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Editorial

Lung  Function  Testing  in  Idiopathic  Pulmonary  Fibrosis:
More  Than  Just  Spirometry?�

Pruebas de  función pulmonar en la  fibrosis  pulmonar idiopática: ¿más allá de la

espirometría?
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Since 1846, when John Hutchinson performed the first spirom-

etry in London, the measurement of the air  that can be  mobilized

during a maximum respiration has become the gold standard

for the study of lung function.1 Dr. Hutchinson gave the name

“vital capacity” to the volume of air that  is  mobilized in one deep

expiration made after a  maximum inspiration, and observed that

individuals with lower values died prematurely. In  1947 Tiffe-

neau and Pinelli introduced the concept of velocity of the expired

air,2 and since then both values, vital capacity (VC) and maximum

expired volume in  1 s (MEVS or FEV1)  have been integral parame-

ters in the determination of respiratory function.

Lung function tests in patients with a  diagnosis of idiopathic

pulmonary fibrosis (IPF) show the disease as a  restrictive-type

change impacting moderately on CO transfer (DLCO) with moder-

ate hypoxemia and hypocapnia at rest, which, in  the more advanced

stages, develops into frank respiratory failure.3,4 International rec-

ommendations on the diagnosis and follow-up of IPF underline the

importance of  lung function testing in the control of this disease.5

The most recent clinical trials for the introduction of new drugs for

treating this entity have adopted forced vital capacity (FVC) and

DLCO as primary variables for confirming clinical efficacy.6,7

Nevertheless, the follow-up and control of IPF is  an area where

various authors are introducing new concepts and variables that

better relate patient symptoms to prognosis, an essential step in

a disease that carries such a  heavy mortality burden. This has

gradually led to the introduction of more complex determina-

tions, including “total lung capacity”, “functional residual capacity”,

“maximal exercise tolerance”, “pulmonary artery pressure”, etc.,

or the quantification of radiological images from new multidetec-

tor high-resolution computed tomography (HRCT) equipment. It

is not surprising, then, that efforts are being made to introduce
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multidimensional indices that provide clinical, radiological and

functional data, to give a  more integrated picture of this highly

complex disease that has such a grim prognosis.8

The notion of using spirometry, and more specifically FVC, as

the most important variable in the follow-up of IPF is based more

on its simplicity and low variability than on its physiological sig-

nificance. While not wanting to  undermine the prognostic value of

a  determination that is even called “vital”, as IPF is  a disease which

substantially modifies pulmonary distensibility, reducing the area

for gas exchange, the variables that best quantify these changes

would be compliance, or at least, determination of total lung capac-

ity and DLCO. In any case, to  evaluate prognosis, it makes more

sense to  quantify the functional reserve of the lungs (6-min walk

test or  maximum exercise tolerance) than any static determination.

Indeed, some authors indicate that DLCO, 6-min walk test results, or

nighttime desaturations can be independent predictors of survival.

All of these considerations suggest the utility of a  multidimensional

approach to the problem, in the form of clinical, radiological and

functional scales that would provide an overall evaluation of the

patient. We should remember that FVC and FEV1 have a  very  low

coefficient of variation (no greater than 2%–3%), and therefore often

stand out in multivariate regressions, with a very high predictive

capacity for mortality.9 If we also take into account the simplicity

of performing FVC  and its universal availability and acceptance, it

is not surprising that this parameter has become the main variable

in the majority of clinical trials conducted for the introduction of

new drugs.

But it is  maybe time  to  cast a  more critical eye on these ideas. The

simplest approach is not  always the most useful, and with regard

to  IPF, what seemed obvious years ago, when this disease was  not

in  the spotlight, should not be  accepted as such now that we  are

experiencing a  surge in  the development of new treatments. If  our

aim is  to better understand the functional implications of  certain

complex histopathological changes in the alveolocapillary terri-

tory and the interstitial space, we must use more comprehensive

tests, and these must be taken into account when designing future

studies. While we are reluctant to lose the simplicity of spirom-

etry, we suggest studying the following parameters to determine
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the diagnosis and follow-up of IPF: static lung volumes (functional

residual capacity and total lung capacity), CO transfer (DLCO and

KCO), evaluation of functional residual capacity (6-min walking

test and maximal symptom-limited exercise test), and blood gases

with determination of intrapulmonary shunt (PO2 alveolar-arterial

gradient on 100% oxygen). Naturally, clinical data and informa-

tion from specific health-related quality of life questionnaires

and the quantification of HRCT images must also be taken into

account.

In a not too distant future, the functional quantification of radio-

logical images obtained from HRCT signals will offer another new

perspective. What could be  called “pulmonary functional imaging”

is already a reality. In a  recent editorial, Hall and Irvin10 drew our

attention to the need to place greater emphasis on lung function

studies in the professional training of respiratory medicine spe-

cialists. Not only do  we support this proposal, we  also believe that

we now have a new opportunity to better understand and quantify

lung function, thanks to  signals captured by the highly powerful

software integrated in  the computers already installed in  the radi-

ology departments of our hospitals.

The basis of respiratory mechanics and gas interchange are

affected in IPF, and hopefully the new treatments that modify the

biological mechanisms of the disease will lead to  clinical improve-

ments, which are always difficult to put in objective terms, as

well as to functional improvements. Current understanding goes

beyond spirometry, and new procedures and determinations will

give greater insight into the evolution of an entity that represents

a true intellectual and scientific challenge for respiratory medicine

physicians.

References

1. Hutchinson J.  On the capacity of the  lungs, and on  the respiratory functions,
with a  view of establishing a precise and easy method of detection disease by
the  spirometer. Med Chir  Trans. 1846;29:137–252.

2. Tiffeneau R, Pinelli A. Air circulant et  air captif dans l’exploration de la  fonction
ventilatrice pulmonaire. Paris Med. 1947;37:624–8.

3. Erbes R, Schaberg T, Loddenkemper R. Lung function tests in patients with
idiopathic pulmonary fibrosis. Are  the helpful for predicting outcome? Chest.
1997;111:51–7.

4. Cortes-Telles A, Forkert L,  O’Donnell DE, Morán-Mendoza O.  Idiopathic pul-
monary fibrosis: new insights to functional characteristics at diagnosis. Can
Respir  J. 2014;21:e55–60.

5. Raghu G,  Collard HR, Egan JJ, Martínez FJ, Behr J, Brown KK, et al. An
official ATS/ERS/JRS/ALAT statement: Idiopathic pulmonary fibrosis: evidence-
based guidelines for diagnosis and management. Am J Respir Crit Care Med.
2011;183:788–824.

6. King TE  Jr,  Bradford WZ,  Castro-Bernardini S, Fagan EA, Glaspole I, Glassberg
MK,  et al. A phase 3 trial of pirfenidone in patients with idiopathic pulmonary
fibrosis. N Engl J  Med. 2014;370:2083–92.

7. Richeldi L, du Bois RM,  Raghu G,  Azuma A, Brown KK, Costabel U, et  al. Effi-
cacy  and safety of nintedanib in idiopathic pulmonary fibrosis. N Engl J Med.
2014;370:2071–82.

8. Ley B, Ryerson CJ, Vittinghoff E,  Ryu JH, Tomassetti S, Lee JS,  et  al.  A multidimen-
sional index and staging system for idiopathic pulmonary fibrosis. Ann Intern
Med. 2012;156:684–91.

9. Nears LM,  Schwartz J. Pulmonary function levels as predictors of mortality in a
National Sample of U.S. adults. Am J  Epidemiol. 1998;147:1011–8.

10. Hall GL, Irvin CG.  Using lung function measurements to greater advantage in
patients with lung disease: which test and when? Respirology. 2014;19:780–1.

http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0055
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0060
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0065
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0070
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0075
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30149-5/sbref0100

	Lung Function Testing in Idiopathic Pulmonary Fibrosis: More Than Just Spirometry?
	References


