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ABSTRACT

Background: Lung volume reduction surgery (LVRS) in patients with severe chronic pulmonary emphysema (CPE) results in
postoperative improvement in pulmonary function. Lobectomy in patients with lung cancer also has the same effect.

Methods: One hundred fourteen patients underwent lobectomy for lung cancer from 2006 to 2011. Computed tomography (CT)
and pulmonary function test (PFT) were performed preoperatively and six months to one half year after surgery. All CT examinations
were performed using a 64-row multidetector CT scanner during a breath-hold at deep inspiration. Total lung volume (TLV), each lobe
volume, and low attenuation area (LAA) were extracted from CT data of each patient.

Results: TLV after upper lobectomy was increased significantly compared with lower lobectomy (111.0 + 18.9% vs 103.9 £+ 16.1%;
p=0.05). There was no relationship between lung volume change and preoperative LAA%. In contrast, LAA% change demonstrated a
negative relationship with preoperative LAA% (r=0.4590). In the group defined as preoperative LAA% more than 20%, postoperative
LAA% decreased significantly (34.9 + 13.9% to 32.8 + 18.4%; p<0.01) and FEV1% predicted improved (70. 3 + 9.7% to 75.3 + 12.7%;
p=0.03).

Conclusions: The resected lobe region is more important than the resected lobe volume (RLV) and segment number in TLV change
after lobectomy. Preoperative LAA% is a negative factor of LAA% change. Therefore patients with severe emphysematous lung are

less likely to increase their postoperative LAA%. Lobectomy for patients with high LAA% provides improved FEV1 % predicted.
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provide better effect in pulmonary function®”.

1. Background . . .
Chronic pulmonary emphysema (CPE) is classified
Lung volume reduction surgery (LVRS) has been  chronic obstructive pulmonary disease (COPD) and is
associated with improved lung function in patients  characterized by abnormal, permanent enlargement of
with severe pulmonary emphysema by resection  air spaces distal to the terminal bronchioles accompanied
of emphysematous lung'>. After LVRS, computed by destruction of the bronchiolar walls. Previous reports
tomography (CT) images show hyperinflation of preserved  suggested that low attenuation area (LAA) on CT images
lung. Pulmonary function test (PFT), especially forced  observed in patients with CPE correlated well with the
expiratory volumes in one second (FEV1) and FEV1 % of  results of tissue pathology and PFT'*'". Therefore, LAA
predicted (FEV1%) improves. Some researchers reported  is used for assessment of pulmonary function. After
that lobectomy in patients with lung cancer provided the  lobectomy for lung cancer, LAA increases because of
same volume reduction effect as LVRS®”. In these studies, ~ hyperinflation of the preserved lung. However, we don’t
improvement in pulmonary function differed on the lung  have a good explanation on a possible direct relationship
with resected lobe, and upper lobectomy was particularly ~ between increased LAA and improved pulmonary function
better than lower lobectomy. Lobectomy in patients with  after lobectomy.
severe emphysema and low FEV1 and FEV1% would also In this study, we evaluated the effects of lobectomy for
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lung cancer on postoperative total lung volume (TLV) and
LAA% using 3-dimensional computed tomography (3D-CT)
images and on postoperative PFT.

2. Methods

This is a retrospective study on 114 patients who
underwent lobectomy for lung cancer in our institution
between April 2005 and October 2010. Thoracoscopic
surgery was performed on all the patients using mini-
thoracotomy with one or two ports. Chest CT scan was
performed on all patients before surgery and lyear after
lobectomy. The mean time interval between lobectomy and
postoperative CT was 366.8 = 115.7 days. Preoperative

PFT was performed before surgery on all patients and

Tablel
(%)
Age (year) 669+ 96
Gender
Male 73 (64.0)
Female 41 (36.0)
BMI 229+ 34
Smokers 66 (57.9)
Brinkman Index 572.4+708.7
Co-morbidities
Interstitial pneumonia 10( 8.8)
Asthma 2(18)
Respiratory parameters
%FVC (%) 112.8+193
FEV1% (%) 73.0+ 98
Resected lobe
Rught upper lobe 40 (35.1)
Right middle lobe 8( 7.0
Right lower lobe 17(14.9)
Right nuddle & lower lol 3(2.6)
Left upper lobe 23 (20.2)
Left lower lobe 23 (20.2)
Pathological stage
I 70 (61.4)
I 21(184)
I 23 (20.2)
Histology
Adenocarcinoma 73 (64.0)
Suamous cell carcinoma 21 (18.5)
Other 20(17.5)
Interval between surgery
and postoperative CT (day) 367.8=115.7
number = mean =+ SD

postoperative PFT only on 55 patients at 6 months to 1
year after lobectomy'>'®. Forced vital capacity % predicted
(FVC%) and FEV1% were assessed. Patient characteristics
are shown in Table 1.

All CT examinations were performed using a 64-row
multidetector CT scanner (Aquilion 64; Toshiba Medical,
Tokyo, Japan). Thin-section CT data were reconstructed at
Imm-thick slices with Smm interval. CT was performed
during a breath-hold at deep inspiration. All CT data for
each patient were transferred to a computer workstation
(SYNAPSE VINCENT; FUJIFILM, Tokyo, Japan)
from which 3D models were reconstructed. The trachea,
mainstem bronchus, and soft tissues surrounding the lungs
were automatically excluded by the software. Minor and
major fissures on 2D-CT images were manually traced to
calculate the volume of each anatomic lobe. Then, TLV and
each lobe volume were calculated (Figure 1). Postoperative
TLV change was calculated by subtracting resected lobe
volume (RLV) from preoperative TLV and then subtracting
the difference from postoperative TLV. The volume of
voxels with low attenuation values of less than -950HU was
used as LAA14-17). LAA% was calculated by dividing the
volume of LAA by TLV. Postoperative LAA% change was
calculated by subtracting the preserved lung LAA% from
postoperative LAA%. COPD was defined as patients with
FEV1/FVC less than 70% and without asthma.

The statistical analysis was performed using SPSS11.0
software (SPSS Inc, Chicago, IL, USA). All data are
presented as mean + standard deviation. Unpaired t-test was
used for continuous variables. Fisher’s exact test was used
for nominal variables.

Single regression analysis was employed for
correlation coefficients of continuous variables and
considered the Pearson correlation coefficient of more than
0.4 as positive correlation. A p value of less than 0.05 was

considered statistically significant.

Figure 1 - An example of lobar segmentations and LAA on 3D-
CT images.
A, The yellow, blue, green, red and purple areas represent,
respectively, right upper lobe, right middle lobe, right
lower lobe, left upper lobe and left lower lobe. B, The red
area represent LAA.
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3. Results

3.1. Location of resected lobe and postoperative TLV

and LAA% change

Preoperative and postoperative lung volume (LV),
RLYV, increased rate (IR), preoperative and postoperative
LAA% and LAA% change in each lobe are shown in Table
1. Although postoperative LV increased in each lobe, the
degree of increase was different from each other. There was
no correlation between IR and number of lung segments
in each group. Similarly, there is no correlation between
IR and LAA% change. Tables 3and 4 show IR and LAA%
changes of the upper and lower lobectomy groups and right
and left lobectomy groups. Patients who underwent right
middle lobectomy were included in the upper lobectomy
group. In the upper lobectomy group IR (111.0 + 18.9 vs
103.9 £ 16.1, p=0.05) and LAA% changes (8.0 = 18.4 vs
0.5 £ 19.0, p=0.04) were significantly increased compared
to the lower lobectomy group. In contrast, there was no
significant difference between the right and left lobectomy
groups.

3.2. Factor of postoperative TLV and LAA% change

The 55 patients who were able to undergo
postoperative PFT were evaluated based on correlation
coefficients between IR and LAA% change, lung
subsegments and RLV, and preoperative and postoperative
changes in PFT (FEV1 and FVC) and LAA% as shown in
Table 5. Preoperative LAA% was correlated with LAA%
change as shown in Figure 2 (r = 0.4590). However, the IR
was not correlated with other factors.

3.3. Relationship between LAA% and PFT before and

after surgery

All the patients were divided into two groups
according to the mean preoperative LAA%; group 1 with
preoperative LAA% < 20% and group 2 with preoperative
LAA% > 20%. In group 2, preoperative FEV1% was
significantly lower (75.0 £ 9.1 vs 70.7 + 10.2%, p=0.02)
and postoperative LAA% was significantly decreased (20.0
+ 19.0 vs 32.8 + 18.4%, p < 0.01) compared to group 1.
However there was no significant difference in IR in each
group (Table 5). Table 8 shows significant improvement
in change of FEV1% in group 2 (0.4 + 7.4 vs 5.0 = 7.9%,

Table3
Upper lobectomy Lower lobectomy
(RUL+RML+LUL) (RLL+LLL) p value
N=71 N=40
Lung volume
Increased volume after opration (n 347.1+690 87.2+ 536 0.04
Increased rate (%) 111.0+18.9 103.9+16.1 0.05
LAA% (%)
Preoperative LAA% 189145 24.7+195 0.07
Postoperative LAA% 26.9+209 252+176 0.66
Change of LAA% 8.0+184 0.5+19.0 0.04

RUL=Right upper lobectomy. RML=Right middle lobectomy, RLL= Right lower lobectomy,
LUL= Left upper lobectomy, LLL=Left lower lobectomy
LAA=Low attenuation area, Number means mean = SD

Table4
Right side lobectomy Left side lobectomy
(RUL+RML+RLL+RMLL) (LUL+LLL) p value
=68 N=46
Lung volume
Increased volume after opration (n 261.6 =706 256.8 + 545 0.97
Increased rate (%) 109.0 = 20.0 108.0 £ 15.0 0.79
LAA% (%)
Preoperative LAA% 189+15.2 23.6+18.3 0.13
Postoperative LAA% 25.8+20.0 259+19.5 0.96
Change of LAA% 6.9+19.0 2.3+185 0.20

RUL=Right upper lobectomy, RML=Right middle lobectomy, RLL= Right lower lobectomy,
LUL= Left upper lobectomy, LLL=Left lower lobectomy, RMLL=right middel and lower bilobectomy
LAA=Low attenuation area, Number means mean + SD
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TableS
Increesed rate Change of LAA%
R R
Lung subsegments 0.2427 0.0738
Resected lung volume 0.0236 0.0657
Preoperative FEV1 0.1417 0.1417
Change of FEV1 0.2071 0.1763
Preoperative FVC 0.1919 0.0518
Change of FVC 0.0426 0.0796
Preoperative LAA% 0.0847 0.4590
Change of LAA% 0.2801 -
FEVi1=Forced expiratory volume in 1 second, FVC= Forced vital capacity.
LAA=Low attenuation area, LAA%=LAA/lung volume >*100
% : P —— surgery in 3D-CT images without complex programs"'™.
%0 Numerous studies have shown that LAA, which consists
0 | o . .. of pixels with attenuation values of -910 to -970 HU on
0| ° thin-section CT scans, is correlated well with results on
& pathologic distributions of emphysema. Therefore, LAA
f; has been recognized as an objective test value. In this study,
% we evaluated the effects of lobectomy for lung cancer with
the use of 3D-CT images and PFT on what we considered
an opposite phenomena, in which the LAA% increased
- . in the postoperative lung in correlation with an improved
. ° postoperative FEV1%"”.
" 10 Rl 30 40 50 60 70 80 Table 2 shows that the mean postoperative TLV

preoperative LAA% (%)

Figure 2 - Correlation between preoperative LAA% and LAA%
change.

p=0.03). There was no significant difference in FVC% in
both groups.

3.4. Relationship between COPD and TLV, LAA%, and

PFT

Tables 7 and 9 show the comparison between COPD
and non-COPD cases. Although there was a significantly
higher preoperative LAA% and FEV1% in the COPD
group, there was no significant change in LAA% in both
groups. Similarly, there was no significant difference in
change of FEV1% in both groups (Table 9).

4. Discussion

Assessments of emphysematous lung with the use of
CT scans have been reported, such as the Goddard method,
in which three points in the CT images are used'*'®. There
are reports on easy ways to calculate the lung volume and
LAA in each lobe with 3D-CT images'*'**”. We can access
several commercial workstations used to measure objective
and precise TLV and LAA% changes before and after

and LAA% increased in all patients. We estimated
that hyperinflation of the preserved lung occurred after
lobectomy in order to fill the space of the resected lung,
which resulted in increased LAA% after lobectomy. Table
3 shows the significantly less IR and LAA% changes in the
lower lobectomy group. We also believed that the space
where the resected lung previously existed was decreased
because the diaphragm became elevated. This condition
controlled hyperinflation of the preserved lung. Table 5
shows that the IR is not correlated with the subsegments,
RLYV, preoperative and postoperative changes in PFT (FEV1
and FVC) and LAA%. This findings entail that the resected
region is important than the RLV and preoperative LAA%
in terms of postoperative TLV change.

The absence of correlation between LAA% and IR
change and negative correlation between LAA% change
and preoperative LAA% suggest the existence of a different
mechanism. Negative correlation between LAA% change
and preoperative LAA% means that a lung with more
emphysematous lesion is less likely to develop further
emphysematous change after lobectomy. We estimate the
mechanism of emphysematous change after lobectomy is
not as the histological tissue change like emphysema as

the change of intake pressure action. In other words, the
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Table7
non-COPD COPD p value
N=63 N=51
Respiratory parameters
Preoperative FEV1% (%) 798= 5.8 645= 64 <0.01
Preoperative %FVC (%) 1141+19.8 111.1£18.6 0.41
Lung volume
Increased volume after opration (v 369.6 + 516 123.7+ 755 0.04
Increased rate (%) 112.0+16.5 104.3£19.1 0.02
LAA% (%)
Preoperative LAA% 17.6 £ 16.6 248+ 159 0.02
Postoperative LAA% 21.5+18.5 31.2+20.0 <0.01
Change of LAA% 39179 6.4=20.1 0.47

COPD=Chronic obstructive pulmonar disease

FEV1=Forced expiratory volume in 1 second. FVC= Forced vital capacity.
FEV1%=FEV1/FVC, %FVC=Percent-predicted forced vital capacity.
LAA=Low attenuation area, LAA%=LAA/lung volume >x100

Table8
Group 1 Group 2
preLAA% < 20% preLAA% = 20% p value
N=26 N=29

Respiratory parameters (%)
Preoperative FEV1% 749+ 9.2 703+ 9.7 0.08
Postoperative FEV1% 753+£123 753 +12.7 0.99
Change of FEV1% 04+ 74 50+ 79 0.03
Preoperative %FVC 109.7+214 120.0+16.5 0.05
Postoperative %FVC 96.4+24.6 99.9+198 0.56
Change of %FVC A133+133 A20.1+155 0.09

LAA% (%)
Preoperative LAA% 9.6+ 6.0 388+15.6 <0.01
Postoperative LAA% 259+£22.0 357195 0.09
Change of LAA% 16.3+£20.6 A3.1+181 <0.01

FEV1=Forced expiratory volume in 1 second, FVC= Forced vital capacity,
FEV1%=FEV1/FVC, %FVC=Percent-predicted forced vital capacity,
LAA=Low attenuation area, LAA%=LAA/lung volume x100, Number means mean = SD

Table9
non-COPD COPD p value
N=30 N=25

Respiratory parameters (%)
Preoperative FEV1% 79.6+5.1 64.0+6.2 <0.01
Postoperative FEV1% 81.5+79 67.8+12.8 <0.01
Change of FEV1% 193+ 72 386+ 88 0.37
Preoperative %FVC 1164+178 113.6 +21.6 0.61
Postoperative %FVC 101.6 £22.6 942+21.2 0.22
Change of %FVC A148+144 A195+152 0.25

LAA% (%)
Preoperative LAA% 21.4+20.1 29.2+16.8 0.13
Postoperative LAA% 259+20.8 37.2+£20.2 0.05
Change of LAA% 44+225 8.0+204 0.54

COPD=Chronic obstructive pulmonar disease

FEV1=Forced expiratory volume in 1 second, FVC= Forced vital capacity,
FEV1%=FEV1/FVC, %FVC=Percent-predicted forced vital capacity,

LAA=Low attenuation area, LAA%=LAA/lung volume %100, Number means mean + SD
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Table2
RUL RML RLL RMLL LUL LLL Total
Number of patients 40 8 17 3 23 23 114
Lung segments 3 2 5 7 4 4 3.6
Lung subsegments 6 4 12 16 10 10 8.4

Lung volume

(a) Preoperative lung volume 4723.7+ 1177 4557.9+1035 4218.1+1423 4859.8 £130 4259.7+985 4820.8+1033 4652.2+1126
(b) Resected lobe volume 986.1+ 296 408.1+ 97 898.7 = 288 13924+ 74 1118.2 £324 9333+ 344 953.9+ 345
(c) Postoperative lung volume 4032.4£1169 4387.4=x 227 3474.2 1290 3955.4+262 4044.1 £963  3924.7x 696 3952.7+1030
(d) Increased volume after opration
@=()-{@-0b)} 294.8 = 806 2375'%532 1548 +574 487.9 £ 421 476.3 £493 37.2+513 259.6 £ 644

Increased rate (%) 110.0 108.5 105.9 114.5 113.6 102.5 108.7
LAA% (%)

(a) Preoperative LAA% 192 +£14.9 15.1+10.7 20.8+18.0 13.6+15.9 19.7+15.3 27.6+£20.5 20.8+16.6
(b) Postoperative LAA% 26.0+21.0 349+178 24.1+18.38 8.1£:12 25.9+22.1 26.0£17.0 25.84+19.7
Percentage change between (a) & (b) 6.8+182 19.8+16.8 3.3+206 A55+153 6.1+18.6 Al.6+18.1 5.0+18.9

RUL=Right upper lobectomy. RML=Right middle lobectomy. RLL= Right lower lobectomy. LUL= Left upper lobectomy. LLL=Left lower lobectomy
RMLIL =right middel and lower bilobectomy. LAA=Low attenuation area. LAA%=LAA/lung volume <100

Table6
Group 1 Group 2
preLAA% <20% preLAA% = 20% p value
N=62 N=52
Respiratory parameters
Preoperative FEV1% (%) 75.0+ 9.1 70.7 £ 10.2 0.02
Preoperative %FVC (%) 109.9 £21.0 116.2+16.3 0.08
Lung volume
Increased volume after opration (1 220.5 = 696 306.2 =578 0.48
Increased rate (%) 108.5 £20.3 108.7 £ 15.1 0.94
LAA% (%)
Preoperative LAA% 9.1+ 64 349+139 <0.01
Postoperative LAA% 20.0+19.0 32.8+184 <0.01
Change of LAA% 10.9=17.1 A2.0=187 <0.01

FEV1=Forced expiratory volume in 1 second. FVC= Forced vital capacity.
FEV1%=FEV1/FVC, %FVC=Percent-predicted forced vital capacity.
LAA=Low attenuation area, LAA%=LAA/lung volume =100

lung with higher compliance like a healthy lung or one
with less emphysematous lesion is more likely to inflate
after lobectomy. This hypothesis seems to explain the
opposite phenomenon, which is the increased LAA% in
the postoperative preserved lung but also the same effect
of LVRS after lobectomy. However, LAA is defined as the
difference in CT values; wherein, we cannot distinguish
enlargement of the alveolus by hyperinflation from
histological tissue change, like emphysema, if we assess
only CT images. Therefore, further studies with lung tissues
in patients with re-lobectomy are needed to verify this
hypothesis.

As postoperative LAA% was significantly decreased
in the group with preoperative LAA% > 20%, lobectomy
in patients with more emphysematous lesion resulted
in decreased postoperative LAA%. The same effect
does not occur in comparing between COPD and non-
COPD groups, so that imaging tests might estimate more
accurately than PFT the postoperative emphysematous
change. Table 8 includes postoperative PFT, which shows

significant improvement in postoperative FEV1% in the
group with preoperative LAA% > 20%. Table 9, however,
shows no significant difference in postoperative FEV1%
between COPD and non-COPD groups. Therefore, a
high preoperative LAA% might be a factor for predicting
improvement of postoperative FEV1% after lobectomy.

5. Conclusions

In the present study, we demonstrated that the resected
lobe region is more important than the RLV and segment
number in postoperative TLV change after lobectomy,
especially upper lobectomy which is the most effective.
Preoperative LAA% is a negative factor of LAA% change.
Therefore, patients with severe emphysematous lung
are less likely to increase their postoperative LAA%.
Preoperative LAA% could be a predictive factor for

improvement in FEV 1% after lobectomy for lung cancer.
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6. Abbreviations

LVRS, Lung volume reduction surgery; CT, computed
tomography; PFT, pulmonary function test; FEV1, forced
expiratory volumes in one second; FEV1%, FEV1 %
of predicted; CPE, chronic pulmonary emphysema;
COPD, chronic obstructive pulmonary disease; LAA,
low attenuation area; 3D-CT, 3-dimensional computed
tomography; FVC, forced vital capacity; TLV, total lung
volume; RLYV, resected lobe volume; IR, increased rate
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