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Transbronchial cryobiopsy in diffuse parenchymal lung disease
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ABSTRACT

The evaluation of patients with diffuse parenchymal lung disease is best achieved
by a multidisciplinary team approach combining clinical, radiological, and pathological in-
formation. Although a lung biopsy may be necessary to firmly establish a diagnosis, safe-
ly obtaining adequate tissue specimens in such patients remains challenging. Traditional
bronchoscopic forceps biopsies are not recommended for most idiopathic interstitial pneu-
monias due to their low diagnostic yields, whereas a surgical lung biopsy increases the risk
for serious complications, including a small but real risk of an exacerbation of the underlying
interstitial lung disease and death. Bronchoscopic cryosurgical techniques (i.e., cryobiopsy)
is being increasingly used as an attractive compromise between the two, due to its ability
to be performed under conscious sedation and its ability to obtain larger tissue fragments
without crush artifacts. Although promising and increasingly employed at some academic
centers, it remains untested in rigorous systematic studies. This article will review the exist-
ing literature on the diagnostic role and safety of transbronchial cryobiopsy in patients with

diffuse parenchymal lung diseases.
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INTRODUCTION

The evaluation of patients with diffuse parenchy-
mal lung diseases (DPLD), particularly the idiopathic
interstitial pneumonias (lIP), often requires a multidis-
ciplinary team approach. A surgical lung biopsy may
be necessary for a confident diagnosis, particularly
in patients with atypical clinical/radiological presenta-
tions." However, surgical lung biopsies carry a risk of
serious complications, with a 30-day mortality ranging
from 2.7% to 12% in patients with interstitial lung dis-
ease (ILD)?3, and the short-term mortality rate from

Corresponding author: Kamonpun Ussavarungsi MD
Contact Information: kamonpun@live.com
DOI: 10.12746/swrccc 2015.0311.138

either thoracotomy or video-assisted thoracoscopic
surgery has been as high as 21.7% in patients with
idiopathic pulmonary fibrosis (IPF).*

Bronchoscopic transbronchial forceps biopsy
had been considered a safer alternative to surgical
lung biopsy and can be diagnostic for several respi-
ratory disorders (e.g., sarcoidosis) presenting as a
diffuse parenchymal lung process.® The procedure
is typically performed in the outpatient setting with a
low incidence of serious complications that include
pneumothorax and significant bleeding which occur
at a rate of 0.1 to 0.04%.% However, the specimens
obtained by transbronchial forceps biopsies are often
nondiagnostic due to the small size of specimens and
crush artifacts.” The diagnostic yield of transbronchial
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lung biopsies varies significantly according to the ra-
diographic pattern,® but can be as high as 60-90% in
selected disorders, such as sarcoidosis and lymphan-
gitic carcinomatosis.®'° However, for most fibrotic lung
diseases, the diagnostic yield is considerably lower
at 20-30%.%%"" Transbronchial lung biopsy is thus not
recommended when attempting to histologically con-
firm IPF or the other IIPs."?

One alternative that is being increasingly used for
the evaluation of diffuse parenchymal lung diseases is
the flexible cryoprobe, which has been primarily used
for the biopsy or ablation of visible endobronchial le-
sions.” The advantage of cryobiopsies includes the
ability to obtain a larger tissue sample, with preserva-
tion of the underlying lung parenchymal architecture,
similar to a frozen section, but the potential disadvan-
tages include more substantial bleeding. Additionally,
because the sample is larger, the tissue cannot be
withdrawn through the bronchoscopic channel and
the whole bronchoscope must be withdrawn with
each cryobiopsy, potentially losing an insecure airway
if bleeding occurs. Although systematic controlled tri-
als comparing cryobiopsies to forceps biopsies or
thoracoscopic lung biopsies for idiopathic interstitial
pneumonias are lacking, multiple centers have start-
ed reporting their experience with transbronchial
cryobiopsies. Here, we review the existing literature
on the diagnostic yield and safety of transbronchial
cryobiopsies in the evaluation of diffuse parenchymal
lung diseases.

METHODS

The MEDLINE and PubMed search of the English
literature was performed between 1970 and 2014 us-

ing the keywords “transbronchial cryobiopsy,” “cryo-
biopsy,” “interstitial lung disease,” and “diffuse pa-
renchymal lung disease” in combination. The results

were reviewed and summarized.

CRYOTECHNOLOGY

Cryoprobes are available as rigid, semi-rigid, or flex-
ible catheters of 50, 60, or 90 cm in length with vari-
able tip diameters of 1.9, 2.4, and 5.5 mm (Erbokryo
CA, ERBE, Germany). Utilizing the Joule-Thomson

effect, compressed gas (e.g., nitrous oxide, carbon
dioxide, nitrogen, argon) is allowed to rapidly expand
within the metallic tip which instantaneously drops the
temperature locally to -70 to -196 ° C. The subfreez-
ing temperature leads to adhesion of the tissue to
the probe which can then be removed. Cessation of
flow and a pressure decrease are followed by release
of heat and defrosting. The tissue can be released
from the probe during the freeze-thaw cycle. Cellular
and vascular injury can result in tissue necrosis, but
the diagnostic quality of the histopathology obtained
is not significantly affected, even with longer freezing
periods. "7

PROCEDURAL ASPECTS OF THE TRANSBRON-
CHIAL CRYOBIOPSY

The cryoprobe is introduced through the work-
ing channel of a flexible bronchoscope, under fluo-
roscopic guidance, into the desired location, until
slight resistance is met. The tip is then cooled for 3-6
seconds causing adherence of the frozen tissue to
the cryoprobe.''®22 The longer the freeze cycle, the
larger the size of the biopsy. The probe is then firmly
pulled back separating the frozen biopsy sample from
the native lung. Care must be taken not to pull the
cryoprobe and the biopsy sample (which is typically
larger than the working channel) through the bron-
choscope to avoid damaging the bronchoscope and
losing the sample. Thus, the entire bronchoscope has
to be removed with the frozen tissue at the probe’s tip
as a single unit. To minimize the need to repeatedly
renavigate through the nose or mouth into the lower
airways, most experts recommend a secure endotra-
cheal airway with deeper sedation as necessary. This
allows the bronchoscope to be rapidly reintroduced
after the biopsy to clear blood and wedge into the bi-
opsied subsegment to tamponade any active bleed-
ing. Since bleeding can be immediate and compro-
mise visualization of the airways, some have routinely
applied a Fogarty balloon proximal to the biopsied
subsegment to immediately occlude the airway and
provide better control of bleeding.'®232* Upon comple-
tion of the procedure, a chest x-ray is recommended
to exclude pneumothorax unless fluoroscopy is able
to confidently exclude this complication.
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DIAGNOSTIC YIELD OF TRANSBRONCHIAL
CRYOBIOPSY

Cryosurgical techniques were initially used for bi-
opsy and debulking of airway diseases.?® The efficien-
cy and advantages of the cryoprobe in obtaining the
samples from lung parenchyma have been actively
explored by multiple centers in the recent years as
summarized in Table 1.

A major advantage of cryo-transbronchial biopsy is
that the samples obtained are larger,'®'7:192126 hgve a
higher percentage of alveolar tissue, and are typical-
ly without crush artifacts (atelectasis and intra-alve-
olar hemorrhage) that are frequently seen in forceps
biopsy samples.'®?'26 More alveolar tissue's17:19.2126
correlates with a better diagnostic yield,'”'® but
the histologic quality is also superior, being free of
cryospecific artifacts and having an overall higher
artifact-free area.'s'® Additionally, the high-quality de-
tection of cytoplasmic and nuclear antigens suggests
the potential benefit of doing additional immunohis-
tochemistry investigations.?' Thus, cryo-techniques
appear to offer higher quality tissue specimens from
the pathologists’ perspective, and likely increase the
diagnostic value.?5?"

When specifically applied to patients with diffuse
lung diseases, the cryobiopsy specimens were also
significantly larger with a median sample area of
15.11 mm? (2.15-54.15 mm?) compared to 5.82 mm?
(0.58-20.88 mm? ) by forceps. Tissue architecture
from the cryobiopsy was described to be preserved
which facilitated diagnosis. ' Compared to a histor-
ical diagnostic rate of 30% from traditional forceps
transbronchial biopsies, the yield of cryobiopsies was
increased up to 80%."'2 The higher diagnostic
yield was attributed to the larger samples allowing for
more contiguous alveolated lung and small airways. It
is important to note that the results might be limited by
the observational nature of the study, as well as the
small sample. 31°

The yield does vary depending on the underlying
diagnosis, but appears to be generally higher than

what has been previously reported for convention-
al forceps biopsies. For example, in a retrospective
study of 52, patients the diagnostic yield was 83%
for sarcoidosis, 89% for organizing pneumonia, 86%
for hypersensitivity pneumonia, and 67% for UIP. "%
One possible explanation is the ability to obtain small
airways to view granulomas or other characteristic
changes close to the bronchial walls, 2° as well a large
enough alveolar tissue samples to capture the patch-
work pattern of fibrosis in UIP.2°

In a prospective series of patients with fibrotic
diffuse parenchymal lung diseases with nondiagnos-
tic imaging using the cryobiopsy technique, adequate
biopsies were obtained in 68 cases (99%) with a di-
agnostic yield in fibrosing interstitial pneumonia of up
to 93%."® Using cryobiopsy identified more UIP cases
(47 patients, 73%) when compared to forceps biop-
sies performed on a similar population in a previous
study (12 patients, 30%) by the same investigators. %

Furthermore, the first randomized controlled study
(n=77) comparing transbronchial forceps to cryobiop-
sies in patients with suspected ILDs reported 74.4%
histopathological diagnoses in the cryoprobe group
versus 34.1% in the conventional-forceps group
(p<0.001).2' The most frequent histologic diagnosis
observed in the cryoprobe group was nonspecific
interstitial pneumonia (NSIP) with the characteristic
histopathologic pattern of chronic inflammatory or
cellular infiltrates. Again, the higher diagnostic yield
of cryobiopsy in identifying more IIP was attributed to
the larger size and higher quality of samples in com-
parison with the conventional forceps group.?!

One of the major limitations in most of these studies
is the lack of pathology from surgical lung biopsy as
the histologic gold standard to compare the accuracy
of transbronchial cryobiopsy. Hagmeyer et al?? per-
formed the latest retrospective study on 32 patients
with suspected ILD who underwent transbronchial
cryobiopsy. Of those subjects, 8 patients underwent
both transbronchial cryobiopsy and surgical lung bi-
opsy. They found a good correlation between cryobi-
opsy and surgical lung biopsy in 7 of the 8 patients.
In these 7 cases, surgical lung biopsy confirmed the
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Table 1 Studies of transbronchial cryobiopsy in patients with diffuse parenchymal lung diseases

Study Design Patient Diagnosis Diagnostic | Number of | Size Pneumothorax Bleeding | Death
numbers yield biopsies (mm?2)

Hagmeyer Retrospective 21(66%) 11P 78%
20152 study 8 w1th 11(34%) Non-IIP  (25/32)
Cryobiopsy vs.  surgical 70% in IIP
surgical biopsy  lung 92% in
biopsy non-11P
Pajares Randomized 77 12(30%)NSIP 74.4%
2014%! controlled 7(18%) UIP (29/39)
study 19 not diagnostic
Forceps vs.
Cryobiopsy
Griff Retrospective 52 9 (17%) UIP 79%
2014% study 32 (62%) Non- (41/52)
Cryobiopsy UIP
(10 Sarcoidosis,
6 HP, 8 COP)
4 not adequate
Casoni Prospective 69 47(75%) UIP 76%
2014 study 16(25%) Non- (52/69)
Cryobiopsy UIP
5 not diagnostic
1 not adequate
Fruchter Retrospective 75 21(28%) NSIP 70%
2014 study 22(29%) 11P (52/75)
Cryobiopsy 11(14%) COP possible
7(9%) UIP
2 not diagnostic 28%
(21/75)
probable
Kropski Retrospective 25 7(28%) UIP 80%
20138 study 12(48%) Non- (20/25)
Cryobiopsy UIP
1 normal
5 not diagnostic
Babiak Retrospective 41 15 (37%) UIP 95%
2009" study 24 (59%) Non- (39/41)
Forceps vs. uIp
cryobiopsy 2 surgical biopsy

suspected histological results obtained by cryobiopsy
which were mostly in the UIP pattern. In the majority
of patients, the pathology obtained from cryobiopsy
was considered adequate and was consistent with
the suspected clinic/radiologic diagnosis, and thus no
further investigations (i.e., surgical lung biopsy) were
felt to be necessary following the multidisciplinary re-
view.?2 Cryobiopsy seems to be a promising diagnos-
tic tool based on previous studies. But even surgical
lung biopsies have some element of uncertainty, and
the diagnostic yields in patients with DPLD need to be

2(6.25%)
per proce- (19%) (78%) Acute exacer-
dure bation of IPF

after surgical

lung biopsy

3.7 (mean) 14.7+11 3 22 None
per proce- Mean (7.7%) (56.4%)
dure diameter

4.1+1.5

mm
1-2 NA None None None
per proce-
dure Mean

diameter

6.9+4.4

mm
3 (median)  43.11 19 1 1(1.4%)
per proce- (11.94- (28%) (1.4%) Acute exacer-
dure 76.25) bation of

IPF, massive

pneumotho-

rax.
3(mean) 9 2 3 None
per proce- (6-18) (2.6%) (4%)
dure
2 64.2 None None None
per proce- (1.5-
dure 136.7)
At least 1 15.11 2 None None
biopsy (2.15- (4.87%)
per proce- 54.15)
dure

interpreted with caution.

SAFETY

Safety is one of the most important concerns
when introducing new techniques and technologies.
With regard to transbronchial cryobiopsy, bleeding is
a major concern due to the technique itself, in which
the bronchoscope has to be withdrawn from the air-
ways in entirety with each biopsy. As expected, the

The Southwest Respiratory and Critical Care Chronicles 2015;3(11)

11



Kamonpun U. et al. Transbronchial cryobiopsy

previously discussed studies excluded patients with
coagulation disorder (thrombocytopenia < 50,000
cells/mm?, international normalized ratio > 1.5, and
activated partial thromboplastin time > 50 s) and pul-
monary hypertension estimated by pulmonary systol-
ic arterial pressure above 40 mmHg. 82!

The safety of the technique was assessed in a
randomized controlled study comparing transbronchi-
al forceps to cryobiopsies. The study demonstrated
no statistically significant difference in overall bleed-
ing complications (39 patients in cryoprobe group
vs. 38 patients in the conventional forceps group,
p=0.068), but did show a trend of bleeding compli-
cations that required bronchoscopic interventions (22
patients in the cryoprobe group vs 13 patients in con-
ventional-forceps group, no p value reported).?!

Hagmeyer et al % reported very high rates of
bleeding complications which were graded moderate
in 25% and severe in 53%. However, bleeding could
be stopped by bronchoscopic wedging and instillation
of epinephrine. In a randomized study of 77 patients,
more patients in the cryobiopsy group had bleeding
complications requiring bronchoscopic procedures,
such as bronchial occlusion/collapse. In this study,
the number of samples was not associated with the
increased bleeding risk, but it appeared that the size
of the biopsy sample may be a factor. 2 Some studies
minimized the consequence of bleeding by the rou-
tine preventive use of an occlusion balloon catheter
placed immediately after the biopsy.'®#2* Neverthe-
less, the cryobiopsy is potentially useful in the diag-
nosis of selected patients with diffuse parenchymal
lung disease, but possibly at the cost of more serious
bleeding complications.

Several studies have also demonstrated a higher
incidence of pneumothorax after transbronchial cryo-
biopsy.'®%!22 Casoni et al'® demonstrated a significant
higher rate of pneumothorax which might be associ-
ated with the study population being limited to fibrotic
lung diseases and attempted biopsies at subpleural
areas. The Hagmeyer study?? also reported a high-
er incidence of pneumothorax at 43% (3/7 patients)
in patients under general anesthesia and on invasive

ventilation versus 12% (3/25 patients) in patients un-
der conscious sedation and spontaneous breathing.
Of note, estimates of the risk of pneumothorax asso-
ciated with traditional transbronchial biopsy typically
range from 0 to 5%, with higher rates up to 16% in
mechanically ventilated patients.?*-%2

SummMARY

Although the role of transbronchial cryobiopsy
is still not established as a standard tool in the in-
vestigation of interstitial lung disease, the data pre-
sented favor and justify its consideration on a case
by case basis until more definitive ongoing studies
provide more information. The diagnostic yield overall
appears to be superior to previous experience with
bronchoscopic forceps biopsies, particularly for the
IIP, but is at the cost of increased risk for bleeding
and pneumothoraces. This new technique is not likely
applicable to all patients or all centers, and mastery of
this procedure and management of its complications
will likely be an important factor in the safety and fea-
sibility of the procedure. However, with new therapies
available for fibrotic lung diseases?****, making a confi-
dent diagnosis of idiopathic interstitial pneumonias is
increasingly pertinent, and cryobiopsies are a poten-
tial compromise between surgical lung biopsies that
are often not possible in patients with advanced lung
diseases and the low diagnostic yield of the traditional
transbronchial forceps biopsies.

Author Affiliations: Kamonpun Ussavarungsi is a fellow, Neal
M. Patel is an instructor in medicine, and Augustine S. Lee is an
associate professor in Pulmonary and Critical Care Medicine,
Mayo Clinic, Jacksonville, FL.

Submitted: 4/26/2015

Accepted: 6/9/2015

Reviewers: Raed Alalawi MD, Rishi Raj MD

Published electronically: 7/15/2015

Conflict of Interest Disclosures: None

12

The Southwest Respiratory and Critical Care Chronicles 2015;3(11)



Kamonpun U. et al. Transbronchial cryobiopsy

REFERENCES

1. American Thoracic Society/European Respiratory So-
ciety International Multidisciplinary Consensus Classification of
the Idiopathic Interstitial Pneumonias. This joint statement of the
American Thoracic Society (ATS), and the European Respiratory
Society (ERS) was adopted by the ATS board of directors, June
2001 and by the ERS Executive Committee, June 2001. Am J
Respir Crit Care Med 2002;165:277-304.

2. Lettieri CJ, Veerappan GR, Helman DL, Mulligan CR,
Shorr AF. Outcomes and safety of surgical lung biopsy for inter-
stitial lung disease. Chest 2005;127:1600-5.

3. Tiitto L, Heiskanen U, Bloigu R, Paakko P, Kinnula
V, Kaarteenaho-Wiik R. Thoracoscopic lung biopsy is a safe
procedure in diagnosing usual interstitial pneumonia. Chest
2005;128:2375-80.

4. Utz JP, Ryu JH, Douglas WW, et al. High short-term
mortality following lung biopsy for usual interstitial pneumonia.
Eur Respir J 2001;17:175-9.

5. Leslie KO, Gruden JF, Parish JM, Scholand MB. Trans-
bronchial biopsy interpretation in the patient with diffuse paren-
chymal lung disease. Arch Pathol Lab Med 2007;131:407-23.

6. Hernandez Blasco L, Sanchez Hernandez IM, Vil-
lena Garrido V, de Miguel Poch E, Nunez Delgado M, Alfaro
Abreu J. Safety of the transbronchial biopsy in outpatients. Chest
1991;99:562-5.

7. Chuang MT, Raskin J, Krellenstein DJ, Teirstein AS.
Bronchoscopy in diffuse lung disease: evaluation by open lung
biopsy in nondiagnostic transbronchial lung biopsy. Ann Otol
Rhinol Laryngol 1987;96:654-7.

8. Descombes E, Gardiol D, Leuenberger P. Transbronchi-
al lung biopsy: an analysis of 530 cases with reference to the
number of samples. Monaldi Arch Chest Dis 1997;52:324-9.

9. Zajaczkowska J. Transbronchial lung biopsy in diffuse
pulmonary disease. Z Erkr Atmungsorgane 1988;170:132-9.
10. The diagnosis, assessment and treatment of diffuse pa-

renchymal lung disease in adults. Introduction. Thorax 1999;54
Suppl 1:S1-14.

11. Berbescu EA, Katzenstein AL, Snow JL, Zisman DA.
Transbronchial biopsy in usual interstitial pneumonia. Chest
2006;129:1126-31.

12. Raghu G, Collard HR, Egan JJ, et al. An official ATS/
ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: ev-
idence-based guidelines for diagnosis and management. Am J
Respir Crit Care Med 2011;183:788-824.

13. Kropski JA, Pritchett JM, Mason WR, et al. Broncho-
scopic cryobiopsy for the diagnosis of diffuse parenchymal lung
disease. PLoS One 2013;8:¢78674.

14. Tomic R, Podgaetz E, Andrade RS, Dincer HE. Cryo-
technology in diagnosing and treating lung diseases. J Bronchol-
ogy Interv Pulmonol 2015;22:76-84.

15. Franke KJ, Theegarten D, Hann von Weyhern C, et al.
Prospective controlled animal study on biopsy sampling with new
flexible cryoprobes versus forceps: evaluation of biopsy size, his-
tological quality and bleeding risk. Respiration 2010;80:127-32.
16. Hetzel J, Hetzel M, Hasel C, Moeller P, Babiak A. Old
meets modern: the use of traditional cryoprobes in the age of
molecular biology. Respiration 2008;76:193-7.

17. Babiak A, Hetzel J, Krishna G, et al. Transbron-
chial cryobiopsy: a new tool for lung biopsies. Respiration
2009;78:203-8.

18. Casoni GL, Tomassetti S, Cavazza A, et al. Transbron-
chial lung cryobiopsy in the diagnosis of fibrotic interstitial lung
diseases. PLoS One 2014;9:¢86716.

19. Fruchter O, Fridel L, El Raouf BA, Abdel-Rahman N,
Rosengarten D, Kramer MR. Histological diagnosis of intersti-
tial lung diseases by cryo-transbronchial biopsy. Respirology
2014;19:683-8.

20. Griff S, Schonfeld N, Ammenwerth W, et al. Diagnostic
yield of transbronchial cryobiopsy in non-neoplastic lung dis-
ease: a retrospective case series. BMC Pulm Med 2014;14:171.
21. Pajares V, Puzo C, Castillo D, et al. Diagnostic yield of
transbronchial cryobiopsy in interstitial lung disease: a random-
ized trial. Respirology 2014;19:900-6.

22. Hagmeyer L, Theegarten D, Wohlschlager J, et al. The
role of transbronchial cryobiopsy and surgical lung biopsy in the
diagnostic algorithm of interstitial lung disease. Clin Respir J
2015.

23. Pajares Ruiz V, Torrego Fernandez A, Puzo Ardanuy C,
Gil de Bernabe A. Use of an occlusion balloon in transbronchial
lung cryobiopsy. Arch Bronconeumol 2014;50:309-10.

24. Sastre JA, Cordovilla R, Jimenez MF, Lopez T. Manage-
ment of a transbronchial cryobiopsy using the i-gel(R) airway and
the Arndt endobronchial blocker. Can J Anaesth 2014;61:886-8.
25. Sheski FD, Mathur PN. Endoscopic treatment of ear-
ly-stage lung cancer. Cancer Control 2000;7:35-44.

26. Griff S, Ammenwerth W, Schonfeld N, et al. Morpho-
metrical analysis of transbronchial cryobiopsies. Diagn Pathol
2011;6:53.

27. Pourabdollah M, Shamaei M, Karimi S, Karimi M, Ki-
ani A, Jabbari HR. Transbronchial lung biopsy: the pathologist’s
point of view. Clin Respir J 2014.

28. Tomassetti S, Cavazza A, Colby TV, et al. Transbron-
chial biopsy is useful in predicting UIP pattern. Respir Res
2012;13:96.

29. Tukey MH, Wiener RS. Population-based estimates of
transbronchial lung biopsy utilization and complications. Respir

The Southwest Respiratory and Critical Care Chronicles 2015;3(11)

13



Kamonpun U. et al. Transbronchial cryobiopsy

Med 2012;106:1559-65.

30. O’Brien JD, Ettinger NA, Shevlin D, Kollef MH. Safe-
ty and yield of transbronchial biopsy in mechanically ventilated
patients. Crit Care Med 1997;25:440-6.

31. Bulpa PA, Dive AM, Mertens L, et al. Combined bron-
choalveolar lavage and transbronchial lung biopsy: safety and
yield in ventilated patients. Eur Respir J 2003;21:489-94.

32. Pincus PS, Kallenbach JM, Hurwitz MD, et al. Trans-
bronchial biopsy during mechanical ventilation. Crit Care Med
1987;15:1136-9.

33. King TE, Jr., Bradford WZ, Castro-Bernardini S, et al. A
phase 3 trial of pirfenidone in patients with idiopathic pulmonary
fibrosis. N Engl J Med 2014;370:2083-92.

34, Richeldi L, du Bois RM, Raghu G, et al. Efficacy and
safety of nintedanib in idiopathic pulmonary fibrosis. N Engl J
Med 2014;370:2071-82.

14

The Southwest Respiratory and Critical Care Chronicles 2015;3(11)



