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Abstract
Objective: To correlate tomographic findings with pulmonary function parameters in patients with idiopathic pulmonary fibrosis (IPF). 
Methods: A cross-sectional study was carried out, in which 30 nonsmoking patients with IPF were evaluated. Using a semiquantitative 
scoring system, the following high-resolution computerized tomography (HRCT) findings were quantified: total interstitial disease (TID), 
reticular abnormality/honeycombing, and ground-glass opacity (GGO). The functional variables were measured by spirometry, forced 
oscillation technique (FOT), helium dilution method, as well as the single-breath method of measuring diffusion capacity of the lung for 
carbon monoxide (DLCO). Results: Of the 30 patients studied, 18 were female, and 12 were male, with a mean age of 70.9 years. We found 
that TID and reticular abnormality and honeycombing correlated significantly (negative correlations) with the measurements of forced vital 
capacity (FVC), total lung capacity (TLC), DLCO, and dynamic respiratory compliance were found, as well as that GGO correlated significantly 
(and positively) with residual volume/TLC. The ratio of forced expiratory flow between 25 and 75% of FVC to FVC (FEF25-75%/FVC) correlated 
positively with TID, reticular abnormality/honeycombing, and GGO. Conclusion: In IPF patients, the measurements of volume, diffusion, and 
dynamic compliance are the physiological variables which best reflect the extent of the interstitial disease on HRCT scans.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic 
interstitial fibrosing disease and, by definition, of 
unknown etiology, limited to the lung. It is clas-
sified as one of the forms of idiopathic interstitial 
pneumonia, characterized by the usual interstitial 
pneumonia (UIP) histologic pattern.(1)

In pulmonology practice, imaging and respi-
ratory function tests are the examinations most 
frequently used in the management of IPF. Surgical 
lung biopsy, although essential to the definition of 
a diagnosis of UIP, is an invasive method. Therefore, 
it is not indicated during the follow-up and evalu-
ation of the therapeutic response. In addition, the 
region examined may not represent the anatomopa-
thology of the lungs as a whole, which hinders 
correlation studies.(1-3) Therefore, in view of the 
routine use of radiological and pulmonary function 
tests, it is fundamental to determine the correlation 
between these two methods.

Since the 1960s, results of imaging methods 
have been correlated with those of pulmonary func-
tion tests. Initially, chest X-rays were used in this 
type of study. However, the extent of radiological 
involvement did not correlate well with the intensity 
of the functional disturbance in IPF.(4)

Another radiological method used in the correla-
tion with pulmonary function is the high-resolution 
computerized tomography (HRCT). Since its advent, 
HRCT has been recognized as an important tool in 
the evaluation of IPF. It is currently considered the 
best method of evaluating the extent of pulmonary 
involvement.(5) This has encouraged the conduction 
of studies with the aim of evaluating the correla-
tion between the extent of the interstitial disease 
and functional abnormalities. However, due to the 
inclusion of individuals with occupational diseases 
and connective tissue disease, as well as smokers 
and former smokers, in these samples, there has 
been great variability in the results.(6-10) Some of 
these studies and international consensuses empha-
size the pronounced influence of emphysema on 
the interpretation of pulmonary function tests, 
highlighting its interference with the study of corre-
lations.(1,6,7)

Therefore, our objective was to correlate imaging 
with pulmonary function in nonsmoking individuals 
with IPF. To that end, we used HRCT and various 
testing methods, including spirometry, forced oscil-

lation technique (FOT), helium dilution method and 
determination of single-breath diffusing capacity of 
the lung for carbon monoxide (DLCO), for a more 
detailed analysis of pulmonary function.

Methods

From March of 2005 to November of 2006, a 
descriptive cross-sectional study was conducted, 
evaluating 41 nonsmoking patients diagnosed with 
IPF. Participants were previously informed about the 
objective of the study and gave written informed 
consent, according to current ethical norms. The 
protocol was approved by the Ethics in Research 
Committee of the Pedro Ernesto University Hospital 
of the Rio de Janeiro State University.

Considering the objectives of the study, one of 
the inclusion criteria was a surgical lung biopsy 
consistent with a diagnosis of UIP. In the absence 
of histopathological material, patients were eligible 
for inclusion in the study if they met all of the major 
criteria and at least three of the minor criteria, as 
follows(1,11):

Major criteria: no history of known diseases 
which affect the lung in a similar form, such as 
collagen-related diseases, environmental expo-
sure and exposure to drugs; restricted pulmonary 
function and/or gas exchange alteration; HRCT 
findings of infiltrates in the lung bases and ‘little’ 
ground-glass opacity; and transbronchial biopsy 
or bronchoalveolar lavage ruling out other known 
diseases.

•	Minor criteria: aged 50 and above; dyspnea 
of insidious onset and unknown cause; having 
the disease for over three months; and ‘velcro’ 
type bibasilar rales.

•	Smokers and former smokers were excluded, as 
were individuals with asthma and those with a 
history of another pleuropulmonary disease or 
congestive heart failure.

The following instruments were used in the clin-
ical, radiological and functional evaluation:

a)	Systematic protocol of clinical evaluation, 
including physical examination and detailed 
anamnesis of occupational history and expo-
sure in the domestic environment, especially 
to inorganic dust and environments propi-
tious to exposure to organic inhalants. In 
addition, we used a guided questionnaire 
for the inclusion of patients, with questions 
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related to the time since diagnosis, treatment 
of the disease, respiratory symptoms and 
comorbidities. Using this instrument, dyspnea 
was graded based on the scale established by 
the American Thoracic Society.(12)

b)	Pulmonary function testing comprised FOT, 
spirometry, helium dilution method and 
determination of single-breath DLCO. The 
FOT was performed using an impedance 
analyzer, and the following parameters were 
evaluated: resistance at the intercept (R0), 
slope of resistance (S), mean resistance (mR) 
and dynamic respiratory compliance (Crs,dyn).
(13) The remaining tests were carried out using 
the Collins Plus Pulmonary Function Testing 
Systems (Warren E. Collins, Inc., Braintree, 
MA, USA) and followed the standardization 
and interpretation of the Brazilian Thoracic 
Society.(14) Equations devised by Pereira 
(spirometry) and Neder (static lung volumes 
and diffusion) were used in the interpretation 
of the following parameters(15-17):
•	spirometry: forced vital capacity (FVC), 

forced expiratory volume in one second 
(FEV1), FEV1/FVC ratio, forced expiratory 
flow between 25 and 75% of FVC (FEF25-75%) 
and FEF25-75%/FVC ratio;

•	helium dilution method: residual volume 
(RV), total lung capacity (TLC) and RV/TLC 
ratio; and

•	determination of single-breath DLCO.
c)	 the following technique was used for 

HRCT: GE equipment, HISPEED model; 
1-mm thick slices, at 1.5 s intervals and 
increased by 10  mm; image reconstruc-
tion with a 512 × 512 pixel matrix, using a 
high resolution algorithm; 1000 HU width 
window; −700  HU medium window level. 
Interpretation of tomographic findings was 
performed according to a consensus among 
four radiologists with extensive experi-
ence in interstitial disease. In the absence of 
histologic material, the diagnosis of IPF by 
HRCT was accepted only upon concordance 
of all readers and if all clinical and func-
tional criteria described above were met. An 
initial overall analysis of the HRCT (without 
considering cut-off levels) was conducted, 
in search of the following findings: nodules, 
ground-glass opacities, reticular abnormality, 

honeycombing (cysts < 3 mm and > 3 mm), 
traction bronchiectasis, air trapping areas and 
emphysema.(18,19) Subsequently, the HRCT was 
evaluated as to the extent and intensity of 
interstitial lung involvement, considering five 
cut-off levels: 1) origin of major vessels; 2) 
aortic arch level; 3) carina; 4) confluence of 
pulmonary veins; and 5) 1 cm above the right 
diaphragm.(6,19-21) Using a semiquantitative 
evaluation system, each of these levels (right 
and left, separately, totaling 10 levels) was 
analyzed as to the following aspects:
•	Score of total interstitial disease (TID, 

including reticular abnormality, honey-
combing, ground-glass opacity and other 
alterations):
0)	no alteration;
1)	interstitial disease involving ≤ 5% of the 

area;
2)	interstitial disease involving 6-25% of 

the area;
3)	interstitial disease involving 26-49% of 

the area;
4)	interstitial disease involving 50-75% of 

the area; and
5)	interstitial disease involving > 75% of 

the area.(10,22,23)

•	Score of extent of reticular abnormality and 
honeycombing:
0)	no  reticular  abnormality  or  honey-

combing;
1)	reticular abnormality and no 

honeycombing;
2)	honeycombing (with or without reticular 

abnormality) involving < 25% of the 
area;

3)	honeycombing involving 25-49% of the 
area;

4)	honeycombing involving 50-75% of the 
area; and

5)	honeycombing involving > 75% of the 
area.(10,22,23)

•	Score of ground-glass opacity extent:
0)	no ground-glass opacity;
1)	ground-glass opacity involving ≤ 5% of 

the area;
2)	ground-glass opacity involving 6-25% 

of the area;
3)	ground-glass opacity involving 26-49% 

of the area;
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4)	ground-glass opacity involving 50-75% 
of the area; and

5)	ground-glass opacity involving > 75% of 
the area.(10,22)

For the analysis of HRCT findings, estimated 
pulmonary involvement was obtained using an influ-
ence factor (‘weight’) to correct different pulmonary 
volumes at each level, as follows(19):

•	origin of major vessels - weight = 0.129;
•	aortic arch level - weight = 0.190;
•	carina - weight = 0.222;
•	confluence of pulmonary veins - 
weight = 0.228; and

•	1  cm  above  the right diaphragm 
‑ weight = 0.230.

In the end, TID, reticular abnormality/honey-
combing and ground-glass opacity levels were 
obtained by totaling the scores for each level. An 
example of how these scores were obtained is shown 
in Figure 1.

After clinical and functional criteria had been 
applied, HRCT findings had been analyzed and the 
surgical lung biopsy material had been reviewed, 
11 patients were excluded from the study. Therefore, 
the final sample comprised 30 patients with IPF.

The statistical program used was Statistica 
5.01b (StatSoft, Inc., Tulsa, OK, USA). All variables 

were initially analyzed descriptively. The analysis 
of continuous variables was carried out through 
observation of minimum and maximum values, 
and calculation of means and standard deviations. 
Absolute and relative frequencies were calculated 
for categorical variables. Correlations between func-
tional indices and tomographic scores were studied 
using Pearson’s parametric test, since variables 
presented normal distribution. In this study, values 
of p ≤ 0.05 were considered significant.

Results

Clinical characteristics of the sample are 
demonstrated in Table 1, where we can see that, 
of the 30 patients evaluated, 18 were female, and 
12 were male. Mean age was 70.9 years, ranging 
from 51 to 93 years. In 15 of the 30 patients, the 
diagnosis of IPF was confirmed by antemortem 
open lung surgical biopsy; in the other 15, diag-
nosis was given based on the American Thoracic 
Society criteria.(1)

Mean and standard deviation of pulmonary 
function indices are given in Table 2. Restrictive 
syndrome was diagnosed in 26 patients of the 
sample (only four presented normal TLC), and 
11  patients presented supranormal volume-nor-

a b

Figure 1 - Example of extent of disease score obtained on high-resolution computerized tomography of an 80-year-old 
man with idiopathic pulmonary fibrosis. At cut-off levels 1, 2 and 3, the test was normal. At level 4 (confluence of 
pulmonary veins, Figure 1a), test was given degree 2 (honeycombing involving <25% of the area) for both lungs 
(total = 4). At level 5 (1 cm above right diaphragm, Figure 1b), degree 3 (honeycombing involving 25 to 49% of 
the area) for right lung and 2 for left lung (total = 5). After applying correction factors for each cut-off level, scores 
obtained were 0.91 (4 × 0.228) for level 4 and 1.15 (5 × 0.230) for level 5. Therefore, adding up the scores, we observe 
a total value of 2.06 for honeycombing extent.
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malized flows (FEF25-75%/FVC ratio above 150% of 
theoretical value).(15) None of the patients evaluated 
presented airflow limitation. The DLCO was at the 
lower limit of normality or below 40% of the theo-
retical value in 29 and 17 patients, respectively.

Regarding tomographic alterations, we did not 
observe nodules, areas of air trapping or emphyse-
matous lesions in any of the tests, whereas reticular 
abnormality and honeycombing were detected in 
30 and 26 cases, respectively. Ground-glass opaci-
ties were noticed in only 11 cases (36.7% of the 
sample) and, in all of them, the areas were not very 
extensive. Table 3 shows the principal tomographic 
findings detected in this group of patients, as well 
as mean scores.

Linear correlation coefficient values between 
pulmonary function parameters and parameters 
obtained by tomographic analyses are expressed in 
Table 4.

The analysis of 30 tomography scans revealed 
better results for measurements of volume, compli-
ance and diffusion, which correlated negatively with 
tomographic scores. To a lesser extent, corrected 
expiratory flow rates (FEF25-75%/FVC) also correlated 
positively with the scores evaluated.

Discussion

In this study, we carefully eliminated the effects 
of tobacco on pulmonary function tests. To that end, 
only nonsmokers were analyzed. Similarly, individ-

uals with concomitant asthma were excluded, since 
airflow limitation is one of the characteristics of the 
disease. The HRCT analysis was performed using 
the visual method of interpretation and quantifica-
tion of the lesions, since this method most closely 
approximates that used in pulmonology practice.

In our cases, we observed that restrictive defect 
occurred in 86.7%, in contrast to the findings of 
most studies, in which, by virtue of not excluding 
smokers or former smokers, pulmonary volumes 
were found to be relatively preserved in a significant 
portion of the study samples.(24,25) This difference 
is due to the effect of emphysema which, through 
air trapping and hyperinflation of the lungs, can 
ultimately mask the effect of fibrosis in decreased 
pulmonary volumes.(1) Regarding volume-normal-
ized flows, it is interesting to note the extremely 
high mean FEF25-75%/FVC ratio observed in individ-
uals with IPF (150.4% of the theoretical value). This 
finding is fundamental, since it has an important 
relationship with the prognosis.(26)

There are no FOT values of normality for dynamic 
compliance. However, the extent of the effect of 
fibrosis on the Crs,dyn of the patients studied can 
be easily evaluated, considering the mean found 
in the present study (10 mL/cmH2O) and the mean 
values previously reported for normal individuals 
(40 mL/cmH2O).(27)

Another pulmonary function finding that 
draws our attention is the measurement of diffu-
sion capacity, <40% of the theoretical value in 
56.7% of the cases. Recently, one study presented 
an IPF grading system based solely on the analysis 
of pulmonary function. In that study, the authors 
established a cut-off point of 40% of the theoret-
ical value in DLCO in order to set the patients with 
limiting disease apart from those with advanced 
disease and stated that, in the latter, lung transplant 
should be formally indicated.(2)

In IPF, no other test facilitated the diagnostic 
evaluation as much as did HRCT, which allows the 
acquisition of detailed images, close to macroscopic 
anatomy, with almost 90% accuracy in the diag-
nosis of the disease.(1,23) In addition to allowing 
early diagnosis, this technique also helps limit the 
number of differential diagnoses and allows the 
evaluation of disease activity and extent of inter-
stitial involvement. In patients with IPF, the extent 
of fibrosis on the HRCT has proven to be one of 
the most reliable prognostic indices.(1,28) In our study 

Table 1 - Clinical characteristics of 30 patients with 
idiopathic pulmonary fibrosis.

Characteristic n % Mean
Age (years) - - 70.9
Gender      

Female 18 60.0 -
Male 12 40.0 -

Time since diagnosis (months) - - 20.2a

Previous or current treatment 14 46.7 -
Clubbing 19 63.3 -
Dyspnea      

Degree 0 3 10.0 -
Degree 1 10 33.3 -
Degree 2 4 13.3 -
Degree 3 7 23.3 -
Degree 4 6 20.0 -

aTime since diagnosis, at evaluation, ranged from 1 month to 
5 years.
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sample, we observed the presence of honeycombing 
and traction bronchiectasis in 86.7% and 90% of 
the cases, respectively, in accordance with other 
studies which diagnosed these lesions in up to 96% 
of the cases.(5,10) A ground-glass pattern was a less 
common finding, and, when present, the areas were 
not very extensive.

In the sample studied, TID and reticular abnor-
mality/honeycombing presented the strongest 

correlations with the measurements of volume, 
whose pathophysiological expression is the remod-
eling and distortion process of lung architecture. 
However, in the present study, volume correlation 
coefficients with TID and reticular abnormality/
honeycombing were far greater than those found 
by other authors.(5,6,29) Considering the fact that 
those researchers did not exclude smokers from 
their samples, this discrepancy can be attributed to 
the influence of emphysema on functional param-
eters, increasing pulmonary volumes and thereby 
decreasing the strength of the correlation.(1)

This supposition can also be based on the anal-
ysis of the correlation between TID and Crs,dyn, as 
well as that between reticular abnormality/honey-
combing and Crs,dyn. The compliance previously 
mentioned represents the overall properties of the 
respiratory system, including pulmonary compli-
ance, which constitutes the most reliable expression 
of alteration in pulmonary mechanics in patients 
with IPF without the coexistence of emphysema. 
The Crs,dyn is physically expressed as the relation 
of volume variation by the total pressure variation 
in the respiratory system (alveolar pressure minus 
atmospheric pressure). It represents, in practice, how 
easily the respiratory system, including the lungs 
and the chest wall, achieves TLC. It is known that 
volume reduction decreases both pulmonary compli-
ance and the compliance of the chest wall, which 
can explain, at least in part, the results obtained.(13) 
Since its measurement is noninvasive, the potential 
for use of Crs,dyn in the evaluation of these patients 
is high. In addition, to our knowledge, there are 
no studies in the literature correlating Crs,dyn with 
HRCT findings in IPF.

The ground-glass opacity was initially related 
to inflammatory cellular content, which indicates 
disease activity. However, the lesion has been more 
recently identified when associated with areas of 
little intense septal fibrosis or honeycombing with 
very small cysts, out of the limits of the resolving 
power of HRCT and, therefore, may not reflect 
inflammatory activity.(1,30) The significant correlation 
between the score of total extent of ground-glass 
opacity and RV/TLC (positive correlation) is difficult 
to explain, since the increased RV/TLC ratio does not 
discriminate anything in isolation, and should be 
interpreted considering the parameters it comprises. 
However, it is of note that, in interstitial fibrosis, 

Table 2 - Results of pulmonary function tests observed in 
idiopathic pulmonary fibrosis.

Functional index Mean Standard deviation
FVC (%T) 62.7 18.3
FEV1 (%T) 70.2 18.0
FEV1/FVC (%T) 113.7 10.1
FEF25-75% (%T) 110.4 47.3
FEF25-75%/FVC (%T) 150.4 94.9
R0 (cmH2O/L/s) 3.1 1.7
S (cmH2O/L/s2) −35.1 57.4
mR (cmH2O/L/s) 2.7 1.2
Crs.dyn (L/cmH2O) 0.0096 0.0050
TLC (%T) 57.7 16.6
RV (%T) 70.2 24.4
RV/TLC (%T) 128.7 28.9
DLCO (%T) 36.7 16.4

%T: percentage of theoretical value; Crs,dyn: dynamic respiratory 
compliance; FVC: forced vital capacity; TLC: total lung capacity; 
DLCO: diffusing capacity of the lung for carbon monoxide; 
FEF25-75%: forced expiratory flow between 25% and 75%; 
mR: mean resistance; R0: resistance at the intercept; S: slope of 
resistance; FEV1: forced expiratory volume in one second; and 
RV: residual volume.

Table 3 - Tomographic alterations observed in patients 
with idiopathic pulmonary fibrosis.

Alteration on HRCT n % Mean and standard 
deviation (±)

Reticular abnormality 30 100.0 -
Honeycombing 26 86.7 -

Cysts < 3 mm 25 83.3 -

Cysts > 3 mm 10 33.3 -
Traction bronchiectasis 27 90 -
Ground-glass opacities 11 36.7 -
TID score - - 3.93 ± 1.81
Ret+Hon score - - 3.88 ± 1.79
GGO score - - 0.54 ± 0.29

HRCT: high-resolution computerized tomography; TID: total 
interstitial disease (highest possible score = 10); Ret+Hon: 
reticular abnormality and honeycombing (highest possible 
score  =  10); and GGO: ground-glass opacity (highest possible 
score = 10).
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this increased ratio does not necessarily imply an 
accompanying airway disease.(14)

In these patients, all of the tomographic scores 
evaluated correlated positively with FEF25-75%/FVC. 
This is an important finding, since the higher ratio 
strongly suggests increased elastic force exerted by 
the connective tissue abnormally deposited in the 
parenchyma, keeping airways open.

In IPF, DLCO determination is more sensitive 
than are other tests performed at rest, and DLCO 
can be decreased even when static volumes are still 
preserved. Its reduction reflects both loss of capil-
lary blood volume and ventilation/perfusion ratio 
imbalance.(1) Similarly to other authors, we observed 
that, in this sample, DLCO correlated significantly 
with TID and reticular abnormality/honeycombing 
scores.(6,8,10,26) This finding shows the importance of 
the DLCO value during the follow-up on IPF since, 
even excluding individuals with emphysema, the 
measurement remained strongly associated with 
HRCT findings consistent with fibrosis.

A critical analysis of the results of the present 
study and its limitations is called for. The UIP 
pattern is the histologic pattern that identifies 

patients with IPF. However, in the sample evaluated, 
surgical biopsy samples were available for only half 
of the patients, requiring that clinical, radiological 
and functional parameters be adopted as inclusion 
or exclusion criteria. Another limitation was the use 
of semiquantitative scores to evaluate the extent 
of abnormalities on HRCT scans, although previous 
studies showed a perfectly acceptable degree of 
interobserver variation.(18) In addition, the HRCT 
scans were evaluated by four experienced radiolo-
gists, which increases the reliability of the results.

In conclusion, the present study shows that, in 
nonsmoking individuals with IPF, the physiological 
variables that best reflect the extent of the disease 
on HRCT scans are the measurements of volume, 
diffusion and compliance.
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