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Abbreviations

3D-CT = three-dimensional computed tomographic
COPD = chronic obstructive pulmonary disease
SC = segment counting

VC = vita capacity

FEV1 = forced expiratory volumein 1 second

DL co = diffusion capacity of the lung for carbon monoxide
HU = Hounsfield units

LAA = low-attenuation area

FLV = functional lung volume

ppo- = predicted postoperative

post- = measured postoperative

SD = standard deviation

LOA = limits of agreement



Abstract

Purpose: It is important to accurately predict the patiengbstoperative pulmonary function. The aim of gtigdy was

to compare the accuracy of predictions of the gestative residual pulmonary function obtained wiitree-dimensional

computed tomographic (3D-CT) volumetry with thatps&dictions obtained with the conventional segnueninting

method.

Methods: Fifty-three patients scheduled to undergo lung emmesection, pulmonary function tests, and contpute

tomography were enrolled in this study. The postaiper residual pulmonary function was predictededaen the

segment-counting and 3D-CT volumetry methods. Tleipted postoperative values were compared witiiabelts of

postoperative pulmonary function tests.

Results: Regarding thdinear correlation coefficients between the presticpostoperative values and the measured

values, those obtained using the 3D-CT volumetrythoe tended to be higher than those acquired utiieg

segment-counting method. In addition, the variaibetween the predicted and measured values weriéesmith the

3D-CT volumetry method than with the segment-coxyghtinethod. These results were more obvious in CP&i2nts

than in non-COPD patients.

Conclusions: My findings suggested that ti3-CT volumetry was able to predict the residudhmnary function

more accurately than the segment-counting methgpkatally in patients with COPD. This method mitgdd to the

selection of appropriate candidates for surgeryrappatients with a marginal pulmonary function.

Keywords: three-dimensional computed tomographic volumeigment-counting method, residual pulmonary fungtio

chronic obstructive pulmonary disease



Introduction

Surgical resection remains the principal treatnfienearly stage lung cancer, although new chematiertic agents and

molecular-targeted drugs have been developed. Hewvsurgical resection cannot be used to trea¢mpistiwvith a poor

pulmonary function or complications such as chrafistructive pulmonary disease (COPD) and inteakpheumonitis

[1,2]. In order to conduct pulmonary resection Bafieis necessary to ensure that the patientsquerative pulmonary

function remains above acceptable levels [3].

The prediction of the residual pulmonary functioteafung resection has conventionally been perfadrungng

the segment-counting method [4,5]. However, thensgg-counting method is based solely on the nurabegmaining

pulmonary segments, and differences between themed of each segment are ignored. These issuespeeted to

interfere with the prediction of the postoperatiesidual pulmonary function. It was reported thaee-dimensional

computed tomographic (3D-CT) volumetry produces nameurate predictions of the postoperative resiguahonary

function than the segment-counting method [6-8} &8 use for such purposes might help reduce rbguéncy of

postoperative complications [9,10]. In particulpatients with a poor preoperative pulmonary functisuch as those

with COPD, suffer more postoperative problems tiase with a normal pulmonary function [11,12].

The purpose of the present study was to comparadtieracy of the postoperative residual pulmonangtion

predicted using 3D-CT volumetry with that predicieging the conventional segment-counting metholirig cancer

patients, especially those with a poor pulmonanction.



M ethods

Patients

The subjects of this study were 53 patients who melet anatomical lung resection for primary lungae from April

2012 to March 2014. All of the patients underwempuémonary function test and thin-slice computemhagraphy prior

to surgery. Six months after surgery, they undetwempulmonary function test again. The postoperagivbnonary

functions predicted using the segment-counting 2DeCT methods were compared among the same patRatient

data, including the age, sex, smoking habits, tulmcation, resection site, and pulmonary functiest tvariables, were

collected. The patients’ clinical characteristios sihown in Table 1. COPD was defined accordinge&dGlobal Initiative

on Obstructive Lung Disease Guidelines. Patient® WWiOPD, who were those with forced expiratory vauim 1

second percentage (FBY values of <70%, accounted for 43.4% of the stpdpulation (23/53)All patients were

informed about the research protocol and provitiedt tvritten consent. This study was performed alnécal trial and

approved by the institutional review board of theikuba University School of Medicine. The approvaimber was

H24-66.

CT examinations

All preoperative CT examinations were performedngsb4-row multi-slice helical CT (Briliance 64; BHPS

Electronics, Tokyo, Japan) and 256-row multi-sliedidal CT (Brilliance iCT 256; PHILIPS Electronicsganers. CT

images 1-mme-thick covering the entire lung wereawot®d using the following parameters for the 64d 2%6-row

scanners with the patient in the supine positiepdinspiratory breath-holding; gantry rotationespe0.5 and 0.33



seconds, respectively; table speed: 41.2 and 186&, respectively; beam collimation: 64x0.625 488x0.625 mm,

respectively; beam pitch: 0.515 and 0.758, respalgti peak tube voltage: 120 kv; tube current eypesime product:

180-280 mAs; and pixel resolution: 512 x 512. Casttrmedium was intravenously administered to data:ehe

boundaries between the tumor and mediastinal stegt A single-phase scan was obtained after 36ndscof

peripheral intravenous power injection of 100 mLnoh-ionic iodine contrast medium (lomeron 300; ®@@ Milano,

Italia) at a rate of 1.6 to 3.0 mL/sec, dependinghensize of the patient.

Pulmonary function tests

Pulmonary function tests, which assessed the adtphcity (VC), forced expiratory volume in 1 secqR&V:), FEViy,

and the diffusing capacity of the lung for carboanoxide (DLco), were performed within one month ptim surgery

and at six months after surgery with patients engbated position.

3D-CT volumetry and emphysema analyses

All thin-slice CT data for each patient were trametd to a computer workstation (SYNAPSE VINCENT.3),

FUJIFILM, Tokyo, Japan), on which 3D lung models &veeconstructed. The 3D models could be viewed éipiau

angles on the computer display, and the bronckeialtary could be accurately extracted by desigmatihe target

segment or lobar bronchus. Furthermore, it wasiplesto calculate the volume of each extractedttey. The volumes

of the trachea, bronchus, pulmonary artery, pulmomain, tumor, and other parenchymal structurashsas the tissues

affected by atelectasis or organizing lesions, waleulated semi-automatically and selectively reetbfrom the 3D



lung models. To evaluate the extent of emphysersalong lesions, the proportion of the lung occupiegd

low-attenuation areas (LAA) was calculated by higiting the areas with attenuation values of lesn th910

Hounsfield units (HU) [6,13-17]. The normal lung wole was calculated after excluding the emphysersahang

volume. In this study, LAA accounted for 13.44%thé lung tissue on average (Table 1). Finally, wbkimes of the

respiratory tract, blood vessels, tumor, and off@enchymal structures were excluded to deternfieevblume of the

lung tissue that participates in breathing, whigdswalled the functional lung volume (FLV) (Fig.[6)13].

Proportional volume of each segment

Prior to the prediction of the residual pulmonamdtion, | examined whether or not there were ntrkagiation in the

proportional volume of each segment. All segmehtahchi were designated in all patients, and therae of each

segment was calculated using 3D-CT volumetry. Tlopgutional volume of each segment relative to thieiwme of the

whole lung was calculated. In the segment-countieghod, because it is assumed that all segmengpettee left upper

division are the same size, the proportional volisrealculated as follows: 1/18 5.26%; and the proportional volume

of the left upper division is calculated as followsb / 19= 7.89%. In the 3D-CT volumetry method, the volurheach

segment was calculated and compared with the vobfrtiee same segment according to the segmentiogumiethod.

Segment-counting and 3D-CT volumetry methods

The postoperative residual pulmonary function wasdigted based on the segment-counting and 3D-Cilimatty

methods using the formula and methods developeditet al. and Gass GD et al., as described belodi]



Predicted postoperative VC or FEWr DLco (ppo-VC, ppo-FEY ppo-DLco) =

(1 —A/19) x preoperative VC or FEdr DLco

In the segment-counting method, A represents tta tumber of unobstructed segments in the resedtioe,

which was assumed to be 3, 2, and 5 for the righey middle, and lower lobe, respectively, and,3and 4 for the left

upper segment, lingular segment, and lower lolspeaeively, and 19 is the total number of segmientse whole lung.

In the 3D-CT volumetry method, A represents the Fif\the resection portion of the lung, and the Itotamber of

segments is replaced by the total volume of the &Lthe whole lung.

The predicted postoperative values were comparéd tive postoperative measurements obtained at six

months after the operation (post-VC, post-kFMst-DLco).

Satistical analyses

Data are reported as the mean * standard devig@bDhor median and range. The two-sample t-testskal-Wallis test,

and Mann-Whitney U test were used to examine thegioaships between categorical and numerical éega The

relationships between the measured and estimatawneal variables were determined using Pearsoorselation

coefficient and a linear regression analysis. Tlikerdgince in the correlation coefficients was alseessed. Agreement

between the predicted and measured numerical Vesiabas analyzed by the Bland-Altman method to uatel the

variation. The limits of agreement were definedtlas range of two standard deviations from the mdiffierence

between the predicted and measured numerical VesiaB-values of <0.05 were considered significBASW Statistics

18 (SPSS, Chicago, IL, USA) was used for all analyse



Results

The patients’ clinical characteristics are showifable 1. The total number of patients in this studg 53. There were

30 non-COPD patients (56.6%) and 23 COPD patiet@A%). Compared with the non-COPD patients, thd?BO

patients were significantly older, included moreokers, and had lower FEV1, FEV1%, and DLco valuesaddition,

the postoperative FEY FEVi%, and DLco values of the COPD patients were sigmifily lower than those of the

non-COPD patients.

The proportional volume measurements obtained foh s@gment with the 3D-CT volumetry method differed

significantly from those acquired with the segmeotnting method, except in left segment 1+2 andneag 3 (p <0.01)

(Fig. 2). The proportional volume measurementgifgitt segments 1, 3, and 6 and left segment 1+Xagthent 3 were

significantly larger than the values predicted gsihe segment-counting method. In contrast, thegtmnal volume

measurements for right segments 7 and 9 and Ilgfteets 4, 5, 6, and 9 were significantly smallentkthose predicted

using the segment-counting method. The proportisoaime measurements obtained for each lobe wigh3B-CT

volumetry method were compared with those acquivégd the segment-counting method in the same maniter

proportional volume measurement for the right upjmdre was significantly larger than that predictasing the

segment-counting method. In addition, the propogio/olume measurements for the right lower lob#, upper lobe,

and left lower lobe were significantly smaller thtanse predicted using the segment-counting me(Falole 2).

In the segment-counting method, the linear coigatoefficients for the relationships between M®-and

post-VC, ppo-FEYand post-FEY, and ppo-DLco and post-DLco were 0.873 (p <0.0849.(p <0.01), and 0.826 (p

<0.01), respectively. In the 3D-CT volumetry methtite linear correlation coefficients for the radaships between

ppo-VC and post-VC, ppo-FEWNd post-FEY, and ppo-DLco and post-DLco were 0.885 (p <0.01884.(p <0.01),



and 0.843 (p <0.01), respective{fable 3). There were no significant differenceswaen the linear correlation

coefficients of the two prediction methods, but @il the linear correlation coefficients obtainedthwihe 3D-CT

volumetry method tended to be higher than thoseissdwith the segment-counting method.

In the segment-counting method, the limits of agreet between the predicted and postoperative medsur

values ranged from -0.66 to 0.66 in VC, from -0t630.37 in FEV, and from -6.31 to 4.09 in DLco. In the 3D-CT

volumetry method, the limits of agreement betwdengredicted and postoperative measured valuegdaingm -0.60

to 0.64 in VC, from -0.55 to 0.33 in FEVand from -5.94 to 3.98 in DLco. The ranges of lihets of agreement

obtained with the 3D-CT volumetry method were sarathan those acquired with the segment-countintpode(Table

4).

The differences between the predictions obtaineld thi# 3D-CT volumetry and segment-counting methvoeie

analyzed separately in the COPD and non-COPD grdopke non-COPD group, the linear correlationfiicients for

the relationships between ppo-VC and post-VC, pg¥sFand post-FEY, and ppo-DLco and post-DLco were 0.927,

0.877, and 0.905, respectively, when the segmamttoty method was used (p <0.01), whereas they @&29, 0.916,

and 0.912, respectively, when the 3D-CT volumetsthad was used (p <0.01). In contrast, in the C@Rap the

linear correlation coefficients for the relationshibetween ppo-VC and post-VC, ppo-REAnd post-FEY, and

ppo-DLco and post-DLco were 0.740, 0.720, and 0.5&4pectively, when the segment-counting method wsasl (p

<0.01), whereas they were 0.785, 0.775, and 01&8pectively, when the 3D-CT volumetry method wsedu(p <0.01)

(Table 5). Although not to a significant degrees tifferences between the linear correlation coieffits obtained with

the two prediction methods tended to be largehén@OPD group than in the non-COPD group.



In the non-COPD group, the limits of agreement leefwthe predicted and postoperative measured vanged

from -0.57 to 0.55 in VC, from -0.58 to 0.38 in FE\and from -5.90 to 2.50 in DLco when the segmenintiog

method was used, whereas they ranged from -0.8%5®in VC, from -0.48 to 0.32 in FRVand from -5.56 to 2.48 in

DLco when the 3D-CT volumetry method was used. Imrest, in the COPD group, the limits of agreentsttveen the

predicted and postoperative measured values rainged-0.74 to 0.78 in VC, from -0.70 to 0.34 in FE\and from

-6.35 to 5.69 in DLco when the segment-counting oetivas used, whereas they were from -0.64 to G.%6J, from

-0.63 to 0.33 in FEY, and from -5.99 to 5.49 in DLco when the 3D-CT vodiry method was used. The ranges of limits

of agreement obtained with the 3D-CT volumetry rodtivere smaller than those acquired with the setiemmting

method in both the COPD group and non-COPD grot. differences between ranges of limits of agre¢mbktained

with the two prediction methods were larger in @@PD group than in the non-COPD group, excepttfose of FEY

(Table 6).

The linear correlation coefficients were examinedlantify the relationship between the preoperafii/,o, and

the proportion of LAA. In the COPD and non-COPD s, the linear correlation coefficients for théatienship

between the preoperative Fi)and the proportion of LAA was 0.605 (p <0.01) @ndl12, respectively (p=0.557). A

negative correlation between these variables wasrebd only in the COPD group.



Discussion

In recent years, the number of lung cancer patiertts poor risk factors for surgery, such as elgedje or coexisting

diseases like COPD or restrictive pulmonary diseglas been increasing. Therefore, it is importargdcurately predict

patients’ postoperative residual pulmonary functianorder to avoid postoperative respiratory fummtidisorders.

Originally, residual pulmonary function after lungsection had been predicted in the pneumonectéamthis purpose,

the bronchospirometric method, which tested pulmpfiznction by inserting an intrabronchial intutmatitube into one

side of the lungs, and the unilateral pulmonargrgrocclusion test, which examined pulmonary amdutation change

by occluding pulmonary artery, were used [18,13wdver, these methods are highly invasive and Inletta cope with

an operation less than lobectomy. Afterward, pulangrventilation and perfusion scintigraphy usindiogsotopes were

developed to check local pulmonary function lesgasively [20,21]. These methods demonstrated relgtigood

correlation with the postoperative pulmonary fuoeti but the radiation exposure to patients andniezns, and

ventilation-perfusion imbalance due to gravity lmeeaproblematic. Therefore, the segment-counting oggtiwhich

predicts pulmonary function by calculating the nembf segments to be resected, was devised. Thgesimethod can

predict the postoperative pulmonary function irharstime without performing any invasive examionas [4]. However,

it was based solely on the number of remaining pulany segments, and did not take into account ¢erdigeneity of

volume and function of every segment; thereforeas unconvincing in terms of accuracy. To pretliet postoperative

pulmonary function more accurately, Wu et al. répadra quantitative CT method that predicts the questtive

pulmonary function by measuring the pulmonary vatuon CT images [6]. The primitive quantitative C&throd was a

slice-by-slice method in which an observer manudiyineates the outer perimeter of the lung onrgelaumber of
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thin-section CT images. Although this manual methad accurate, it was extremely time-consuming iemptactical

for routine clinical use. As there is not a largéedence between the quantitative CT and segmeuiiing methods for

lobectomy, the segment-counting method has beet fosgostoperative pulmonary function predicti@2]. From the

above mentioned process, 3D-CT volumetry using arsgjtware was developed to predict the postoperatilmonary

function more simply and accurately. In the presgntdy, | demonstrated that the relative volumesath segment

differed significantly, as shown in Fig. 2. Thenmefppredictions obtained using the segment-countiathod may differ

from the actual postoperative valu€sirthermore, the relative volumes of each segméfared between the 3D-CT

volumetry and segment-counting methods. lwano etregorted that 3D-CT volumetry using the Synapgecéht

volume analyzer was able to measure lobar volun@e precisely than the segment-counting-method [PBgrefore,

the volume of the lung to be resected can be peatliecnore precisely with 3D-CT volumetry than withet

segment-counting method. In the present studya demonstrated that the relative volume of eagmeast differed

significantly, as shown in Fig. 2. Therefore, potidins obtained using the segment-counting methigghtndiffer from

the actual postoperative valudsurthermore, the relative volumes of each segmdifered between the 3D-CT

volumetry and segment-counting methods. lwano etregorted that 3D-CT volumetry using the Synapgecéht

volume analyzer was able to measure lobar volun@e precisely than the segment-counting-method [PBgrefore,

the volume of the resection lung could be predictadre precisely with 3D-CT volumetry than with the

segment-counting method.

The function of each pulmonary segment can vary éetwndividuals and can also be affected by diseaseh

as emphysema and fibrosis. The image analysis s@ftpragram used in this study is able to calcudaig exclude the
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volume of blood vessels and tumors as well as @#dis or organizing lesions. Furthermore, it cawclugle

emphysematous lesions by excluding low-attenuati@as. The postoperative residual pulmonary fundiaherefore

believed to be predicted more accurately using-ihé which excludes such non-functioning lung voksnthan using

the segment-counting method [6,14,15,24]. Sincevitiame and function of each segment differ by vidiial, the

values predicted with the 3D-CT volumetry methoe expected to be well correlated with the postdpergulmonary

function.

Although there is some software for pulmonary vadtny analysis, SYNAPSE VINCENT was used in thigdgtu

for the following two points: First, the separatiof pulmonary artery and vein, and each organ wassiple by

performing CT only in the venous phase, not in 2ravenous phases. This was able to control orgih due to

breathing and reduce exposure to the patients [2%]ddition, accurate visualization of the pulmgneein is important

to revise errors in separation of pulmonary segmewhich was an advantage over other software [36Fond,

automatic separation of the pulmonary lobe wasibleswith analysis of LAA and the %LAA of each pulmary lobe

was easily calculated in a short time [27]. Otheftvgare was only able to calculate the %LAA of tdtang tissue or

right and left lung separately, but not %LAA of egaiimonary lobe. This was useful to evaluate thection of each

pulmonary lobe.

In the present study, the values predicted with3eCT volumetry method tended to be more closelyeatated

with the actual postoperative measurements tharptbéicted values obtained with the segment-cogntirethod. In

addition, according to the differences betweenrémges of limits of agreement by method, the viarat between the

predicted and actual measured values were smaltérthhe 3D-CT volumetry method than with segmentrdng

12



method. However, the difference between the cdroelaoefficients obtained with the two predictiorethods was not

very large among non-COPD patients, with the diffiee between the correlation coefficients obtawéd the two

prediction methods tending to be larger in the CQfpdup than in the non-COPD group. Furthermorerainges of the

limits of agreement obtained with the 3D-CT volupetmethod were smaller than those acquired with the

segment-counting method in both the COPD and noRIZ@roups.

The differences in the variations of values obtaingth the two prediction methods were smaller ia ©OPD

group than in the non-COPD group, except for REV his suggests that the 3D-CT volumetry methodle & predict

the postoperative residual pulmonary function maceurately in COPD patients than in non-COPD ptaiemhe

proportion of the lungs occupied by LAA was 16.594.83 and 11.02 + 7.74 in the COPD and non-CORiipg,

respectively, a non-significant difference. Howevarnegative correlation between the preoperati¥/1%; and the

proportion of the lungs occupied by LAA was detecaeabng the COPD patients but not the non-COPD matid he

3D-CT volumetry method may be able to detect nawefioning lung tissue (i.e. LAA), which can negativanfluence

the FEMy, enabling this method to precisely evaluate thé By excluding such non-functioning lung tissueyesally

in cases of COPD. Accordingly, the precise evatumatf the FLV with the 3D-CT method seems to regulmore

accurate predictions of the postoperative pulmoriangtion than the segment-counting method, esfyedima COPD

patients.

The main limitation of my study was that | did nainsider the effects of lung volume reduction swgeung

volume reduction surgery removes emphysematousniesind improves the lung function, possibly byeasing the

airway conductance and the ratio of conductanderg volume [28,29]. Therefore, in patients with eevCOPD, both
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a reduction in the amount of functioning lung tss&nd an improvement in the function of the reditluzg have to be

considered, and these factors will be taken intmaat in my future studies.

In conclusion, the segment volume can vary betwssgments and individuals; therefore, predictionghef

residual pulmonary function obtained with the segrr@unting method may be inaccurate. My findingggest that the

3D-CT-volumetry method is able to predict the raaidoulmonary function more accurately than thersag-counting

method, as the actual volume loss can be calcylateidh may facilitate the selection of approprieéadidates for lung

cancer surgery and reduce the risk of surgical ¢ieatns, especially in patients with a relativgdgor pulmonary

function, such as those with COPD.
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Table 1. Patients’ clinical characteristics

Variables Total (n=53) Non-CoPb coPD Prvalue
(FEV15>70%) (n=30) (FEV1.0% <70%) (n=23) Non COPD vs. COPD
Age (years) 66 + 11 (38-86) 63+ 12 (38-79) 71(5H8-86) 0.01
Sex (male/female) 31/22 15/15 16/7 0.096
Pack-years smoked 36 + 35 (0-116) 24 + 32 (0-116) 1+ 132 (0-108) 0.004
VC (I) 3.34+0.78 (1.99-5.70) 3.31+0.88 (1.990. 3.37 £ 0.65 (2.01-4.33) 0.781
FEV. (1) 2.30 £ 0.56 (1.15-4.10) 2.48 +0.58 (1.46-4.10 2.07 £ 0.46 (1.15-2.86) 0.008
FEVi% (%) 70.93 + 9.34(46.60-91.10) 77.18 +£5.61(70.Q0tQ) 62.78 + 6.47(46.60-69.80) <0.001
DLco (ml/min/mmHg) 15.51 + 4.94 (7.36-28.94) 1645.32 (7.36-28.94) 13.80 + 3.67 (8.22-21.01) 0.03
Proportion of LAA (%) 13.44 + 11.58 (0-56.90) 11.87.74 (0-26.40) 16.59 + 14.83 (0-56.90) 0.112
Resection site 0.224
Right upper lobe 13 7 6
Right middle lobe 2 1 1
Right lower lobe 11 6 5
Left upper lobe 12 7 5
Left lower lobe 10 6 4
Others 5 3 2
Postoperative VC (1) 2.62 £ 0.66 (1.55-4.41) 2.63.43 (1.55-4.41) 2.61 +0.56 (1.74-4.10) 0.929
Postoperative FEM) 1.93 +0.44 (1.12-3.06) 2.03+0.47 (1.34-3.06 1.79 £ 0.37 (1.12-2.38) 0.043
Postoperative FEM; (%) 74.89 + 10.16 (52.30-93.50) 79.35 + 7.77 (6798.50) 69.07+ 10.10 (52.30-89.90) <0.001
Postoperative
14.80 + 4.89 (4.95-25.00) 11.29 £ 3.39 (5.07-22.18) 0.005

DLco (ml/min/mmHg)

13.27 £ 4.61 (4.95-25.00)

Data are expressed as the mean * standard deviedinge). VC: vital capacity, FEVforced expiratory volume in 1 second, F\Vforced expiratory volume in 1

second percentage. DLco: diffusing capacity ofitimg for carbon monoxide, COPD: chronic obstrucpumonary disease, LAA: low-attenuation areas
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Table 2. Proportional volumes of various segmentsl dobes according to the 3D-CT and

segment-counting methods

Segment/lobe

Proportional volume
according to the 3D-CT method (%) according to the SC method (%)

Proportional volume

P-value

Rt. segment 1
Rt. segment 2
Rt. segment 3
Rt. segment 4
Rt. segment 5
Rt. segment 6
Rt. segment 7
Rt. segment 8
Rt. segment 9
Rt. segment 10
Lt. segment 1+2
Lt. segment 3
Lt. segment 4
Lt. segment 5
Lt. segment 6
Lt. segment 8
Lt. segment 9

Lt. segment 10

6.70 (1.50 - 13.40)
5.60 (2.10 - 12.00)
9.10 (5.20 - 13.40)
5.00 (0.90 - 7.20)
5.30 (1.60 - 10.40)
5.70 (2.50 - 10.20)
2.30 (0.60 - 5.50)
5.20 (1.40 - 9.20)
3.70 (0.90 - 8.00)
4.90 (2.00 - 10.50)
9.10 (4.70 - 18.00)
8.40 (4.90 - 17.60)
4.00 (1.40 - 7.70)
3.00 (1.00 - 8.80)
4.50 (2.00 - 8.40)
5.40 (2.40 - 8.90)
4.00 (1.70 - 7.70)
5.20 (2.40 - 10.00)

5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
5.26
7.89
7.89
5.26
5.26
5.26
5.26
5.26
5.26

0.007
0.107
<0.001
0.107
0.858
0.049
<0.001
0.858
<0.001
0.21
<0.001
0.049
<0.001
<0.001
<0.001
0.107
<0.001
0.858

Right upper lobe

Right middle lobe
Right lower lobe
Left upper lobe

Left lower lobe

21.90 (10.60 - 36.50)
10.30 (3.90 - 16.10)
22.90 (9.20 - 32.60)
26.00 (17.50 - 39.10)
19.70 (12.30 - 14.60)

15.79
10.53
26.32
26.32
21.05

<0.001
0.21

<0.001
0.02
0.01

Data are expressed as the median (range). 3D-@&E-thmensional computed tomography.
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Table 3. The linear correlations between the predigbostoperative pulmonary function and the

measured postoperative pulmonary function

Variables Coefficient P-value
ppo-VC,scVs. post-VC 0.873 <0.01
ppo-VC,crvs. post-VC 0.885 <0.01
ppo-FEMV, scvs. post-FEY 0.845 <0.01

ppo-FEMV, crVvs. post-FEY 0.884 <0.01

ppo-DLco,scvs. post-DLco 0.826 <0.01
ppo-DLco,crVs. post-DLco 0.843 <0.01

ppo-VC: predicted postoperative vital capacity, M®, sc ppo-VC predicted using the

segment-counting method, ppo-V&:; ppo-VC predicted using 3D-CT volumetry, post-Viieasured

postoperative VC, ppo-FEVpredicted postoperative forced expiratory volumd second, ppo-FEY

sc¢ ppo-FEM predicted using the segment-counting method, gpd:F-r: ppo-FEM predicted using

3D-CT volumetry, post-FENY measured postoperative FEVppo-DLco: predicted postoperative

diffusing capacity of the lung for carbon monoxidgo-DLco, sc ppo-DLco predicted using the

segment-counting method, ppo-DLcegs: ppo-DLco predicted using 3D-CT volumetry, post-Dico

measured postoperative DLco
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Table 4. An analysis of the limits of agreement leetwthe predicted postoperative pulmonary function

and the measured postoperative pulmonary function

Variables Difference LOA
ppo-VC,scVs post-VC 0.00 + 0.33 -0.66 to 0.66
ppo-VC,crVs post-VC 0.02 +0.31 -0.60 to 0.64
ppo-FEV, scvs post-FEVY -0.13+£0.25 -0.63t0 0.37
ppo-FEMV, crvs post-FEY -0.11£0.22 -0.5510 0.33
ppo-DLco,scVvs post-Dico -1.11 £ 2.60 -6.311t0 4.09
ppo-DLco,crVs post-Dico -0.98 £ 2.48 -5.94 10 3.98

The difference between the predicted and measutads/s expressed as the mean + standard deviation.

The limits of agreement (LOA) is expressed as agaigtandard deviations from the mean difference.

ppo-VC: predicted postoperative vital capacity, M, sc ppo-VC predicted using the

segment-counting method, ppo-V&; ppo-VC predicted using 3D-CT volumetry, post-\fieasured

postoperative VC, ppo-FEVpredicted postoperative forced expiratory volumé second, ppo-FEY

sc ppo-FEM predicted using the segment-counting method, gpd:Fcr: ppo-FEM predicted using

3D-CT volumetry, post-FEX measured postoperative FEYpo-DLco: predicted postoperative

diffusing capacity of the lung for carbon monoxigpp-DLco,sc: ppo-DLco predicted using the

segment-counting method, ppo-DLeg, ppo-DLco predicted using 3D-CT volumetry, post-DLco:

measured postoperative DLco
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Table 5. The linear correlations between the ptedipostoperative pulmonary function and the

measured postoperative pulmonary function in th&B@nd non-COPD groups

Non-COPD group (n=30) COPD group (n=23)
Variables Coefficient  P-value Coefficient  P-value
ppo-VC,scvs. post-VC 0.927 <0.01 0.740 <0.01
ppo-VC,crvs. post-VC 0.929 <0.01 0.785 <0.01
ppo-FEV, scvs. post-FEY 0.877 <0.01 0.720 <0.01
ppo-FEV, ct1Vs. post-FEY 0.916 <0.01 0.775 <0.01
ppo-DLco,scvs. post-DLco 0.905 <0.01 0.571 <0.01
ppo-DLco,crVs. post-DLco 0.912 <0.01 0.603 <0.01

ppo-VC: predicted postoperative vital capacity, M®, sc ppo-VC predicted using the

segment-counting method, ppo-VE&:; ppo-VC predicted using 3D-CT volumetry, post-Viieasured

postoperative VC, ppo-FEVpredicted postoperative forced expiratory voluméd second, ppo-FEY

sc¢ ppo-FEM predicted using the segment-counting method, gpd:fr. ppo-FEM predicted using

3D-CT volumetry, post-FENY measured postoperative FEVppo-DLco: predicted postoperative

diffusing capacity of the lung for carbon monoxid®o-DLco, sc. ppo-DLco predicted using the

segment-counting method, ppo-DLcegs: ppo-DLco predicted using 3D-CT volumetry, post-Dico

measured postoperative DLco

24



Table 6. An analysis of the limits of agreement leetwthe predicted postoperative pulmonary function

and the measured postoperative pulmonary funatishe COPD and non-COPD groups

Non-COPD group (n=30) COPD group (n=23)
Variables difference LOA difference LOA
ppo-VC,scvs post-VC -0.01£0.28 -0.57 t0 0.55 0.02+0.38 -0.74t00.78
ppo-VC,crvs post-VC -0.01£0.28 -0.57 t0 0.55 -0.06 £ 0.35 -0.64 t0 0.76
ppo-FEM, scvs post-FEY -0.10+0.24 -0.58 t0 0.38 -0.18 £ 0.26 -0.70@4
ppo-FEM, cTVvs post-FEY -0.08 +0.20 -0.48 t0 0.32 -0.15+0.24 -0.68 183
ppo-DLco,scVvs post-Dlco -1.70+£2.10 -5.90 to 2.50 -0.33@13. -6.351t0 5.69
ppo-DLco,crVs post-Dico -1.54+£2.01 -5.56 t0 2.48 -0.258722. -5.99105.49

The difference between the predicted and measutads/s expressed as the mean + standard deviation.

The limits of agreement (LOA) is expressed as agarigtandard deviations from the mean difference.

ppo-VC: predicted postoperative vital capacity, M, sc ppo-VC predicted using the

segment-counting method, ppo-V&; ppo-VC predicted using 3D-CT volumetry, post-\fieasured

postoperative VC, ppo-FEVpredicted postoperative forced expiratory volumé second, ppo-FEY

sc ppo-FEM predicted using the segment-counting method, gpd:Fcr: ppo-FEM predicted using

3D-CT volumetry, post-FEX measured postoperative FEYpo-DLco: predicted postoperative

diffusing capacity of the lung for carbon monoxigpp-DLco,sc: ppo-DLco predicted using the

segment-counting method, ppo-DLeg, ppo-DLco predicted using 3D-CT volumetry, post-DLco:

measured postoperative DLco
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Fig. 1. The bronchial territories were extracted from thd@aensional lung models by specifying the

target segment or lobe, and the volume of eactideriwvas calculated concurrently. The volumeshef t

respiratory tract, blood vessels, tumors, and qtheenchymal structures, such as tissue affected by

atelectasis or organizing lesions, were calculatedi-automatically or selectively. The proportiorthod

lungs occupied by low-attenuation areas was caledllay highlighting the areas with attenuation ealu

of less than —910 HU. The total lung volume, exdepthe volume of the lung tissue that does not

participate in breathing, was described as thetioimal lung volume.
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Fig. 2. The proportional volume of each segment is shawma box and whisker plot. The central line

indicates 1/19 x100 = 5.26%, which is the volumeraf 1 segment according to the segment-counting

method. Significant differences were determinedgishe Kruskal-Wallis test (p <0.01). RU = right

upper lobe, RM = right middle lobe, RL = right lomlebe, LU = left upper lobe, LL = left lower lobe.
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