induction therapy, (D) emphysema and (E) gender. Data are shown as medians with interquartile ranges. IP, inter-
stitial pneumonia; VC: vital capacity.
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Table 3: Multivariable logistic regression analysis of poor
postoperative %vital capacity

Variable OR P-
value
Gender Male versus female 1.38(0.72-2.65) 0.33
Age >75 vs <75 years 2.49 (1.35-4.60) 0.0035
IP Presence versus absence  3.01(1.41-6.41) 0.0044
Emphysema Yes versus no 1.75(0.91-3.36)  0.095
Induction therapy  Yes versus no 9.03 (2.43-33.5) 0.001

IP: interstitial pneumonia; OR: odds ratio.

Identification of preoperative factors negatively
affecting postoperative %VC

The results of multivariable logistic regression analyses revealed
that IP [odds ratio, 3.01 (1.41-6.41); P=0.0044], age >75 years [odds
ratio, 2.49 (1.35-4.60); P=0.0035] and induction therapy [odds ra-
tio, 9.03 (2.43-33.5); P=0.001] were independent risk factors that
negatively affected postoperative %VC in patients who underwent
lobectomy (Table 3). The postoperative %VC was poorer among
patients with definitive UIP and suspected UIP, than those with
normal or inconsistent UIP findings on preoperative high resolu-
tion computed tomography images (P = 0.0037; Fig. 4). The median
postoperative %VC was worse in elderly patients aged >80 years
than in younger patients (P=0.098; Fig. 4), and the frequency of a
poor postoperative %VC was 6 (75%) of 8 in this age group with
definitive or suspected UIP. The difference between the actual and
predicted postoperative %VC was >10% in 3 of 6 patients.

DISCUSSION

The present study analysed preoperative factors affecting postop-
erative %VC as a representative indicator of pulmonary function
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in patients who underwent lobectomy to treat various lung dis-
eases. We evaluated postoperative pulmonary function by sub-
tracting the postoperative %VC predicted based on preoperative
findings from actual postoperative %VC. We found that IP, ad-
vanced age (>75years), and induction therapy were preoperative
factors associated with postoperative pulmonary function indi-
cated by %VC that was worse than predicted.

Pulmonary function can be assessed using VC, %VC, FEV1,
FEV1, %FEV1 and DLco. Although DLco is an important variable
with which to predict postoperative outcomes especially in
patients with IP [15], it was not always assessed, especially during
the initial period of this study, and we did not analyse forced vital
capacity or VC because they are influenced by age, gender and
height. Thus, the absolute values of these factors were inadequate
for this study. Postoperative pulmonary function can also be
evaluated as %FEV1, but this is affected by pulmonary status, es-
pecially the severity of chronic obstructive pulmonary disease in-
cluding emphysema and chronic bronchitis. Therefore, we
evaluated pulmonary function using %VC. Moreover, the differ-
ences between the predicted and actual postoperative FEV1 and
%DLco supported the notion that %VC can represent pulmonary
function.

In terms of lung background, IP and emphysema are typical of
pulmonary diseases that might negatively affect pulmonary func-
tion. We found that IP negatively affected postoperative %VC,
but not emphysema, at 1 year after lobectomy. Because it repre-
sents IP severity, %VC is more important for long-term surgical
outcomes [16], whereas IP severity affects short-term surgical
outcomes [17] more than emphysema in patients with NSCLC
and pulmonary fibrosis combined with emphysema. One expla-
nation for this is that IP negatively influences postoperative %VC
more than emphysema. In that sense, the significance of the pre-
sent findings for IP and emphysema are consistent with previous
results. Furthermore, postoperative pulmonary function can im-
prove after lobectomy due to a volume reduction effect in
patients with moderate to severe emphysema. Relieved airflow
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Figure 4: Predicted postoperative %VC based on preoperative values subtracted from actual postoperative %VC stratified by imaging findings of UIP and age. Values
were calculated based on (A) CT images of IP, normal, inconsistent with UIP, possible UIP and UIP and (B) age <69, 70-74, 75-79 and >80 years. IP, interstitial pneumo-

nia; UIP, usual interstitial pneumonia; VC: vital capacity.
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obstruction that improves respiratory muscle function, eliminates
dead space ventilation in ventilated, but non-perfused areas, and
improved cardiovascular haemodynamics might all contribute to
such improvement [18-20]. Thus, emphysema usually adversely
influences, but does not always negatively affect postoperative
pulmonary function after the emphysematous area is resected.

Age >75 years was also a crucial factor in reducing %VC after lo-
bectomy. Ageing generally negatively influences pulmonary func-
tion due to weakened physical capacity, including respiratory
muscles. Thus, the borderline for predicted postoperative function
to determine whether patients could tolerate lobectomy should
be defined more strictly for patients aged >75years compared
with younger patients. The overall survival of patients aged
>80years with early-stage NSCLC is comparable between wedge
and anatomical resections and others causes of death are less
prevalent with wedge resection compared with lobectomy or seg-
mentectomy [21, 22]. One possible interpretation for these find-
ings is that the advantage of postoperative pulmonary function
might compensate for the oncological disadvantage of wedge,
compared with anatomical resections. Therefore, limited pulmo-
nary resection should be selected to treat lung diseases, especially
among elderly patients on the borderline of predicted postopera-
tive pulmonary function in terms of eligibility for lobectomy.

We did not analyse the intraoperative or postoperative factors
of surgical duration, blood loss and intraoperative or postopera-
tive complications that affect postoperative %VC because these
factors are unknown in the preoperative setting when deciding
treatment strategies. In addition, these factors are mainly deter-
mined by tumour factors such as location and stage and are thus
difficult for surgeons to control. Our multivariable logistic regres-
sion analysis included both preoperative and postoperative factors
involved in poor postoperative %VC (Supplementary Material,
Tables S3 and S4) and selected the same significant risk factors for
reduced postoperative %VC as the preoperative findings. Thus, the
preoperative findings seemed reliable. However, the degree to
which NSCLC has advanced, namely pathological stage, is also an
important factor for predicting postoperative %VC.

Induction therapy was also a predictive factor for poor postop-
erative %VC as described [4-6]. All patients who underwent in-
duction therapy were aged <75years and did not have IP. Thus,
induction therapy presents an elevated risk for patients without a
compromised background. In contrast, compromised patients
aged >80years and patients with defined and suspected UIP on
preoperative high resolution computed tomography, frequently
had a poor postoperative %VC. That older patients or those with
more severe IP had a worse postoperative %VC also supports the
results of the multivariable logistic regression analysis.

Limitations

This study has some limitations. Evidence is weaker in retrospec-
tive, single centre, than in prospective and multi-institution studies.
Studies of high-quality data from a large registry of patients
treated by lobectomy in many centres might be useful for evaluat-
ing postoperative pulmonary function. However, such studies usu-
ally include patients with good overall status who are likely to
have excellent postoperative pulmonary function. Thus, to deter-
mine risk factors affecting postoperative %VC could be challeng-
ing. The present study included only patients with complete
preoperative and postoperative %VC data and excluded those
with incomplete data. For instance, severe postoperative

complications, that might have worsened postoperative %VC, let
patients be unable to take the examination of the pulmonary func-
tion. Nevertheless, our findings provided important insights to
consider when deciding strategies for treating lung disease. The
low rates of 30- and 90-day postoperative mortality, the low rate
of death within 1 year after surgical resection and the >90% 1-year
overall survival that could affect postoperative %VC were recog-
nized in the excluded patients, and the preoperative findings of
age, Brinkman index, IP and emphysema between 699 excluded
and 276 included patients did not significantly differ. Therefore,
the 276 included patients were representative of the overall popu-
lation (Supplementary Material, Table S5). Disease status is also a
crucial factor for the postoperative pulmonary function. Although
stage was more advanced in the group with poor, than good %VC,
we excluded stage from the multivariable analysis because the
study included patients with benign diseases for an overall main
result. We also included only patients with NSCLC in a multivari-
able analysis with tumour stage. Our database does not include in-
formation about whether tumours are centrally or peripherally
located, and this is also a limitation of the present study.

CONCLUSIONS

In conclusion, IP, age >75 years, and induction therapy negatively
influenced %VC after lobectomy for lung diseases. Preoperative
findings, especially those of definite and suspected UIP and age
>80years, should be carefully considered along with predicted
postoperative %VC when determining whether patients can tol-
erate lobectomy. Further studies of a larger patient cohort after
pulmonary resection are needed to confirm the present results.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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