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ABSTRACT
Background and aims : Acute respiratory failure (ARF) frequently 
requires invasive mechanical ventilation. Though low tidal volume 
ventilation has improved outcome of these patients, mortality is still high. 
We aimed to assess whether the use of Airway Pressure Release Ventilation 
(APRV) results in better oxygenation compared to Low Tidal Volume (LTV) 
ventilation in patients with ARF.

Methods : Patients with ARF requiring mechanical ventilation were 
randomized into either APRV or LTV ventilation. PaO2 and PaO2/FiO2 ratio 
were recorded and compared between the groups for the assessment of 
effect on oxygenation. 

Results : Two hundred and two patients were included in the study with 
101 patients in each group. Baseline oxygenation status, APACHE II scores, 
and demographic parameters were similar in both the groups. PaO2 values 
at the time of admission (73.73 ± 22.23 mmHg in APRV group and 75.13 
± 20.43 mmHg in LTV group; p = 0.643), at 24 hours (176.21 ± 50.70 vs 
180.62 ± 53.19 mmHg; p = 0.547) and at 72 hours (208.17 ± 61.20 vs 
211.36 ± 50.89 mmHg; p = 0.688) were similar between the groups. The 
mean values of PaO2/FiO2 ratio at 0, 24, and 72 hours were 178.67 ± 55.51 
vs 186.09 ± 53.34, 285.87 ± 69.08 vs 290.95 ± 63.56, and 288.95 ± 71.51 vs 
283.78 ± 59.13 mmHg respectively in APRV and LTV groups. 

Conclusion : Both APRV and LTV modes improved oxygenation and had 
similar effects on oxygenation in patients with ARF.

Keywords : acute respiratory failure, airway pressure release ventilation, 
low tidal volume ventilation, oxygenation.
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INTRODUCTION
Acute respiratory failure (ARF) is defined by the sudden 
onset of severe impairment of pulmonary gas exchange and 
is characterized by the inability of the lungs to meet the 
body’s metabolic needs for the transport of oxygen (O2) into 
the blood and/or removal of carbon dioxide from the blood.1 
More than half of the patients admitted to the ICU with stays 
of more than 48 hours have ARF at some point during their 
hospitalization2. And the overall mortality rates are well 
above 34%.2-5 Many of these patients need ICU admission 
for respiratory support. With the overwhelming mortality 
reduction observed in ARDSNet trial,3 positive pressure 
ventilation in the form of low tidal volume ventilation has 
been the mainstay of therapy for these patients. Despite 
these developments and advances, mortality in patients with 
ARF is still very high (35 to 46%).4 Lately Airway Pressure 
Release Ventilation (APRV) has shown promising results. 
APRV has the following theoretical advantages:5 a) minimizes 
ventilator-induced lung injury, b) improves hemodynamic 
profile, c) provides benefits from spontaneous breathing, d) 
decreases work of breathing, e) decreases need for sedation/
neuromuscular blocker. Moreover, recent studies have 
compared APRV to ARDS net protocol ventilation and found 
improved efficacy and safety with APRV.6,7 Animal models and 
retrospective human data have suggested that APRV may even 
prevent the development of ARDS.8-10 However, despite its 
theoretically attractive advantages and positive results, APRV 
is still not routinely used in clinical practice. We aimed to 
assess whether APRV results in better oxygenation compared 
to Low Tidal Volume (LTV) ventilation in patients with acute 
respiratory failure requiring endotracheal intubation and 
mechanical ventilation.

METHODS
This was a quantitative, interventional, randomized clinical 
trial enrolling all eligible patients with ARF admitted to the 
ICU of TUTH between 2015 December to 2017 January. All 
patients, more than 16 years of age, requiring intubation and 
positive pressure ventilation for more than 72 hours were 
included. Exclusion criteria were: a) pregnancy, b) presence 
of bronchopleural fistula, c) immunocompromised state, d) 
cirrhosis of liver, e) terminal cancer, f) refractory hypoxemia and 
hypercarbia at presentation, g) patients extubated or deceased 
before 72 hours, and h) failure of a modality of ventilation. 
Randomization was done by lottery method. Sample size 
was calculated on the basis of a previous similar study,16 to 
detect a difference in mean PaO2  of 20mmHg, assuming that 
the common standard deviation is 40mmHg, with a 0.05 two-
sided significance level (Zα =1.96), and a power of 90% (Zβ 
= 1.282). Considering 20% drop out rate, the final number of 
participants in each group was 101 patients. 

Written informed consent was taken after obtaining ethical 
approval from Institutional Review Committee of Institute 
of Medicine. Demographic data, PaO2, and PaO2/FiO2 ratio at 
0, 24 and 72 hours of mechanical ventilation were recorded. 
PaCO2 at 0, 24 and 72 hours, sedation requirement, inotrope 

requirement, length of ICU stay, duration of mechanical 
ventilation and all cause in-hospital mortality and baseline 
APACHE II score were also recorded. Patients were 
randomized into two groups: Low Tidal Volume (LTV) group 
and Airway Pressure Release Ventilation (APRV) group. 

ORICARETM V8800 Ventilator was used for all patients. Initial 
tidal volume was set at 6 ml/kg of predicted body weight 
while on VCV (Volume Control Ventilation) mode. Ventilator 
management in either group was as follows: 

In APRV group, the initial high-pressure setting (PHigh) was 
adjusted to equal the plateau pressure from the original 
VCV settings. The low-pressure setting was set at zero by 
convention. Time spent at PHigh (THigh) was set based on 
spontaneous respiratory rate starting at 5 seconds (range 4 
to 10 seconds). Duration of low pressure (TLow) setting was 
adjusted, so that pressure release terminated at 25% to 75% 
of peak expiratory flow (range 0.2 to 1.0 seconds). FiO2 was 
initially set at 100% and then gradually titrated down to 40% 
with the target SpO2 of ≥92%. For hypoxic conditions (PaO2 
<60 mmHg and/or arterial oxygen saturation (SpO2) <92%), 
PHigh was increased by 2 cm of H2O, followed by an increase 
in THigh by 0.5 seconds and then an increase in FiO2 by 10% 
(Maximum limits of PHigh, THigh, and FiO2 were 35 cm of H2O, 10 
seconds and 100% respectively). If this did not correct even 
after maximum limits of PHigh, THigh, and FiO2, the patient was 
excluded from the study and managed with other modes of 
mechanical ventilation. If CO2 was >50 mmHg and arterial pH 
<7.35, the PHigh was increased by 2 cm of H2O and THigh was 
increased by 1 second at a time. This was repeated every 
60 – 120 minutes. If this did not correct even after three 
consecutive modifications, the patient was excluded from 
the study and managed with other modes of mechanical 
ventilation. Weaning was initiated when PaO2 >70 mmHg, 
SpO2 >92%, and pH <7.35. The primary method used to 
wean APRV was an alternate decrease in PHigh by 2 cm of H2O 
followed by an increase in THigh of 0.5 seconds to 1.0 seconds. 
This “drop and stretch” method was used to achieve a PHigh of 
less than 10 cm of H2O on 40% FiO2, at which time patients 
were evaluated for extubation. 

After initial ventilator setup, patients in LTV group remained 
on VCV mode. Initial minute ventilation was set at 100 mL/kg 
and the ventilator rate was determined by dividing this amount 
by the set tidal volume. Positive end expiratory pressure was 
set at 6 cm of H2O. FiO2 was initially set at 100% and then 
titrated down to less than 50% at a gradual decrement of 
10% every half an hour with the aim to maintain SpO2 ≥ 
92% or PaO2 ≥ 70 mmHg. If spontaneous respirations were 
>25 breaths per minute, the ventilator rate was readjusted. 
For hypoxic conditions, PEEP was increased in 2 cm of H2O 
increments, repeated twice as necessary, followed by an 
increase in FiO2 of 10%. This cycle was repeated as necessary 
until PaO2 ≥70 mmHg or SpO2 ≥92%. At maximum, PEEP will 
be increased up to 24 cm of H2O and FiO2 up to 100%. Weaning 
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from LTV was conducted on a time-based protocol similar to 
the APRV group. The set ventilator rate was weaned as long as 
spontaneous respirations are <30 breaths per minute. When 
weaned off LTV, patients were placed on CPAP and pressure 
support. When CPAP was reduced to less than 10 cm of H2O 
and pressure support to 8 cm of H2O, patients were evaluated 
for extubation. 

Arterial blood gas analysis was done within half an hour of 
presentation to ICU (time 0), and at 24 hours and 72 hours 
and at other time points as necessary. PaO2 and PaO2/FiO2 
ratio, pH and PaCO2 were recorded. 

Data were entered into Microsoft Excel 2010 and then 
imported to and analyzed by using Statistical Package for 
the Social Sciences (SPSS) software version 17.0 (SPSS Ltd, 
Chicago, IL, USA). Independent t test was used to compare age 
and height of patient, baseline APACHE II score, PaO2 at 0, 24 
and 72 hours, PaO2/FiO2 ratio at 0, 24, and 72 hours, PaCO2 at 
0, 24, and 72 hours, duration of mechanical ventilation, and 
the duration of ICU stay. Chi-square test was used to compare 
gender differences, in-hospital mortality and incidence of 
ventilator associated pneumonia. Oxygenation and ventilation 
were also compared within the group at 0 hour and 72 hours 
to look for the effectiveness of intervention using paired t test. 
Mann-Whitney U test was used to analyze the use of analgesia 
and sedative drug doses between the groups.

RESULTS
A total of 360 patients were assessed for eligibility, of which 
202 patients were enrolled in the study and included for the 
final analysis. Graphic outline of our study design is presented 
in Figure 1(Figures in brackets are the number of patients).

Figure 1: Graphic outline of the study design

Baseline demographic parameters were similar in both the 
APRV and LTV groups (Table 1). Hospital acquired pneumonia 
was the most common cause of acute respiratory failure 
requiring invasive mechanical ventilation (Table 2).

Table 1: Demographic and baseline characteristics of patients

Parameter APRV 
group LTV group ‘p’ 

value

Age (years ±SD)* 49.84 ± 
18.62

52.08 ± 
20.35 0.416

Gender (Female) 44.6% 41.6%

Height (Inches ± 
SD)* 69.11 ± 2.17 69.32 ± 2.42 0.521

APACHE II Score 23.90 ± 4.12 24.69 ± 4.18 0.177

PaO2 (mmHg ± 
SD)*

73.73 ± 
22.23

75.13 ± 
20.43 0.643

PaO2/FiO2 (mmHg 
± SD)*

178.67 ± 
55.51

186.09 ± 
53.34 0.334

*Data are Mean ± Standard Deviation

Table 2: Causes of Respiratory Failure at ICU Admission

Cause of 
Respiratory 

Failure

APRV 
[(Number 
of Patients 

(%)]

LTV 
[(Number 

of 
Patients 

(%)]

Total 
Number 

of 
Patients 

(%)

Hospital Acquired 
Pneumonia 49 (48.51) 37 (36.63) 86 (42.57)

Community 
Acquired 
Pneumonia

20 (19.80) 25 (24.75) 45 (22.27)

Sepsis 18 (17.82) 22 (21.78) 40 (19.80)

Trauma 2 (2) 6 (6) 8 (3.96)

Pulmonary 
Aspiration 6 (6) 4 (4) 10 (4.95)

Postoperative 
Respiratory 
Failure with 
Pneumonia

2 (2) 5 (5) 7 (3.46)

Disseminated TB 1 (1) 1 (1) 2 (0.9)

Severe Acute 
Pancreatitis 3 (3) 1 (1) 4 (1.9)

Oxygenation was similar and followed similar trend over time 
in both the groups (Table 3). Changes in oxygenation over 
time within the group are shown in Table 4 and 5. 
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Table 3: Comparison of PaO2 and PaO2/FiO2 values (mmHg ± SD) at 
various time points

Time point APRV 
group LTV group ‘p’ value

PaO2 at Admission 
(0 hour)

73.73 ± 
22.23

75.13 ± 
20.43 0.643

PaO2 at 24 hours 176.21 ± 
50.70

180.62 ± 
53.19 0.547

PaO2 at 72 hours 208.17 ± 
61.20

211.36 ± 
50.89 0.688

PaO2/FiO2 at 
Admission        (0 
hour)

178.67 ± 
55.51

186.09 ± 
53.34 0.334

PaO2/FiO2 at 24 
hours

285.87 ± 
69.08

290.95 ± 
63.56 0.587

PaO2/FiO2 at 72 
hours

288.95 ± 
71.51

283.78 ± 
59.13 0.576

Table 4: Change in oxygenation at 0 hour and 72 hour in APRV group

Parameter Mean ± SD p value

PaO2 at 0 hour (mmHg) 73.73 ± 22.23

<0.001
PaO2 at 72 hour 
(mmHg) 208.17 ± 61.20

PaO2/FiO2 at 0 hour 178.67 ± 55.51
< 0.001

PaO2/FiO2 at 72 hour 288.95 ± 71.51

Table 5: Change in oxygenation at 0 hour and 72 hour in LTV group

Parameter Mean ± SD p value

PaO2 at 0 hour (mmHg) 75.13 ± 20.43
<0.001

PaO2 at 72 hour (mmHg) 211.36 ± 50.89

PaO2/FiO2 at 0 hour 186.09 ± 53.34
< 0.001

PaO2/FiO2 at 72 hour 283.78 ± 59.13

Mean duration of mechanical ventilation in APRV and LTV 
groups was 9.24 ± 4.87 days and 8.64 ± 3.75 days respectively 
(p=0.332). Duration of ICU stay was 11.63 ± 5.71 days and 
11.07 ± 4.16 days in APRV and LTV groups respectively. 

The most common complication was ventilator-associated 
pneumonia (VAP) with an incidence of 19.8% in APRV and 
21.8% in LTV group (p=0.729). One patient in APRV and 
two in LTV group had pneumothorax. Two patients in APRV 

group and 3 patients in LTV group had unplanned extubation. 
All-cause mortality during hospital stay was 25.7% in APRV 
group whereas it was 23.8% in LTV group. ICU mortality was 
25 cases (24.5%) in APRV group and 21 (20.5%) in the LTV 
group. (p = 0.086). 

DISCUSSION
The major findings in our study are consistent improvement in 
oxygenation status compared to baseline values in all patients 
in both the groups. But there was no statistical difference in 
the oxygenation indices when compared between the two 
groups at various specified time points of 0, 24 and 72 hours.

Use of both APRV and LTV ventilation improved oxygenation at 
24 and 72 hours when compared to baseline values signifying 
effectiveness of both the strategies to optimize oxygenation 
status of patients. But neither of the two strategies was found 
to be superior over each other in improving oxygenation 
measured in terms of PaO2 and PaO2/FiO2 at 24 and 72 hours. 
Similar findings were noted in various other studies.9,10,11,17 

Improvement in oxygenation in APRV mode is probably 
because of favorable increase in mean airway pressures at 
relatively lower peak and plateau pressures compared to 
conventional mechanical ventilation. This increased mean 
airway pressure then helps better aerate recruitable alveoli 
and improves oxygenation12. On the other hand some other 
studies have shown largely similar oxygenation between 
APRV and conventional mode of mechanical ventilation.13 
Another mechanism of improvement in oxygenation in APRV 
mode is that it allows spontaneous breathing at both high 
and low pressure levels that helps improve gas exchange 
through the optimization of ventilation/perfusion matching 
in dependent lung regions.14 

Regarding adequacy of ventilation, mean PaCO2 values were 
slightly higher in APRV group compared to LTV group at 
the time of admission but values did not reach the level of 
statistical significance. The PaCO2 values were similar at 24 
hours and at 72 hours. Maxwell et al.16 also observed the 
PaCO2 values for initial five days in trauma patients and found 
PaCO2 values to be comparable. 

Ventilator-Associated Pneumonia (VAP) was the major 
complication in both the groups. One study from India 
reported by Gadani et al. found the incidence of early onset 
VAP (within 96 hours) to be 27% and the late-onset type (>96 
hours) to be 73% which is quite high as compared to our 
study. In other studies incidence of VAP is reported to be 9 – 
27%.15, 16 One patient in APRV group suffered pneumothorax 
as a complication of central venous catheterization. The 
other two cases of pneumothorax were in LTV group, one 
as a complication of central venous catheterization and the 
other had spontaneous pneumothorax, probably ventilator 
associated, secondary to high PEEP requirement. Incidence of 
pneumothorax is, reportedly, 14 – 87% depending on severity 
and duration of ARDS and mode of ventilator used.17 
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There are some limitations of this study. It was a single 
center study. Blinding was not feasible because of the 
nature of the study using two different modes of mechanical 
ventilation. The patient population was heterogeneous 
including patients with primary pulmonary disease as well 
as patients with pulmonary manifestations of other diseases 
like severe sepsis, burn, pancreatitis etc. Non-availability of 
esophageal manometer devices precluded measurement of 
transpulmonary pressures. 

CONCLUSION
APRV and LTV ventilation strategies are equally effective 
to improve oxygenation in patients with ARF requiring 
endotracheal intubation and mechanical ventilation.

REFERENCES
1.	 Barjaktarevic I, Wang T. Acute respiratory failure. In: 

Vincent JL, Abraham E, Moore FA, Kochanek PM, Fink MP 
(Eds). Textbook of Critical Care. 7th ed. Philadelphia, PA: 
Elsevier; 2017. p33-37.

2.	 Vincent JL, Akca S, De Mendonca A, et al. The epidemiology 
of acute respiratory failure in critically ill patients. Chest. 
2002;121(5):1602-9. [PubMed | Google Scholar | DOI]

3.	 ARDSNet Investigators. Ventilation with lower tidal 
volumes as compared with traditional tidal volumes 
for acute lung injury and the acute respiratory distress 
syndrome. N Engl J Med. 2000;342:1301-8. [PubMed | 
Google Scholar | DOI]

4.	 Bellani G, Laffey JG, Pham T, et al. Epidemiology, patterns 
of care, and mortality for patients with acute respiratory 
distress syndrome in intensive care units in 50 countries. 
JAMA. 2016;315(8):788-800. [PubMed | Google Scholar | 
DOI]

5.	 Myers TR, MacIntyre NR. Does airway pressure release 
ventilation offer important new advantages in mechanical 
ventilator support? Respir Care. 2007;52(4):452-8. 
[PubMed | Google Scholar]

6.	 Maxwell RA, Green JM, Waldrop J, et al. A randomized 
prospective trial of airway pressure release ventilation 
and low tidal volume ventilation in adult trauma patients 
with acute respiratory failure. J Trauma. 2010;69:501–
11. [PubMed | Google Scholar | DOI]

7.	 Dart BW, Maxwell RA, Richart CM, et al. Preliminary 
experience with airway pressure release ventilation 
in a trauma/surgical intensive care unit. J Trauma. 
2005;59(1):71-6. [PubMed | Google Scholar | DOI]

8.	 Roy S, Haashi N, Sadowitz B, et al. Early airway pressure 
release ventilation prevents ARDS-a novel preventive 
approach to lung injury. Shock. 2013;39(1):28-38. 
[PubMed | Google Scholar | DOI]

9.	 Putensen C, Zech C, Wrigge H, Zinserling J, Stuber F, Von 
Spiegel T. Long term effects of spontaneous breathing 
during ventilator support in patients with acute lung 
injury. Am J Respir Crit Care Med. 2001;164:43-9. 
[PubMed | Google Scholar | DOI]

10.	 Putensen C, Mutz N, Putensen-Himmer G, Zinserling 
J. Spontaneous breathing during ventilator support 
improves ventilation/perfusion distribution in patients 
with ARDS. Am J Respir Crit Care Med. 1999;159:1241-8. 
[PubMed | Google Scholar | DOI]

11.	 Sydow M, Burchardi H, Ephraim E, Zielmann S, Crozier 
TA. Long term effects of two different ventilator modes 
on oxygenation in acute lung injury. Comparison 
of airway pressure release ventilation and volume 
controlled inverse ratio ventilation. Am J Respir Crit Care 
Med. 1994;149:1550-6. [PubMed | Google Scholar | DOI]

12.	 Yoshida T, Rinka H, Kaji A. The impact of spontaneous 
ventilation on distribution of lung aeration in patients 
with acute respiratory distress syndrome: airway 
pressure release ventilation versus pressure support 
ventilation. Anesth Analg. 2009;109:1892-900. [PubMed 
| Google Scholar | DOI]

13.	 Jain SV, Kollisch-Singule M, Sadowitz B, et al. The 30 year 
evolution of airway pressure release ventilation (APRV). 
Intensive Care Medicine Exp. 2016;4(1):11. [PubMed | 
Google Scholar | DOI]

14.	 Gadani H, Vyas A, Kar AK. A study of ventilator-associated 
pneumonia: Incidence, outcome, risk factors and 
measures to be taken for prevention. Indian J Anaesth. 
2010;54(6):535-40. [PubMed | Google Scholar | DOI]

15.	 American Thoracic Society, Infectious Diseases Society 
of America. Guidelines for the management of adults 
with hospital-acquired, ventilator-associated, and 
healthcare-associated pneumonia. Am J Respir Crit Care 
Med. 2005;171:388-416.

16.	 Chastre J, Fagon JY. State of the art: Ventilator-associated 
pneumonia. Am J Respir Crit Care Med. 2002;165:867-
903. [PubMed | Google Scholar | DOI]

17.	 Gammon RB, Shin MS, Buchalter SE. Pulmonary 
barotraumas in mechanical ventilation. Patterns and 
risk factors. Chest. 1992;102:568-72. [PubMed | Google 
Scholar | DOI]

JNSCCM  |  JANUARY 2023  |  VOLUME 1  |  ISSUE 1 6

Original Article

6

https://pubmed.ncbi.nlm.nih.gov/12006450/
https://www.sciencedirect.com/science/article/pii/S0012369215348777
https://doi.org/10.1378/chest.121.5.1602
https://pubmed.ncbi.nlm.nih.gov/10793162/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003844.pub2/abstract
https://doi.org/10.1056/nejm200005043421801
https://pubmed.ncbi.nlm.nih.gov/26903337/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Epidemiology%2C+patterns+of+care%2C+and+mortality+for+patients+with+acute+respiratory+distress+syndrome+in+intensive+care+units+in+50+countries&btnG=#:~:text=PDF%5D%20jamanetwork.com-,Epidemiology%2C%20patterns%20of%20care%2C%20and%20mortality%20for%20patients%20with%20acute%20respiratory%20distress%20syndrome%20in%20intensive%20care%20units%20in%2050%20countries,-G%20Bellani%2C
https://doi.org/10.1001/jama.2016.0291
https://pubmed.ncbi.nlm.nih.gov/17417979/
http://rc.rcjournal.com/content/52/4/452.short
https://pubmed.ncbi.nlm.nih.gov/20838119/
https://journals.lww.com/jtrauma/fulltext/2010/09000/A_Randomized_Prospective_Trial_of_Airway_Pressure.3.aspx
https://doi.org/10.1097/ta.0b013e3181e75961
https://pubmed.ncbi.nlm.nih.gov/16096541/
https://journals.lww.com/jtrauma/Fulltext/2005/07000/A_Rationale_for_Lung_Recruitment_in_Acute.00010.aspx
https://doi.org/10.1097/00005373-200507000-00010
https://pubmed.ncbi.nlm.nih.gov/23247119/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3539171/
https://doi.org/10.1097/shk.0b013e31827b47bb
https://pubmed.ncbi.nlm.nih.gov/11435237/
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.164.1.2001078
https://doi.org/10.1164/ajrccm.164.1.2001078
https://pubmed.ncbi.nlm.nih.gov/10194172/
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.159.4.9806077
https://doi.org/10.1164/ajrccm.159.4.9806077
https://pubmed.ncbi.nlm.nih.gov/8004312/
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.149.6.8004312
https://doi.org/10.1164/ajrccm.149.6.8004312
https://pubmed.ncbi.nlm.nih.gov/19923518/
https://journals.lww.com/anesthesia-analgesia/Fulltext/2009/12000/The_Impact_of_Spontaneous_Ventilation_on.27.aspx
https://doi.org/10.1213/ane.0b013e3181bbd918
https://pubmed.ncbi.nlm.nih.gov/27207149/
https://icm-experimental.springeropen.com/articles/10.1186/s40635-016-0085-2
https://doi.org/10.1186/s40635-016-0085-2
https://pubmed.ncbi.nlm.nih.gov/21224971/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016574/
https://doi.org/10.4103/0019-5049.72643
https://pubmed.ncbi.nlm.nih.gov/15699079/
https://search.proquest.com/openview/a1f5fc7969996bf33f6aeedad5f37e7e/1?pq-origsite=gscholar&cbl=40575
https://doi.org/10.1164/rccm.200405-644st
https://pubmed.ncbi.nlm.nih.gov/1643949/
https://www.sciencedirect.com/science/article/pii/S001236921634065X
https://www.sciencedirect.com/science/article/pii/S001236921634065X
https://doi.org/10.1378/chest.102.2.568

	_Ref489745561
	_Ref484443289
	_Ref484441384
	_Ref485685126
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14

