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Classification of chronic obstructive pulmonary disease based
on chest radiography”

Classificagcéo da doenca pulmonar obstrutiva crénica pela radiografia do térax

Leilane Marcos?, Gerson Linck Bichinho?, Emmanuel Alvarenga Panizzi®, Keidy Karla Gongcalves
Storino*, Davi Carpintéro Pinto*

Objective: Quantitative analysis of chest radiographs of patients with and without chronic obstructive pulmonary disease
(COPD) determining if the data obtained from such radiographic images could classify such individuals according to the
presence or absence of disease. Materials and Methods: For such a purpose, three groups of chest radiographic images
were utilized, namely: group 1, including 25 individuals with COPD; group 2, including 27 individuals without COPD; and
group 3 (utilized for the reclassification/validation of the analysis), including 15 individuals with COPD. The COPD
classification was based on spirometry. The variables normalized by retrosternal height were the following: pulmonary
width (LARGP); levels of right (ALBDIR) and left (ALBESQ) diaphragmatic eventration; costophrenic angle (ANGCF); and
right (DISDIR) and left (DISESQ) intercostal distances. Results: As the radiographic images of patients with and without
COPD were compared, statistically significant differences were observed between the two groups on the variables related
to the diaphragm. In the COPD reclassification the following variables presented the highest indices of correct classification:
ANGCF (80%), ALBDIR (73.3%), ALBESQ (86.7%). Conclusion: The radiographic assessment of the chest demonstrated
that the variables related to the diaphragm allow a better differentiation between individuals with and without COPD.
Keywords: Chronic obstructive pulmonary disease; Classification of COPD; Chest radiography.

Objetivo: O estudo avalia, quantitativamente, as radiografias toracicas de individuos com e sem doenca pulmonar obs-
trutiva crénica (DPOC) e verifica se dados obtidos da imagem radiografica podem classificar o individuo em com e sem
DPOC. Materiais e Métodos: Utilizaram-se trés grupos de imagens radiograficas toracicas: grupo 1, com 25 individuos
com DPOC; grupo 2, com 27 individuos sem DPOC; grupo 3 (utilizado na reclassificagdo/validagao da avaliagéo), com
15 individuos com DPOC. A classificagdo da DPOC tomou como base a espirometria. As varidveis utilizadas, normaliza-
das pela altura retroesternal, foram: largura pulmonar (LARGP), niveis de rebaixamento diafragmatico direito (ALBDIR)
e esquerdo (ALBESQ), angulo costofrénico (ANGCF) e distancias intercostal direita (DISDIR) e esquerda (DISESQ). Re-
sultados: Na comparagéo das radiografias de individuos com DPOC e sem DPOC houve diferenca estatistica entre os
dois grupos nas variaveis relacionadas com o diafragma. Para a reclassificagdo da DPOC, apresentaram maior indice de
classificagéo correta: ANGCF (80%), ALBDIR (73,3%), ALBESQ (86,7%). Conclusao: A avaliagdo do térax por meio de
imagens radiolégicas demonstrou que as variaveis que permitem uma maior discriminagéo entre individuos com e sem
DPOC sao aquelas relacionadas ao musculo diafragmatico.

Unitermos: Doenca pulmonar obstrutiva cronica; Classificagdo da DPOC; Radiografia de térax.
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INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) presents relevant extrapulmonary
effectswhich may contributeto aggravation
of the disease in some individuals. Such
disease is characterized by a limitation of
theair flow that isnot completely reversible
and isgenerally progressive and associated
with an exacerbated inflammatory response
of the lungs to harmful particles or gas™™.

Theclinical assessment of patientswith
COPD encompasses the evaluation of glo-
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bal aterations caused by the disease which
lead to weakness and impair their quality
of live:®9),

Individuals with chronic cough and ex-
pectoration and previous history of expo-
suretorisk factors must be assessed regard-
ing airflow limitation, even if dyspneais
not present. Spirometry isthegold standard
in the diagnosis and evaluation of COPD
sinceit isthe most reproducible, standard-
ized and objective way of measuring the
airflow limitation, and should be performed
in al the patients under suspicion of
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COPD 9, However, it should not be
isolatedly utilized in the diagnosissince an
analysis of spirometry data must be corre-
lated with clinical and radiological data by
aspecialist in order to reach areliableinter-
pretation of the pulmonary condition of the
patient™*19, Thus, chest radiography still
continues to be frequently requested for
evaluating thethoracic cagefor aidinginthe
diagnosis combined with other procedures
resulting from functional testsand with the
observed signs and symptoms**-13,

The analysis of chest alterations by
means of radiographicimagesis subjective
and may vary according to the investi-
gator’ s perception and experience. It would
be necessary to develop more effective
methods to quantify perceptible aterations
on the radiographic image.

Thus, the objective of the present study
was to evaluate chest radiographs fromin-
dividuals with and without COPD by
means of imaging variables and, based on
ROC (receiver operating characteristic)
curves, determining if the data obtained
from such radiographic images could clas-
sify suchindividuals according to the pres-
ence or absence of COPD.

MATERIALSAND METHODS

The present study was approved by the
Committee for Ethics in Research of
PontificiaUniversidade Catdlicado Paran&
(PUCPR), under No. 0002576/09 (CEP No.
2900 and Coneo 0040.0.084.000-09).

The study sample comprised individu-
als with diagnosis of moderate to severe
COPD with basison analysisof spirometry
results™*. Mean age of the population was
67 years. Thesamplewasdivided into three
groups as follows: group 1 (G1) compris-
ing 25 individuals with COPD; group 2
(G2), comprising 27 individuals without
COPD; and group 3 (G3), with 15individu-
aswith COPD utilized in the reclassifica-
tion of COPD with basis on imaging vari-
ables. The sample was selected according
the following inclusion criteria: @) signa-
tureof aterm of free and informed consent;
b) clinical diagnosis of moderate to severe
COPD with basis on spirometry for the
groups G1 and G319 ¢) preserved neuro-
cognitive functions; d) good-quality radio-
graphicimages. Exclusion criteriawerethe
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following: &) presence of associated severe
heart disease; b) presence of any other pul-
monary diseases such as fibrosis and
asthma.

For the three groups, posteroanterior im-
ages were acquired and processed at the
Rehabilitation Engineering Laboratory of
PUCPR, with 256 gray levels and 150-
pixel/inch resolution.

All the measurements on the images
were made by means of software devel oped
with the MatL ab® program by the medical
images research group of the Programme of
Post-graduation in Health Technology,
PUCPR, Curitiba, Brazil. A total of 67
images were analyzed, 25 from the group
G1, 27 from the group G2 and 15 from the
group G3. The software allowed the mea-
surements in pixels, and the data were re-
corded on an Excel® worksheet for later
analysis.

The following variables were consid-
ered for analysis (Figure 1): a) retrosterna
height: from the bottom to the top of the
right lung (considering that the left lung is
influenced by the cardiac ared); b) pulmo-
nary width (LARGP): between the sixth
and seventh intercostal spaces (since, ac-
cording to the literature, it is the middle
point of the rib cage; c) levels of right
(ALBDIR) and left (ALBESQ) diaphrag-

matic eventration: subdivided into height of
the right diaphragmatic base — from the
diaphragm baseline to the right costocar-
diac angle —, and height of the left dia-
phragmatic base — from the diaphragm
baseline to the left costocardiac angle; d)
costophrenic or costodiaphragmatic angle
(ANGCEF): between the angle line and the
diaphragm baseline; €) right (DISDIR) and
left (DISESQ) intercostal distance: that is
measured to evaluate the presence of in-
creased intercostal spaces. For the compari-
son of the values (in pixels) obtained from
the different individuals, it was necessary
to normalize such values. Thus, the vari-
ables normalization was made by dividing
their values by the retrosternal height. The
retrosternal height was selected for repre-
senting the different chest biotypes. Only
the costophrenic angle variable was not
normalized.

RESULTS

For each of the variables, thefollowing
null hypothesis was tested: the average in
G1 = average in G2 versus the aternative
hypothesis of different averages.

Differences were observed between G1
and G2 as regards the variables ANGCF,
ALBDIRand ALBESQ. No differencewas

ALB ESQ

Figure 1. Measurements evaluated at radiography.

Radiol Bras. 2013 Nov/Dez;46(6):327-332



Marcos L et al.

observed between G1 and G2 as regards
variables LARGP, DISDIR and DISESQ.

Table 1 shows the descriptive statistics
for each variable according to the groups
and the respective p values. Also, the 95%
confidence intervals are presented for the
averages.

The ROC curve was adjusted for each
imaging variableand thefollowing null hy-
pothesiswas tested: areaunder the curve =
0.5 (poor adjustment) versusthe alternative
hypothesis where the area under the curve
is> 0.5 (good adjustment). For the vari-
ables which presented a good adjustment,
cut-off points with best results of sensitiv-
ity and specificity were determined.

Thevariable LARGP (Figure2A) isnot
a good indicator for presence of COPD,

Classification of COPD based on chest radiography

since the area under the ROC curve was
0.476 (p = 0.762), indicating proximity
with the medial region on the graph, with
100% sensitivity and 18.5% specificity.

For the variable ANGCF the area under
the curve was obtained, but it was nearer
to theleft corner on the graph, correspond-
ing to 0.867 (p < 0.001), and indicating a
good adjustment, as shown on Figure 2B.

The variable ALBDIR presented the
area under the curve corresponding to
0.841 (p<0.001), indicating agood adjust-
ment as exhibited on the graph A (Figure
3). The variable ALBESQ presented the
area under the curve corresponding to
0.803 (p < 0.001), demonstrating a good
adjustment as shown on the graph B (Fig-
ure 3).

Table 1 Values for each variable according to groups G1 or G2.

For thevariable DISDIR, theareaunder
the curve corresponded to 0.637 (p =
0.077), indicating a marginally good ad-
justment (graph A on Figure 4). The vari-
able DISESQ presented the area under the
curve corresponding to 0.669 (p = 0.025),
indicating a good adjustment (graph B on
Figure 4).

Based on the above ROC curves data,
the individuals in group G3 were reclassi-
fied. Each of the patientsin group G3 (&l
of them with COPD) was classified aswith
or without disease with basis on the inter-
val defined by the cut-off point suggested
by the ROC curve, asshownon Table2. The
classification is considered correct if the
variable value is within the interval asso-
ciated with thedisease, andincorrect if not.

Variable Group n Average Cl 95% Median Minimum Maximum Standard deviation p value*
1 2 . .92-1. . . . .
LARGP G 5 0.97 0.92-1.03 0.94 0.84 1.15 0.10 0.707
G2 27 1.02 0.98-1.06 1.03 0.86 1.21 0.10
ANGCF G1 25 36.26 31.45-41.06 35.97 21.18 50.19 8.68 < 0.001
G2 27 54.06 51.54-56.57 56.12 41.24 68.50 6.35
1 2 . .10-0. . . . .
ALBDIR G 5 0.12 0.10-0.15 0.12 0.06 0.19 0.05 < 0.001
G2 27 0.18 0.17-0.19 0.17 0.12 0.25 0.03
ALBES G1 25 0.11 0.09-0.13 0.12 0.04 0.16 0.03 < 0.001
Q G2 27 0.14 0.13-0.15 0.14 0.08 0.19 0.03 ’
1 2 . .06-0. . . . .
DISDIR G 5 0.07 0.06-0.08 0.07 0.04 0.09 0.01 0.178
G2 27 0.06 0.06-0.06 0.06 0.04 0.08 0.01
G1 25 0.07 0.06-0.08 0.07 0.04 0.09 0.01
DISES 0.058
Q G2 27 0.06 0.05-0.06 0.06 0.03 0.08 0.01

* Student t test for independent samples, p < 0.05. LARGP, pulmonary width; ANGCF, costodiaphragmatic angle; ALBDIR, height of right diaphragm base; ALBESQ, height
of left diaphragm base; DISDIR, right intercostal distance; DISESQ, left intercostal distance.
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Figure 2. ROC curve graph for the variables pulmonary width and costodiaphragmatic angle.
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Figure 3. ROC curve graph for the variables height of the right diaphragm base and heigh of left diaphragm base.

Figure 4. ROC curve graph
for the variables right inter-
costal distance and left in-
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DISCUSSION ing from the disease which weaken the

Spirometry isof paramount relevance as
a resource to establish the diagnosis of
COPD, avoiding under- or overdiagnosisin
individuals with COPD. Such test is nec-
essary for the appropriate classification of
the presence or not of COPD®1014),

It should be considered that, at early
phases of COPD, thoracopulmonary alter-
ations are not perceptible at radiography
since such structural aterations emerge as
the disease advances™>17,

The spirometry diagnosisof COPD does
not consider the systemic alterationsresult-
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patient, affecting his’her quality of life.
Thus, the assessment of such alterationsis
required to add further data on the disease.
As alow-cost imaging method, radiogra-
phy alowsfor the analysis of biomechani-
cal aterations caused by COPD(*1819),
Asthe G1 and G2 were compared, dif-
ferenceswere observed inrelation the vari-
ables ANGCF, ALBDIR and ALBESQ.
Such variables are associated with alter-
ations of the diaphragm muscle which is
responsible for the filling and emptying of
thelungswhose up and down motion causes
rib cage expansion and retraction®®22,

tercostal distance.

Such motion is limited by the presence of
lungs hyperinflation originated from the
destruction of elastic fibers caused by em-
physema, so thelungslosetheir capacity of
retraction. As the disease develops, the in-
ternal retraction force becomessmaller than
the external retraction force of the chest
wall. Thus, the two opposite retraction
forces become imbalanced. The external
retraction force of the chest wall pushesthe
lungs and increases their volume causing
chest wall expansion and hyperinflation.
Also, the elastic fibers destruction leads to

air trapping, further increasing hyperinfla-
tions.23.24)

Radiol Bras. 2013 Nov/Dez;46(6):327-332
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Table 2 Reclassification of the individuals from G3 according the ROC curve.

Variable Criterion n Correct classification Incorrect classification
ANGCF <45 15 12 (80%) 3 (20%)
ALBDIR <0.1532 15 11 (73.3%) 4 (26.7%)
ALBESQ <0.1434 15 13 (86.7%) 2 (13.3%)
DISDIR > 0.0705 15 7 (46.7%) 8 (563.3%)
DISESQ > 0.0598 15 11 (73.3%) 4 (26.7%)

LARGR, pulmonary width; ANGCF, costodiaphragmatic angle; ALBDIR, height of right diaphragm base; ALBESQ,
height of left diaphragm base; DISDIR, right intercostal distance; DISESQ, left intercostal distance.

Because of the presence of hyperinfla-
tion, the zone of apposition of the dia-
phragm is decreased, which makesiitsin-
cursion more difficult, leading to respira-
tory muscles overload. Such diaphragmatic
eventration reduces the length of the respi-
ratory muscle fibers, decreasing the
strength required for their motion(6:222429,

A literature review demonstrates differ-
ences between chest radiographs from
healthy individuals and those with COPD
as regards right and left diaphragmatic
eventration and other variables such as
LARGP, ANGCF, DISDIRand DISESQ. In
the present study, significant differences
were also observed in relation to the two
latter variables. Such measurements refer
to the positioning of the ribswhich, during
the inspiration, also contribute to the chest
expansion by the action of the externa in-
tercostal inspiratory muscles. Such muscles
pull the rib cage up and out"?226:27,

The function of the externa intercostal
muscles is to maintain the space between
the ribs as well as elevating them, increas-
ing the posteroanterior and transverse di-
ameters of the rib cage. Thus, in case of
hyperinsuflation, the action of the dia-
phragm elongates the rib cage; and the ex-
ternal intercostal muscles, on their turn,
cause posteroanterior elongation, maintain-
ing the ribs positioning®27,

The ROC curves analysisindicated dif-
ferences in the variables ANGCEF,
ALBDIR, ALBESQ between healthy indi-
viduals and those with COPD.

Thereclassification of individualsfrom
G83, according to theinterval defined by the
cutoff point on the ROC curve for the im-
aging variables till presents low percent-
ages to be considered as a good indicator
to classify individuals with or without
COPD; the maximum value found was
86.7% for the variable ALBESQ.

Radiol Bras. 2013 Nov/Dez;46(6):327-332

Additionally, the sensitivity/specificity
ratio for the diagnostic test requires higher
values both for sensitivity for COPD and
specificity for absence of COPD as the
possiblevariablesfor itsdiagnosisare con-
sidered®®?®), And, even with good ROC
curve adjustments, such ratio still remains
unsatisfactory as imaging variables are
solely considered for an accurate diagno-
sis of COPD. According to the literature,
spirometry is the gold standard for the di-
agnosis of this disease™>19,

CONCLUSION

The differences observed between im-
ages from individuals with and without
COPD were most clearly observed particu-
larly invariables measuring the positioning
of the diaphragm, indicating that the posi-
tion of such muscleis significantly altered
in the presence of COPD.

Further studies are required in order to
obtain morereliable valuesfor ROC curves
as the mentioned variables are selected to
classify COPD at radiography.

This study presented limitations as re-
gardstheradiographic variablesnormaliza-
tion. The variable retrosterna height was
utilized, but such measurement is present
inthe COPD patients' chest that isalso sub-
jected to theinfluence of the hyperinflation,
so the data might be underestimated.
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