
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2015;7(8):1391-1397www.jthoracdis.com

Original Article

Quantative computerized tomography assessment of lung density 
as a predictor of postoperative pulmonary morbidity in patients 
with lung cancer

Tevfik Kaplan1, Gokce Kaan Atac2, Nesimi Gunal3, Bulent Kocer4, Aslıhan Alhan5, Sezai Cubuk6,  
Orhan Yucel6, Ebru Ozan Sanhal2, Koray Dural3, Serdar Han1

1Department of Thoracic Surgery, 2Department of Radiology, Ufuk University School of Medicine, Ankara, Turkey; 3Department of Thoracic 

Surgery, Kirikkale University School of Medicine, Kirikkale, Turkey; 4Department of Thoracic Surgery, Ankara Numune Teaching and Research 

Hospital, Ankara, Turkey; 5Department of Statistics, Ufuk University Faculty of Art and Science, Ankara, Turkey; 6Department of Thoracic Surgery, 

Gulhane Military Medical Academy, Ankara, Turkey

Contributions: (I) Conception and design: T Kaplan, GK Atac, N Gunal, B Kocer, A Alhan, K Dural, S Han; (II) Collection and assembly of data: T 

Kaplan, N Gunal, B Kocer, S Cubuk, O Yucel; (III) Data analysis and interpretation: T Kaplan, GK Atac, N Gunal, B Kocer, A Alhan, S Cubuk, O 

Yucel, EO Sanhal, K Dural, S Han; (IV) Manuscript writing: All authors; (V) Final approval of manuscript: All authors.

Correspondence to: Tevfik Kaplan, MD. Department of Thoracic Surgery, Ufuk University School of Medicine, Dr. Ridvan Ege Teaching and Research 

Hospital, Mevlana Bulvarı (Konya Yolu) No: 86-88, 06520 Balgat—Ankara, Turkey. Email: tevfikkaplan@yahoo.com.

Background: The aim of this study was to evaluate the pulmonary reserve of the patients via preoperative 
quantitative computerized tomography (CT) and to determine if these preoperative quantitative 
measurements could predict the postoperative pulmonary morbidity.
Methods: Fifty patients with lung cancer who underwent lobectomy/segmentectomy were included in the 
study. Preoperative quantitative CT scans and pulmonary function tests data were evaluated retrospectively. 
We compare these measurements with postoperative morbidity.
Results: There were 32 males and 18 females with a mean age of 54.4±13.9 years. Mean total density 
was −790.6±73.4 HU. The volume of emphysematous lung was (<−900 HU) 885.2±1,378.4 cm3. Forced 
expiratory volume in one second (FEV1) (r=−0.494, P=0.02) and diffusion capacity of carbon monoxide 
(DLCO) (r=−0.643, P<0.001) were found to be correlate with the volume of emphysematous lung. 
Furthermore FEV1 (r=0.59, P<0.001) and DLCO (r=0.48, P<0.001) were also found to be correlate with 
mean lung density. Postoperative pulmonary morbidity was significantly higher in patients with lower lung 
density (P<0.001), larger volume of emphysema (P<0.001) and lower DLCO (P=0.039). A cut-off point of 
−787.5 HU for lung density showed 86.96% sensitivity and 81.48% specificity for predicting the pulmonary 
morbidity (kappa =−0.68, P<0.001). Additionally a cut-off point of 5.41% for emphysematous volume 
showed 84.00% sensitivity and 80.00% specificity for predicting the pulmonary morbidity (kappa =0.64, 
P<0.001). According to logistic regression analyses emphysematous volume >5.41% (P=0.014) and lung 
density <−787.5 HU (P=0.009) were independent prognostic factors associated with postoperative pulmonary 
morbidity.
Conclusions: In this study, the patients with a lower lung density than −787.5 HU and a higher volume 
of emphysema than 5.41% were found to be at increased risk for developing postoperative pulmonary 
morbidity. More stringent precautions should be taken in those patients that were found to be at high risk to 
avoid pulmonary complications.
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Introduction

Lung cancer is one of the most common malignant 
neoplasm and leading causes of death from cancer 
worldwide. Surgical resection is the best treatment for 
early stage of non small cell lung cancer (NSCLC) (1). 
Emphysema is defined as the pathological air space 
enlargement beyond the terminal respiratory bronchioles. 
Both emphysema and lung cancer can arise from biological 
damage caused by smoking (2,3). Mean lung density 
measurement was formerly described in the follow-up of 
the emphysema progression and monitoring the effect 
of therapeutic interventions. Also there are too many 
scientific publications about the correlation of quantitative 
measurements of lung volumes with computed tomography 
(CT) and pulmonary function tests (4-6). In a recent 
study, the authors have found that CT densitometry and 
histological grading of emphysema were well correlated 
within the variation of pulmonary function in patients 
undergoing lobectomy for lung cancer. Additionally 
they have found lower reduction of pulmonary function 
after lobectomy in patients with a higher degree of  
emphysema (7). The aim of our study was to assess the 
correlation between volume of emphysema, mean lung 
density measured from the preoperative CT scans and 
postoperative morbidity.

Materials and methods

Fifty consecutive patients with NSCLC who underwent 
lobectomy/segmentectomy between February 2013 and 
March 2014 were enrolled retrospectively in this study. 
Exclusion criteria were pleural effusion, segmental or lobar 
atelectasis, bullae larger than 3 cm, previous, lobectomy, 
segmentectomy or pneumonectomy operations, fibrosis 
detected in the CT images. To standardize the surgical 
procedure we enrolled only the patients who have 
lobectomy or segmentectomy in the study.

Postoperative complications were defined as those 
occurring within 30 days of thoracotomy. Pneumonia: 
fever bigger than 38 ℃ for 48 hours, radiological evidence 
including atelectasis and documentation of pathological 
organism culture. Lobar atelectasis: atelectasis due to mucus 
plugging, evidenced on chest radiograph and requiring 
bronchoscopy. Pleural effusion: pleural effusion evidenced 
on chest radiograph or CT scan and requiring chest tube 
placement. Prolonged air leak: air leak requiring >7 days of 
postoperative chest tube drainage. This study was approved 

by the ethical committee of our institution.

Computed tomography (CT)

All CT images were produced in a multi detector row 
CT machine (MDCT). Peak kilovolt was 120 kV for all 
studies and automatic tube current modulation was allowed 
to change the milliampere for each slice to optimize the 
exposure for cross sectional thickness of the patient chest. 
Noise index was between 14 and 16.1. Slice thicknesses 
were between 3 to 5 mm for spiral mode with standard 
kernel and 1.25 to 2.5 mm for high resolution mode and 
appropriate kernel for each make of MDCT. Images of 
chest produced without IV contrast material were preferred 
for quantitative lung density and volume measurements. All 
preoperative CT examinations were performed during a 
breath-hold at deep inspiration and the same reconstruction 
algorithm used for CT images in all patients.

Emphysema calculation of lung CT images

All lung images were loaded and evaluated in a dedicated 
workstation (Advantage Workstation 4.2, General Electric 
Healthcare, USA). Images reconstructed after thresholding 
between −400 and −1,024 HU to remove the densities of 
other thoracic parts than air filled lung densities. Trachea, 
main bronchi and other gas containing structures nearby 
like stomach and colon were removed manually by “remove 
object” function of the software. A histogram was created 
after pure lung density volume model was obtained. Whole 
lung volume, mean lung density, and standard deviations 
were recorded for each patient. Emphysematous lung 
volume was measured by relocating the minimum lung 
density bar from −400 to −900 HU on histogram image. 
Average lung density for emphysematous lung volume, 
percentage to total lung volume and standard deviation 
were recorded again. Each lung volume was measured in 
addition by removing the right lung volume manually and 
repeating the procedure above for the left lung.

Pulmonary function tests

In all patients, forced expiratory volume in one second 
(FEV1), forced vital capacity (FVC), and diffusion capacity 
of lungs for carbon monoxide (DLCO) were analyzed 
preoperatively in a standardized attitude (Vmax Encore 
system, Germany).
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distributed data were analyzed with Mann-Whitney U-test. 
Spearman correlations were assessed between the variables.

Receiver operating characteristic (ROC) curve, Youden 
index and area under the curve (AUC) were calculated to 
test the effectiveness of lung density and emphysematous 
volume to predict postoperative pulmonary morbidity. The 
factors affecting postoperative pulmonary morbidity were 
evaluated with univariate analyses and in case of P<0.25 the 
factors also evaluated with multivariate logistic regression 
analyses. A P value less than 0.05 was noted as statistically 
significant.

Results

Fifty patients (32 males, 18 females with a mean age 
of 54.4±13.9 years) who were operated for lung cancer 
constituted the study population. Forty percent of the 
patients were ex-smokers whereas 60% were current 
smoker and the mean pack-years smoked were 49±19 years.  
All resections were performed through a postero-lateral 
thoracotomy. Twenty patients had lower lobectomy,  
18 patients had upper lobectomy and three patients had 
middle lobectomy. All segmentectomies were done from the 
lower lobe (Table 1). There was no operative mortality. Also 
the type of surgery did not affect the pulmonary morbidity 
(P=0.2).

Twenty four pulmonary complications were occurred in  
16 patients postoperatively: pneumonia (n=2), lobar atelectasis 
(n=8), pleural effusion (n=4), prolonged air leak (n=10). 
There were no statistically significant differences between 
gender regarding age, pulmonary function parameters, and 
quantitative measurements of the lungs (P>0.05). Mean FEV1 
(% of predicted), mean FVC (% of predicted) and mean 
DLCO (% of predicted) were 72.7%±11.6%, 81.6%±9.7%, 
and 66.8%±17.3% respectively. Mean total lung volume 
was 4,446.3±1,672.7 cm3; mean total lung density was 
−790.6±73.4 HU. The volume of emphysematous lung was 
(<−900 HU) 885.2±1,378.4 cm3 (Table 2).

FEV1 (r=−0.494, P=0.02) and DLCO (r=−0.643, 
P<0.001) were found to be correlate with the volume of 
emphysematous lung. Furthermore FEV1 (r=0.59, P<0.001) 
and DLCO (r=0.48, P<0.001) were also found to be 
correlate with mean lung density.

A comparison was done between pulmonary morbidity 
and quantitative CT analysis of lung parenchyma and 
spirometric findings. Postoperative pulmonary morbidity 
was found to be significantly high in patients with lower 
density (P<0.001), with higher volume of emphysema 

Table 1 Demographic data of the patients

Variables n=50 [%]

Sex

Male 32 [64]

Female 18 [36]

Histological subtype

Squamous carcinoma 36 [72]

Adenocarcinoma 14 [28]

Stage

I 16 [32]

II 26 [52]

IIIA 8 [16]

Smoking status

Current smoker 30 [60]

Former smoker 20 [40]

Pack years 49±19

Operation

Lobectomy 41 [82]

Segmentectomy 9 [18]

Table 2 Results of the pulmonary function tests and CT 
densitometry

Variables Mean ± SD

FEV1 (% predicted) 72.7±11.6

FVC (% predicted) 81.6±9.7

FEV1/FVC 78±12.4

DLCO (% predicted) 66.8±17.3

Total lung volume (cm3) 4,446.3±1,672.7

Right lung volume (cm3) 2,309±912.3

Left lung volume (cm3) 2,136.8±848.9

Emphysamatous volume (cm3) (<−900 HU) 885.2±1,378.4

Lung density (HU) 790.6±73.4

CT, computed tomography; FEV1, forced expiratory volume 

in one second; FVC, forced vital capacity; DLCO, diffusion 

capacity of carbon monoxide.

Statistical analyses

Statistical analyses were done using IBM SPSS Statistics 
v 21 (IBM Corp. Released 2012. IBM SPSS Statistics for 
Windows, Armonk NY, USA). Results are presented as 
mean ± SD. Testing for normally distributed continuous 
data was done using student t-test. Non-normally 
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(P=0.012), pleural effusion (P=0.011), and prolonged air 
leaks (P<0.001) were found to be significantly high in 
patients with higher volume of emphysema.

We determined centrilobular in 13 patients, panlobular 
emphysema in six patients and paraseptal emphysema 
in six patients and we could not determine emphysema 
by visual CT evaluation in 25 patients. There was no 
correlation between emphysema subtype and pulmonary 
morbidity (P=0.311). Emphysema was mainly observed in 
the upper lobes in 18 patients. In seven patients emphysema 
was extensive. The emphysema was heterogeneous in 
all patients. Also there was no correlation between the 
distribution of emphysema and pulmonary morbidity 
(P=0.4).

Analysis of the ROC curve showed an AUC of 0.898 [95% 
confidence interval (CI), 0.810-0.985, P<0.001] for lung 
density predicting postoperative pulmonary morbidity with 
an optimal cut-off value of 787.5 HU. The sensitivity and 
specificity for the cut-off value of density were 86.96% and 
81.48% (kappa =−0.68, P<0.001) respectively. The positive 
predictive value and negative predictive value for the  
cut-off value of density were 0.80 (95% CI, 0.659-0.896) and  
0.88 (95% CI, 0.750-0.950) respectively (Figure 1). 
Additionally a cut-off point of 5.41% for emphysematous 
volume showed 84.00% (95% CI, 0.654-0.936) sensitivity and 
80.00% (95% CI, 0.609-0.911) specificity for predicting the 
pulmonary morbidity (kappa =0.64, P<0.001). The AUC value 
for emphysematous volume was 0.878 (95 CI, 0.776-0.980,  
P<0.001). The positive predictive value and negative 
predictive value for the cut-off value of emphysematous 
volume were 0.81 (95% CI, 0.667-0.901) and 0.83 (95% CI, 
0.696-0.919) respectively (Figure 2).

According the univariante analyses sex (P=0.022), 
lung density <−787.5 HU (P<0.001) and emphysematous 
volume >5.41% (P<0.001) were affecting the postoperative 
pulmonary morbidity (Table 3). Among these significant 
variables evaluated by univariate analyses, independent 
prognostic factors of postoperative pulmonary morbidity 
as determined by multivariate analyses were lung density 
<−787.5 HU (P=0.009) and emphysematous volume >5.41% 
(P=0.014) (Table 4).

Discussion

Emphysema is anatomically defined as an abnormal 
permanent enlargement of the air space distal to the 
terminal bronchioles (8). CT densitometry is frequently 
used to evaluate the extent and severity of parenchyma 

Figure 1 ROC plot for lung density. ROC, receiver operating 
characteristic; AUC, area under the curve; PPV, positive predictive 
value; NPV, negative predictive value.

Figure 2 ROC-plot for emphysematous volume (%). ROC, 
receiver operating characteristic; AUC, area under the curve; PPV, 
positive predictive value; NPV, negative predictive value.
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(P<0.001) and with lower preoperative DLCO (P=0.039). 
However there was no correlation between preoperative 
FEV1 and pulmonary morbidity (P=0.09).

When we looked at the correlation of quantitative 
CT measurements with each pulmonary complication, 
pneumonia (P=0.015), lobar atelectasis (P=0.02), pleural 
effusion (P=0.03) and prolonged air leaks (P<0.001) were 
found to be significantly high in patients with lower 
density. Furthermore pneumonia (P=0.02), lobar atelectasis 
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preoperative CT without incurring additional costs (12,13).
Quantitative CT scanning has been studied to determine 

the severity of the emphysema and it may reflect the 
volume of functioning pulmonary tissue more precisely. 
It is also superior to spirometry to detect the early stage 
emphysema (14,15). There are several reports concerning 
about the value of quantitative CT to predict the pulmonary 
function after lung cancer surgery. Their findings indicate 
that quantitative CT has a better potential for predicting 
the postoperative pulmonary functions than spirometric 
measurements. It also shows good agreement with perfusion 
scintigraphy (13,16-18).

In a study the authors established a novel means of predicting 
postoperative hypoxemia by quantitative CT. They stated 
that quantitative CT was superior to conventional spirometric 
variables in predicting postoperative hypoxemia (19).  
In another study the authors found that quantitative CT in 
combination with spirometric measurements may improve 
prediction of cardiopulmonary complications in patients 
undergoing lobectomy for lung cancer (20).

In the current study we have found preoperative FEV1 
and DLCO were correlated with mean lung density and 
emphysematous volume assessed with preoperative CT. 
We have investigated the correlation of preoperative 
quantitative CT measurements of lungs with postoperative 
pulmonary morbidity. Lung density showed a negative 
correlation with postoperative pulmonary morbidity. On 
the other hand emphysematous volume measured from 
the preoperative CT showed a positive correlation with 
postoperative pulmonary morbidity. According to the ROC 
analysis an AUC for lung density predicting postoperative 
pulmonary morbidity was 0.898 with a cut-off value of 
−787.5 HU. An AUC for emphysematous volume predicting 
postoperative pulmonary morbidity was 0.878 with a cut-off  
value of 5.41%. The sensitivity and specificity of both lung 
density and emphysematous volume for predicting the 
postoperative pulmonary morbidity were higher than 80%. 
Additionally our results according to multivariate analyses 
showed that lung density <787.5 HU and emphysematous 
volume >5.41% was strong independent prognostic factors 
for postoperative pulmonary morbidity.

Early changes in lung parenchyma due to cigarette 
smok ing  cou ld  be  de tec ted  by  quant i t a t i ve  CT 
measurements before any deterioration in pulmonary 
functions (21). On CT images attenuation values between 
−400 to −1,024 HU were considered to limit the lung 
parenchyma from the surrounding tissues. There are several 
studies focused on attenuation lower than −900 HU for 

Table 3 Univariate analyses of the variables that can affect 
postoperative pulmonary morbidity

Variables Odds ratio
95% confidence 

interval
P value

Sex 4.33 1.24-15.21 0.02*

Age 0.98 0.94-1.02 0.37

FEV1 0.97 0.94-1.01 0.11

DLCO 0.96 0.93-1.00 0.05*

Smoking

(pack-year)

4.96 0.05-497.60 0.49

Emphysematous 

volume >5.41%

21.00 4.93-89.56 <0.001*

Lung density 

<787.5 HU

29.33 6.02-138.78 <0.001*

Operation type 2.32 0.85-2.25 0.2

*, statistically significant. FEV1, forced expiratory volume in 

one second; DLCO, diffusion capacity of carbon monoxide.

Table 4 Multivariate logistic regression analyses of prognostic 
factors for postoperative pulmonary morbidity

Variables Odds ratio
95% confidence 

interval
P value

Sex 0.66 0.81-5.35 0.70

DLCO 0.71 0.44-1.44 0.16

Emphysematous 

volume >5.41%

14.70 1.71-126.69 0.014*

Lung density 

<787.5 HU

18.20 2.06-160.79 0.009*

*, statistically significant. DLCO, diffusion capacity of carbon 

monoxide.

destruction in chronic pulmonary emphysema (9). 
Anatomical lung resection is still the only curative treatment 
in patients with localized disease of NSCLC and this 
treatment option is associated with morbidity of 12-50% 
and mortality of 2-12% (10).

The most significant risk factor for both emphysema 
and lung cancer in the developed countries is cigarette 
smoking. Emphysema is the most common coexisting lung 
disease in patients with lung cancer and it generally cause 
postoperative pulmonary morbidity after lung resection (11). 
CT of chest is the primary modality to stage lung cancer 
and to detect the candidates for surgical resection. Also 
quantitative measurements of lungs could have done from the 
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quantitative assessment of emphysema but on the other 
hand studies assessing the attenuation higher than −900 HU 
are rare (22,23). Karimi et al. studied about assessment of 
lung parenchyma inflammation in current smoker of chronic 
obstructive pulmonary disease patients and they focused on 
the areas between −750 and −900 HU representing lung 
tissues in the denser normal range to quantify the early 
signs of pulmonary disease. They have found smokers have 
denser lungs than never smokers and the density in smokers 
is associated to measures of systemic inflammation and 
cell concentration in bronchoalveolar lavage (24). In this 
study 60% of the patients were current smokers and the 
patients who have a mean density lower than −787.5 HU  
had a high pulmonary complication rate. This can be 
explained with arithmetic mean of heterogeneous lung 
tissue and inflammation in the denser normal range of lung 
parenchyma due to smoking.

Prolonged air leaks, is the most common postoperative 
condition that causes a prolonged hospital stay, for patients 
who undergo pulmonary resections. It is an unwanted 
complication because it increases risks of pneumonia, 
empyema, and increases risks of thrombo-embolism due to 
prolonged hospital stay. Also it has been demonstrated that 
air leak lasting more than 5 days was associated with greater 
pulmonary morbidity, such as atelectasis, pneumonia, and 
empyema (25-28). Emphysema is regarded as a risk factor 
for developing prolonged air leak in cases where patients 
with emphysema require an operation (26,29). This is 
possibly due to underlying lung substrate in patients with 
emphysema is more easily injured during surgery and takes 
longer to heal. In our study prolonged air leaks were the 
most common postoperative complication and it was found 
to be significantly high in patients with higher volume of 
emphysema and lower density.

In summary, we suggest that measurements of density 
and emphysematous volume from the preoperative CT 
in lung cancer are easy, without extra charges and widely 
available method seemed to have potential to predict the 
postoperative pulmonary morbidity.
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