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a  b s t  r a c  t

The diagnosis  of idiopathic  pulmonary  fibrosis (IPF)  is a complex process that requires  the  multi-

disciplinary  integration of clinical,  radiological,  and  histological  variables.  Due to its  diagnostic  yield,

surgical  lung  biopsy has been  the  recommended procedure for  obtaining  samples  of lung parenchyma,

when  required.  However,  given the  morbidity  and mortality  of this technique, alternative tech-

niques  which  carry a lower risk have been  explored.  The most important  of these  is  transbronchial

cryobiopsy—transbronchial  biopsy  with  a cryoprobe—which is useful for obtaining  lung  tissue with  less

comorbidity.  Yield may  be  lower than  surgical biopsy,  but  it  is  higher  than with  transbronchial biopsy

with  standard forceps. This  option has  been  discussed  in the recent  clinical  guidelines  for  the diagnosis

of IPF, but  the  authors  do  not  go  so far as  recommend  it. The aim of this  article, the  result  of  a multidisci-

plinary discussion  forum,  is to  review current  evidence and  make  proposals for the use of transbronchial

cryobiopsy  in the  diagnosis  of IPF.

©  2019  The Author(s).  Published  by  Elsevier  España,  S.L.U. on behalf of SEPAR.  All rights  reserved.
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Diagnóstico.

r e  s  u m  e  n

El diagnóstico de  la fibrosis  pulmonar  idiopática  (FPI) es un  proceso  complejo  que precisa  la integración

multidisciplicinar  de  variables  clínicas,  radiológicas  e histológicas.  Cuando es preciso  obtener  muestras

de  parénquima  pulmonar,  la biopsia  pulmonar  quirúrgica  ha  sido  el procedimiento  recomendado  por

su  rendimiento  diagnóstico. Pero dada  la morbi-mortalidad  de  esta técnica,  se han  explorado  alterna-

tivas  con menores riesgos.. La  más importante  es la biopsia  transbronquial  con  criosonda (criobiopsia
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transbronquial),  que permite  obtener  tejido  pulmonar  con menor  comorbilidad,  con  un rendimiento  infe-

rior  a la biopsia  quirúrgica  pero  superior  a la biopsia  transbronquial  con pinza  convencional.  Por ello,  en

las recientes  guías clínicas para el  diagnóstico de  la FPI  se ha valorado  esta opción, sin  llegar a  obtener una

recomendación.  En  este  artículo,  resultado  de  un foro  de discusión multidisciplinar, se pretende  revisar

la evidencia  actual y  hacer  propuestas sobre el uso  de  la  criobiopsia  transbronquial  para el diagnóstico de

la FPI.

©  2019  El Autor(s).  Publicado  por Elsevier  España,  S.L.U.  en  nombre  de  SEPAR.  Todos los  derechos

reservados.

Introduction

The diagnosis of idiopathic interstitial pneumonias (IIP) is based

on the multidisciplinary analysis of clinical, radiological and his-

tologic data.1 The conventional procedure of choice for obtaining

samples of lung tissue is  surgical lung biopsy (SLB) because spec-

imens obtained using standard transbronchial biopsy (TBB) are

unsuitable for the diagnosis of these pathologies.2 Transbronchial

cryobiopsy (TBCB) is a  method for obtaining lung tissue using endo-

scopic cryoprobes.3 The use of this technique in the study of IIP has

expanded in recent years as an alternative to SLB.4 It has also been

proposed in patients with idiopathic pulmonary fibrosis (IPF), but

the recently published ATS/ERS/JRS/ALAT clinical practice guide-

lines conclude that scientific evidence is insufficient to recommend

its use.5

In this article we aim to  initiate a  broader, multidisciplinary dis-

cussion on the value of TBCB in patients with suspected IPF and to

propose a possible diagnostic schema incorporating this technique.

Diagnosis of idiopathic pulmonary fibrosis. What do the current

guidelines propose?

The diagnostic process in idiopathic pulmonary fibrosis

Two major documents were published on the diagnosis of IPF

in 2018: the updated ATS/ERS/ALAT/JRS diagnostic guidelines and

the Fleischner Society White Paper.5,6 According to current rec-

ommendations, the diagnosis of IPF is  based on the findings of

a multidisciplinary assessment, the appropriate clinical context

(more prevalent in patients older than 60 years, men, and former

smokers), and a pattern of usual interstitial pneumonia (UIP), either

on high-resolution computed tomography (HRCT) or analysis of the

histologic material obtained by needle biopsy of the lung.5,6 The

process, therefore, aims to:

• Rule out other possible causes of the origin of the lung disease

through a comprehensive clinical history and complementary

tests, and exclude systemic autoimmune disease, occupational or

domestic exposures, and drugs with potential pneumotoxicity7;
• Confirm the presence of a  pattern of UIP  according to accepted

radiological and histologic criteria2.

An important feature of the 2002 guidelines that has been given

particular emphasis in the most recent versions is that multidisci-

plinary assessment is the “gold standard” in  the diagnostic process.

This reflects a fundamental change from the previously established

criteria in which the histologic pattern was given greater weight

than all other factors.8 Furthermore, priority is given to  less inva-

sive diagnostic processes, with biopsy being reserved for cases that

are inconclusive after the initial multidisciplinary assessment.

Role of high-resolution computed tomography in the diagnosis of

idiopathic pulmonary fibrosis

Leading clinical guidelines regard HRCT as an essential compo-

nent in the diagnosis of IPF, as it can identify UIP from: (a) evidence

of fibrotic changes in both lungs, predominantly in the lung bases

and subpleural regions, despite a  frequent patchy pattern; (b) retic-

ular opacities, often associated with traction bronchiectasis; (c)

honeycombing manifested as clumped cystic spaces (diameters of

between 3 and 10 mm);  and (d) the absence of other findings listed

as inconsistent for UIP.5

The first step in the diagnosis of IPF, then, is the use of  an

appropriate technique that allows us to obtain images of high diag-

nostic quality. The essential differences between conventional CT

and HRCT reside in  the slice thickness used in  the acquisition and

reconstruction of the images.9,10 In HRCT, images are obtained from

1 mm slices, and (as in conventional CT) with the patient in a  supine

position at deep inspiration. A high frequency algorithm and a  field

of vision limited to the pulmonary parenchyma are used for image

reconstruction.11 Intravenous contrast is not administered during

the HRCT. The images obtained in expiratory series are very useful

for demonstrating air trapping.12,13

Due to inter-observer variability and discrepancies, and

advances in disease characterization, imaging techniques, and the

collection of histologic samples using cryobiopsy, the Fleischner

Society has published a  number of new radiological criteria for

diagnosing IPF and facilitating access to  treatment.6 In this review,

4 new categories differentiating UIP patterns in HRCT have been

proposed: typical, probable, and indeterminate UIP patterns, and

alternative diagnoses to  IPF (Table 1). The “possible” pattern has

been changed with respect to the previous classification to “proba-

ble” UIP, and “inconsistent” has been changed to “indeterminate”.

According to  our review, an accurate diagnosis of IPF can be

made when HRCT images show a  pattern of typical or probable

UIP.14 If the clinical context is indeterminate for IPF or the HRCT

pattern is  not indicative of typical or  probable UIP, completing the

diagnostic process with lung biopsy should be considered.

The updated ATS/ERS/JRS/ALAT guidelines also propose 4 radi-

ological patterns in  the diagnosis of IPF that are similar but not

identical to those proposed by the Fleischner Society.5,6 The basic

findings of UIP and probable UIP patterns are  similar, but the

indeterminate pattern differs by including the presence of predom-

inantly basal subpleural reticulation (also known as “early UIP”),

along with the true indeterminate pattern (a pattern of  fibrosing

interstitial lung disease with findings that really do not  guide the

clinician towards any etiology).

One of the main differences between the ATS/ERS guidelines

and the Fleischner Society document lies in the recommendation

for performing or not performing lung biopsy in  patients with a

pattern of possible UIP in  a  clinical context consistent with IPF: the

ATS/ESR guidelines make a  conditional recommendation in  favor

of this procedure.14 In short, then, for the authors of the Fleischner

guidelines, the risk of comorbidities associated with SLB is  greater

than the benefit of finding an alternative diagnosis in patients with

a high clinical suspicion of IPF and HRCT showing a pattern of  prob-

able UIP. This is based on various studies published in  recent years

that have analyzed the correlation between the probable UIP pat-

tern and the presence of UIP in  lung biopsy.15,16 As the study of

Brownell et al. clearly shows, in  cohorts with a high prevalence

of histologic UIP, the pattern of possible UIP on HRCT is suffi-

cient to  predict this diagnosis and hence avoid SLB.17 However, in
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Table  1

UIP diagnostic categories based on  HRCT.

Typical UIP

pattern

Probable UIP

pattern

Indeterminate

UIP pattern

Findings

consistent with a

diagnosis other

than IPF

Distribution Predominantly basal

(occasionally diffuse) and

subpleural; often

heterogeneous

Predominantly basal and

subpleural; often

heterogeneous

Variable or diffuse Fibrosis predominantly in upper lobes

or upper or middle lung;

predominantly peribronchovascular

with normal subpleural space.

Findings Honeycombing; reticular

pattern with peripheral

distribution of traction

bronchiectasis or

bronchiolectasis; no findings

suggestive of an alternative

diagnosis

Reticular pattern with

peripheral distribution of

traction bronchiectasis or

bronchiolectasis; no

honeycombing; no  findings

suggestive of an alternative

diagnosis

Evidence of fibrosis

with some discrete

features suggestive

of a  non-NIU

pattern

Any of the following: predominant

consolidation, ground glass opacity

(without acute exacerbation),

extensive mosaic attenuation pattern,

attenuation with significant lobular air

trapping in expiration, diffuse nodules

or  cysts

Source: Criteria proposed by the Fleischner Society.6

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

other situations, the positive predictive value is  lower, so  we  need

other clinical variables (such as sex, age, or presence of traction

bronchiectasis) to identify groups of subjects with a high positive

predictive value for histologic UIP. As such, the pretest probability

is very important for evaluating the radiological pattern of possible

UIP. TBCB could be  an excellent alternative in  this situation, since

it  has less comorbidity than SLB, and while the diagnostic yield

is lower than that of SLB, it may  be sufficient to substantiate the

diagnosis of IPF in cases with a  pattern of probable UIP.

Histologic diagnostic criteria for usual interstitial pneumonia

The characteristics of pulmonary parenchyma in a  biopsy with

a UIP pattern were established in  various consensus documents,

and have been slightly modified in  subsequent updates published

in 2011, 2013, and most recently, 2018.1,5,18 The latest 2018 guide-

lines describe the following histologic characteristics:

• Evidence of interstitial fibrosis associated with marked distortion

of the lung architecture with a characteristic distribution of pre-

dominantly peripheral involvement in the secondary lobule, i.e.

paraseptal or subpleural.
• Presence of fibroblast foci  in  areas of interface of fibrosis with

normal parenchyma.
• Presence of heterogeneous lesions that result in a  combination

of fibrotic areas of advanced involvement and areas with normal

alveolar septa.
• Absence of features inconsistent with a  diagnosis of UIP, suggest-

ing an alternative diagnosis. Despite showing all the histologic

characteristics of UIP, the presence of granulomas or other spe-

cific features that correspond to another entity rule out the

diagnosis.

These characteristics can be difficult to comprehend, so the

above-mentioned 2018 guidelines provide 4 options on the prob-

ability of a UIP diagnosis. These are listed in  Table 2 following the

same format as Table 1.

Invasive diagnostic techniques

Transbronchial cryobiopsy

The concept of TBCB arose from the introduction of modified

flexible cryotherapy probes and the need to improve the diagnostic

yield of TBBs, whose role in  the diagnosis of certain diffuse inter-

stitial lung diseases (ILD) was often questioned.1,18 With regard

to standardization of the procedure, a  recently published expert

consensus analyzes the scientific evidence on the diagnostic yield

and safety of TBCB in  the most relevant published studies.19 In

this review, the diagnostic yield of TBCB was within the range of

50.6 %–100 %  compared to  the 25 %–65 % yield obtained with con-

ventional forceps; pneumothorax occurred in 1.4 %–26 %  of  cases

and bleeding in 1 %–12 %. The authors recommend performing

the technique with orotracheal intubation under deep sedation or

general anesthesia, using an occlusion balloon to control bleed-

ing under fluoroscopic guidance. They also recommend obtaining

3–5 biopsies in  different lung segments, at least 1 cm from the

pleura.

The first study to  demonstrate the viability of TBCB in  the

diagnosis of ILD was published in  2009, and showed that larger

and better quality lung parenchyma samples were obtained com-

pared with TBB. In this initial study, the mean size  of the samples

was 15.11 mm2 compared with 5.82 mm2 for samples obtained

with the conventional technique.3 The first Spanish study on the

use of TBCB appeared in 2010.20 The diagnostic yield of TBCB vs

TBB in  ILD was subsequently evaluated in  a randomized, prospec-

tive study.21 A histopathologic diagnosis was  reached in more

cases in  the TBCB group (74.4 %) than in  the TBB group (34.1

%, p <  0.001), and the final multidisciplinary diagnosis was higher

(51.3 % versus 29.1 %,  p =  0.038). With regard to IPF, Tomassetti et al.

retrospectively assessed the impact of TBCB versus SLB in the mul-

tidisciplinary diagnosis of IPF.22 The study showed that the increase

in  diagnostic precision achieved with the addition of TBCB was sim-

ilar to  that  achieved with surgical biopsy in  the diagnosis of IPF

(SLB from 29 % to 63 %, p = 0.0003 and TBCB from 30 % to 65 %,

p  = 0.0016).

Iftikhar et al. conducted a review of 16 studies with TBCB ver-

sus 14 studies with SBL that included more than 2200 patients.23

In this meta-analysis, a  lower diagnostic yield was  observed in the

TBCB group (83 %) than in the VATS-SLB group (92 %). In a prospec-

tive study, Romagnoli et al. analyzed the diagnostic concordance of

TBCB compared to SLB.24 In this study, 21 patients underwent both

techniques on the same day, in the same operating room, during the

same anesthesia. The results of this study show that the same his-

tologic diagnosis was  obtained with both procedures in  only 8  out

of 21 patients (38 %): SLB yielded larger specimens and was supe-

rior in  establishing useful histologic patterns in multidisciplinary

diagnostics. However, it should be noted that the primary outcome

(histologic diagnostic concordance) was  obtained from a  pathology

evaluation that was  “blind” to the clinical and radiological infor-

mation, which is  not standard clinical practice. Another significant

point is  that in this study only 21 of the 61 selected patients were
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Table 2

Classification of lung biopsies.

UIP pattern Probable UIP pattern Indeterminate UIP pattern Alternative diagnosis

1. Architectural

distortion with

dense fibrosis

(honeycombing)

1. Incomplete characteristics of

the  first column plus absence

of findings suggestive of an

alternative diagnosis

1. Fibrosis with or without

architectural distortion, with

characteristics of other

patterns or suggestive of other

causes

1. Findings of other histologic

patterns of IIP (e.g., no

fibroblast foci or loose fibrosis)

in all biopsies

2.  Prevalence of fibrosis in

subpleural or paraseptal area

or 2. Any characteristic of the first

column but with findings

suggestive of another diagnosis

2. Findings suggestive of other

disease (e.g., sarcoidosis, HP,

LCH, LAM)
Presence of honeycombing

only

3. Heterogeneous

distribution of

fibrosis

4. Fibroblast foci

Source: adapted from the  recommendation of the ATS/ERS/JRS/ALAT clinical guidelines.5

LAM: lymphangioleiomyomatosis; LCH: Langerhan’s cell  histiocytosis; HP: hypersensitivity pneumonitis; IIP: idiopathic interstitial lung diseases; UIP: interstitial usual

pneumonia.

included. That is to  say, 40 patients could not be included in  the

study, either because they refused an SLB or because they were

ruled out due to comorbidities.

Another argument in favor of TBCB is the reduced cost compared

to SLB by video-assisted thoracoscopy (VATS). Cost analyses found

a potential cost savings for TBCB compared to  VATS-SLB of between

£210-£647 per patient/year25 or between D  953.09/patient when

the VATS-SLB is performed on an outpatient basis and a maximum

of D 1,925.29/patient when the SLB involves a  48 -h admission.26

With regard to the contraindications for the test, according to

the expert consensus, there is no age limit for TBCB, provided

it is not ruled out due to comorbidities and lack of fitness for

anesthesia.19 It has also been reported that patients with worse

lung function have more complications. FVC <  50 % predicted or

DLCO < 35 % predicted, if present, are recommended as relative

contraindications. The presence of pulmonary arterial hyperten-

sion (PAH) may  increase the risk of bleeding, and in some series

PAH greater than 40−45 mmHg  has been regarded as a relative

contraindication.3,21

Therefore, although SLB is  the method of first choice, TBCB is  an

alternative when a  patient refuses SLB or when SLB is inadvisable.

Surgical lung biopsy

SLB is still the “gold standard” for the histologic diagnosis of

diffuse ILD. Currently, the approach of choice is VATS, using 1,  2,

or 3 ports of entry for introducing the camera and instruments.27

The implementation of minimally invasive surgery has helped sim-

plify the technique.28 With the help of HRCT, the biopsy site is

selected by multidisciplinary decision, thus improving the cost-

effectiveness of the technique. The resection is performed using

mechanical endosutures, a  technique that is  increasingly safe and

allows the parenchyma to be simultaneously sectioned and sealed.

Samples are sent for histopathological study and microbiological

culture. A sample should generally measure about 3 ×  2 × 1 cm3,

although some authors recommend a  diameter of more than 2 cm.

SLB is usually performed under general anesthesia with selec-

tive intubation, although it is true that  there is  a  growing trend

towards performing the procedure with orotracheal intubation or

even under sedation with a  laryngeal mask.29,30 Endosutures are  so

safe that postoperative air leak has been reduced to  a  minimum, so

systematic pleural drainage placement is  not required.31,32 In out-

patient surgery programs, patients are admitted 1−2 hours before

surgery and discharged about 4−6  hours after the procedure. Pub-

lications on outpatient surgery programs have reported admission

rates of 3 % (mostly due to air  leakage) and readmission rates of

3  %, also for pneumothorax.33 A recent prospective, multicenter

study involving 224 patients and 13 thoracic surgery departments

assessed the feasibility of the outpatient approach in VATS-SLB in

the diagnosis of diffuse ILD. The results showed that the anatomical

site and the number of biopsies do not influence the diagnosis of

ILD: a specific diagnosis was  obtained in  87 %  of cases (of which 26.1

% were IPF), and morbidity rates after discharge were comparable

among patients who were admitted (9/154: 5.8  %) and those who

were treated as outpatients (3/70: 4.3 %).34

Open questions

Can a  diagnosis of usual interstitial pneumonia in a biopsy be

diagnosed by cryobiopsy?

TBCB is  especially useful in  diseases with peribronchovascular

and lymphangitic distribution and in  diseases with very specific

or characteristic features, but it is  of little (or less) use in  diseases

where a  pattern must be identified, such as IPF. Despite this, TBCB

is  gaining utility.

The histologic criteria for UIP were established with SLB, but

these features can also be identified in  TBCB. The presence of  pleura

or  septum in the sample is necessary to determine the UIP pat-

tern, since the distribution of fibrosis is  1 of the 4 requirements.

Therefore, cryobiopsies that do  not contain these structures will

only be  able to  establish a  “probable UIP pattern”. However, a

patchy distribution and higher proliferation of fibroblast foci are

easily identifiable in TBCB. Another very characteristic morpholog-

ical element of the UIP pattern is honeycombing. The presence of

honeycombing has been much debated in the literature, as it cannot

always be detected. A recent study concluded that areas of histo-

logic honeycombing can be detected in TBCB when more than 2

fragments containing pleura are obtained. The size of the fragments

may make it difficult to differentiate between honeycombing and

bronchiolar metaplasia.

TBCB, therefore, might not satisfy all the criteria needed to

definitively establish a pattern of UIP, but  it can still be very useful

for identifying histologic characteristics of probable or possible UIP

pattern, and for detecting other histologic features that will exclude

UIP. For this reason, minimum quality criteria must be established

in terms of the number and size of samples, their distribution,

and histologic findings. At the microscopic level, some authors
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suggest that a  minimum sample size of 5 mm of well expanded

parenchyma is needed identify a pattern, and although smaller

fragments may  contain all the elements, this would be the optimal

size.35

Safety

In terms of safety, the complications most frequently described

in association with TBCB are severe bleeding and pneumothorax.4

With regard to bleeding after the procedure, there is  no consensus

on the definition and quantification of bleeding, so this outcome is

very heterogeneous in  the literature. In general, studies comparing

this technique with TBB have shown a  higher percentage of mod-

erate bleeding in the TBCB group than in the SLB group. Johannson

et al. performed a  meta-analysis in which they found an overall

frequency of moderate/severe bleeding of 39 %, with a  range of

0%–78%, demonstrating wide heterogeneity.36 In their systematic

review, Ganganah et al. compared TBCB with TBB and identified

3 studies that compared directly in terms of frequency of bleed-

ing; bleeding was significantly greater in TBCB in  only 1 of the 3.25

Rates of moderate bleeding of 20.99 % (5.6 %–42.8 %) associated

with TBCB have also been reported, including 3 deaths (0.5 %  of the

group).37 In this respect, the recommendation on standardization

of the TBCB procedure includes the use of an occlusion balloon to

control possible bleeding.19

Sharp et al. conclude that pneumothorax is  the most common

adverse effect in TBCB, occurring in 20 % of cases (15 %  required

drainage).37 The total combined probability of presenting pneu-

mothorax was 0.06 (95 % CI: 0.02–0.11), while the probability

of pneumothorax with chest tube placement was 0.03 (95 % CI:

0.01–0.08). In studies that show a higher rate of pneumothorax,

this finding may  be related to the characteristics of the study

patients (patients with interstitial lung disease and fibrotic pat-

tern) and the collection of a  greater number of subpleural biopsies

(<1 cm).22,38

With regard to  SLB, the incidence of complications in the

published series varies widely, the most frequent being post-

operative pain, and the most feared being exacerbation of the

underlying disease. Both pain and exacerbations have diminished

with the implementation of minimally invasive techniques.39,40

In 2007, Kreider et al. reported that the implementation of

VATS programs did not  reduce morbidity or mortality associ-

ated with SLB.41 Careful selection of patients and the time when

biopsy is indicated appear to be important factors in reducing

complications. Hutchinson et al. published a  retrospective anal-

ysis which found that mortality associated with non-elective

surgery was as high as 16 %, but fell to  1.7 % in elective

surgery.42

In meta-analysis reviewing both techniques, the incidence

of grade 2 (moderate to severe) bleeding in the TBCB group

was 4.9 % (2.2 %–10.7 %).23 In  the studies that evaluated VATS-

SLB, only 5 reported persistent air  leak, at an incidence of 2

% (0.9 %–4 %). In these studies, mortality at 30–60 days post-

procedure was 0.7 % (0.4 %–1.2 %) after TBCB and 1.8  % (1.0

%–3 %) after VATS-SLB. Other safety indicators in the comparison

of TBCB versus VATS-SLB were the frequency of adverse events

(excluding pneumothorax) (2 % versus 13.3 %  [p <  0.0001]), mean

length of hospital stay (2.6 days [range 0–17] versus 6.1 [range

3–48] [p < 0.0001]), and mortality (0.3 %  versus 2.7  %  [p = 0.045]),

respectively.4

Conclusion: a multidisciplinary proposal on  the role of
cryobiopsy in the diagnosis of idiopathic pulmonary fibrosis

Two alternatives for the diagnosis of IPF in cases that require

lung biopsy are currently available. Although no adequate studies

Table 3

Factors to  consider in each patient and site when deciding between transbronchial

cryobiopsy and surgical lung biopsy.

Cryobiopsy Surgical lung biopsy

Pros

Experience of bronchoscopy

team

Experience of surgical team

Low comorbidity of the

technique

Diagnostic yield

Cost Macroscopic visualization of

the area to be biopsied

Site of HRCT findings: central Site of HRCT findings:

peripheral

Probable UIP pattern in context

of  high probability of IPF

Probable UIP pattern in context

of  low probability of IPF

Cons

Risk  of pneumothorax (severe

emphysema, lesion in upper

lobes)

Patient- and procedure-related

comorbidities

Risk  of hemorrhage (associated

with pulmonary hypertension)

Diminished lung function

values

Low radiological

representation

Time on procedure waiting list

Pathologist’s experience in the

TBCB interpretation

Cost

HRCT: high-resolution computed tomography; IPF: idiopathic pulmonary fibrosis;

TBCB: transbronchial cryobiopsy; UIP: usual interstitial pneumonia.

Suspicion of IPF

Review of clinical history

No

HRCT

Probable UIP Inconsistent findings

Surgical lung biopsy 

(consider cryobiopsy

according to table)

Low probability∗

IPF

∗Depending on age, sex, size

of traction bronchiectasis, and

prevalence of histologic UIP in

historic cohort of site, according

to patient characteristics.

UIP

Multidisciplinary

committee

High probability∗

Alternative diagnosis?

Fig. 1. Proposed amendment of the diagnostic algorithm for idiopathic pulmonary

fibrosis. HRCT: high-resolution computed tomography; IPF: idiopathic pulmonary

fibrosis; UIP: usual interstitial pneumonia.

comparing both techniques have yet been conducted, and despite

the fact that favorable outcomes have been demonstrated for each

method, our  impression is  that both procedures have distinct char-

acteristics that make them more or less suitable, depending on each

clinical situation. The challenge, therefore, is not  to decide between

2 competing techniques in  the diagnosis of patients with IPF, but to

be able to recognize which is best suited to a  particular situation.

Table 3 lists some circumstances that can assist in decision-

making. Factors such as comorbidities, lung function, the

experience of the bronchoscopy team and the pathologist, the loca-

tion and extension of the radiological pattern, and the cost of  the

technique should be carefully assessed. The diagnostic delay must
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also be evaluated, since each additional procedure in  the algorithm

increases time to diagnosis. This proposed algorithm must be vali-

dated in prospective studies to  demonstrate its clinical usefulness.

On the basis of all these variables, as shown in  Fig. 1,  each site

must evaluate on a case-by-case basis which of the 2 procedures

offers a better risk-benefit ratio for obtaining a histological diag-

nosis. Additionally, of course, studies are needed to  compare the

diagnostic yield and safety of SLB versus TBCB in IPF.

Authorship

DC and ASF organized the debate and were responsible for

proposing the publication of this article. DC,  ASF and AT designed

the  manuscript. All authors contributed to  the publication and have

reviewed the version submitted for publication.

Conflict of interests

DC has received personal honoraria and non-financial support

from Boehringer-Ingelheim and Roche, as well as honoraria from

Bristol-Myers Squibb, unrelated to this manuscript; JS has received

grants and personal honoraria from Boehringer-Ingelheim and

Roche, and personal honoraria from Menarini, Glaxo, Novartis and

Chiesi, unrelated to  this manuscript. MM-M  has received grants

and personal honoraria from Boehringer-Ingelheim, Esteve-Teijin

Healthcare, and Roche, personal honoraria from Chiesi, and grants

from GSK, unrelated to this manuscript; the remaining authors

declare no conflict of interest with respect to this manuscript.

Acknowledgements

This manuscript is the transcript of a debate session sponsored

by Boehringer-Ingelheim.

References

[1]. Travis WD,  Costabel U, Hansell DM,  King TE Jr, Lynch DA, Nicholson AG, et al.
An  official American Thoracic Society/European Respiratory Society statement:
Update of the international multidisciplinary classification of the idiopathic
interstitial pneumonias. Am J  Respir Crit Care Med. 2013;188(6):733–48.

[2]. Hunninghake GW,  Zimmerman MB,  Schwartz DA, King TE Jr, Lynch J, Hegele R,
et  al. Utility of a  lung biopsy for the diagnosis of idiopathic pulmonary fibrosis.
Am  J Respir Crit Care Med. 2001;164(2):193–6.

[3]. Babiak A, Hetzel J, Krishna G, Fritz P, Moeller P, Balli T, et al. Transbronchial
cryobiopsy: a new tool for lung biopsies. Respiration. 2009;78(2):203–8.

[4]. Ravaglia C, Bonifazi M,  Wells  AU, Tomassetti S, Gurioli C,  Piciucchi S, et al.
Safety and Diagnostic Yield of Transbronchial Lung Cryobiopsy in Diffuse
Parenchymal Lung Diseases: A Comparative Study versus Video-Assisted Tho-
racoscopic Lung Biopsy and a  Systematic Review of the Literature. Respiration.
2016;91(3):215–27.

[5]. Raghu G, Remy-Jardin M,  Myers JL, Richeldi L,  Ryerson CJ, Lederer DJ, et al. Diag-
nosis of Idiopathic Pulmonary Fibrosis. An  Official ATS/ERS/JRS/ALAT Clinical
Practice Guideline. Am J  Respir Crit Care Med. 2018;198(5):e44–68.

[6]. Lynch DA, Sverzellati N, Travis WD, Brown KK, Colby TV, Galvin JR, et al. Diagnos-
tic  criteria for idiopathic pulmonary fibrosis: a Fleischner Society White Paper.
Lancet Respir Med. 2018;6(2):138–53.

[7]. Morell F, Villar A. Pulmonary fibrosis idiopathic: Diagnostic study with 10 clin-
ical actions. Medicina clinica. 2017;149(6):253–5.

[8]. Castillo D, Walsh S, Hansell DM,  Vasakova M,  Cottin V, Altinisik G, et  al. Validation
of multidisciplinary diagnosis in IPF. Lancet Respir Med. 2018;6(2):88–9.

[9]. Kazerooni EA. High-resolution CT of the lungs. AJR  Am J  Roentgenol.
2001;177(3):501–19.

[10]. Hansell DM,  Kerr IH. The role of high resolution computed tomography in the
diagnosis of interstitial lung disease. Thorax. 1991;46(2):77–84.

[11]. Aziz ZA, Padley SP,  Hansell DM.  CT techniques for imaging the lung: recom-
mendations for multislice and single slice  computed tomography. Eur J  Radiol.
2004;52(2):119–36.

[12]. Ng CS, Desai SR, Rubens MB,  Padley SP, Wells AU, Hansell DM. Visual quantita-
tion  and observer variation of signs of small airways disease at inspiratory and
expiratory CT. J  Thorac Imaging. 1999;14(4):279–85.

[13]. Worthy SA, Muller NL,  Hartman TE, Swensen SJ, Padley SP,  Hansell DM.
Mosaic attenuation pattern on thin-section CT scans of the lung: differentia-

tion among infiltrative lung, airway, and vascular diseases as a cause. Radiology.
1997;205(2):465–70.

[14]. Richeldi L, Wilson KC, Raghu G. Diagnosing idiopathic pulmonary fibrosis in
2018: bridging recommendations made by experts serving different societies.
Eur Respir J. 2018;52(3).

[15]. Chung JH, Chawla A, Peljto AL, Cool CD, Groshong SD, Talbert JL, et al.  CT scan
findings of probable usual interstitial pneumonitis have a high predictive value
for histologic usual interstitial pneumonitis. Chest. 2015;147(2):450–9.

[16]. Raghu G,  Lynch D, Godwin JD, Webb R, Colby TV, Leslie KO, et al.  Diagnosis of
idiopathic pulmonary fibrosis with high-resolution CT in patients with little or
no  radiological evidence of honeycombing: secondary analysis of a randomised,
controlled trial. Lancet Respir Med. 2014;2(4):277–84.

[17]. Brownell R, Moua T, Henry TS, Elicker BM, White D,  Vittinghoff E, et al. The use
of pretest probability increases the value of high-resolution CT in diagnosing
usual interstitial pneumonia. Thorax. 2017;72(5):424–9.

[18]. Raghu G, Collard HR, Egan JJ, Martinez 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(6):788–824.

[19]. Hetzel J, Maldonado F, Ravaglia C,  Wells AU, Colby TV,  Tomassetti S, et  al. Trans-
bronchial Cryobiopsies for the Diagnosis of Diffuse Parenchymal Lung Diseases:
Expert Statement from the Cryobiopsy Working Group on  Safety and Utility and
a  Call for Standardization of the Procedure. Respiration. 2018;95(3):188–200.

[20]. Pajares V, Torrego A, Puzo C,  Lerma E, Gil De Bernabe MA,  Franquet T.
[Transbronchial lung biopsy using cryoprobes]. Archivos de bronconeumologia.
2010;46(3):111–5.

[21]. Pajares V, Puzo C,  Castillo D,  Lerma E, Montero MA, Ramos-Barbon D, et al.
Diagnostic yield of transbronchial cryobiopsy in  interstitial lung disease: a  ran-
domized trial. Respirology. 2014;19(6):900–6.

[22]. Tomassetti S, Wells AU, Costabel U,  Cavazza A, Colby TV, Rossi G,  et al.
Bronchoscopic Lung Cryobiopsy Increases Diagnostic Confidence in the Mul-
tidisciplinary Diagnosis of Idiopathic Pulmonary Fibrosis. Am J  Respir Crit Care
Med. 2016;193(7):745–52.

[23]. Iftikhar IH, Alghothani L, Sardi A, Berkowitz D, Musani AI.  Transbronchial Lung
Cryobiopsy and Video-assisted Thoracoscopic Lung Biopsy in the Diagnosis of
Diffuse Parenchymal Lung Disease. A Meta-analysis of Diagnostic Test Accuracy.
Ann Am Thorac Soc. 2017;14(7):1197–211.

[24]. Romagnoli M,  Colby TV, Berthet JP, Gamez AS, Mallet JP, Serre I, et al. Poor
Concordance between Sequential Transbronchial Lung Cryobiopsy and Surgical
Lung  Biopsy in the Diagnosis of Diffuse Interstitial Lung Diseases. Am J  Respir
Crit  Care Med. 2019;199(10):1249–56.

[25]. Hernandez-Gonzalez F, Lucena CM, Ramirez J, Sanchez M,  Jimenez MJ, Xaubet
A,  et  al. Cryobiopsy in the diagnosis of diffuse interstitial lung disease: yield
and  cost-effectiveness analysis. Archivos de bronconeumologia. 2015;51(6):
261–7.

[26]. Lettieri CJ,  Veerappan GR, Helman DL, Mulligan CR, Shorr AF.  Outcomes
and safety of surgical lung biopsy for interstitial lung disease. Chest.
2005;127(5):1600–5.

[27]. Blewett CJ, Bennett WF,  Miller JD, Urschel JD. Open lung biopsy as an outpatient
procedure. Ann Thorac Surg. 2001;71(4):1113–5.

[28]. Rocco G. Non-intubated uniportal lung surgerydagger. Eur J  Cardiothorac Surg.
2016;49 Suppl 1:i3–5.

[29]. Katlic MR,  Facktor MA.  Video-assisted thoracic surgery utilizing local anesthesia
and sedation: 384 consecutive cases. Ann Thorac Surg. 2010;90(1):240–5.

[30]. Luckraz H, Rammohan KS, Phillips M,  Abel R, Karthikeyan S, Kulatilake NE, et al.
Is  an intercostal chest drain necessary after video-assisted thoracoscopic (VATS)
lung biopsy? Ann Thorac Surg. 2007;84(1):237–9.

[31]. Russo L,  Wiechmann RJ, Magovern JA, Szydlowski GW, Mack MJ,  Naunheim
KS,  et  al. Early chest tube removal after video-assisted thoracoscopic wedge
resection of the lung. Ann Thorac Surg.  1998;66(5):1751–4.

[32]. Molins L,  Fibla JJ, Perez J, Sierra A, Vidal G, Simon C. Outpatient thoracic sur-
gical  programme in 300 patients: clinical results and economic impact. Eur J
Cardiothorac Surg. 2006;29(3):271–5.

[33]. Fibla JJ, Molins L, Blanco A, Royo I, Martinez Vallina P, Martinez N,  et al. Video-
assisted thoracoscopic lung biopsy in the diagnosis of interstitial lung disease: a
prospective, multi-center study in 224 patients. Archivos de bronconeumologia.
2012;48(3):81–5.

[34]. Colby TV, Tomassetti S, Cavazza A, Dubini A, Poletti V. Transbronchial Cry-
obiopsy in Diffuse Lung Disease: Update for the Pathologist. Arch Pathol Lab
Med.  2017;141(7):891–900.

[35]. Johannson KA,  Marcoux VS, Ronksley PE, Ryerson CJ. Diagnostic Yield
and  Complications of Transbronchial Lung Cryobiopsy for Interstitial Lung
Disease.  A Systematic Review and Metaanalysis. Ann  Am Thorac Soc.
2016;13(10):1828–38.

[36]. Ganganah O, Guo SL, Chiniah M,  Li YS. Efficacy and safety of cryobiopsy ver-
sus  forceps biopsy for interstitial lung diseases and lung tumours: A systematic
review and meta-analysis. Respirology. 2016;21(5):834–41.

[37]. Sharp C, McCabe M,  Adamali H, Medford AR. Use of transbronchial cryobiopsy in
the diagnosis of interstitial lung disease-a systematic review and cost analysis.
QJM. 2017;110(4):207–14.

[38]. Casoni GL, Tomassetti S, Cavazza A, Colby TV, Dubini A, Ryu JH, et al. Trans-
bronchial lung cryobiopsy in the diagnosis of fibrotic interstitial lung diseases.
PloS one. 2014;9(2):e86716.

http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0005
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0010
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0015
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0020
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0025
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0030
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0035
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0040
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0045
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0050
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0055
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0060
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0065
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0070
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0075
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0080
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0085
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0090
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0095
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0100
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0105
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0110
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0115
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0120
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0125
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0130
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0135
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0140
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0145
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0150
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0155
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0160
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0165
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0170
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0175
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0180
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0185
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0190


D. Castillo et al. / Arch Bronconeumol. 2020;56(2):99–105 105

[39]. Moore DJ, McParland CP, Bullock MJ,  Cartier Y,  Hernandez P. Video-assisted
thoracoscopic lung biopsy as a possible cause of acute interstitial pneu-
monia in a patient with nonspecific interstitial pneumonia. Can Respir J.
2004;11(6):437–40.

[40]. Pompeo E, Rogliani P, Cristino B, Schillaci O, Novelli G,  Saltini C. Awake thoraco-
scopic biopsy of interstitial lung disease. Ann  Thorac Surg. 2013;95(2):445–52.

[41]. Kreider ME,  Hansen-Flaschen J, Ahmad NN, Rossman MD,  Kaiser LR, Kucharczuk
JC,  et  al.  Complications of video-assisted thoracoscopic lung biopsy in patients
with interstitial lung disease. Ann Thorac Surg. 2007;83(3):1140–4.

[42]. Hutchinson JP, Fogarty AW,  McKeever TM,  Hubbard RB. In-Hospital Mortality
after  Surgical Lung Biopsy for Interstitial Lung Disease in the United States. 2000
to 2011. Am J  Respir Crit Care Med. 2016;193(10):1161–7.

http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0195
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0200
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0205
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210
http://refhub.elsevier.com/S1579-2129(19)30421-5/sbref0210

	A multidisciplinary proposal for a diagnostic algorithm in idiopathic pulmonary fibrosis: The role of transbronchial cryob...
	Introduction
	Diagnosis of idiopathic pulmonary fibrosis. What do the current guidelines propose?
	The diagnostic process in idiopathic pulmonary fibrosis
	Role of high-resolution computed tomography in the diagnosis of idiopathic pulmonary fibrosis
	Histologic diagnostic criteria for usual interstitial pneumonia

	Invasive diagnostic techniques
	Transbronchial cryobiopsy
	Surgical lung biopsy

	Open questions
	Can a diagnosis of usual interstitial pneumonia in a biopsy be diagnosed by cryobiopsy?
	Safety


	Conclusion: a multidisciplinary proposal on the role of cryobiopsy in the diagnosis of idiopathic pulmonary fibrosis
	Authorship
	Conflict of interests
	Acknowledgements
	References


