1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Respir Med. Author manuscript; available in PMC 2016 March 09.

-, HHS Public Access
«

Published in final edited form as:
Respir Med. 2014 June ; 108(6): 819-829. doi:10.1016/j.rmed.2014.03.008.

Idiopathic pulmonary fibrosis: Early detection and referral
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Summary

Idiopathic pulmonary fibrosis (IPF), a devastating progressive interstitial lung disease (ILD) with
no known cause or cure, is the most common and deadly of the idiopathic interstitial pneumonias.
With a median survival of 3-5 years following diagnosis, IPF is characterized by a progressive
decline in lung function and quality of life in most patients. Vigilance among clinicians in
recognizing IPF early in the disease course remains critical to properly caring for these patients, as
this provides the widest range of management options. When IPF is suspected, a multidisciplinary
evaluation (MDE) by a clinician, radiologist and pathologist with ILD expertise should occur, as
this improves diagnostic agreement in both community and academic settings. When community
MDE is not possible, or diagnostic doubt exists, referral to an ILD center should be considered.
ILD center referral may also provide access specialized care, including clinical trials and lung
transplantation, and should be considered for any patient with an established diagnosis of IPF.
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Introduction

The interstitial lung diseases (ILDs) are a heterogeneous group of diffuse parenchymal lung
disorders with similar clinical, radiographic, physiologic or pathologic features [1]. ILDs
include disorders of known cause, and those with unknown etiology, referred to as the
idiopathic interstitial pneumonias (11Ps) [2]. The most common and deadly of the IIPs is
idiopathic pulmonary fibrosis (IPF) [3], defined as a specific form of chronic, progressive
fibrosing interstitial pneumonia of unknown cause, occurring primarily in older adults, and
limited to the lungs [4]. IPF has a median survival time of 3-5 years after diagnosis, and is
characterized by progressive decline in lung function and quality of life in most patients
[3,5-7]. Despite an evolving understanding of the underlying disease process, the
pathogenesis of IPF remains unknown.
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Epidemiology

The global prevalence of IPF is difficult to establish and reflects the diagnostic complexity
of the disease and the substantial resources needed to establish the diagnosis. These issues,
along with heterogeneity in study design and case finding methodology, have resulted in
variable epide-miologic data over the last several decades [4,8]. Two recent population
studies in the US reported an IPF incidence of 6.8-8.8 and 16.3-17.4 cases per 100,000
person years using narrow and broad case definitions, respectively. These studies found the
prevalence of IPF to be 14.0-27.9 (narrow case definitions) and 42.7-63.0 (broad case
definitions) per 100,000 persons [9,10]. Recent epidemiologic studies from the UK
demonstrate that the incidence of IPF has been rising over the last decade [11,12]. IPF has
been described in all ethnic groups and in both rural and urban settings [7,13]. Affecting
males predominantly, most cases are diagnosed after age 60 and incidence increases with
age. [7,9-12].

Early diagnosis

History

Evolution of the diagnostic criteria for IPF has resulted in abandonment of the major and
minor criteria set by the 2000 ATS/ERS consensus statement [14]. The latest international
guidelines require exclusion of other known causes of ILD and the presence of a usual
interstitial pneumonia (UIP) pattern on high-resolution computed tomography (HRCT) in
patients for whom a surgical lung biopsy (SLB) has not been performed. In patients failing
to demonstrate a typical UIP pattern on HRCT, IPF may still be diagnosed based on specific
combinations of HRCT and SLB patterns (Table 1) [4]. This diagnostic complexity makes
misdiagnosis and delayed diagnosis common [15]. A recent survey showed that a majority
of patients with IPF reported seeing several physicians, and waiting over a year, before
receiving the correct diagnosis [16]. Careful attention to historical clues, physical exam and
other diagnostics can help establish the diagnosis early and provide those with IPF the full
breadth of options available to them.

Any adult over age 50 presenting with unexplained dyspnea on exertion and cough should
prompt consideration of IPF [4]. Dyspnea in this disease tends to arise insidiously, often
over 6 months or more, and progresses steadily [17]. Over 80% of patients report a non-
productive, often intractable cough that can be debilitating and refractory to antitussive
medications [18-20]. Chest pain is uncommon in IPF and because the disease is limited to
the lungs, the presence of systemic inflammatory symptoms, including fever, rash, weight
loss, myalgia or arthralgia, makes IPF unlikely and should prompt consideration of an
alternative diagnosis.

Cigarette smoking has been strongly linked to IPF, especially in those with greater than 20
pack-year history [21-23]. Hiatal hernia and gastroesophageal reflux disease (GERD) have
also been linked to IPF [24-26]. Environmental and industrial exposures associated with IPF
include pesticide, metal, wood, vegetable, and animal dust exposure, as well as professions
in petrochemical, farming, hairdressing and stone cutting/polishing [23,27-30]. A family
history of pulmonary fibrosis or ILD should prompt consideration of familial interstitial
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pneumonia (FIP). Familial disease was originally thought to account for fewer than 5% of
IPF cases, but recent studies suggest this estimate may be low [16,31,32].

Physical exam

On exam, patients with IPF generally exhibit inspiratory crackles, a finding reported in over
90% of patients [33,34]. These fine, Velcro-like crackles may be the earliest clinical finding
in IPF and some authors suggest that auscultation of crackles is the best test for identifying
early disease due to their excellent sensitivity and good specificity for IPF [35,36]. An
extremity exam should be conducted in every patient with suspected IPF as 25-50% of
patients will display finger clubbing [33,34,37]. Signs of connective tissue disease including
joint deformity, synovitis, muscle weakness and rash make IPF unlikely and should prompt
further investigation into rheumatologic disease.

Laboratory

Common laboratory assays generally provide little help in identifying patients with IPF but
serologic testing should be performed to exclude underlying connective tissue disease [4].
Up to 20% of patients with IPF have a positive autoantibody but no other signs of
connective tissue disease, which is of unclear clinical significance as healthy controls
demonstrate a similar autoantibody frequency [38]. Several biomarkers have been linked to
accelerated mortality in IPF [39,40] and substantial research is ongoing to identify unique
gene signatures [41] that may serve as diagnostic and prognostic tools in the future.

Pulmonary function testing

Pulmonary function testing usually demonstrates a restrictive pulmonary defect, defined as a
reduction in total lung capacity (TLC). Most patients with IPF will also exhibit a decreased
forced vital capacity (FVC), normal-to-increased forced expiratory volume in 1 s to forced
vital capacity (FEV1/FVC) ratio and reduced diffusing capacity of carbon monoxide (DL¢p)
[7,42]. A normal FVC does not exclude IPF, as this can be near normal early in the disease
course [43]. Furthermore, patients with concurrent emphysema may manifest normal lung
volumes and spirometry, but will generally have a reduced DL¢q [44,45]. Low baseline
FVC, decline in FVC, low DL and decline in 6-min walk test are associated with
decreased survival in IPF [46-50].

Chest radiograph

Patients with IPF tend to demonstrate an asymmetric peripheral, basilar reticular opacity
with lower lobe volume loss on chest radiograph (Fig. 1) [51-53]. The low sensitivity for
detecting subtle interstitial changes can result in a normal chest radiograph in some patients
with IPF [37,54]. The presence of airspace filling opacities makes IPF unlikely and should
prompt investigation into an alternative diagnosis. While the chest radiograph may identify
IPF, it does not provide a high degree of confidence and therefore is not used in the
diagnostic criteria [4,53].
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A high-resolution computed tomography (HRCT) of the chest should be performed in any
patient with an abnormal chest radiograph and clinical findings suggestive of IPF or another
ILD.

HRCT, which provides excellent specificity for IPF in the appropriate clinical setting, can be
used to diagnose IPF in the majority of cases [55-59]. Patients with IPF generally
demonstrate a pattern of usual interstitial pneumonia (UIP) on HRCT, which is characterized
by a subpleural, basilar predominant reticular abnormality with honeycombing and often
traction bronchiectasis (Fig. 2). Features of UIP, possible UIP and those inconsistent with
UIP are summarized in Table 2A. Due to institutional variability in ordering and performing
HRCT, pre-test discussion with a radiologist should occur to ensure the appropriate ILD
protocol is followed. The necessary components of HRCT, as recommended by the
American College of Radiology [60], are summarized in Table 2B. Adhering to these
guidelines helps avoid repeat imaging and radiation exposure.

Bronchoscopy

While bronchoalveolar lavage (BAL) may assist in diagnosing inflammatory disorders such
as hypersensitivity pneumonitis or eosinophilic pneumonia, it provides little help in
identifying patients with IPF [7,61]. The same is true of transbronchial biopsy. Raghu and
colleagues reported that 85% of patients undergoing surgical lung biopsy (SLB) prior to
referral for ILD evaluation had undergone a non-diagnostic transbronchial biopsy [57].
Accordingly, the latest international guidelines for diagnosis and management of IPF
recommend against performing a BAL or trans-bronchial biopsy in the majority of patients
in whom IPF is suspected [4].

Surgical lung biopsy

The decision to pursue a SLB requires substantial risk/ benefit consideration and should
occur only after a comprehensive ILD evaluation. This highly morbid procedure has several
known complications, including persistent air leak, prolonged mechanical ventilation,
pneumonia and acute exacerbation of IPF. A mortality rate of 4-16% was reported in two
case series of patients with ILD undergoing SLB; however, a substantial proportion of these
were open lung biopsies and more recent data suggest video-assisted thorascopic surgery
(VATS) biopsy may be safer [62—64]. In these studies, male gender and low DL g were risk
factors for SLB-associated complications, while low DL and acute exacerbation at the
time of biopsy were independently associated with increased 30-day mortality [62,63].

In those with an indication for SLB, pre-biopsy discussion with the thoracic surgeon should
occur to ensure each lobe of a single lung is biopsied when possible, as considerable
histologic variability between lobes can occur [65]. Furthermore, care should be taken to
biopsy less diseased lung preferentially so as to enhance the pulmonary pathologist’s ability
to survey areas undergoing active fibrosis. Patients with IPF generally demonstrate a
histopathologic UIP pattern, characterized by areas of fibrosis with scarring and honeycomb
change alternating with areas of less affected or normal parenchyma. This occurs in a
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predominant subpleural and paraseptal distribution with little inflammation and includes
subepithelial foci of proliferating fibroblasts and myofibroblasts known as fibroblastic foci
(Fig. 3) [66]. Like HRCT, varying levels of confidence in this pathologic diagnosis exist and
a small minority of patients may demonstrate an unclassifiable fibrotic pattern.

Multidisciplinary evaluation

Because non-IPF ILD tends to follow a more favorable clinical course than IPF, and may
respond to corticosteroid and immunosuppressive therapy [3,67], both of which are strongly
recommended against in IPF [4,68], establishing an accurate diagnosis is paramount. The
2011 ATS/ERS/JRS/ ALAT consensus statement on the diagnosis of IPF strongly
recommends a multidisciplinary evaluation (MDE) in establishing the diagnosis [4]. The
importance of such evaluation is highlighted by observations that isolated radiographic or
histologic UIP can represent processes other than IPF and that IPF does not always
demonstrate radiographic or histologic UIP [55,56,69]. MDE should include a clinician,
radiologist and pathologist with considerable IPF and ILD experience. Discussion among
these specialists leads to improved diagnostic agreement [70], and has become a cornerstone
of evaluation at ILD referral centers.

Whether ILD is best diagnosed in a community or academic setting remains controversial.
Flaherty and colleagues conducted an investigation of clinicians, radiologists and
pathologists from community and academic settings to determine the level of diagnostic
agreement in evaluating ILD [71]. Using a stepwise approach that provided an increasing
amount of clinical, radiographic and histopathologic information, the authors demonstrated
that diagnostic agreement, as determined by kappa score (<0 indicating poor agreement, 0—
0.2 slight agreement, 0.2-0.4 fair agreement, 0.4-0.6 moderate agreement, 0.6-0.8
substantial agreement and >0.8 almost perfect agreement), increased in both groups with
each step (Table 3). Though greater interobserver agreement was demonstrated among
academic physicians compared with those from the community, considerable disagreement
remained within both groups upon final diagnosis. The authors noted that the greater
agreement among academic than community physicians was likely influenced by the fact
that these individuals had collaborated on previous projects, including consensus statements,
and that the community clinician with the most ILD experience tended to agree more often
with the academicians. This study highlights the importance of MDE and experience in
diagnosing ILD, but also underscores the need to improve the means by which we establish
the diagnosis.

Early referral

We recommend early referral to an ILD specialty center when MDE cannot be performed
locally, or when diagnostic doubt exists following community MDE. Referral has the added
advantage of providing patients access to specialized care, including clinical trial enroliment
and lung transplant evaluation. Whether referral of patients to an ILD center improves
outcomes is unknown, however, and remains an area ripe for further investigation. In 2011,
Lamas and colleagues [72] conducted an investigation of 129 patients with IPF referred to a
single ILD center to explore the association between time to referral and mortality. The
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authors showed that the median time from patient-reported onset of dyspnea to ILD center
evaluation was 2.2 years and that a longer delay was associated with increased risk of death
independent of disease severity (Fig. 4). Determining the cause of this observed difference
was not possible by nature of the study design and warrants further investigation. Notably,
referral delay did not affect the likelihood of receiving a lung transplant. The authors
acknowledged that lead-time bias was a potential limitation to this study, but noted that age
and disease severity were similar across quartiles and that adjusting for these potential
confounders did not significantly alter their results.

When referral cannot be made due to inconvenience or other factors, local clinicians should
screen for comorbidities and supplemental oxygen need, along with placing a referral to
pulmonary rehabilitation (PR) for patients with IPF. In those who are referred, ILD centers
provide additional benefits beyond routine care and therapeutics, including disease
education and support group information. Several of these factors were cited among patients
with IPF in a recent qualitative survey as reason for greater satisfaction when receiving care
at an ILD center compared to a community setting [15]. A review of the core elements of
IPF management at ILD referral centers is outlined below.

Comorbidity management

Patients with IPF are at increased risk for a host of comorbidities, including pulmonary
malignancy [73], coronary artery disease [74], obstructive sleep apnea (OSA) [75],
emphysema [76], pulmonary hypertension [77], diabetes mellitus [22], depression [78],
hiatal hernia [26], and GERD [24]. These conditions have the potential to impact survival
and quality of life, and it has therefore become common practice to manage comorbidities
aggressively at many ILD centers. Though the effectiveness of this approach in modulating
disease course is unknown, Lee and colleagues showed that the use of GERD therapy
independently predicted longer survival in patients with IPF, while Mermigkis and
colleagues demonstrated that patients treated for concurrent OSA reported improved quality
of life. [79,80] An exception to this practice is in patients with IPF and pulmonary
hypertension, as large clinical trials using pulmonary hypertension therapy have failed to
show efficacy in patients with IPF [81,82]. Finally, it is important to prevent further
morbidity by ensuring patients have received age-appropriate vaccinations, including those
for influenza and pneumococcus.

Oxygen therapy

Hypoxemia at rest, with sleep and/or with exertion is common in patients with IPF. Though
treatment of resting hypoxemia with supplemental oxygen has not been studied in a
controlled fashion, the practice received a strong recommendation in the 2011
ATS/ERS/JRS/ALAT treatment guidelines [4]. This was partly due to robust evidence in
patients with chronic obstructive lung disease, where a clear survival benefit was
demonstrated with the use of long-term oxygen [83]. The need for supplemental oxygen
when traveling by air or to altitude should also be assessed in this population.
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Pulmonary rehabilitation

A mainstay of non-pharmacologic therapy for patients with IPF is PR. A systematic review
performed by Holland and Hill showed that exercise training in patients with ILD, including
IPF, was associated with an improvement in 6-min walk distance and increased quality of
life scores [84]. Many PR programs also include educational components that teach
breathing techniques and dyspnea coping strategies. As the benefits of PR appear to be most
pronounced early in the disease course, this therapy should be offered to all patients at the
time of diagnosis [85]. In patients who travel a considerable distance for evaluation,
identifying a PR program close to home can add convenience and potentially improve
adherence.

Pharmacotherapy

Unlike many other forms of ILD and 1IP, IPF does not respond to, and should not be treated
with, corticosteroid therapy [4,34,86]. A similar conclusion has now been reached with
combination prednisone, azathioprine and N-acetylcysteine (NAC) after early termination of
this arm in the PANTHER-IPF trial due to increased mortality and hospitalization risk
compared to placebo [68]. The NAC and placebo arms of this trial are ongoing to investigate
whether NAC leads to a smaller decline in lung function in patients with IPF, as suggested
by previous studies [87,88].

The use of pirfenidone, an oral antifibrotic agent, in the treatment of IPF has been evaluated
in two Japanese and two combined North American and European phase 111 trials [89-91].
These trials produced discordant results, but a meta-analysis showed that pirfenidone might
slow disease progression and rate of FVVC decline. [92] These results have supported the
approval of pirfenidone in several countries and regions, including the European Union,
Canada, India and Japan. The US Food and Drug Administration has yet to approve
pirfenidone, pending the results of an ongoing large phase 111 U.S. multicenter clinical trial
(ASCEND trial, NCT0136629). Dermatologic (photosensitivity and rash), neurologic
(dizziness and fatigue) and gastro-intestinal (nausea, dyspepsia, diarrhea and anorexia) side
effects have been reported with pirfenidone and should be routinely addressed [90,93].

While antifibrotic agents hold promise in treating IPF, the recently published ACE-IPF
study has likely put to rest the question of warfarin therapy for IPF. This trial stemmed from
a small open-label study showing mortality benefit in patients treated with anticoagulation in
addition to corti-costeroids [94], but was terminated early due to a low probability of benefit
and increased mortality in the warfarin arm compared to placebo [95]. Some authors argue
that biologic plausibility still supports targeting the coagulation cascade, and that heparins,
including inhaled heparin, may be a better choice of anticoagulant and warrant further
investigation [96,97].

Numerous other phase Il and 11 clinical trials are ongoing or recently completed and may
provide additional treatment options in the near future. Information regarding clinical trial
enrollment is provided to patients who qualify upon evaluation at ILD referral centers.
While the decision to enroll in an IPF clinical trial must be weighed heavily by patient and
physician, clinical trial availability has been shown to improve patient satisfaction [15], and
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should be available to as many patients as possible. Diagnostic and referral delays can result
in clinical trial ineligibility due to advanced disease, underscoring the importance of active
community physician involvement in this process.

Lung transplantation

Lung transplantation remains the sole therapy proven to prolong survival in IPF [98]. The
first lung transplant for IPF was performed in 1983 [99], and IPF is now the leading cause of
lung transplantation in the US, accounting for 38% of adult lung transplants in 2012 [100].
Following the introduction of the Lung Allocation Score (LAS), which prioritizes transplant
candidates based on their probability of survival, there has been a drastic decrease in wait
list time for patients with IPF, from a median of 997 days in 2002 to 2004 to 73 days in May
2005 to December 2007 [101]. Both single (SLT) and double lung transplants (DLT) are
performed for IPF and while SLT is performed more commonly, the number of DLT
procedures continues to rise. [102] This area remains controversial as studies show
discordant results in long-term survival advantage between the procedures [103-107].
International societies including the American Thoracic Society and International Society
for Heart and Lung Transplantation (ISHLT) strongly recommend early consideration of
lung transplantation for patients with IPF [4,108].

Conclusion

Our understanding of IPF has grown immensely over the last two decades, yet the diagnostic
process remains complex and misdiagnosis carries grave implications. Attention to common
signs and symptoms, along with proper utilization of diagnostic tests can help diagnose IPF
early in the disease course. A multidisciplinary approach in both academic and community
settings is equally important in establishing the diagnosis. Referral to an ILD center should
be considered in all patients with IPF to assist with diagnosis and/or provide access to the
specialized care outlined above. Patients deserve the opportunity to participate in clinical
trials and to be considered for lung transplant before advanced disease precludes eligibility,
and underscores the importance of active clinician involvement in this process.
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Figure 1.
Chest radiograph of a patient with IPF. Findings include asymmetric peripheral and basilar

reticular opacity and lower lobe volume loss.
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Figure 2.
HRCT of the chest demonstrating classic UIP pattern. Findings include peripheral and

basilar predominant reticulation with traction bronchiectasis and honeycombing.
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Figure 3.
Histopathologic UIP pattern. Low-power photomicrographs showing findings characteristic

of UIP, including subpleural interstitial fibrosis (thin arrow) with temporal heterogeneity
(normal lung at the lower right of each slide) and fibroblastic foci (thick arrow). (Courtesy
of Aliya Husain, M.D., Department of Pathology, The University of Chicago).
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Figure 4.
Survival from the time of evaluation at a tertiary care center adjusted for age and FVC

across quartiles of delay. Entry time into the cohort began at study enroliment. Reprinted
from Ref. [72] with permission of the American Thoracic Society. Copyright © 2014
American Thoracic Society.
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Table 1

Combination of HRCT and surgical lung biopsy for the diagnosis of IPF4.

HRCT pattern? Surgical lung biopsy pattern®  Diagnosis of IPF?¢
(when performed)

UIP UIP YES
Probable UIP
Possible UIP

Nonclassifiable fibrosis®

Not UIP No
Possible UIP uIp YES

Probable UIP

Possible UIP Probabled

Nonclassifiable fibrosis

Not UIP No

Inconsistent with UIP  UIP Possibled
Probable UIP No
Possible UIP

Nonclassifiable fibrosis

Not UIP

Definition of abbreviations: HRCT = high-resolution computed tomography; IPF = idiopathic pulmonary fibrosis; UIP = usual interstitial
pneumonia.

Bold type indicates combinations of HRCT and surgical lung biopsy patterns that correspond with a diagnosis of IPF (a YES in the far right
column). The combination of UIP HRCT and probable UIP or possible UIP or Nonclassifiable fibrosis (surgical lung biopsy patterns) (for
example) equals a diagnosis of IPF; the combination of UIP HRCT and Not UIP (surgical lung biopsy pattern) does not make the diagnosis of IPF.

a Lo .
Patterns as described in Table 2B and Fig. 3.

Nonclassifiable fibrosis: Some biopsies may reveal a pattern of fibrosis that does not meet the above criteria for UIP pattern and the other
idiopathic interstitial pneumonias. These biopsies may be termed “nonclassifiable fibrosis.”

CThe accuracy of the diagnosis of IPF increases with multidisciplinary discussion. This is particularly relevant in cases in which the radiologic and
histopathologic patterns are discordant (e.g., HRCT is inconsistent with UIP and histopathology is UIP). There are data to suggest that the accuracy
of diagnosis is improved with multidisciplinary discussion among interstitial lung disease experts compared to clinician-specialists in the
community setting; timely referral to interstitial lung disease experts is encouraged.

dMultidisciplinary discussion should include discussions of the potential for sampling error and a re-evaluation of adequacy of technique of HRCT.
NOTE: In cases with an “inconsistent with UIP” HRCT pattern and a “UIP” surgical lung biopsy pattern, the possibility of a diagnosis of IPF still
exists and clarification by multidisciplinary discussion among interstitial lung disease experts is indicated. Reprinted from Ref. [4] with permission
of the American Thoracic Society. Copyright © 2014 American Thoracic Society.
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Table 2

HRCT specifications and findings in IPF.

A)

Specifications for Performing HRCT&

High spatial frequency reconstruction algorithm

Thin slices (<2 mm for non-helical CT, <1.5 mm for helical CT)

. Non-intravenous (V) contrast enhanced
. Includes supine/prone positioning

. Includes inspiratory/expiratory images

B)

HRCT findings in IPFP

Usual Interstitial Pneumonia (UIP)

Subpleural, basal predominance .
Reticular abnormality .
Honeycombing (+ traction bronchiectasis) .
Absence of features inconsistent with UIP Possible UIP .
Features of UIP without honeycombing .

Inconsistent with UIP

Upper or mid-lung predominance
Peribronchovascular predominance

Ground glass pattern predominant

Profuse micronodules

Discrete cysts (separate from honeycombing)
Diffuse mosaic attenuation

Segmental/lobar consolidations

aSpecifications for performing HRCT adapted from Ref. [55].

bHRCT findings in IPF adapted from Ref. [4].

Respir Med. Author manuscript; available in PMC 2016 March 09.

Page 20



Page 21

Oldham and Noth

*A19190S 219810y | UBdLIBWY $T0Z @ WBLAdOD "A18190S 219810y | UBdLIBWY 3y Jo uoissiwiad yum [69] "Jay wolj pauniday
"(3S) $8100s > ale sanjeA

"8]qe|1eAR 10U = /N :UOIRIABIGJE JO uoiueq

(ero) o (s00) 250  (TT0)eco (800)SS0  (L00)vvO  (€000) TLO g

(sTo)vT0 (s00)es0  (TT0)TE0 (80°0)SS0  (80°0) L¥'0  (€0°0) 290 14

VYN (900)es0  (TTO)OV0 (800)S¥'0  (90°0) 220  (200) L€ €

WwN VYN  (TT0)ve0 (800)Tr0  (9000)€20 (€0°0) 2E0 14

(LTo)vT0 (900) 250  (¢cT0)8€0 (TT0)6S0  (200)0c0 (£0°0) 820 T
Alunwwo)  Jlwepedy  Alunwwo)  Jlwepedy  Alunwiwo)  dlwspedy

sisibojoyred sisibojoipey sueD  dais

'ssa204d uolrenjens ay1 Jo dais pue adA) sjusd Aq paljires a109s M Juawiaaibe JanIasqolalu|

€9lgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Respir Med. Author manuscript; available in PMC 2016 March 09.



