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Etiologies

Complications chirurgicales
• Fuites aériques / brèches

• Pneumothorax 

• Fistule broncho pleurale

• Sténose bronchique

• Torsion lobaire 

• Hernie / rupture diaphragmatique

• Fistule vasculaire

• Suture artérielle

• Sténose trachéale

• Luxation cardiaque

• Tamponnade

• Etc etc etc…

Complications médicales
• Curarisation résiduelle

• Surdosage anesthésique / morpinique

• Intoxications aux anesthésiques locaux

• Inhalation

• Dyspnée laryngée

• Hypoglycémie

• AVC 

• Infarctus

• OAP
• Atélectasie

• SDRA lobaire

• Choc septique 

• Acidose

• Etc etc etc…

• Complications postopératoires des exérèses pulmonaires, Brioude et al, Revue des 
maladie respiratoire, 2019

• Postoperative complications of pulmonary resection, Thorpe et al, Clinical radiology, 
2020



Eliminer les causes « classiques »

• Cardio-vasculaire :
• Choc
• IdM
• EP
• Tamponnade
• Anémie 

• Neurologique :
• Curarisation résiduelle
• Surdosage en anesthésique
• Intoxication 
• AVC 
• Hypo/hyperglycémie

• Respiratoire 
• Atélectasie
• Inhalation 
• Epanchement pleural
• Pneumothorax
• SAHOS / SOH
• Bronchospasme
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 !is diagnosis is often difficult and should not be 
based on CXR alone as a third of the located infil-
trates on a CXR does not correspond to an infec-
tious cause, and an unchanged CXR cannot exclude 
it. Confirmation can only be obtained by isolation of 
the germ after bronchoalveolar lavage. Two radio-
logical patterns are possible: bronchopneumonia 
(blurred opacities of bilateral distribution, often asso-
ciated with foci of centrilobular micronodules with 
tree-in-bud aspect) and lobar or segmental pneumo-
nia, which are rarer. As imaging findings may not be 
specific, alternate diagnostics should be considered 
including amiodarone pneumopathy, often intro-
duced for post-operative atrial fibrillation [20].

E. Haemothorax (1.3%)
 Haemothorax is rare, and many causes are possible: 

residual bleeding of systemic thoracic vessels (bron-

chial and intercostal arteries in particular), suture 
loosening of a pulmonary artery, venous wound [21]. 
Diagnosis is easier if the drains are still in place. After 
removal of the drains, a rapid increase in pleural 
effusion can be seen on CXR, in a context of acute 
anaemia; unenhanced CT may show a high attenua-
tion pleural effusion (around 50 HU), heterogeneous 
or with a fluid–fluid level (Fig. 10). It is essential to 
look for extravasation of contrast agent or pulmonary 
arterial pseudoaneurysm for which embolisation is 
essential because of the risk of secondary rupture 
with haemorrhagic shock.

F. Chylothorax (1%)
 A chylothorax can be the consequence of a wound 

to the thoracic duct or one of its main branches [22]. 
!e radiological picture shows a too rapid filling of 
the pleural lodge, and an effusion whose attenua-

Table 1 Summary of post-operative complications after thoracic surgery for lung cancer
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Surgery for lung cancer: postoperative 
changes and complications—what 
the Radiologist needs to know
Julien Burel1* , Mathias El Ayoubi2, Jean-Marc Baste2, Matthieu Garnier1, François Montagne2, 
Jean-Nicolas Dacher1 and Matthieu Demeyere1 

Abstract 
Imaging findings after thoracic surgery can be misleading. Knowledge of the normal post-operative anatomy helps 
the radiologist to recognise life-threatening complications and conversely not to wrongly evoke a complication in 
cases of trivial post-operative abnormalities. In this educational article, we reviewed the expected patterns after tho-
racic surgery including sublobar resection, lobectomy, pneumonectomy and related techniques. Imaging aspects of 
frequent and less common complications and their typical imaging features are then presented.

Keywords: Chest computed tomography, Thoracic surgery, Lung neoplasms

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Key points

• Chest computed tomography is helpful in the post-
operative assessment of lung cancer.

• Imaging findings after thoracic surgery can be mis-
leading.

• Identifying and categorizing post-operative changes 
and complications can reflect positively on a patient’s 
prognosis.

Background
Worldwide, lung cancer is the leading cause of cancer 
death. In 2018, GLOBOCAN estimated 2.09 million 
new cases (11.6% of total cancer cases) and 1.76 million 
deaths (18.4% of total cancer deaths), and these numbers 
are rising [1, 2].

Surgery is considered the treatment of choice for indi-
viduals with stage I and II non‐small cell lung cancer. 

Stage III patients are usually treated with a combination 
of radiotherapy and chemotherapy. Stage IV patients are 
treated exclusively with systemic therapy, which may 
include chemotherapy, targeted therapy and/or immuno-
therapy [3, 4].

More than 50% patients are diagnosed with stage IV 
disease which 5-year survival rate is around 1% [5]. In 
the future, lung cancer chest computed tomography (CT) 
screening may allow early stage detection leading to an 
increasing ratio of patients eligible to curative surgery [6].

As most of these patients will be followed up using 
chest CT to detect recurrence and complications, it 
appears crucial for the radiologist to be well aware of 
post-operative findings.

Surgical techniques
Surgical procedures include sublobar resection, lobec-
tomy, sleeve lobectomy and pneumonectomy.

Two types of sublobar resection are being used: non-
anatomic sublobar resection, known as wedge resection, 
and segmentectomy, a limited resection based on the 
segmental vessels and airways.
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Quels examens ?

• Examen clinique rapide
• HGT TOF
• PA / signes de choc
• SpO2 FR 
• Vigilance / pupille / focalisation

• Paraclinique indispensable
• ECG troponinémie
• GDS artériel
• Radio thoracique

DELAI !!
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diagnosed  correctly was higher in the point-of-care 
ultrasonography group for most of the common and 
uncommon diagnoses. Despite diff erences in setting and 
study design, the percentages of patients correctly 
diagnosed by use of point-of-care ultra sonography are 
similar to those reported previously in diagnostic 
accuracy studies (panel).2,7,9,11,13–15

More advanced diagnostic tests were ordered during 
the patients’ stay in the emergency department in the 
point-of-care ultra sonography group, but the diff erence 

was no longer signifi cant when the advanced diagnostic 
tests that were ordered during the entire hospital stay 
were compared (table 2). The proportion of advanced 
diagnostic tests in which the referral diagnosis could 
be confi rmed was higher in the point-of-care ultra-
sonography group (table 2). These results imply that the 
use of point-of-care ultrasonography leads to advanced 
diagnostic tests being ordered earlier during the stay. The 
results also suggest that use of advanced diagnostic tests 
is rational in the point-of-care ultrasonography group 

Point-of-care 
ultrasonography group 
(n=158)

Control group
(n=157)

p value Absolute eff ect 
(95% CI)

Relative eff ect 
(95% CI)

4 h after admission to emergency department

Patients with correct presumptive diagnoses 139 (88·0%; 82·8 to 93·1) 100 (63·7%; 56·1 to 71·3) <0·0001 24·3% (15·0 to 33·1) 1·38 (1·01 to 1·31)

Appropriate treatment ordered* 123 (78%; 71·3 to 84·4) 89 (56·7%; 48·9 to 64·5) <0·0001 21·2% (10·8 to 30·9) 1·37 (0·98 to 1·35)

After primary assessment in emergency department

Patients with correct presumptive diagnoses 84 (53·2%; 45·3 to 61·0) 86 (54·8%; 46·9 to 62·6) 0·77 –1·6% (–12·5 to 9·3) 0·97 (0·80 to 1·21)

Appropriate treatment ordered* 81 (51·3%; 43·4 to 59·1) 73 (46·5%; 38·6 to 54·4) 0·40 4·8% (–6·2 to 15·6) 1·10 (0·83 to 1·31)

Treatment ordered 4 h after admission to emergency department

Intravenous fl uids 45 (28·5%; 21·4 to 35·6) 21 (13·4%; 8·0 to 18·8) 0·001 15·1% (6·1 to 23·8) 2·13 (0·87 to 2·22)

Antibiotics 90 (57·0%; 49·2 to 64·8) 71 (45·2%; 37·4 to 53·1) 0·04 11·7% (0·7 to 22·4) 1·26 (0·89 to 1·38)

Diuretics 28 (17·7%; 11·7 to 23·7) 16 (10·2%; 5·4 to 15·0) 0·05 7·5% (–0·2 to 15·2) 1·74 (0·72 to 2·26)

Anticoagulants 13 (8·2%; 3·9 to 12·6) 4 (2·6%; 0·1 to 5·0) 0·03 5·7% (0·6 to 11·2) 3·23 (0·55 to 4·99)

Bronchodilators 62 (39·2%; 31·5 to 46·9) 60 (38·2%; 30·5 to 45·9) 0·85 1·0% (–9·6 to 11·6) 1·03 (0·77 to 1·34)

Systemic steroids 51 (32·3%; 24·9 to 39·6) 47 (29·9%; 22·7 to 37·2) 0·65 2·3% (–7·8 to 12·4) 1·08 (0·74 to 1·44)

Supplementary diagnostic tests ordered 4 h after admission to emergency department

CT of the chest 13 (8·2%; 3·9 to 12·6) 3 (1·9%; 0 to 4·1) 0·01 6·3% (1·4 to 11·8) 4·30 (0·55 to 6·49)

Lung ultrasound by radiologist 1 (0·6%; 0 to 1·9) 0 (0%; 0 to 1·9) 0·32 0·6% (–1·8 to 3·5) ··

Ventilation-perfusion scan 5 (3·2%; 0·4 to 5·9) 2 (1·3%; 0 to 3·0) 0·26 1·9% (–1·8 to 6·0) 2·48 (0·29 to 7·54)

Echocardiography by a cardiologist 16 (10·1%; 5·4 to 14·9) 6 (3·8%; 0·8 to 6·9) 0·03 6·3% (0·6 to 12·4) 2·65 (0·61 to 3·80)

Sonography of the deep veins by radiologist 2 (1·3%; 0 to 3·0) 1 (0·6%; 0 to 1·9) 0·57 0·6% (–2·4 to 3·9) 1·99 (0·12 to 14·7)

Diagnostic thoracocenthesis 9 (5·7%; 2·0 to 9·3) 0 (0%; 0 to 1·9) 0·002 5·7% (2·1 to 10·5) ··

Advanced diagnostic testing ordered†‡

Total ordered during stay in the emergency department 63 (6·6%; 5·1 to 8·2) 34 (3·6%; 2·4 to 4·8) 0·04 3·0% (1·0 to 5·1) 1·84 (0·87 to 1·96)

Total ordered during entire hospital stay 85 (9·0%; 7·1 to 10·8) 70 (7·4%; 5·8 to 9·1) 0·16 1·5% (–1·0 to 4·0) 1·21 (0·80 to 1·47)

Advanced diagnostic testing to confi rm referral diagnosis†§

Ordered in the emergency department 23 (47·9%; 33·3 to 62·6) 7 (26·9%; 8·7 to 45·2) 0·08 21·0% (–2·4 to 40·1) 1·78 (0·57 to 2·91)

Ordered during entire hospital stay 32 (48·4%; 36·1 to 60·9) 20 (39·2%; 25·3 to 53·1) 0·32 9·3% (–8·7 to 26·2) 1·24 (0·66 to 1·83)

Time (h) to thoracocenthesis 8·0 (1·2 to 265·7) 35·3 (5·4 to 241·9) 0·07 27·3% (–296·5 to 323·8) 1·38 (0·57 to 3·30)¶

Intensive care unit

Transferred to intensive care unit during hospital stay 4 (2·5%; 0·1 to 5·0) 5 (3·2%; 0·4 to 6·0) 0·75 0·7% (–5·0 to 3·6) 0·79 (0·25 to 3·3)

Duration (days)

Length of hospital stay 3 (1 to 59) 3 (1 to 56) 0·93 0% (–25 to 20) 0·95 (0·76 to 1·19)¶

Hospital-free days 24 (0 to 29) 25 (0 to 29) 0·38 –1% (–10 to 9) 1·07 (0·86 to 1·33)¶

Readmission within 30 days 36 (22·8%; 16·2 to 29·4) 41 (26·1%; 19·2 to 33·1) 0·49 3·3% (–6·2 to 12·7) 0·87 (0·71 to 1·39)

Mortality

In-hospital 13 (8·2%; 3·9 to 12·6) 8 (5·1%; 1·6 to 8·6) 0·27 –3·1% (–9·0 to 2·6) 1·61 (0·52 to 2·89)

30 days 19 (12·0%; 6·9 to 17·2) 11 (7·0%; 3·0 to 11·0) 0·13 –5·0% (–12·0 to 1·6) 1·72 (0·62 to 2·57)

Data are number (%; 95% CI) or median (range), unless otherwise indicated. *According to local emergency department guidelines for the diseases. †Includes thoracocentesis, echocardiography by cardiologist, 
CT of the chest, ventilation-perfusion scan, and sonographic examination of the deep veins in the patient’s legs by a radiologist. ‡Proportion calculated as number of advanced diagnostic tests done divided by 
the possible maximum total number of advanced diagnostic tests ordered (eg, all types of advanced diagnostic tests ordered in all patients in the group). §Proportion calculated as number of advanced diagnostic 
tests confi rming referral diagnosis divided by the total number of advanced diagnostic tests done. ¶For the comparison of median values of time-to-event endpoints, the relative eff ect was calculated as a hazard 
ratio with the Cox proportional hazards regression model.

Table 2: Primary and secondary endpoints
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Point-of-care ultrasonography in patients admitted with 
respiratory symptoms: a single-blind, randomised 
controlled trial
Christian B Laursen, Erik Sloth, Annmarie Touborg Lassen, René dePont Christensen, Jess Lambrechtsen, Poul Henning Madsen, 
Daniel Pilsgaard Henriksen, Jesper Rømhild Davidsen, Finn Rasmussen

Summary
Background When used with standard diagnostic testing, point-of-care ultrasonography might improve the proportion 
of patients admitted with respiratory symptoms who are correctly diagnosed 4 h after admission to the emergency 
department. We therefore assessed point-of-care ultrasonography of the heart, lungs, and deep veins in addition to 
the usual initial diagnostic testing in this patient population.

Methods In a prospective, parallel-group trial in the emergency department at Odense University Hospital, Odense, 
Denmark, patients (≥18 years) with a respiratory rate of more than 20 per min, oxygen saturation of less than 95%, 
oxygen therapy, dyspnoea, cough, or chest pain were randomly assigned in a 1:1 ratio with a computer-generated list 
to a standard diagnostic strategy (control group) or to standard diagnostic tests supplemented with point-of-care 
ultrasonography of the heart, lungs, and deep veins (point-of-care ultrasonography group). The primary endpoint was 
the percentage of patients with a correct presumptive diagnosis 4 h after admission to the emergency department. 
Only the physicians doing the primary clinical assessment and the auditors were masked. Analyses were by intention 
to treat. The study is registered with ClinicalTrials.gov, number NCT01486394.

Findings Between Dec 7, 2011, and March 15, 2013, 320 patients were randomly assigned to the control group (n=160) 
and point-of-care ultrasonography group (n=160). 158 patients in the point-of-care ultrasonography group and 157 in 
the control group were analysed. 4 h after admission to the emergency department, 139 patients (88·0%; 95% CI 
82·8–93·1) in the point-of-care ultrasonography group versus 100 (63·7%; 56·1–71·3) in the control group had correct 
presumptive diagnoses (p<0·0001). The absolute and relative eff ects were 24·3% (95% CI 15·0–33·1) and 1·38 
(1·01–1·31), respectively. No adverse events were reported.

Interpretation Point-of-care ultrasonography is a feasible, radiation free, diagnostic test, which alongside standard 
diagnostic tests is superior to standard diagnostic tests alone for establishing a correct diagnosis within 4 h. It should 
therefore be considered for routine use as part of the standard diagnostic tests in the emergency department for 
patients admitted with respiratory symptoms.

Funding University of Southern Denmark, Odense University Hospital, and Højbjerg Fund.

Introduction
Patients with respiratory symp toms constitute a large 
proportion of all admissions to the emergency department.1 
Often these symptoms are caused by common diseases 
such as heart failure, pneu monia, chronic obstructive 
pulmonary disease (COPD), and pulmonary embolism.2 
A substantial proportion of these patients are given an 
incorrect diagnosis and inappropriate treatment in the 
emergency department according to the results of several 
studies, which raises questions about the diagnostic 
accuracy of clinical examinations and initial diagnostic 
tests in patients with respiratory symptoms.2–7 Incorrect 
diagnosis and inappropriate treatment in the emergency 
department increase the number of deaths and length of 
hospital stay.2 Results of several studies have shown that 
sonographic examinations have excellent diagnostic 
accuracy for the diseases most commonly encountered in 
patients admitted with respiratory symptoms.7–15 These 
diseases most often involve the heart, lungs, or deep veins 

of the legs, all of which can be directly visualised with 
sonography.2 The idea of using point-of-care ultra-
sonography as an ultrasound stethoscope is rapidly 
becoming integrated into clinical practice and medical 
education.16 Several emergency medicine societies have 
developed guidelines for the use of ultrasound in an 
emergency department setting, but there are few studies 
assessing the use of point-of-care ultrasonography in 
emergency departments either nationally and inter-
nationally.17–19 The results of a study in France showed that 
point-of-care ultrasonography was available in about half 
of emergency departments.20 Point-of-care ultra sonography 
was most commonly used for assessment of trauma 
patients.20 Despite being a rapidly evolving diagnostic test 
in the emergency department, knowledge is needed about 
whether point-of-care ultrasonography actually increases 
the proportion of patients who are correctly diagnosed and 
treated in the emergency department. Aside from 
improving the health care of individuals, improved 
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      The primary assessment of admitted patients with 
acute respiratory symptoms in the ED is challeng-

ing and needs improvement, as only little more than 
one-half of the patients are correctly diagnosed.  1-6   In 
adult patients with acute respiratory symptoms, the 
most common diseases originate from the heart, lungs, 
or deep veins and can be diagnosed using sonog-
raphy.  1,7-18   Evaluation of these anatomic locations with 
sonography as a part of the primary assessment could 
potentially increase the proportion of patients receiv-
ing a correct diagnosis at the initial assessment. Some 
studies have examined the use of sonography in an 

unselected population of patients with acute respi-
ratory symptoms admitted to an ED. However, a 
whole-body approach combining focused sonography 
of heart, lungs, and deep veins and its potential for 
improving the initial assessment have not previously 
been explored to our knowledge.  19-21   

 The aim of this study was to evaluate focused sono-
graphic examination of the heart, lungs, and deep 
veins, used in a population of admitted patients with 
acute respiratory symptoms, and more specifi cally to 
assess (1) feasibility and time used for the sonographic 
examinations, (2) to what extent the sonographic 

  Background:    Patients with acute respiratory symptoms still remain a diagnostic challenge. The 
aim of the study was to evaluate whether focused sonography could potentially diagnose life-
threatening conditions missed at the primary assessment in a patient population consisting of 
admitted patients with acute respiratory   symptoms. 
  Methods:    A prospective blinded observational study was conducted in a medical ED. Inclusion 
criteria were the presence of one or more of the following: respiratory rate  .  20/min, oxygen 
saturation  ,  95%, oxygen therapy initiated, dyspnea, cough, or chest pain. After the initial assess-
ment, focused sonography of the heart, lungs, and deep veins was performed by a physician blinded 
to patient history and the results of the primary assessment. 
  Results:    One hundred thirty-nine patients were included. The focused sonographic examinations 
could be performed in 134 patients (96%). Focused sonography identifi ed 19 patients (14%) with 
an acute life-threatening condition missed at the primary assessment. Diagnostic performance of 
focused sonography for the diagnosis of an acute life-threatening condition, when using audit as gold 
standard, was as follows: sensitivity, 100% (95% CI, 85.2%-100%); specifi city, 93.3% (95% CI, 
86.7%-97.3%); positive predictive value, 76.7% (95% CI, 57.7%-90.1%); and negative predictive 
value, 100% (95% CI, 96.3%-100%). 
  Conclusions:    Focused sonography of the heart, lungs, and deep veins is fast, highly feasible, and 
able to diagnose life-threatening conditions missed at the primary assessment in admitted patients 
with acute respiratory symptoms. In an ED setting sonography can be used both for ruling in and 
ruling out acute life-threatening conditions in these patients.    CHEST 2013; 144(6):1868–1875   

  Abbreviations:  CXR  5  chest radiograph; FATE  5  focus assessed transthoracic echocardiography; F-LUS  5  focused 
lung ultrasound; HF  5  heart failure; LCU  5  limited compression ultrasonography; NPV  5  negative predictive value; 
PE  5  pulmonary embolism; PPV  5  positive predictive value 

 Focused Sonography of the Heart, 
Lungs, and Deep Veins Identifi es Missed 
Life-Threatening Conditions in Admitted 
Patients With Acute Respiratory Symptoms   
  Christian B.   Laursen ,  MD;   Erik   Sloth ,  MD ,  DrMedSc ,  PhD;   Jess   Lambrechtsen ,  MD ,  PhD;  
 Annmarie Touborg   Lassen ,  MD ,  DrMedSc ,  PhD;   Poul Henning   Madsen ,  MD;  
 Daniel Pilsgaard   Henriksen ,  MD;   Jesper Rømhild   Davidsen ,  MD ,  PhD; 
and   Finn   Rasmussen ,  MD ,  DrMedSc ,  PhD  

journal.publications.chestnet.org CHEST / 144 / 6 / DECEMBER 2013   1873 

 Limited Compression Ultrasonography 

 Five patients had sonographic signs of DVT: Two 
of them were false positive, one patient had previ-
ously had DVT, and the other patient had longstanding 
IV drug abuse and recurrent phlebitis. In such patients, 
false-positive results are well known.  26   Although only 
three patients with DVT were identifi ed, the well-
known underestimation of thromboembolic disease 
with potential lethal consequences still encourages 
LCU to be useful in this setting.  1,27,28   LCU did not 
miss any patients identifi ed at audit as having DVT, 
which is why LCU seems able to safely rule out DVT 
also in this setting.  18,28,29   

 Comparison of Primary Assessment, CXR, and 
Focused Sonography 

 Overall, primary assessment identifi es more diag-
noses than both CXR and sonography but still has its 
fl aws, since one-third of the diagnoses are missed. As 
seen in  Figure 3,  focused sonography seems to estab-
lish a large proportion of diagnoses that are missed 
by both primary assessment and CXR. Furthermore, 
sonography seems superior to both primary assess-
ment and CXR for the diagnoses and exclusion of the 
predefi ned life-threatening conditions examined in 
the study. 

 Limitations 

 Being a single-center study, the results cannot nec-
essarily be applied to other EDs. Since the sonographic 
examinations were performed by a single physician, 
the results may not necessarily be applicable to another 
physician using focused sonography. However, the 
physician performing the examinations had basic quali-
fi cations and experience in focused sonography. In 
addition, since focused sonography has a steep learn-
ing curve, one might expect any physician with limited 
training and experience in focused sonography would 
be able to perform the examinations with the same 
diagnostic accuracy.  30-33   

 Based on the  k  values, the agreement between the 
two auditors was fair to good according to Fleiss’s 
guidelines.  34   That a better agreement was not achieved 
for the audit of all diagnoses can partly be explained 
by two factors. First, since predefi ned diagnostic cri-
teria were used, the two initial auditors had to agree 
on the presence or absence of all the 19 diagnoses for 
each patient; otherwise, it was registered as nonagree-
ment. Second, making a correct diagnosis in admitted 
patients with acute respiratory symptoms is diffi cult, 
as the study results show. Establishing diagnoses as 
part of an audit is also a challenging task, so a far 
better agreement would be surprising. 

patient population was examined, the diagnostic per-
formance of FATE is comparable with other studies.  8,10   
One patient was misclassifi ed as having systolic HF, 
as FATE showed an ejection fraction of 40%. F-LUS, 
however, showed interstitial syndrome and thickened 
fragmented visceral pleura. These fi ndings are indic-
ative of interstitial lung disease, but superimposed 
pulmonary edema could theoretically not be ruled 
out. The patient had a diagnosis of idiopathic pulmo-
nary fi brosis, which also was the audit diagnosis. 

 Focused Lung Ultrasound 

 All patients with cardiogenic pulmonary edema, PE, 
pleural empyema, and massive pleural effusion were 
identifi ed by F-LUS. The number of patients with a 
false-positive F-LUS for the diagnosis of pulmonary 
edema is higher than previously reported.  12,19-21,24,25   
This could be because the diagnostic criteria used for 
pulmonary edema were too strict (e-Appendix 2), 
causing patients with a possible correct F-LUS diag-
nosis of pulmonary edema to be missed at audit. 

 In three patients, F-LUS was false positive for PE. 
Audit diagnoses in these patients were stroke, pneu-
monia, and Churg-Strauss syndrome with pneumo-
nia. The patient who was falsely suspected of having 
empyema on F-LUS because of the fi nding of a com-
plex pleural effusion had a history of chronic pleural 
effusion with septations. 

  Figure  3. Comparison of primary assessment, chest radiography, 
and focused sonography. Despite the overlap between primary 
assessment, chest radiography, and sonography, focused sonog-
raphy seems to establish a large proportion of the diagnoses, which 
are missed by both primary assessment and chest radiograph. 
In comparison, chest radiograph only identifi es very few diag-
noses that are not suspected by either primary assessment or 
sonog raphy.   
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Abstract 
Background: Rapid response teams are intended to improve early diagnosis and intervention in ward patients who 
develop acute respiratory or circulatory failure. A management protocol including the use of a handheld ultrasound 
device for immediate point-of-care ultrasound (POCUS) examination at the bedside may improve team performance. 
The main objective of the study was to assess the impact of implementing such a POCUS-guided management on 
the proportion of adequate immediate diagnoses in two groups. Secondary endpoints included time to treatment 
and patient outcomes.

Methods: A prospective, observational, controlled study was conducted in a single university hospital. Two teams 
alternated every other day for managing in-hospital ward patients developing acute respiratory and/or circulatory 
failures. Only one of the team used an ultrasound device (POCUS group).

Results: We included 165 patients (POCUS group 83, control group 82). Proportion of adequate immediate diagno-
ses was 94% in the POCUS group and 80% in the control group (p = 0.009). Time to first treatment/intervention was 
shorter in the POCUS group (15 [10–25] min vs. 34 [15–40] min, p < 0.001). In-hospital mortality rates were 17% in the 
POCUS group and 35% in the control group (p = 0.007), but this difference was not confirmed in the propensity score 
sample (29% vs. 34%, p = 0.53).

Conclusion: Our study suggests that protocolized use of a handheld POCUS device at the bedside in the ward may 
improve the proportion of adequate diagnosis, the time to initial treatment and perhaps also survival of ward patients 
developing acute respiratory or circulatory failure.
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than do clinical examination, blood gases and electrocar-
diography combined [30].

Improved diagnostic performance is an explanation for 
the earlier treatment and reduced number of supplemen-
tary examinations observed in the POCUS group when 
compared with the control group. During emergencies, 
targeted POCUS screening can include assessment of 
cardiac function, filling and tamponade, gross valvular 
function, venous filling, pleural sliding and fluid accu-
mulation as well as deep venous return [10, 31–33]. If a 
diagnosis is made using POCUS, on-site intervention can 

be targeted to treat the abnormal finding, thus decreas-
ing the number of supplementary examinations required 
and also reducing the likelihood of redundant interven-
tions. We did not measure the cost of treatment. How-
ever, it follows that a reduction in resource use would 
also reduce costs.

Our study suggests an association between ICU and 
in-hospital mortalities and structured use of POCUS 
during ward emergencies although these findings were 
not confirmed after matching. To the best of our knowl-
edge, no RCT has shown such an association, and 

Table 2 Primary and secondary outcomes of  patientsa

IQR: interquartile range
a Data are expressed as no. (%) of participants unless otherwise indicated

Outcome category Control group n = 82 POCUS group n = 83 P value

Primary outcome

 Immediate adequate diagnosis

  General 66 (80) 78 (94) 0.009

  Circulatory 24/26 (92) 21/22 (95) 0.65

  Respiratory 42/56 (75) 57/61 (93) 0.006

Secondary outcomes

 Appropriate intervention in ward

  General 72 (88) 77 (93) 0.28

  Circulatory 22/26 (84) 20/21 (95) 0.36

  Respiratory 48/56 (86) 57/62 (92) 0.28

 Time to immediate diagnosis, median [IQR], min

  General 11 [5–20] 10 [5–15] 0.16

  Circulatory 14 [7–20] 10 [6–20] 0.94

  Respiratory 16 [5–20] 10 [3–30] 0.13

 Time to first treatment/intervention, median [IQR], min

  General 34 [15–40] 15 [10–25] 0.00003

  Circulatory 22 [14–45] 15 [11–28] 0.26

  Respiratory 30 [15–38] 15 [20–61] 0.00003

 Number of interventions, median [IQR], min

  General 4 [3, 4] 3 [2–4] 0.0009

  Circulatory 4 [3, 4] 3 [2–4] 0.07

  Respiratory 4 [3, 4] 3 [2–4] 0.005

 Number of supplementary examinations during first day, median 
[IQR]

  General 2 [1–3] 1 [1. 2] 0.00002

  Circulatory 2 [1–3] 2 [1, 2] 0.009

  Respiratory 2 [2, 3] 1 [1, 2] 0.0006

 ICU length of stay, median [IQR], days

  General 5 [3–10] 3 [2–7] 0.01

  Circulatory 4 [2–6] 2 [1–7] 0.23

  Respiratory 5 [3–13] 3 [2–7] 0.01

 Hospital length of stay, median [IQR], days

  General 16 [9–25] 16 [9–28] 0.44

  Circulatory 13 [8–31] 10 [6–29] 0.35

  Respiratory 18 [9–29] 17 [10–28] 0.72

Bedside POCUS during ward emergencies is associated with improved diagnosis and outcome: an observational, prospective, 
controlled study, Zieleskiewicz et al. Crit Care, 2021
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Background. Roentgenography remains the standard
imaging modality after thoracic surgery. Trials from
intensive medicine proved a high accuracy of ultrasound
examination in the diagnosis of various conditions. The
assumption was that ultrasound examination could
reduce the number of roentgenograms after thoracic
surgery.

Methods. This prospective study compared ultrasound
examinations performed by thoracic surgeons with
roentgenograms in the diagnosis of pneumothorax and
pleural effusion after noncardiac thoracic surgery. Pa-
tients received 2 ultrasound scans, the first on the day of
surgery and the second before chest tube removal.

Results. A total of 297 patients underwent 545 exami-
nations; 336 ultrasound scans (61.6%) showed neither
pneumothorax nor pleural effusion. Pneumothorax was
detected on 69 roentgenograms and 51 ultrasound scans.
Both modalities showed positive results in 32 cases and
negative results in 395 cases (Cohen’s k, 53.4%). Ultra-
sound missed 37 clinically irrelevant pneumothoraces.
Roentgenograms missed 19 pneumothoraces; 15 of

them were clinically irrelevant. Sensitivity and specificity
were 59.4% and 95.9% in the first examination and 50.0%
and 94.8% in the second examination, respectively.
Pleural effusion was detected on 169 roentgenograms
and 117 ultrasound scans. Both modalities showed
positive results in 88 cases and negative results in 336
cases (Cohen’s k, 49.6%). Ultrasound scans missed 81
pleural effusions; except for 5 cases, the clinical decisions
would not have changed. Roentgenograms missed 29
clinically irrelevant pleural effusions. Sensitivity and
specificity were 44.4% and 92.6% in the first examination
and 60.9% and 91.3% in the second examination,
respectively.
Conclusions. Given high specificities, a large share of

results without pneumothorax and pleural effusion, and
mismatch analysis, we could reduce the number of
roentgenograms by 61.6% by using ultrasound as a pri-
mary imaging modality.

(Ann Thorac Surg 2021;112:897-904)
! 2021 by The Society of Thoracic Surgeons

Clinical trials from intensive care proved the high
accuracy of chest ultrasound (US) in the diagnosis of

various chest diseases. These trials became the basis for
creating guidelines for the diagnosis of chest diseases,
including pneumothorax (PTX) and pleural effusion (PE).1

Chest US also showed excellent results in clinical trials in
other medical specialty fields such as traumatology2-4 and
cardiothoracic surgery.5-7

Experience with chest US in postoperative care after
noncardiac thoracic surgery is limited, and the results of
clinical trials from thoracic surgery are dubious. At the
time of submission of this article, except for the trial
conducted by Goudie and associates,8 there were only

pilot studies with smaller numbers of patients.9-11 In the
trial of Goudie and colleagues,8 chest US did not reach
the accuracy proved in intensive care trials, especially for
PTX diagnosis.
There are differences in chest tube management and in

evaluation of postoperative PTX and PE among thoracic
surgery departments.12-16 Despite the generally known
disadvantages of chest roentgenography, it remains the
standard imaging modality in postoperative care in
thoracic surgery.17 Chest roentgenography frequency
varies from daily routine use to no use.18 Several strate-
gies have been described to reduce the number of
roentgenograms. Gilbert and coclleagues19 investigated
the role of routine chest roentgenography performed
immediately postoperatively, with most of the findings
without clinical importance. A meta-analysis proved that
change from daily routine chest roentgenograms to on-
demand indications could reduce the number of chest
roentgenograms by 3.15 examinations per hospitalization
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without a significant impact on patient outcomes.20

However, the role of chest US in reducing chest roent-
genography after noncardiac thoracic surgery has not
been evaluated adequately.

Excellent results of US in the diagnosis of PTX and PE,
especially in intensive care, and a lack of evidence in field
of noncardiac thoracic surgery encouraged us to perform
a study to evaluate whether it is possible to reduce the
numbers of chest roentgenograms by using chest US
performed by a thoracic surgeon by using the algorithms
from intensive care.1,21

Patients and Methods

Patients scheduled for elective noncardiac thoracic pro-
cedure at the Department of Thoracic Surgery, Jessenius
Faculty of Medicine in Martin, Slovakia from September
2017 to March 2019 were consecutively included in our
prospective single-center study. Instruction of the patient
preceded study inclusion, and informed consent was
obtained 1 day before scheduled surgery. The study was
approved by the Ethical Committee of Martin University
Hospital and by the Ethical Committee of Jessenius Fac-
ulty of Medicine in Martin (No. EK 2015/2017). The study
was conducted in accordance with the Declaration of
Helsinki.

Age, sex, height, weight, body mass index, surgical
approach, type of surgical procedure (major lung resec-
tion, wedge resection, nonresection procedure), pleu-
rodesis, length of chest tube drainage, and length of stay
were recorded for every patient.

Chest roentgenography was used as a reference test
because it remains the standard imaging modality in
postoperative care in noncardiac thoracic surgery, and
the use of the gold standard imaging technique (ie,
computed tomography) would not be ethical because of
the enormous radiation exposure.

Chest US was performed every time chest roentgen-
ography was indicated according to the department’s
customary protocol. Routinely, we performed 2 chest
roentgenograms. The first chest roentgenogram was
performed on the day of the surgery, after recovery from
general anesthesia and using a mobile chest roentgen-
ography device at the bedside with the patient in the
sitting position. The second, anteroposterior chest roent-
genogram was performed after chest tube clamping and
before chest tube removal in our Department of Radi-
ology. Chest roentgenographic images were evaluated by
radiologists. The radiologists were blinded to the results
of chest US. Every chest US examination was performed
by 1 of 3 examiners. All were thoracic surgeons certified
in chest US. Chest US was performed as a bedside ex-
amination. The examination was focused on the diagnosis
of PTX and PE. A SonoScape S2 portable ultrasound
machine (SonoScape Medical Corp, Shenzhen, China)
was used. Only B-mode imaging was available. For PTX
evaluation, a linear probe (5.0 to 10,0 MHz) SonoScape
L741 (SonoScape Medical Corp) was used. The chest US
scan was performed with the patient in the supine posi-
tion. The area between the parasternal and midaxillary

lines was examined for lung sliding, B-lines, and lung
point. In PTX diagnosis, we used an algorithm that was
based on the bedside lung US in emergency (BLUE)
protocol21 (Figure 1). Both hemithoraces were examined;
the hemithorax contralateral to the side of the procedure
served as the control. The examination started by evalu-
ating the right hemithorax and continued with the left.
The wound dressing was not removed. Short videos from
the examination were recorded.
PEs were evaluated with convex probe (2.0 TO 5.0

MHz) SonoScape C344 (SonoScape Medical Corp,
Shenzhen, China). PE examinations were performed with
the patient in the sitting position or, exceptionally, in the
supine position in case of mobility limitation. Both hem-
ithoraces were evaluated from the anterior axillary line to
the paravertebral line for anechoic or hypoechoic areas
between the defined anatomic boundaries (chest wall,
diaphragm, lung) or above the caudal margin of the PE to
the cranial PE margin. The depth of the PE, the distance
between the lung and the diaphragm, the distance from
the caudal to cranial PE margin, and PE character were
recorded. Image documentation from the examination
was stored. Evaluation of the side not subjected to surgery
served as the control. In the case of a nondiagnostic
result, the reason for the inconclusive finding was recor-
ded. Chest US performance time and the interval be-
tween chest US and chest roentgenography were
recorded. Immediately after the examination, all results
were recorded in the patient examination report. The
chest US examiner was blinded to the chest

Figure 1. Diagnostic algorithm for ultrasound detection of pneu-
mothorax in our trial.
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without a significant impact on patient outcomes.20
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rodesis, length of chest tube drainage, and length of stay
were recorded for every patient.

Chest roentgenography was used as a reference test
because it remains the standard imaging modality in
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the use of the gold standard imaging technique (ie,
computed tomography) would not be ethical because of
the enormous radiation exposure.

Chest US was performed every time chest roentgen-
ography was indicated according to the department’s
customary protocol. Routinely, we performed 2 chest
roentgenograms. The first chest roentgenogram was
performed on the day of the surgery, after recovery from
general anesthesia and using a mobile chest roentgen-
ography device at the bedside with the patient in the
sitting position. The second, anteroposterior chest roent-
genogram was performed after chest tube clamping and
before chest tube removal in our Department of Radi-
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radiologists. The radiologists were blinded to the results
of chest US. Every chest US examination was performed
by 1 of 3 examiners. All were thoracic surgeons certified
in chest US. Chest US was performed as a bedside ex-
amination. The examination was focused on the diagnosis
of PTX and PE. A SonoScape S2 portable ultrasound
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was used. Only B-mode imaging was available. For PTX
evaluation, a linear probe (5.0 to 10,0 MHz) SonoScape
L741 (SonoScape Medical Corp) was used. The chest US
scan was performed with the patient in the supine posi-
tion. The area between the parasternal and midaxillary

lines was examined for lung sliding, B-lines, and lung
point. In PTX diagnosis, we used an algorithm that was
based on the bedside lung US in emergency (BLUE)
protocol21 (Figure 1). Both hemithoraces were examined;
the hemithorax contralateral to the side of the procedure
served as the control. The examination started by evalu-
ating the right hemithorax and continued with the left.
The wound dressing was not removed. Short videos from
the examination were recorded.
PEs were evaluated with convex probe (2.0 TO 5.0

MHz) SonoScape C344 (SonoScape Medical Corp,
Shenzhen, China). PE examinations were performed with
the patient in the sitting position or, exceptionally, in the
supine position in case of mobility limitation. Both hem-
ithoraces were evaluated from the anterior axillary line to
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between the defined anatomic boundaries (chest wall,
diaphragm, lung) or above the caudal margin of the PE to
the cranial PE margin. The depth of the PE, the distance
between the lung and the diaphragm, the distance from
the caudal to cranial PE margin, and PE character were
recorded. Image documentation from the examination
was stored. Evaluation of the side not subjected to surgery
served as the control. In the case of a nondiagnostic
result, the reason for the inconclusive finding was recor-
ded. Chest US performance time and the interval be-
tween chest US and chest roentgenography were
recorded. Immediately after the examination, all results
were recorded in the patient examination report. The
chest US examiner was blinded to the chest

Figure 1. Diagnostic algorithm for ultrasound detection of pneu-
mothorax in our trial.
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cough with a high fever (>38 °C), pneumonia, or 
hypoxia (pulse oximeter value <90%).

The sample size was calculated based on a previ-
ous retrospective study that investigated the effect 
of HFNC on adult patients.23 In that study, the lung 
ultrasound score was 13 (standard deviation [SD] = 6)  

in patients who received conventional oxygen ther-
apy, while the lung ultrasound score in patients with 
HFNC was 9 (SD = 6).23 Using this result, 2-sampled 
t test was used for the power analysis. The required 
sample size was 37 per group, with an alpha error 
of .05 and a power of 80% using PASS 2008 software 
(version 8.0.16; NCSS Statistical Software, Kaysville, 
UT). Considering a 10% attrition rate, the required 
sample size was set at 80 patients (40 per group). All 
data were analyzed using SPSS software (version 23.0; 
SPSS, Inc, Chicago, IL). Data normality was assessed 
using the Kolmogorov–Smirnov test. Categorical 
variables are expressed as numbers and percentages, 
while continuous variables are expressed as means 
(SDs) or medians (interquartile ranges [IQRs]). The 
χ2 test was used to test the signi!cance of categori-
cal data, and Fisher exact test was used when the 
expected frequency was <1, or 20% of the expected 
frequencies were ≤5. Student t test or Mann-Whitney 
rank-sum test was used to determine the signi!cance 
of continuous data. Univariate logistic regression 
analysis was performed to obtain the odds ratio (OR) 
and to assess whether the application of HFNC could 
reduce the signi!cant atelectasis or not. All P values 
were 2-tailed, and a value of <.05 was considered sta-
tistically signi!cant.

RESULTS
A total of 80 children were randomized into the control 
(n = 40) and HFNC (n = 40) groups. Two patients in 
the control group were excluded because their opera-
tion time was shorter than 2 hours. Therefore, data 
for 78 patients were analyzed (Figure  3, CONSORT 
diagram). Table 1 shows the baseline characteristics, 
including anesthesia time, operating time, and type of 
surgery in 2 groups.

Table 2 shows the lung ultrasound scores in both 
groups. Compared to the control group, the HFNC 
groups showed a signi!cantly lower consolidation 
score (3, IQR = 2–4 vs 0, IQR = 0–1; P< .001) and B-line 
score (4, IQR = 2–6.24 vs 1, IQR = 0–2.75; P< .001) at 
the discharge from the PACU. Additionally, none of 
the patients in the HFNC group had signi!cant atel-
ectasis, whereas 6 patients in the control group had a 
consolidation score ≥2 (0% vs 15.8%; OR = 0.444; 95% 
CI for OR, 0.343-0.575; P = .011) at the PACU discharge.

However, the lung ultrasound scores and the inci-
dence of signi!cant atelectasis at the end of surgery 
were similar between the control and HFNC groups. 
The lung ultrasound scores and the signi!cant atelec-
tasis were improved in both groups at the discharge 
from the PACU, compared to those at the end of sur-
gery (Table 2).

RASS measured at PACU admission, 15 minutes 
after PACU admission, and before PACU discharge 
was higher in the control group than those in the 

Figure 2. The degree of C (asterisks) and B (arrows), described by 
Song et al.20 B indicates B-lines; B0, fewer than 3 isolated B-lines; 
B1, multiple well-de!ned B-lines; B2, multiple coalescent B-lines; 
B3, white lung; C, consolidation; C0, no consolidation; C1, minimal 
juxtapleural consolidation; C2, small-sized consolidation; C3, large-
sized consolidation.
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of HFNC on adult patients.23 In that study, the lung 
ultrasound score was 13 (standard deviation [SD] = 6)  

in patients who received conventional oxygen ther-
apy, while the lung ultrasound score in patients with 
HFNC was 9 (SD = 6).23 Using this result, 2-sampled 
t test was used for the power analysis. The required 
sample size was 37 per group, with an alpha error 
of .05 and a power of 80% using PASS 2008 software 
(version 8.0.16; NCSS Statistical Software, Kaysville, 
UT). Considering a 10% attrition rate, the required 
sample size was set at 80 patients (40 per group). All 
data were analyzed using SPSS software (version 23.0; 
SPSS, Inc, Chicago, IL). Data normality was assessed 
using the Kolmogorov–Smirnov test. Categorical 
variables are expressed as numbers and percentages, 
while continuous variables are expressed as means 
(SDs) or medians (interquartile ranges [IQRs]). The 
χ2 test was used to test the signi!cance of categori-
cal data, and Fisher exact test was used when the 
expected frequency was <1, or 20% of the expected 
frequencies were ≤5. Student t test or Mann-Whitney 
rank-sum test was used to determine the signi!cance 
of continuous data. Univariate logistic regression 
analysis was performed to obtain the odds ratio (OR) 
and to assess whether the application of HFNC could 
reduce the signi!cant atelectasis or not. All P values 
were 2-tailed, and a value of <.05 was considered sta-
tistically signi!cant.

RESULTS
A total of 80 children were randomized into the control 
(n = 40) and HFNC (n = 40) groups. Two patients in 
the control group were excluded because their opera-
tion time was shorter than 2 hours. Therefore, data 
for 78 patients were analyzed (Figure  3, CONSORT 
diagram). Table 1 shows the baseline characteristics, 
including anesthesia time, operating time, and type of 
surgery in 2 groups.

Table 2 shows the lung ultrasound scores in both 
groups. Compared to the control group, the HFNC 
groups showed a signi!cantly lower consolidation 
score (3, IQR = 2–4 vs 0, IQR = 0–1; P< .001) and B-line 
score (4, IQR = 2–6.24 vs 1, IQR = 0–2.75; P< .001) at 
the discharge from the PACU. Additionally, none of 
the patients in the HFNC group had signi!cant atel-
ectasis, whereas 6 patients in the control group had a 
consolidation score ≥2 (0% vs 15.8%; OR = 0.444; 95% 
CI for OR, 0.343-0.575; P = .011) at the PACU discharge.

However, the lung ultrasound scores and the inci-
dence of signi!cant atelectasis at the end of surgery 
were similar between the control and HFNC groups. 
The lung ultrasound scores and the signi!cant atelec-
tasis were improved in both groups at the discharge 
from the PACU, compared to those at the end of sur-
gery (Table 2).

RASS measured at PACU admission, 15 minutes 
after PACU admission, and before PACU discharge 
was higher in the control group than those in the 

Figure 2. The degree of C (asterisks) and B (arrows), described by 
Song et al.20 B indicates B-lines; B0, fewer than 3 isolated B-lines; 
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cough with a high fever (>38 °C), pneumonia, or 
hypoxia (pulse oximeter value <90%).

The sample size was calculated based on a previ-
ous retrospective study that investigated the effect 
of HFNC on adult patients.23 In that study, the lung 
ultrasound score was 13 (standard deviation [SD] = 6)  

in patients who received conventional oxygen ther-
apy, while the lung ultrasound score in patients with 
HFNC was 9 (SD = 6).23 Using this result, 2-sampled 
t test was used for the power analysis. The required 
sample size was 37 per group, with an alpha error 
of .05 and a power of 80% using PASS 2008 software 
(version 8.0.16; NCSS Statistical Software, Kaysville, 
UT). Considering a 10% attrition rate, the required 
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using the Kolmogorov–Smirnov test. Categorical 
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while continuous variables are expressed as means 
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χ2 test was used to test the signi!cance of categori-
cal data, and Fisher exact test was used when the 
expected frequency was <1, or 20% of the expected 
frequencies were ≤5. Student t test or Mann-Whitney 
rank-sum test was used to determine the signi!cance 
of continuous data. Univariate logistic regression 
analysis was performed to obtain the odds ratio (OR) 
and to assess whether the application of HFNC could 
reduce the signi!cant atelectasis or not. All P values 
were 2-tailed, and a value of <.05 was considered sta-
tistically signi!cant.

RESULTS
A total of 80 children were randomized into the control 
(n = 40) and HFNC (n = 40) groups. Two patients in 
the control group were excluded because their opera-
tion time was shorter than 2 hours. Therefore, data 
for 78 patients were analyzed (Figure  3, CONSORT 
diagram). Table 1 shows the baseline characteristics, 
including anesthesia time, operating time, and type of 
surgery in 2 groups.

Table 2 shows the lung ultrasound scores in both 
groups. Compared to the control group, the HFNC 
groups showed a signi!cantly lower consolidation 
score (3, IQR = 2–4 vs 0, IQR = 0–1; P< .001) and B-line 
score (4, IQR = 2–6.24 vs 1, IQR = 0–2.75; P< .001) at 
the discharge from the PACU. Additionally, none of 
the patients in the HFNC group had signi!cant atel-
ectasis, whereas 6 patients in the control group had a 
consolidation score ≥2 (0% vs 15.8%; OR = 0.444; 95% 
CI for OR, 0.343-0.575; P = .011) at the PACU discharge.

However, the lung ultrasound scores and the inci-
dence of signi!cant atelectasis at the end of surgery 
were similar between the control and HFNC groups. 
The lung ultrasound scores and the signi!cant atelec-
tasis were improved in both groups at the discharge 
from the PACU, compared to those at the end of sur-
gery (Table 2).

RASS measured at PACU admission, 15 minutes 
after PACU admission, and before PACU discharge 
was higher in the control group than those in the 

Figure 2. The degree of C (asterisks) and B (arrows), described by 
Song et al.20 B indicates B-lines; B0, fewer than 3 isolated B-lines; 
B1, multiple well-de!ned B-lines; B2, multiple coalescent B-lines; 
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ultrasound score was 13 (standard deviation [SD] = 6)  
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apy, while the lung ultrasound score in patients with 
HFNC was 9 (SD = 6).23 Using this result, 2-sampled 
t test was used for the power analysis. The required 
sample size was 37 per group, with an alpha error 
of .05 and a power of 80% using PASS 2008 software 
(version 8.0.16; NCSS Statistical Software, Kaysville, 
UT). Considering a 10% attrition rate, the required 
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were 2-tailed, and a value of <.05 was considered sta-
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(n = 40) and HFNC (n = 40) groups. Two patients in 
the control group were excluded because their opera-
tion time was shorter than 2 hours. Therefore, data 
for 78 patients were analyzed (Figure  3, CONSORT 
diagram). Table 1 shows the baseline characteristics, 
including anesthesia time, operating time, and type of 
surgery in 2 groups.

Table 2 shows the lung ultrasound scores in both 
groups. Compared to the control group, the HFNC 
groups showed a signi!cantly lower consolidation 
score (3, IQR = 2–4 vs 0, IQR = 0–1; P< .001) and B-line 
score (4, IQR = 2–6.24 vs 1, IQR = 0–2.75; P< .001) at 
the discharge from the PACU. Additionally, none of 
the patients in the HFNC group had signi!cant atel-
ectasis, whereas 6 patients in the control group had a 
consolidation score ≥2 (0% vs 15.8%; OR = 0.444; 95% 
CI for OR, 0.343-0.575; P = .011) at the PACU discharge.

However, the lung ultrasound scores and the inci-
dence of signi!cant atelectasis at the end of surgery 
were similar between the control and HFNC groups. 
The lung ultrasound scores and the signi!cant atelec-
tasis were improved in both groups at the discharge 
from the PACU, compared to those at the end of sur-
gery (Table 2).

RASS measured at PACU admission, 15 minutes 
after PACU admission, and before PACU discharge 
was higher in the control group than those in the 
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Application of a High-Flow Nasal Cannula for 
Prevention of Postextubation Atelectasis in Children 
Undergoing Surgery: A Randomized Controlled Trial
Ji-Hyun Lee, MD, PhD, Sang-Hwan Ji, MD, Young-Eun Jang, MD, Eun-Hee Kim, MD,  
Jin-Tae Kim, MD, PhD, and Hee-Soo Kim, MD, PhD

BACKGROUND: General anesthesia-induced atelectasis is common, and persistent postopera-
tive atelectasis is associated with pulmonary complications. We aimed to evaluate the preven-
tive effects of a high-!ow nasal cannula (HFNC) on postoperative atelectasis and respiratory 
complications in infants and small children.
METHODS:  In this prospective randomized controlled trial, children (≤2 years) receiving general 
anesthesia (>2 hours) were randomized into the control and HFNC groups. At the end of the sur-
gery, the #rst lung ultrasound evaluation was performed in both groups. In the postanesthetic 
care unit (PACU), the control group received conventional oxygen therapy, while the HFNC group 
received oxygen via HFNC, with a !ow rate of 2 L kg−1 min−1. Before discharge to the ward, a sec-
ond lung ultrasound examination was performed. The primary outcome was the lung ultrasound 
score at PACU discharge. The secondary outcomes included the lung ultrasound score at the 
end of surgery, the incidence of signi#cant atelectasis at PACU discharge, and other postopera-
tive outcomes.
RESULTS: Lung ultrasound score and the incidence of atelectasis at the end of surgery did 
not differ signi#cantly between the control (n = 38) and HFNC (n = 40) groups. After staying 
in the PACU, both groups showed a reduced lung ultrasound score and atelectasis incidence. 
However, the HFNC group had a signi#cantly lower consolidation score than the control group 
(0; interquartile range [IQR] = 0–1 vs 3; IQR = 2–4; P< .001). Additionally, none of the patients 
had signi#cant atelectasis in the HFNC group, compared to 6 patients in the control group (0% 
vs 15.8%; odds ratio [OR] = 0.444; 95% con#dence interval for OR, 0.343–0.575; P = .011). 
Incidence of desaturation (oxygen saturation [SpO2] ≤ 95%), postoperative complications, and 
the length of hospital stay did not differ between the groups.
CONCLUSIONS: Preventive use of HFNC after surgery improves the lung ultrasound score and 
reduces postoperative atelectasis compared to conventional oxygen therapy in infants and 
small children. (Anesth Analg 2021;133:474–82)

KEY POINTS
• Question: Can preventative use of high-!ow nasal cannula (HFNC) reduce postoperative atel-

ectasis and respiratory complications in infants and small children?
• Findings: Among children ≤2 years of age undergoing general anesthesia for >2 hours, 

HFNC therapy in the postanesthetic care unit resulted in a lower incidence of atelectasis 
and signi#cantly better lung ultrasound scores compared to conventional nasal can-
nula oxygen therapy, although it did not confer any detectable bene#t in terms of the 
incidence of oxygen desaturation, postoperative clinical complications, and length of 
hospital stay.

• Meaning: In children, preventative use of HFNC immediately after surgery can reduce postop-
erative atelectasis after elective noncardiac, nonthoracic, nonlaparotomy surgery as detected 
by lung ultrasound, but additional clinical bene#ts are unknown; more research is needed.

GLOSSARY
ASA = American Society of Anesthesiologist; B = B-lines; B0 = fewer than 3 isolated B-lines; B1 = 
multiple well-de#ned B-lines; B2 = multiple coalescent B-lines; B3 = white lung; C = consolidation; 
C0 = no consolidation; C1 = minimal juxtapleural consolidation; C2 = small-sized consolidation; 
C3 = large-sized consolidation; CI = con#dence interval; CONSORT = Consolidated Standards of 
Reporting Trials; CPAP = continuous positive airway pressure; CT = computed tomography; F = 
female; FIO2 = fraction of inspired oxygen; GA = gestational age; HFNC = high-!ow nasal cannula; 
IQR = interquartile range; M = male; NSS = Nurse Satisfaction Score; OR = odds ratio; PACU = 
postanesthetic care unit; PEEP = positive end-expiratory pressure; RASS = Richmond Agitation–
Sedation Scale; SD = standard deviation; SpO2 = oxygen saturation

LWW

E   ORIGINAL CLINICAL RESEARCH REPORT









Prise en charge thérapeutique

• Causes chirurgicales
• Discussion reprise 
• Traitement symptomatique

• Analgésie 

• Hypoxémie isolée / échanges gazeux ?
• Œdème 
• Shunt 

• Troubles de la ventilation= hypercapnie ?
• Trouble de la pompe ventilatoire
• Muscles / diaphragme



2229

the Emergency Department (ED) [14, 16, 18, 20]. One 
trial [18] only included patients with acute pulmonary 
edema and two trials [10, 14] examined exclusively 
immune compromised patients. All included trials 
were unblinded. Four trials [14, 16, 17, 20] were judged 
to be at high risk of bias due to issues with features 
related to trial quality. The meta-analysis supporting 
this recommendation has been published elsewhere 
[6]. See the supplementary material to review the evi-
dence profiles (Suppl material 1) and for a discussion 
of physiologic mechanisms (Suppl material 2).

Compared to COT, HFNC use decreased the need for 
intubation relative risk (RR) 0.85 (95% confidence inter-
val [CI] 0.74–0.99; 7 trials, n = 1647, moderate certainty) 
and escalation of respiratory support RR 0.71 (0.51–0.98; 
8 trials, n = 1703, moderate certainty). We lowered the 
certainty of both outcomes due to imprecision. We did 
not find evidence of an effect of HFNC compared to 
COT on mortality (moderate certainty), ICU length of 
stay (low certainty), hospital length of stay (moderate 
certainty), patient reported dyspnea (low certainty) and 
comfort (very low certainty). Complications of therapy 
were variably reported across the included trials which 
did not permit quantitative pooling; however, qualitative 
assessment did not suggest an increased risk of complica-
tions for HFNC-treated patients.

Although we pre-planned subgroup analyses based 
on several factors (hypoxemic versus hypercapnic res-
piratory failure, pulmonary edema versus other causes, 
immune compromised versus immunocompetent, mild 
versus severe hypoxia, bilateral infiltrates versus no bilat-
eral infiltrates), there were insufficient data to perform 
these analyses.

Rationale
For patients with hypoxemic respiratory failure, the 
anticipated desirable effects of HFNC when compared 
to COT include a reduction in the rates of intubation 
(moderate certainty) and escalation of respiratory sup-
port (moderate certainty). HFNC may have a small effect 
on comfort and dyspnea; however, the effect of HFNC on 
mortality and length of stay was much less certain. #e 
panel judged the overall desirable effects to be moder-
ate—understanding that any decrease in intubation was 
almost certainly important to patients.

#e panel judged the anticipated undesirable effects 
of HFNC compared to COT and NIPPV to be minimal. 
Adverse events directly related to HFNC are uncommon 
and have been mostly reported in children and infants 
[22–26]. #e use of HFNC may delay intubation, how-
ever the due to the heterogeneity of study designs and 
risk of confounding we were not able to pool data evalu-
ating this outcome. A large retrospective study evaluated 
the effect on patient outcome of the timing of intubation 
after failure of HFNC [27]. Patients intubated within 48 h 
had lower ICU mortality (39 vs. 67%; P = 0.001) than 
those intubated later. A similar association was observed 
with extubation success, ventilator weaning and venti-
lator-free days. Noticeably, patients in the early intuba-
tion group were intubated a mean of 10 h after initiating 
HFNC, while those in the late intubation group were 
intubated at a mean of 126  h, more than 5  days, after 
starting HFNC. Hence, this study actually compares early 
intubation to “very late” rather than late intubation. Post-
hoc analysis in of the FLORALI trial did not demonstrate 
this potential harm of HFNC in delaying intubation as 
no association between timing of intubation and risk of 
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Abstract 
Purpose: High flow nasal cannula (HFNC) is a relatively recent respiratory support technique which delivers high 
flow, heated and humidified controlled concentration of oxygen via the nasal route. Recently, its use has increased for 
a variety of clinical indications. To guide clinical practice, we developed evidence-based recommendations regarding 
use of HFNC in various clinical settings.

Methods: We formed a guideline panel composed of clinicians, methodologists and experts in respiratory medicine. 
Using GRADE, the panel developed recommendations for four actionable questions.

Results: The guideline panel made a strong recommendation for HFNC in hypoxemic respiratory failure compared to 
conventional oxygen therapy (COT) (moderate certainty), a conditional recommendation for HFNC following extuba-
tion (moderate certainty), no recommendation regarding HFNC in the peri-intubation period (moderate certainty), 
and a conditional recommendation for postoperative HFNC in high risk and/or obese patients following cardiac or 
thoracic surgery (moderate certainty).

Conclusions: This clinical practice guideline synthesizes current best-evidence into four recommendations for HFNC 
use in patients with hypoxemic respiratory failure, following extubation, in the peri-intubation period, and postopera-
tively for bedside clinicians.
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flow, heated and humidified controlled concentration of oxygen via the nasal route. Recently, its use has increased for 
a variety of clinical indications. To guide clinical practice, we developed evidence-based recommendations regarding 
use of HFNC in various clinical settings.

Methods: We formed a guideline panel composed of clinicians, methodologists and experts in respiratory medicine. 
Using GRADE, the panel developed recommendations for four actionable questions.

Results: The guideline panel made a strong recommendation for HFNC in hypoxemic respiratory failure compared to 
conventional oxygen therapy (COT) (moderate certainty), a conditional recommendation for HFNC following extuba-
tion (moderate certainty), no recommendation regarding HFNC in the peri-intubation period (moderate certainty), 
and a conditional recommendation for postoperative HFNC in high risk and/or obese patients following cardiac or 
thoracic surgery (moderate certainty).

Conclusions: This clinical practice guideline synthesizes current best-evidence into four recommendations for HFNC 
use in patients with hypoxemic respiratory failure, following extubation, in the peri-intubation period, and postopera-
tively for bedside clinicians.

Keywords: High flow nasal cannula, Respiratory failure, Extubation, Peri-intubation, Postoperative, Mortality
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work of breathing, and respiratory rate may be obtained 
with intermediate flows (20–45  L/min) [1–3] (Fig.  1). 
Most of this evidence relates to patients with hypoxemic 
respiratory failure and, to date, few physiological data 
have been obtained in hypercapnic populations [4].

As NHF rate increases, so does EELV [2] (ESM Fig. 1). 
"is relationship is linear with each litre of increased 
flow resulting in 0.7% increase in EELV [5]. A strong cor-
relation exists between increases in airway pressure and 
EELV (r = 0.7) [5], suggesting that this mechanism is 
responsible for the improvements in oxygenation seen 
with NHF, particularly at higher flows [2], through alveo-
lar recruitment (ESM Fig. 2).

Inspiratory effort decreases with increasing flow rates, 
and Mauri et al. [2] suggest it is best supported by flows 
of 60 L/min. However these, and other authors, also rec-
ognised that important reductions in work of breath-
ing can still be achieved with lower rates of 20–45  L/
min [1, 2] (ESM Fig.  3). As flow increases, respiratory 
rate decreases [2, 4], along with minute ventilation [2, 
4], without any resultant hypercapnia. In other words, 
alveolar ventilation (minute ventilation  −  dead-space 
ventilation) remains stable whereas minute ventilation 
decreases. "e main mechanism to explain the stability 
in  PaCO2 is the washout of physiological dead space.

Importantly, higher flows are well tolerated by hypox-
emic patients, whose comfort was not adversely affected 
by higher gas flows [6].

As NHF is used for respiratory support in a wide range 
of conditions, clinicians should titrate flow to patient’s 
response to therapy. ESM Table  1 provides some guid-
ance on achieving optimal flow rates for patients with 
hypoxemic respiratory failure. If tolerated, the highest 
flow as a starting point seems optimal in patients with 

hypoxemic respiratory failure, while lower flows may 
be efficient to reduce the respiratory rate and work of 
breathing, especially in hypercapnic patients (see dedi-
cated section).

Avoidance of intubation
Since the introduction of NHF in the armamentarium 
of respiratory failure management, a number of obser-
vational studies have shown that respiratory status of 
patients with AHRF is significantly improved with NHF 
in comparison with standard oxygen [7–11]. Although 
they suggested that intubation may have been avoided 
in some patients, design of these studies precluded any 
formal demonstration of intubation rate reduction with 
NHF. "e characteristics of NHF and the related physi-
ological effects account for the superiority of NHF in 
terms of comfort, tolerance, alleviation of respiratory 
distress and improved oxygenation. "e Florali study 
[12] showed in a post hoc subgroup (patients with 
a  PaO2/FiO2 < 200) analysis that intubation rate was 
lower in patients treated with NHF compared to those 
treated with NIV or standard oxygen. "is clinically 
relevant difference translated into a reduction in hos-
pital and 90-day mortality rate in favour of patients that 
received NHF as first-line therapy. Several meta-anal-
ysis [13], but not all [14], also found that use of NHF 

Take-home message 

In every segment of acute hypoxemic respiratory failure manage-
ment (first-line ventilatory support, preoxygenation, post-extuba-
tion, palliative care), evidence suggests that nasal high flow has the 
potential to benefit the patient. Beneficial effects also seem to be 
seen in patients with chronic respiratory disease.

Fig. 1 Schematic representation of the physiologic effects of Nasal High Flow (NHF) and possible impact of the flow. Increase in airway pres-
sure and  FiO2 improve oxygenation by different mechanisms and may be optimal at higher flows. Most of dead-space wash-out-related effects 
(increased  CO2 clearance, decrease respiratory drive, respiratory rate and effort to breathe) may be obtained for lower flows. All these physiological 
effects probably explain the improved comfort in patients with respiratory failure and possibly the outcomes. NHF nasal high flow, Paw airway pres-
sure; FiO2 fraction of inspired oxygen, EELV end-expiratory lung volume, RR respiratory rate, VE minute volume, WOB work of breathing
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NARRATIVE REVIEW

Use of nasal high "ow oxygen during acute 
respiratory failure
Jean-Damien Ricard1,2* , Oriol Roca3,4, Virginie Lemiale5, Amanda Corley6,7, Jens Braunlich8,9, Peter Jones10,11, 
Byung Ju Kang12, François Lellouche13, Stefano Nava14, Nuttapol Rittayamai15, Giulia Spoletini16,17, 
Samir Jaber18 and Gonzalo Hernandez19
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Abstract 
Nasal high flow (NHF) has gained popularity among intensivists to manage patients with acute respiratory failure. An 
important literature has accompanied this evolution. In this review, an international panel of experts assessed poten-
tial benefits of NHF in different areas of acute respiratory failure management. Analyses of the physiological effects of 
NHF indicate flow-dependent improvement in various respiratory function parameters. These beneficial effects allow 
some patients with severe acute hypoxemic respiratory failure to avoid intubation and improve their outcome. They 
require close monitoring to not delay intubation. Such a delay may worsen outcome. The ROX index may help clini-
cians decide when to intubate. In immunocompromised patients, NHF reduces the need for intubation but does not 
impact mortality. Beneficial physiological effects of NHF have also been reported in patients with chronic respiratory 
failure, suggesting a possible indication in acute hypercapnic respiratory failure. When intubation is required, NHF can 
be used to pre-oxygenate patients either alone or in combination with non-invasive ventilation (NIV). Similarly, NHF 
reduces reintubation alone in low-risk patients and in combination with NIV in high-risk patients. NHF may be used in 
the emergency department in patients who would not be offered intubation and can be better tolerated than NIV.

Keywords: Acute respiratory failure, ARDS, Intubation, High flow oxygen, Nasal canula, Palliative care

Introduction

In the past years, nasal high flow has gained an impor-
tant popularity among intensivists to manage patients 
with acute respiratory failure, filling a gap in the venti-
latory support escalation between facemask oxygen and 
noninvasive or invasive mechanical ventilation. Interest-
ingly, use of NHF was widely and rapidly adopted in ICUs 
before in-depth knowledge of its physiological effects 
and evidence of its efficacy were published. Since, a great 
amount of literature has been published and indications 

other than acute respiratory failure have emerged. In this 
narrative review, we have aimed to summarize the avail-
able data and address the different clinical scenarios in 
which NHF can be used, highlighting areas where further 
research is required to confirm or not the potential for 
NHF to improve patient outcome.

Nasal High Flow (NHF) in acute hypoxemic 
respiratory failure (AHRF)
Physiological e!ects of NHF
A unique feature of NHF is its ability to comfortably 
deliver high flows of warmed humidified gas, 20–70  L/
min, with a  FiO2 range of 0.21–1.0. Physiological 
responses to NHF therapy include increases in airway 
pressure, end-expiratory lung volume (EELV), and oxy-
genation which are probably optimal with higher flows 
(60–70 L/min), while the effects on dead-space washout, 
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Physiologic Effects of High-Flow Nasal Cannula in Acute Hypoxemic
Respiratory Failure
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Abstract

Rationale: High-flow nasal cannula (HFNC) improves the clinical
outcomes of nonintubated patients with acute hypoxemic respiratory
failure (AHRF).

Objectives: To assess the effects of HFNC on gas exchange,
inspiratory effort, minute ventilation, end-expiratory lung volume,
dynamic compliance, and ventilation homogeneity in patients with
AHRF.

Methods: This was a prospective randomized crossover study in
nonintubated patients with AHRF with PaO2

/setFIO2
less than or

equal to 300mmHgadmitted to the intensive care unit.We randomly
applied HFNC set at 40 L/min compared with a standard
nonocclusive facial mask at the same clinically set FIO2

(20min/step).

Measurements andMain Results: Toward the end of each phase,
we measured arterial blood gases, inspiratory effort, and work of
breathing by esophageal pressure swings (DPes) and pressure time
product, and we estimated changes in lung volumes and ventilation

homogeneity by electrical impedance tomography. We enrolled 15
patients aged 606 14 years old with PaO2

/setFIO2
1306 35 mm Hg.

Seven (47%) had bilateral lung infiltrates. Compared with the facial
mask, HFNC significantly improved oxygenation (P, 0.001) and
lowered respiratory rate (P, 0.01), DPes (P, 0.01), and pressure
time product (P, 0.001). During HFNC, minute ventilation was
reduced (P, 0.001) at constant arterial CO2 tension and pH
(P = 0.27 and P = 0.23, respectively); end-expiratory lung volume
increased (P, 0.001), and tidal volume did not change (P = 0.44);
the ratio of tidal volume to DPes (an estimate of dynamic lung
compliance) increased (P, 0.05); finally, ventilation distribution
was more homogeneous (P, 0.01).

Conclusions: In patients with AHRF, HFNC exerts multiple
physiologic effects including less inspiratory effort and improved
lung volume and compliance. These benefits might underlie the
clinical efficacy of HFNC.

Keywords: high-flow nasal oxygen; electrical impedance
tomography; esophageal pressure; acute lung injury

High-flow nasal cannula (HFNC) is a
noninvasive respiratory support designed to
deliver 30–60 L/min of a heated, humidified
mixture of air and oxygen through

specifically designed nasal prongs (1). HFNC
was first used in preterm infants and pediatric
patients (2) and recent large randomized
clinical trials have promoted its use in adults

with acute hypoxemic respiratory failure
(AHRF) (3). These trials demonstrated the
potential of HFNC to improve clinical
outcomes, such as reintubation rates and
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whereas the higher external flow coupled
with lower inspiratory airflow during
HFNC might have permitted minimal
differences between set and alveolar FIO2

(8).

Improved lung volume, indicating
positive end-expiratory pressure, might
have contributed to the increase in the
PaO2

/setFIO2
ratio and the lower hypoxic

drive too (30). During HFNC, the MV
needed to obtain normal arterial CO2

tension was lower than with the facial
mask and this might have followed
enhanced CO2 clearance by washout of
upper airways (1, 8), leading to lower
ventilation needs and work of breathing.
However, lower CO2 production from
the respiratory muscles (8), linked to
the decrease in MV, may also have
helped reduce the inspiratory effort
and ventilation needs. The possible
improvement in dynamic lung
compliance might have established more
favorable working conditions during
inspiration and unloading of the
inspiratory muscles.

Among all these factors, the relation
between the reduction in MVcorr and
changes in PTP suggests that better CO2

clearance might have had a key role in
reducing patients’ work of breathing.
However, this decrease was significantly
larger than the reduction in MVcorr,
possibly indicating that multiple
mechanisms work to reduce the workload.
As a sign to clinicians, in this study the
reduced inspiratory effort during HFNC
positively correlated with higher baseline
arterial CO2 tension, suggesting HFNC
was more effective in the presence of more

Table 3. Effects of HFNC on Lung Aeration, Homogeneity, and Respiratory Pattern

Variable
Oxygen Facial

Mask
High-Flow

Nasal Cannula P Value*

DEELIglob (change from facial mask),
% of baseline VT

— 516 57 ,0.001

DEELInon-dep (change from facial mask),
% of baseline VT

— 296 36 <0.001

DEELIdep (change from facial mask),
% of baseline VT

— 266 33 <0.01

GI index 0.50 (0.49 to 0.57) 0.47 (0.43 to 0.60) ,0.01
PIFglob (change from facial mask), % — 2156 23 0.07
PEFglob (change from facial mask), % — 2276 22 <0.001
PIFnon-dep (change from facial mask), % — 2116 29 0.29
PIFdep (change from facial mask), % — 2206 19 ,0.01
PEFnon-dep (change from facial mask), % — 2196 32 0.07
PEFdep (change from facial mask), % — 2346 18 ,0.001
Ti, s 1.26 0.2 1.26 0.3 0.84
Te, s 1.36 0.2 1.56 0.6 ,0.05
Ti/Ttot 0.56 0.0 0.46 0.0 ,0.05

Definition of abbreviations: dep = dependent; DEELIdep = change of end-expiratory lung impedance in
dependent regions; DEELIglob = global change of end-expiratory lung impedance; DEELInon-dep = change
of end-expiratory lung impedance in nondependent regions; GI index = global inhomogeneity index;
glob = global; HFNC= high-flow nasal cannula; non-dep = non-dependent; PEF = peak expiratory
flow; PIF = peak inspiratory flow; Te = expiratory time; Ti = inspiratory time; Ttot = total cycle time.
Normally distributed variables are expressed as mean6 SD, nonnormal ones as median (interquartile
range).
*P value by paired t test or by Wilcoxon signed rank test, as appropriate.
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Figure 3. High-flow nasal cannula (HFNC) increases lung volume (A) and raises the ratio of VT to inspiratory effort (B). In comparison with a standard
nonocclusive low-flow facial mask, in patients with acute hypoxemic respiratory failure HFNC increased the lung volume at end-expiration as measured
by electrical impedance tomography (see text and the online supplement for details), suggesting a positive end-expiratory pressure effect. HFNC
also gave a higher ratio of VT to negative inspiratory pressure during inspiration (DPes), suggesting improvement in the mechanical properties of the
respiratory system, external “ventilation support,” or both. Average values were significantly different even though in five patients VT/DPes actually
decreased. Horizontal bars represent mean values. DEELI = change of end-expiratory lung impedance.
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AJRCCM 2017, 
https://doi.org/10.1164/rccm.201605-0916OC An appropriately sized electrode belt was placed around

the circumference of the patient’s chest, at the level of the
anterior intercostal space 5–6, and an optimal EIT signal
was confirmed before data collection. For female patients,
the placement of the belt was standardized to underneath
the breast tissue. Data were collected first on low-flow
oxygen, then on HFNC. The order of data collection was
unable to be randomized as the participants were requiring
HFNC as part of their treatment. Before the measurement of
the low-flow oxygen data, patients were asked to rate their
dyspnoea level using the Modified Borg Dyspnoea Scale23

and asked to keep their mouth closed if possible during the
measurement period. The patient’s mouth status (open or
closed) was tracked every 30 s during the measurement
period. Simultaneous 2 min Paw, EELI, and VARt readings
were then recorded while the patient was receiving oxygen
therapy via a low-flow system (either nasal cannula or
Hudson face mask) at the flow rate the patient was receiving
before HFNC prescription. FIo2 on lowflowwas estimated using
a previously described standardized algorithm.24 An arterial
blood gas (ABG) was taken at this time in all patients if an
intra-arterial line (IAL) was in situ.

HFNCs (OptiflowTM system, MR850 heated humidified,
RT202 delivery tubing and RT050/051 nasal cannulae,
Fisher and Paykel Healthcare Ltd, Auckland, New Zealand)
were applied with the humidifier temperature set to 378C
to optimize humidification. The FIo2 was titrated to patient
need to maintain Spo2 ≥95% and flow was commenced at
35 litre min21. This flow rate was titrated upwards to a
maximum of 50 litre min21 as determined by patient toler-
ance, as is the clinical practice in the unit. A 15 min
washout period was used between therapies to counter
any cumulative treatment effect. The patient was again
asked to score their dyspnoea while reminded to keep their
mouth closed if possible. After optimal signals were con-
firmed on both the EIT and pressure transducer, simul-
taneous 2 min EIT and Paw measurements were repeated in
addition to ABG analysis.

Supplementary data included patient characteristics,
including height and weight to assess BMI. Data analysed

from the EIT files were EELI, VARt, and respiratory rate. The
mean Paw was measured in cm H2O from the pressure trans-
ducer files.

Initially, the investigators chose to exclude patients
requiring cardiac pacing as there was no safety data regard-
ing the interaction between EIT and cardiac pacing. After
consultation with colleagues who routinely use EIT to study
post-cardiac surgical neonates with temporary epicardial
pacing, it was found that in a 12 month period, no adverse
events occurred. Therefore, late in the study, this exclusion
criterion was removed. Only one patient was recruited
using the amended exclusion criteria.

Statistical analysis
To investigate the changes in lung volumes (EELI and VARt)
for the EIT data, a mixed-effects regression model was
used. A mixed model extends a standard regression model
by allowing repeated results from the same individual
which we modelled using a random intercept. The dependent
variable was EIT and the independent variable was HFNC
(yes/no). Spearman’s correlation coefficient was used to
determine any correlation between EELI and Paw change. A
second independent variable of mouth closed (yes/no) was
added to test its effect on EELI. An interaction term was
included to examine whether the effectiveness of the HFNC
depended on BMI. To investigate changes in Vt, respiratory
rate, modified Borg score, and Pao2/FIo2 ratio, a paired
t-test was used. Adjustments were made for multiple com-
parisons using the Bonferroni method; therefore, any
P-values ,0.008 (0.05/6 outcome variables¼0.008) were
considered significant. Data were assessed using an
intention-to-treat analysis. All analyses were performed
using the R statistical software (www.r-project.org).

Results
Twenty-seven patients were eligible for inclusion into the
study and were approached for informed consent. Two
patients refused insertion of the nasopharyngeal catheter,
two patients required epicardial pacing to be commenced
just before the study period, one male patient could not be
fitted with a correctly sized EIT belt due to their chest circum-
ference, and the EIT was unable to pass the manufacturer’s
self test in a further two patients. Therefore, 20 patients who
were prescribed HFNC by the intensive care specialist post-
cardiac surgery were recruited, 15 of whom were males.
The mean (range) age of participants was 65.3 (51–77) yr,
height was 171.1 (160–183) cm, weight was 93.3 (60–123)
kg, and BMI was 32 (22–45) kg m22. Selected clinical vari-
ables are shown in Table 1. Two patients were unable to
provide complete data due to the absence of an IAL in one
patient and the inability to tolerate the nasopharyngeal
catheter in the other. Using an intention-to-treat analysis,
the data from these two patients were included.

When compared with a low-flow oxygen device, HFNC
increased mean Paw by 3.0 cm H2O [95% confidence interval
(CI) 2.4, 3.7; paired t-test P,0.001] and EELI by 1517
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Fig 2 Oropharyngeal airway pressure tracing on HFNC and
low-flow oxygen over 1 min. For this participant, mean airway
pressure on HFNC was 4.4 cm H2O and on low-flow oxygen was
0 cm H2O.
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Oxygen delivery through high-flow nasal cannulae increase
end-expiratory lung volume and reduce respiratory rate in
post-cardiac surgical patients
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Editor’s key points

† High-flow nasal cannulae
(HFNCs) used for oxygen
therapy increases
pharyngeal airway
pressures but the effect
on lung volumes is
unknown.

† In this study of patients
after cardiac surgery,
HFNC increased
end-expiratory lung
impedance, suggesting
increased lung volumes
and functional residual
capacity.

† Oxygenation improved
and the benefits were
greatest in patients with
high BMIs.

† Further data are required
to assess the clinical
significance of these
data.

Background. High-flow nasal cannulae (HFNCs) create positive oropharyngeal airway
pressure, but it is unclear how their use affects lung volume. Electrical impedance
tomography allows the assessment of changes in lung volume by measuring changes in
lung impedance. Primary objectives were to investigate the effects of HFNC on airway
pressure (Paw) and end-expiratory lung volume (EELV) and to identify any correlation
between the two. Secondary objectives were to investigate the effects of HFNC on
respiratory rate, dyspnoea, tidal volume, and oxygenation; and the interaction between
BMI and EELV.

Methods. Twenty patients prescribed HFNC post-cardiac surgery were investigated.
Impedance measures, Paw, Pao2/FIo2 ratio, respiratory rate, and modified Borg scores were
recorded first on low-flow oxygen and then on HFNC.

Results. A strong and significant correlation existed between Paw and end-expiratory lung
impedance (EELI) (r¼0.7, P,0.001). Compared with low-flow oxygen, HFNC significantly
increased EELI by 25.6% [95% confidence interval (CI) 24.3, 26.9] and Paw by 3.0 cm H2O
(95% CI 2.4, 3.7). Respiratory rate reduced by 3.4 bpm (95% CI 1.7, 5.2) with HFNC use, tidal
impedance variation increased by 10.5% (95% CI 6.1, 18.3), and Pao2/FIo2 ratio improved by
30.6 mm Hg (95% CI 17.9, 43.3). A trend towards HFNC improving subjective dyspnoea
scoring (P¼0.023) was found. Increases in EELI were significantly influenced by BMI, with
larger increases associated with higher BMIs (P,0.001).

Conclusions. This studysuggests thatHFNCs reduce respiratory rate and improve oxygenation
by increasing both EELVand tidal volumeand aremost beneficial in patientswith higher BMIs.
Australia and New Zealand Clinical Trial Registry.
Clinical Trial No.: ACTRN12609000037202.
URL: http://www.anzctr.org.au/trial_view.aspx?ID=83413.

Keywords: lung, volume; oxygen, therapy; surgery, cardiovascular
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Pulmonary complications after cardiac surgery are common1

and are associated with adverse outcomes, including pro-
longed mechanical ventilation times, increased use of seda-
tion, increased risk of ventilator-associated pneumonia, and
prolonged intensive care unit and hospital lengths of stay.2 3

Alveolar collapse and atelectasis is observed in up to 90% of
post-surgical cases4 and subsequently results in a reduction
in functional residual capacity (FRC) of !20%.1 Physiotherapy
and early mobilization may provide some benefit, but
respiratory dysfunction is still commonplace.5 Non-invasive
ventilation can be useful in avoiding reintubation in such
patients, but this treatment prevents early mobilization; is
associated with gastric distension which may further reduce

FRC; restricts effective communication and oral nutrition;
and is poorly tolerated in some patients.6

High-flow nasal cannulae (HFNCs) deliver high-flow
humidified air and oxygen via wide-bore nasal cannulae at
a prescribed fraction of inspired oxygen (FIo2 ). Whereas
conventional nasal prongs are generally limited to flows of
5 litre min21 due to the potential drying effects of cold
oxygen on the nasal mucosa,7 oxygen at up to 50 litre
min21 may be delivered when the warmed gas is optimally
humidified, making it less irritant to the nasal mucosal. The
therapy is well established in neonatal and paediatric popu-
lations8 9 and HFNC use has recently been described in adult
populations.10 11
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increased lung volumes
and functional residual
capacity.

† Oxygenation improved
and the benefits were
greatest in patients with
high BMIs.

† Further data are required
to assess the clinical
significance of these
data.

Background. High-flow nasal cannulae (HFNCs) create positive oropharyngeal airway
pressure, but it is unclear how their use affects lung volume. Electrical impedance
tomography allows the assessment of changes in lung volume by measuring changes in
lung impedance. Primary objectives were to investigate the effects of HFNC on airway
pressure (Paw) and end-expiratory lung volume (EELV) and to identify any correlation
between the two. Secondary objectives were to investigate the effects of HFNC on
respiratory rate, dyspnoea, tidal volume, and oxygenation; and the interaction between
BMI and EELV.

Methods. Twenty patients prescribed HFNC post-cardiac surgery were investigated.
Impedance measures, Paw, Pao2/FIo2 ratio, respiratory rate, and modified Borg scores were
recorded first on low-flow oxygen and then on HFNC.

Results. A strong and significant correlation existed between Paw and end-expiratory lung
impedance (EELI) (r¼0.7, P,0.001). Compared with low-flow oxygen, HFNC significantly
increased EELI by 25.6% [95% confidence interval (CI) 24.3, 26.9] and Paw by 3.0 cm H2O
(95% CI 2.4, 3.7). Respiratory rate reduced by 3.4 bpm (95% CI 1.7, 5.2) with HFNC use, tidal
impedance variation increased by 10.5% (95% CI 6.1, 18.3), and Pao2/FIo2 ratio improved by
30.6 mm Hg (95% CI 17.9, 43.3). A trend towards HFNC improving subjective dyspnoea
scoring (P¼0.023) was found. Increases in EELI were significantly influenced by BMI, with
larger increases associated with higher BMIs (P,0.001).

Conclusions. This studysuggests thatHFNCs reduce respiratory rate and improve oxygenation
by increasing both EELVand tidal volumeand aremost beneficial in patientswith higher BMIs.
Australia and New Zealand Clinical Trial Registry.
Clinical Trial No.: ACTRN12609000037202.
URL: http://www.anzctr.org.au/trial_view.aspx?ID=83413.

Keywords: lung, volume; oxygen, therapy; surgery, cardiovascular
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Pulmonary complications after cardiac surgery are common1

and are associated with adverse outcomes, including pro-
longed mechanical ventilation times, increased use of seda-
tion, increased risk of ventilator-associated pneumonia, and
prolonged intensive care unit and hospital lengths of stay.2 3

Alveolar collapse and atelectasis is observed in up to 90% of
post-surgical cases4 and subsequently results in a reduction
in functional residual capacity (FRC) of !20%.1 Physiotherapy
and early mobilization may provide some benefit, but
respiratory dysfunction is still commonplace.5 Non-invasive
ventilation can be useful in avoiding reintubation in such
patients, but this treatment prevents early mobilization; is
associated with gastric distension which may further reduce

FRC; restricts effective communication and oral nutrition;
and is poorly tolerated in some patients.6

High-flow nasal cannulae (HFNCs) deliver high-flow
humidified air and oxygen via wide-bore nasal cannulae at
a prescribed fraction of inspired oxygen (FIo2 ). Whereas
conventional nasal prongs are generally limited to flows of
5 litre min21 due to the potential drying effects of cold
oxygen on the nasal mucosa,7 oxygen at up to 50 litre
min21 may be delivered when the warmed gas is optimally
humidified, making it less irritant to the nasal mucosal. The
therapy is well established in neonatal and paediatric popu-
lations8 9 and HFNC use has recently been described in adult
populations.10 11
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monary disease). Clinical improvements caused via an
improved cardiac function are sometimes difficult to distin-
guish from the pulmonary effects of CPAP in postoperative
period.

PSV is a ventilatory mode in which the patient’s sponta-
neous inspiratory effort triggers the ventilator to provide a
variable flow of gas that increases until airway pressure
reaches a selected level. Thus, during each spontaneous in-

A

B

Fig. 2. Effects of postoperative noninvasive ventilation (NIV) on computed tomography (CT) lung volumes in patients with acute respiratory
failure after abdominal surgery. (A) Representative CT slices of the lung obtained before NIV in spontaneous breathing (left panel) and after 30
min of NIV (PSV 15 cm H2O and PEEP 5 cm H2O) (right panel). (B) A color encoding analysis is applied for both CT images obtained before (left
panel) and after 30 min of NIV (right panel). Nonaerated voxels (CT attenuation between !100 and "100 Hounsfield Units [HU]) were colored
in red, poorly aerated voxels (CT attenuation between !500 and !100 HU) in orange, and normally aerated voxels (CT attenuation between
!500 and !900 HU) in green. Overinflated voxels (CT attenuations between !900 and !1,000 HU) were colored in yellow. NIV induced
alveolar recruitment as shown by the decrease in poorly (orange) and nonaerated (red) lung regions and an increase in normally aerated lung
parenchyma (green). (C) Volumetric quantification of lung aeration and collapse. Histograms show the normalized lung volume for HU ranging
from !1,000 to 100. aeration categories (hyperinflated !1,000 and !900 HU, normally aerated !900 and !500, poorly aerated !500 and
!100 HU, nonaerated or atelectasis !100 and "100 HU). The red curve was obtained before NIV and the yellow curve was obtained after NIV.
Note that the curve obtained after NIV showed a decrease in poorly and nonaerated lung regions and an increase in normally aerated lung
parenchyma.
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Postoperative Noninvasive Ventilation
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POSTOPERATIVE hypoxemia and/or acute respira-
tory failure (ARF) mainly develop after abdominal

and/or thoracic surgery.1 Anesthesia, postoperative pain,
and surgery will induce respiratory modifications: hypox-
emia, decrease in pulmonary volume, and atelectasis1 as-
sociated with a restrictive syndrome and a diaphragm dys-
function.2 These modifications of the respiratory function
occur early after surgery and are more often transient and
could lead to ARF. The clinical result (severity of the
ARF) is the product of perioperative-related ventilatory
impairment and severity of the preoperative pulmonary
condition. Maintenance of adequate oxygenation in the
postoperative period is of major importance, especially
when pulmonary complications such as ARF occur. Al-
though invasive endotracheal mechanical ventilation has
remained the cornerstone of ventilatory strategy for many
years for severe ARF, several studies have shown that mor-
tality associated with pulmonary disease is largely related
to complications of postoperative reintubation and me-
chanical ventilation. Therefore, major objectives for anes-
thesiologists are first to prevent the occurrence of postop-
erative complications and second to ensure oxygen
administration and carbon dioxide removal while avoid-
ing intubation if ARF occurs. Noninvasive ventilation
(NIV) does not require an artificial airway (endotracheal
tube or tracheotomy), and its use is well established to
prevent ARF occurrence (prophylactic treatment) or to

treat ARF to avoid reintubation (curative treatment) (fig.
1). Studies show that patient-related risk factors, such as
chronic obstructive pulmonary disease, age older than 60
yr, American Society of Anesthesiologists class of II or
higher, obesity, functional dependence, and congestive
heart failure, increase the risk for postoperative pulmo-
nary complications.1– 4 Pulmonary conditions are a key
problem for patients who require high-risk surgery for
ventilatory function. Then postoperative NIV should be
beneficial to these patients at high risk, especially after
“aggressive” surgery.

Rationale for postoperative NIV use is the same as the
postextubation NIV use5 plus the specificities due to the
respiratory modifications induced by surgery and anesthesia.
Postoperative NIV improves gas exchange, decreases work of
breathing, and reduces atelectasis.

The aims of this article are (1) to review the main respi-
ratory modifications induced by surgery and anesthesia,
which justify postoperative NIV use, (2) to offer some rec-
ommendations to safely apply postoperative NIV, and (3) to
present the results obtained with preventive and curative
NIV in a surgical context.

Epidemiology

The efficacy of NIV was first demonstrated for the treatment
of patients with acute exacerbations of chronic obstructive
pulmonary disease,6 followed by a broader use for other
kinds of ARF of various etiologies including acute cardio-
genic pulmonary edema after solid organ transplant and in
immunosuppressed hematology patients.6 NIV therapy is
increasingly popular for the treatment of the fore cited ARF
and for new indications such as improvement of preoxygen-
ation before intubation7,8 and postoperative ARF.9–11 This
widening of indications has been accompanied by the im-
provement and development of ventilation techniques led by
physicians and manufacturers. In 2009, the NIV use in the
postoperative period is difficult to estimate, but 69% of
French intensivists declared that they use it for first-line
treatment of postoperative ARF and 54% to treat postoper-
ative atelectasis.12 More recently, some authors have re-
ported the feasibility and safety of NIV use in the recovery
room after various types of surgery.13
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Effect of Noninvasive Ventilation on Tracheal Reintubation
Among Patients With Hypoxemic Respiratory Failure
Following Abdominal Surgery
A Randomized Clinical Trial
Samir Jaber, MD, PhD; Thomas Lescot, MD, PhD; Emmanuel Futier, MD, PhD; Catherine Paugam-Burtz, MD, PhD; Philippe Seguin, MD, PhD;
Martine Ferrandiere, MD; Sigismond Lasocki, MD, PhD; Olivier Mimoz, MD, PhD; Baptiste Hengy, MD; Antoine Sannini, MD; Julien Pottecher, MD;
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Daniel Verzilli, MD; Audrey De Jong, MD; Gerald Chanques, MD, PhD; Laurent Brochard, MD, PhD; Nicolas Molinari, PhD; for the NIVAS Study Group

IMPORTANCE It has not been established whether noninvasive ventilation (NIV) reduces the
need for invasive mechanical ventilation in patients who develop hypoxemic acute
respiratory failure after abdominal surgery.

OBJECTIVE To evaluate whether noninvasive ventilation improves outcomes among patients
developing hypoxemic acute respiratory failure after abdominal surgery.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, parallel-group clinical trial
conducted between May 2013 and September 2014 in 20 French intensive care units among
293 patients who had undergone abdominal surgery and developed hypoxemic respiratory
failure (partial oxygen pressure <60 mm Hg or oxygen saturation [SpO2] !90% when
breathing room air or <80 mm Hg when breathing 15 L/min of oxygen, plus either [1] a
respiratory rate above 30/min or [2] clinical signs suggestive of intense respiratory muscle
work and/or labored breathing) if it occurred within 7 days after surgical procedure.

INTERVENTIONS Patients were randomly assigned to receive standard oxygen therapy (up to
15 L/min to maintain SpO2 of 94% or higher) (n = 145) or NIV delivered via facial mask
(inspiratory pressure support level, 5-15 cm H2O; positive end-expiratory pressure, 5-10 cm
H2O; fraction of inspired oxygen titrated to maintain SpO2 "94%) (n = 148).

MAIN OUTCOMES AND MEASURES The primary outcome was tracheal reintubation for any
cause within 7 days of randomization. Secondary outcomes were gas exchange, invasive
ventilation–free days at day 30, health care–associated infections, and 90-day mortality.

RESULTS Among the 293 patients (mean age, 63.4 [SD, 13.8] years; n=224 men) included in
the intention-to-treat analysis, reintubation occurred in 49 of 148 (33.1%) in the NIV group
and in 66 of 145 (45.5%) in the standard oxygen therapy group within+ 7 days after
randomization (absolute difference, −12.4%; 95% CI, −23.5% to −1.3%; P = .03). Noninvasive
ventilation was associated with significantly more invasive ventilation–free days compared
with standard oxygen therapy (25.4 vs 23.2 days; absolute difference, −2.2 days; 95% CI, −0.1
to 4.6 days; P = .04), while fewer patients developed health care–associated infections
(43/137 [31.4%] vs 63/128 [49.2%]; absolute difference, −17.8%; 95% CI, −30.2% to −5.4%;
P = .003). At 90 days, 22 of 148 patients (14.9%) in the NIV group and 31 of 144 (21.5%) in the
standard oxygen therapy group had died (absolute difference, −6.5%; 95% CI, −16.0% to
3.0%; P = .15). There were no significant differences in gas exchange.

CONCLUSIONS AND RELEVANCE Among patients with hypoxemic respiratory failure following
abdominal surgery, use of NIV compared with standard oxygen therapy reduced the risk of
tracheal reintubation within 7 days. These findings support use of NIV in this setting.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01971892

JAMA. doi:10.1001/jama.2016.2706
Published online March 15, 2016.
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in the standard oxygen therapy group, of whom 3 (42.9%) were
subsequently intubated. There were 3 episodes of cardiac ar-
rest, 2 occurring before intubation (1 in the standard oxygen
therapy group and 1 in the NIV group). Tolerance and adverse
effects of NIV after the first trial in the NIV group are reported
in eTable 2 in Supplement 1.

Discussion
In this multicenter randomized clinical trial conducted among
patients with hypoxemic acute respiratory failure after ab-
dominal surgery, noninvasive ventilation delivered via face
mask reduced the need for reintubation and for invasive me-
chanical ventilation and was associated with fewer episodes
of health care–associated infection compared with standard
oxygen therapy.

Hypoxemia develops in 30% to 50% of patients after
abdominal surgery and can in some patients be well toler-
ated without symptoms.4,22,28 In others, however, hypox-
emia can progress to severe acute respiratory failure. The
genesis of hypoxemic acute respiratory failure postopera-
tively is multifactorial and partly related to atelectasis due
to hypoventilation and collapsed alveoli, retained secre-
tions, and diaphragmatic dysfunction.29,31 Atelectasis pro-
motes bacterial growth and increases lung permeability,
leading to pneumonia.32 In our study, NIV significantly
decreased overall health care–associated infections and
halved the rate of pneumonia. Noninvasive ventilation can
reverse loss of pulmonary volume through the combined
positive effects of PEEP and inspiratory pressure support,
which increase lung ventilation, reopen atelectatic alveoli,
and improve gas exchange.4 Reducing atelectasis by NIV
could also decrease bacterial growth, thus mitigating bacte-
rial translocation from the lung into the bloodstream.32

Avoidance of endotracheal intubation, bypassing the upper
airways, is probably the major reason for the pneumonia
reduction observed in patients treated by NIV.33 Moreover,
NIV has been shown to reduce overall nosocomial infection
rates through reduction in both the number and duration
of invasive devices such as intravenous and bladder
catheters.33 Finally, reducing health care–associated infec-
tions, especially pneumonia, could contribute to the trend
toward lower mortality observed in the NIV group (Table 3
and Figure 3).

Complications have been reported with NIV, such as gas-
tric distention and pulmonary aspiration. Noninvasive venti-
lation may also potentially impede patients’ ability to cough
and expectorate postoperatively. In the present study, no ad-
verse events were reported in either group. We did not ob-
serve higher morbidity and mortality in the NIV group, con-
trary to that reported in another postextubation study because
of delayed reintubation in the NIV group.20 The selection of
appropriate postoperative patients who may benefit from
postextubation NIV is a key factor.4,34 One randomized clini-
cal study by Squadrone et al22 evaluated the use of noninva-
sive continuous positive airway pressure delivered via hel-
met after abdominal surgery. They studied 209 patients who

developed hypoxemia immediately after extubation without
necessarily having signs of respiratory distress. Nonetheless,
their early use of noninvasive continuous positive airway pres-
sure significantly decreased the incidence of reintubation from
10% to 1%. Our study presents several differences: (1) we evalu-
ated the efficacy of NIV delivered with face mask using 2 lev-
els of positive airway pressure and (2) NIV was used as a thera-
peutic application in a more severe patient cohort with
hypoxemic acute respiratory failure and not prophylactically
in patients with hypoxemia alone. As a result, the respective
incidence of reintubation (standard oxygen therapy control
group rate of 10% for the study by Squadrone et al vs 45.5% in
the current study) and mortality (3% in the control group of
the study by Squadrone et al vs 22% in the current study) dif-
fered between the 2 studies (Table 3).

The strengths of the present study are its large sample size,
the selected population base, multicenter design, the explicit
criteria for reintubation, and a complete postoperative follow-
up. Baseline characteristics in the 2 groups were well matched,
and the criteria for health care–associated infection diagnosis
are both validated and robust. The trial excluded patients who
underwent another immediate surgical procedure, and strati-
fication was performed according to study site, age, site of sur-
gery, and use/nonuse of postoperative epidural analgesia.

Figure 2. Cumulative Incidence of Reintubation Between Randomization
and Day 30 According to Study Group
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Figure 3. Probability of Survival Between Randomization and Day 90
According to Study Group
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When treated with invasive endotracheal mechanical ventilation
(ETMV), acute respiratory insufficiency after lung resection is fatal
in up to 80% of cases. Noninvasive positive-pressure ventilation
(NPPV) may reduce the need for ETMV, thereby improving sur-
vival. We conducted a randomized prospective trial to compare
standard therapy with and without nasal-mask NPPV in patients
with acute hypoxemic respiratory insufficiency after lung resec-
tion. The primary outcome variable was the need for ETMV and
the secondary outcome variables were in-hospital and 120-d mor-
tality rates, duration of stay in the intensive care unit, and dura-
tion of in-hospital stay. Twelve of the 24 patients (50%) randomly
assigned to the no-NPPV group required ETMV, versus only five of
the 24 patients (20.8%) in the NPPV group (p 

 

!

 

 0.035). Nine pa-
tients in the no-NPPV group died (37.5%), and three (12.5 %) pa-
tients in the NPPV group died (p 

 

!

 

 0.045). The other secondary
outcomes were similar in the two groups. NPPV is safe and effec-
tive in reducing the need for ETMV and improving survival after
lung resection.

Keywords: 

 

noninvasive ventilation; acute hypoxemic respiratory insuf-
ficiency; endotracheal intubation; invasive mechanical ventilation; lung
resection

 

Postoperative mortality and morbidity after lung resection are
decreasing, but remain significant. A recent study found 30-d
mortality and morbidity rates of 4% and 23.8%, respectively,
after lobectomy, and of 11.5% and 25.7%, respectively, after
pneumonectomy (1). Pulmonary complications remain the
leading cause of death postoperatively, and acute respiratory
insufficiency after lung resection is fatal in up to 60% to 80%
of cases (2). This high mortality rate is largely related to com-
plications of postoperative reintubation and mechanical venti-
lation (3). Invasive endotracheal mechanical ventilation (ETMV)
increases the risk of bronchial stump disruption, bronchopleu-
ral fistula, persistent air leakage, and pulmonary infection (4,
5). Thus, a major objective in the conservative treatment of
acute respiratory insufficiency after lung surgery is to avoid
endotracheal intubation and postoperative mechanical venti-
lation.

Noninvasive positive-pressure ventilation (NPPV) is safe
and as efficient as ETMV in improving gas exchange in pa-
tients with various patterns of acute respiratory failure (6–8).
Moreover, in several controlled studies of acute exacerbations
of chronic obstructive pulmonary disease (COPD), NPPV
clearly reduced the need for ETMV and the risk of lower re-
spiratory tract infection and pneumonia, thereby reducing in-
hospital morbidity and mortality (9–11). Whether NPPV can
reduce the need for ETMV in patients with acute hypoxemic
respiratory insufficiency (AHRI) after lung resection had not
been investigated before the present study.

We compared the efficacy of standard conservative treat-
ment with and without NPPV in avoiding ETMV in patients
with AHRI after lung resection. Our prospectively defined hy-
pothesis was that NPPV would reduce the need for ETMV
and improve survival.

 

METHODS

 

Between May 1999 and July 2000, patients who were admitted for
AHRI following lung resection were recruited prospectively. The
study protocol was approved by the ethics committee of our institu-
tion, and all subjects gave their informed consent to participate.

Patients were enrolled if they met at least three of the following
criteria: dyspnea at rest, defined as a respiratory rate (RR) of 25
breaths/min or more; active contraction of the accessory respiratory
muscles; an arterial oxygen tension (Pa

 

O2

 

/F

 

IO

 

2

 

 ratio 

 

"

 

 200; and chest-
radiographic abnormalities (alveolar condensation, atelectasis, or in-
terstitial pulmonary edema).

We excluded patients with upper airway obstruction, acute respira-
tory failure that required specific medical treatment (pulmonary embo-
lism, status asthmaticus, pneumothorax), excessive secretions, respira-
tory arrest, need for emergency ETMV, obvious excessive agitation,
airways that we could not protect, unstable cardiac conditions (ventric-
ular dysrythmia and myocardical ischemia or infarction), more than two
new organ failures, or pregnancy. These exclusions were applied
equally to both study groups. Patients’ level of consciousness and pH
cutoffs were not considered part of the exclusion criteria.

Patients were randomly assigned to standard treatment with or
without NPPV. Bronchoscopy was performed at the outset of the
study to diagnose surgical complications.

 

Standard Treatment

 

All patients received oxygen supplementation to achieve an Sa

 

O2

 

above 90%, bronchodilatators (aerosolized albuterol), patient con-
trolled analgesia (PCA) (bolus dose 

 

!

 

 1 mg morphine, lockout inter-
val 7 min, maximum hourly dose 

 

!

 

 7 mg), and chest physiotherapy.

 

NPPV

 

Ventilation was provided via a cushion bridge nasal mask (Profil lite;
Respironics.Inc., Murrysville, PA). NPPV was provided with the Bi-
PAP S/T-D Ventilatory Support System (Bipap Vision; Respironics,
Inc.). Pressure support was increased to achieve an exhaled tidal vol-
ume of 8 to 10 ml/kg and a respiratory rate of less than 25 breaths/min.
The F

 

IO

 

2

 

 was adjusted to obtain a percutaneous oxygen saturation
above 90%. The duration of ventilation was standardized according to
Wysocki and coworkers (10). 

 

Criteria for ETMV

 

ETMV was given if at least one major criterion or two minor criteria
were present. Major criteria included respiratory arrest, respiratory
pauses with loss of consciousness or gasping respiration, encephalopa-
thy, and cardiovascular instability. Minor criteria included a 20% or
more increase in breathing rate or in arterial carbon dioxide tension
(Pa

 

CO2

 

), or a decrease in Pa

 

O2

 

, as compared with the respective values
at the study outset (9, 10).

 

Follow-Up

 

Heart rate (HR), RR, arterial blood pressure, arterial blood gas values
and chest-radiographic appearance were recorded at inclusion in the
study, 2 h after treatment began, and once a day. We scored the radio-
graphic abnormalities according to the protocol of Wysocki and co-
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workers (10). The simplified acute physiology score (SAPS II) was de-
termined (12).

 

Statistical Analysis

 

The primary outcome variable was the need for ETMV. Secondary
outcomes were in-hospital and 120-d mortality rates, durations of in-
tensive care unit (ICU) and hospital stay, and need for fiberoptic
bronchoscopy. Results are reported as mean 

 

!

 

 SD. All tests are two-
tailed. Continuous variables were analyzed through analysis of vari-
ance (ANOVA) and qualitative variables were analyzed with the non-
parametric Mann–Whitney U test. Mortality and ETMV rates were
compared by using the chi-square test. Values of p 

 

"

 

 0.05 were con-
sidered statistically significant. A Kaplan–Meier curve of cumulative
survival over a period of 120 d was constructed. A log-rank test (Man-
tel–Cox test) was used. All statistical tests were run on the Statview
Microsoft package (SAS Institute Inc., Cary, NC).

 

RESULTS

 

During the 16-mo study period, 1,800 patients underwent lung re-
section at our institution, and 492 of these were admitted to our
ICU. Forty-eight patients who experienced AHRI were enrolled
in the study. The interim analysis of data from these 48 patients
showed a significant between-group difference in the rate of
ETMV: consequently, the study was stopped. Twenty-four pa-
tients were randomly assigned to standard treatment (no-NPPV
group) and 24 to standard treatment plus NPPV (NPPV group).
The indication for lung resection was lung cancer in all 48 cases.
All the patients were extubated in the operating room. Preopera-
tive characteristics were similar in the two groups (Table 1).

Inclusion characteristics were similar in the two groups except
for a higher mean Pa

 

CO2

 

 and lower mean arterial ph in the NPPV
group; both variables were within the normal range. Two hours
after initiation of treatment, both groups had significant improve-
ments in Pa

 

O2

 

 and Pa

 

O2

 

/F

 

IO2

 

 ratio; a decrease in breathing rate
was found in both groups but was larger in the NPPV group; and
a decrease in HR occurred only in the NPPV group (Table 2).

Duration of NPPV was 2.1 
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 2.4 (mean 

 

!

 

 SD) d, with 14.3 

 

!

 

2.8 h of NPPV per day. The average inspiratory pressure sup-
port level was 8.5 

 

!

 

 1.9 cm H

 

2

 

O and the average expiratory
pressure level was 4 

 

!

 

 0.1 cm H

 

2

 

O. Two patients were
switched to a full face mask because of substantial air leakage
at the mouth. One patient was dropped from the study. This
patient underwent 7 d of NPPV (IPAP 20 cm H

 

2

 

O, EPAP 4 cm
inspiratory and expiratory airway pressures (cm H

 

2

 

O), but
chose to stop the NPPV. He underwent ETMV and tracheos-
tomy, and survived after hospital discharge.

Twelve of the 24 patients (50%) in the no-NPPV group re-
quired ETMV, versus only five of the 24 patients (20.8%) in
the NPPV group (p 

 

#

 

 0.035) (Table 3, Figure 1). Nine patients
in the no-NPPV group (37.5%) died, versus only three (12.5%)
in the NPPV group (p 

 

#

 

 0.045). The durations of ICU stay
and of hospital stay were similar in the two groups. In neither
group did any patients die after hospital discharge, so that in
both groups, in-hospital mortality was equal to 120-d mortality
(Table 3, Figure 2).

Of the 17 patients who required ETMV, nine in the no-
NPPV group and one in the NPPV group were started on
ETMV during the first 48 h after lung resection (Figure 1). The
reasons for ETMV in the no-NPPV group (12 patients) were
severe hypoxia with polypnea in all patients (average Pa

 

O2

 

/F

 

IO2

 

ratio of 111.6 

 

!

 

 54.3), which was associated with encephalopa-
thy in six patients and with hemodynamic instability in one pa-
tient. Among the patients who underwent ETMV in the no-
NPPV group, only two had a Pa

 

O2

 

/F

 

IO2

 

 ratio above 200: one had
a Pa

 

O2

 

/F

 

IO2

 

 ratio of 223.33 (the criterion for ETMV was en-
cephalopathy), and another had a Pa

 

O2

 

/F

 

IO2

 

 ratio of 201.47 (the
criterion for ETMV was cardiovascular instability). With the
exception of these two patients, the average Pa

 

O2

 

/F

 

IO2

 

 ratio was
86.36 
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 11.56. Similarly, the reasons for ETMV in the NPPV
group (five patients) were encephalopathy (p 

 

"

 

 0.05), which
was associated with dyspnea in one patient, with hypoxia in
three patients, and with polypnea and hypoxia in one patient.
The average Pa

 

O2

 

/F

 

IO2

 

 ratio was 124,37 

 

!

 

 50.2 (Table 4).
None of the preoperative or study inclusion variables were

predictive of mortality (Table 5). Of the 12 patients who died,
all had received ETMV. The causes of death were end-stage
multiple organ failure, accompanied in five cases by bron-
chopleural fistula and pyothorax. One patient died in the sur-
gical ward 2 wk after ICU discharge. Overall 120-d survival
was similar to in-hospital survival in the two study groups.
During the study period we did not notice any complication
directly attributable to eTMV or NPPV.

 

DISCUSSION

 

This study shows that use of NPPV in patients with AHRI af-
ter lung resection can reduce the need for ETMV and reduce
in-hospital and 3-mo mortality rates. The main objective of
the treatment of AHRI after lung surgery is to avoid ETMV.
A recent retrospective study found a 76% postoperative mor-
tality rate in patients who required ETMV after lung resection
(13). Similarly, a retrospective evaluation of 600 lung resec-
tion patients (F. Parquin, personal communication) and the
present prospective study found mortality rates of 80% and
67%, respectively, in patients who required ETMV. By con-
trast, all of our patients with postoperative AHRI, who did
not require ETMV survived. Causes of death related to
ETMV include bronchial stump disruption, bronchopleural
fistula, persistent air leakage, and pulmonary infection (4, 5).

Although the use of NPPV is well established in AHRF of
nonsurgical origin (6, 10), studies of NPPV after chest surgery
are lacking. The present prospective randomized controlled

 

TABLE 1. PREOPERATIVE CHARACTERISTICS OF PATIENTS

 

No NPPV
(
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 24

 

)
Mean 
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 SD

NPPV
(
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)
Mean 
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 SD p Value*

Age, yr 63 

 

!

 

 9 58.9 

 

!

 

 10 0.09
SAPS II at ICU admission 16.8 

 

!

 

 4.4 16.9 

 

!

 

 5.4 0.74
Pulmonary function testing

FVC, % pred 93.2 

 

!

 

 17.8 101.5 

 

!

 

 20.0 0.36
FEV

 

1

 

, % pred 80 

 

!

 

 19.7 78.5 

 

!

 

 18.6 0.71
TLC, % pred 100.3 

 

!

 

 18.1 97.7 

 

!

 

 16.1 0.42
FRC, % pred 117.1 

 

!

 

 33.5 113.1 

 

!

 

 30.7 0.80
Predicted postoperative FEV
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(%) 61.6 
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 15.9 61.7 
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 13.5 0.90
Arterial blood gases N 

 

#

 

 19 N 

 

#

 

 15
pH 7.41 
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 0.03 7.42 

 

!

 

 0.02 0.19
Pa

 

O2

 

, mmHg 78.7 

 

!

 

 8.9 67.5 

 

!

 

 26.8 0.19
Pa

 

CO2

 

, mmHg 39.4 

 

!

 

 4.6 34.2 

 

!

 

 13.3 0.44
Type of ICU admission

Emergency admission 7 8 0.54
Days in ICU before inclusion 1.7 

 

!

 

 1.5 2.1 

 

!

 

 1.9 0.57
Extent of resection

Lobectomy 14 16 0.53
Bilobectomy 2 0 0.14
Pneumonectomy 7 7

 

Definition of abbreviations

 

: ICU 

 

#

 

 intensive care unit; NPPV 

 

#

 

 noninvasive positive
pressure ventilation; Pa

 

CO2

 

 

 

#

 

 arterial carbon dioxide tension; Pa

 

O2

 

 

 

#

 

 arterial oxygen
tension; SAPS 

 

#

 

 simplified acute physiology score.
* p values refer to between-group comparisons.
The predicted postoperative FEV

 

1

 

 was calculated as the proportion of remaining func-
tional lung volume multiplied by the preoperative FEV

 

1

 

. The proportion of remaining
functional lung volume was estimated on the basis of the extent of resection and on the
lung perfusion distribution calculated from the preoperative lung perfusion scan.
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In contrast to previous studies of NPPV in nonsurgical pa-
tients (9, 10), our study found no evidence that NPPV reduced
the length of stay in the ICU or hospital, even when survivors
alone were considered. This is probably attributable to the long
duration of our weaning protocol. Further studies are needed to
evaluate weaning protocols for NPPV, as previously done for
ETMV (23). The mean duration of NPPV per day was about 14 h
in our patients. Except for the study by Kramer and colleagues
(20) in which the average duration of was over 20 h for the first
day and 14 h during the second day), the mean duration of NPPV
in our study was two times longer than in other studies (9, 21, 24).
Despite this longer duration, NPPV through a nasal mask was
well tolerated, with only two patients requiring a full face mask
and only one patient deciding to stop NPPV.

Our study had several limitations. It is difficult to eliminate
a bias when a study cannot be blinded. Furthermore, the use
of severe hypoxia with clinical intolerance as a criterion for in-
tubation may have led to a higher rate of intubation in the no-
NPPV group because of the salutary effect of NPPV on oxy-
genation. The ability of such patients to fully understand the

information provided to them can be questioned. All patients
and their families received a written informed consent form
that was available at their bedside, and NPPV could be discon-
tinued at the patient’s or the family’s request.

In conclusion, NPPV is a safe and effective means of reduc-
ing the need for ETMV and improving survival in patients
with AHRI after chest surgery. This suggests that NPPV
should be added to the standard conservative therapy of AHRF
complicating lung resection.

Figure 1. Number of patients
who required ETMV on each
study day. On the 17 patients
who required ETMV, nine in
the no-NPPV group and one in
the NPPV group were started
on ETMV within 48 h of Inclu-
sion. Physiologic characteristics
at the time of initiation of ETMV
were similar in the two groups.

Figure 2. Kaplan–Meier 120-d cumulative survival. Nine patients died
in the no-NPPV group (37.5%), versus only three in the NPPV group
(12.5%) (p ! 0.005). The 120-d mortality rate was equal to the in-
hospital mortality rate. The log-rank test value for Kaplan–Meier sur-
vival was 0.05.

TABLE 4. CHARACTERISTICS AT THE TIME INVASIVE MECHANICAL
VENTILATION WAS BEGUN

No-NPPV
(n " 12)

Mean # SD

NPPV
(n " 5)

Mean # SD p Value*

Reason for ETMV
Encephalopathy 6 5 0.01
$ 20% rise in respiratory 

rate versus baseline 12 2 0.01
$ 20% fall in PaO2 

versus baseline 12 4 0.11
Hemodynamic or 

cardiovascular instability 1 0 0.50
Physiologic characteristics

Heart rate, beats/min 114.2 # 15.6 119 # 14.9 0.52
Systolic blood pressure, mm Hg 131 # 30.1 107 # 36.6 0.17
Respiratory rate, breath/min 29.5 # 6.9 26.25 # 13.2 0.77
Arterial lactate level 1.6 # 0.4 1.3 # 0.5 0.30
Arterial pH 7.41 # 0.07 7.32 # 0.102 0.15
PaO2, mmHg 65.9 # 19.9 74.6 # 10.9 0.15
PaCO2, mmHg 43.4 # 9.3 63.9 # 20.5 0.07
PaO2/FIO2

111.6 # 54.3 124.375 # 50.2 0.67

Definition of abbreviations: ETMV " endotracheal mechanical ventilation; NPPV " nonin-
vasive positive pressure ventilation; PaCO2 " arterial carbon dioxide tension; PaO2 " arterial
oxygen tension.

* p values are for between-group comparisons at the time of initiation of invasive
mechanical ventilation (IMV)
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Of the 16 studies, the largest multicentre RCT (including 208 patients randomised to three groups
receiving either conventional weaning through the endotracheal tube, early extubation followed by NIV or
early extubation followed by oxygen therapy) resulted in similar rates of re-intubation in all three groups
(30%, 32%, and 37%, respectively; p-value nonsignificant) [138]. However, the cumulative rates of weaning
success were significantly better in patients randomised to the NIV group. The reason for this discrepancy
in re-intubation versus weaning success was related to the use of NIV as a rescue treatment for patients
who failed conventional weaning and oxygen therapy.

Recommendations
We suggest NIV be used to facilitate weaning from mechanical ventilation in patients with hypercapnic
respiratory failure. (Conditional recommendation, moderate certainty of evidence.)

We do not make any recommendation for hypoxaemic patients.

Justification
See forest plots and the evidence profile in the supplementary material for further details regarding included
evidence. Pooled analysis demonstrated that NIV use led to a decrease in mortality (RR 0.54, 95% CI 0.41–
0.70; moderate certainty), weaning failure (RR 0.61, 95% CI 0.48–0.79; low certainty) and the incidence of
ventilator-associated pneumonia (RR 0.22, 95% CI 0.15–0.32; low certainty) in this population. Based on this
evidence review, the committee felt the anticipated desirable effects of NIV applied immediately following
extubation in patients with an acute COPD exacerbation who fail the SBT outweigh the anticipated
undesirable effects. The intricacies of using NIV for weaning are more difficult (compared with other
indications) and therefore the committee felt more comfortable with a conditional, rather than a strong,
recommendation. Centres must have adequate experience using NIV in this setting before considering use.

Conclusions
Based on a systematic review of the literature, and building upon previous meta-analyses and guidelines,
we make recommendations regarding the current use of NIV for various forms of respiratory failure
encountered in acute care settings (table 2). Our recommendations are largely in line with guidelines
published within the past 15 years, but there have been incremental alterations as new studies and
information have become available. We anticipate that some of these recommendations will change in the
future as new studies are completed, especially regarding the use of NIV as opposed to other emerging
technologies such as high-flow nasal cannula therapy and extracorporeal CO2 removal. We emphasise that
these guidelines should not be interpreted as absolute and should be implemented based on patient
factors, including individual values and preferences, only in combination with clinical judgement. We also
refer readers to the supplementary material in which we address a number of issues related to practical
application of NIV that have not been subject to the GRADE process.

References
1 Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction – GRADE evidence profiles and

summary of findings tables. J Clin Epidemiol 2011; 64: 383–394.

TABLE 2 Recommendations for actionable PICO questions

Clinical indication# Certainty of evidence¶ Recommendation

Prevention of hypercapnia in COPD exacerbation ⊕⊕ Conditional recommendation against
Hypercapnia with COPD exacerbation ⊕⊕⊕⊕ Strong recommendation for
Cardiogenic pulmonary oedema ⊕⊕⊕ Strong recommendation for
Acute asthma exacerbation No recommendation made
Immunocompromised ⊕⊕⊕ Conditional recommendation for
De novo respiratory failure No recommendation made
Post-operative patients ⊕⊕⊕ Conditional recommendation for
Palliative care ⊕⊕⊕ Conditional recommendation for
Trauma ⊕⊕⊕ Conditional recommendation for
Pandemic viral illness No recommendation made
Post-extubation in high-risk patients (prophylaxis) ⊕⊕ Conditional recommendation for
Post-extubation respiratory failure ⊕⊕ Conditional recommendation against
Weaning in hypercapnic patients ⊕⊕⊕ Conditional recommendation for

#: all in the setting of acute respiratory failure; ¶: certainty of effect estimates: ⊕⊕⊕⊕, high; ⊕⊕⊕, moderate; ⊕⊕, low; ⊕, very low.
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ABSTRACT Noninvasive mechanical ventilation (NIV) is widely used in the acute care setting for acute
respiratory failure (ARF) across a variety of aetiologies. This document provides European Respiratory
Society/American Thoracic Society recommendations for the clinical application of NIV based on the
most current literature.

The guideline committee was composed of clinicians, methodologists and experts in the field of
NIV. The committee developed recommendations based on the GRADE (Grading, Recommendation,
Assessment, Development and Evaluation) methodology for each actionable question. The GRADE
Evidence to Decision framework in the guideline development tool was used to generate recommendations.
A number of topics were addressed using technical summaries without recommendations and these are
discussed in the supplementary material.

This guideline committee developed recommendations for 11 actionable questions in a PICO (population–
intervention–comparison–outcome) format, all addressing the use of NIV for various aetiologies of ARF. The
specific conditions where recommendations were made include exacerbation of chronic obstructive pulmonary
disease, cardiogenic pulmonary oedema, de novo hypoxaemic respiratory failure, immunocompromised
patients, chest trauma, palliation, post-operative care, weaning and post-extubation.

This document summarises the current state of knowledge regarding the role of NIV in ARF. Evidence-
based recommendations provide guidance to relevant stakeholders.

This article has supplementary material available from erj.ersjournals.com
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Introduction
The purpose of the current European Respiratory Society (ERS)/American Thoracic Society (ATS)
guidelines is to provide evidence-based recommendations on the application of noninvasive ventilation
(NIV) in acute respiratory failure (ARF). We also address some practical issues relating to NIV application
and maintenance. As much as possible, we pose questions in a PICO (population–intervention–
comparison–outcome) format and use the GRADE (Grading of Recommendations, Assessment,
Development and Evaluation) methodology to assess the certainty of the evidence. However, some of the
questions were best addressed with technical summaries without formal recommendations. These
summaries and a brief narrative literature review are provided in the supplementary material. In this
document, NIV includes noninvasive variable positive airway pressure (most commonly “bilevel”) devices
consisting of a higher inspiratory positive airway pressure and a lower expiratory pressure as well as
continuous positive airway pressure (CPAP) delivered using various nasal, oronasal and facial interfaces.

Methods
Committee composition
The guideline committee was composed of clinicians and experts in the field of NIV. Members were either
physicians (pulmonologists or intensivists) or respiratory therapists. Two clinician-methodologists with
expertise in evidence synthesis and the guideline development process provided GRADE support.
Committee members signed a confidentiality agreement and disclosed all potential conflicts of interest
according to the policies of the ERS and ATS.

Evidence review and development of clinical recommendations
The committee developed recommendations based on the GRADE methodology for each actionable
question [1]. The committee chose the clinical questions based on perceived clinical importance and
prioritisation based on sampling of the committee members. The methodologists performed pragmatic
literature searches, screening of potential studies for inclusion, pooling of outcome data when appropriate
and evidence summary/analysis. The methodologists designed a search strategy for each question using
medical subject heading keywords and text words limited to human studies or nonindexed citations and
articles in English or in any language with English abstracts. The Ovid platform was used to search
MEDLINE and the Cochrane Registry of Controlled Trials (CENTRAL). A single reviewer screened all
potential references for inclusion. The last update of the search was performed in November 2016.

The committee selected outcomes of interest for each question and these were explicitly rated for their
relative importance (from the perspective of a patient with respiratory failure) from “not important” to
“critical” [2]. Ranking outcomes by their relative clinical importance helps to focus on those that are most
relevant to patients and may lead to improved clarification during potential disagreements in decision
making. Rankings of all outcomes were agreed upon through consensus of the committee. The critical
outcomes prioritised for this guideline effort were: mortality, need for intubation and nosocomial
pneumonia. These prioritised outcomes applied to all actionable questions except the one pertaining to
palliation (Question 7), for which the panel prioritised patient-reported dyspnoea as the critical outcome
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ABSTRACT Noninvasive mechanical ventilation (NIV) is widely used in the acute care setting for acute
respiratory failure (ARF) across a variety of aetiologies. This document provides European Respiratory
Society/American Thoracic Society recommendations for the clinical application of NIV based on the
most current literature.

The guideline committee was composed of clinicians, methodologists and experts in the field of
NIV. The committee developed recommendations based on the GRADE (Grading, Recommendation,
Assessment, Development and Evaluation) methodology for each actionable question. The GRADE
Evidence to Decision framework in the guideline development tool was used to generate recommendations.
A number of topics were addressed using technical summaries without recommendations and these are
discussed in the supplementary material.

This guideline committee developed recommendations for 11 actionable questions in a PICO (population–
intervention–comparison–outcome) format, all addressing the use of NIV for various aetiologies of ARF. The
specific conditions where recommendations were made include exacerbation of chronic obstructive pulmonary
disease, cardiogenic pulmonary oedema, de novo hypoxaemic respiratory failure, immunocompromised
patients, chest trauma, palliation, post-operative care, weaning and post-extubation.

This document summarises the current state of knowledge regarding the role of NIV in ARF. Evidence-
based recommendations provide guidance to relevant stakeholders.
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High-Flow Nasal Oxygen vs Noninvasive Positive Airway
Pressure in Hypoxemic Patients After Cardiothoracic Surgery
A Randomized Clinical Trial
François Stéphan, MD, PhD; Benoit Barrucand, MD; Pascal Petit, MD; Saida Rézaiguia-Delclaux, MD; Anne Médard, MD; Bertrand Delannoy, MD;
Bernard Cosserant, MD; Guillaume Flicoteaux, MD; Audrey Imbert, MD; Catherine Pilorge, MD; Laurence Bérard, MD; for the BiPOP Study Group

IMPORTANCE Noninvasive ventilation delivered as bilevel positive airway pressure (BiPAP) is
often used to avoid reintubation and improve outcomes of patients with hypoxemia after
cardiothoracic surgery. High-flow nasal oxygen therapy is increasingly used to improve
oxygenation because of its ease of implementation, tolerance, and clinical effectiveness.

OBJECTIVE To determine whether high-flow nasal oxygen therapy was not inferior to BiPAP
for preventing or resolving acute respiratory failure after cardiothoracic surgery.

DESIGN AND SETTING Multicenter, randomized, noninferiority trial (BiPOP Study) conducted
between June 15, 2011, and January 15, 2014, at 6 French intensive care units.

PARTICIPANTS A total of 830 patients who had undergone cardiothoracic surgery, of which
coronary artery bypass, valvular repair, and pulmonary thromboendarterectomy were the
most common, were included when they developed acute respiratory failure (failure of a
spontaneous breathing trial or successful breathing trial but failed extubation) or were
deemed at risk for respiratory failure after extubation due to preexisting risk factors.

INTERVENTIONS Patients were randomly assigned to receive high-flow nasal oxygen therapy
delivered continuously through a nasal cannula (flow, 50 L/min; fraction of inspired oxygen
[FIO2], 50%) (n = 414) or BiPAP delivered with a full-face mask for at least 4 hours per day
(pressure support level, 8 cm H2O; positive end-expiratory pressure, 4 cm H2O; FIO2, 50%)
(n = 416).

MAIN OUTCOMES AND MEASURES The primary outcome was treatment failure, defined as
reintubation, switch to the other study treatment, or premature treatment discontinuation
(patient request or adverse effects, including gastric distention). Noninferiority of high-flow
nasal oxygen therapy would be demonstrated if the lower boundary of the 95% CI were less
than 9%. Secondary outcomes included mortality during intensive care unit stay, changes in
respiratory variables, and respiratory complications.

RESULTS High-flow nasal oxygen therapy was not inferior to BiPAP: the treatment failed in 87
of 414 patients with high-flow nasal oxygen therapy (21.0%) and 91 of 416 patients with
BiPAP (21.9%) (absolute difference, 0.9%; 95% CI, −4.9% to 6.6%; P = .003). No significant
differences were found for intensive care unit mortality (23 patients with BiPAP [5.5%] and
28 with high-flow nasal oxygen therapy [6.8%]; P = .66) (absolute difference, 1.2% [95% CI,
-2.3% to 4.8%]. Skin breakdown was significantly more common with BiPAP after 24 hours
(10% vs 3%; 95% CI, 7.3%-13.4% vs 1.8%-5.6%; P < .001).

CONCLUSIONS AND RELEVANCE Among cardiothoracic surgery patients with or at risk for
respiratory failure, the use of high-flow nasal oxygen therapy compared with intermittent
BiPAP did not result in a worse rate of treatment failure. The findings support the use of
high-flow nasal oxygen therapy in similar patients.
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Clinical Outcomes and Adverse Events
Dyspnea and comfort scores during the first 3 days were simi-
lar in both groups. The proportion of patients with skin break-
down during the first 2 days was higher in the BiPAP group
(Table 3).

No significant differences were found for intensive care unit
mortality (23 patients with BiPAP [5.5%; 95% CI, 3.6%-8.3%] and
28 patients with high-flow nasal oxygen therapy [6.8%; 95% CI,
4.6%-9.7%]; P = .66) or for any of the other secondary outcomes,
including number of nurse interventions for unplanned device
readjustment (Table 3 and Table 4). Causes of death in the inten-
sive care unit are reported in eTable 2 in Supplement 2.

Discussion
This multicenter, randomized, unblinded trial with 830 pa-
tients showed that high-flow nasal oxygen therapy was not in-
ferior to BiPAP for patients with hypoxemia after cardiotho-
racic surgery. Effects on respiratory variables were rapid with
both methods. BiPAP was associated with a higher PaO2:FIO2 ra-
tio; high-flow nasal oxygen therapy, with lower values for PaCO2

and respiratory rate. High-flow nasal oxygen therapy had no ef-
fect on frequencies of adverse events or stay lengths in the in-
tensive care unit or hospital.

Severe hypoxemia is common after cardiothoracic
surgery1,2 and is often treated or prevented with noninvasive
ventilation,4,5,7-9 a method reported to improve outcomes of hy-
poxemic patients after thoracic11,19,23,24 or cardiac12,25-27 sur-

gery, decreasing the risk of pulmonary complications and
reintubation.8,9 However, high-flow nasal oxygen therapy is in-
creasingly used for critically ill adults.13 In nonsurgical hypox-
emic patients, compared with low-flow oxygen therapy,

Figure 2. Postoperative Patients Without Treatment Failure
After Extubation
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Percentages of patients in whom treatment with either bilevel positive airway
pressure (BiPAP) or high-flow nasal oxygen did not fail after postoperative
extubation. Treatment failure occurred in 91 of 416 patients with BiPAP (21.9%)
and 87 of 414 patients with high-flow nasal oxygen therapy (21.0%) (absolute
difference, 0.86%). Treatment failure was defined as reintubation for
mechanical ventilation, switch to the other study treatment, or premature
study treatment discontinuation (at the request of the patient or for medical
reasons such as gastric distention).

Table 1. Patient Characteristics

Characteristics
BiPAP
(n = 416)

High-Flow Nasal Oxygen
Therapy
(n = 414)

Age, mean (95% CI), y 63.9 (62.6-65.2) 63.8 (62.5-65.2)

Men, No. (%) 278 (66.8) 273 (65.9)

Body mass indexa

Mean (95% CI) 28.2 (27.6-28.7) 28.3 (27.8-28.8)

>30, No. (%) 136 (32.7) 135 (32.6)

Smoking, No. (%)b

Former 217 (52.2) 226 (54.6)

Current 69 (16.6) 83 (20.0)

SAPS II score at admission, mean (95% CI) 28.8 (27.7-30.0) 29.0 (27.8-30.1)

Surgical procedures, No. (%)

Coronary artery bypass grafting 111 (26.7) 122 (29.5)

Valvular surgery 83 (20.0) 88 (21.3)

Combined cardiac surgery with coronary artery
bypass grafting

27 (6.5) 26 (6.3)

Thoracic aorta 28 (6.7) 23 (5.6)

Pulmonary thromboendarterectomy 90 (21.6) 68 (16.4)

Lung resection 30 (7.2) 34 (8.2)

Heart, lung, and heart-lung transplantations 9 (2.2) 18 (4.3)

Others 38 (9.1) 35 (8.5)

Cardiopulmonary bypass, No. (%) 340 (81.7) 320 (77.2)

Duration of cardiopulmonary bypass, mean (95% CI), min 137 (129-146) 137 (128-146)

Time from surgery to randomization, median (IQR), d 1.0 (1.0-3.0) 1.0 (1.0-3.0)

Duration of mechanical ventilation at randomization,
median (IQR), h

13.0 (6.0-27.5) 11.5 (5.0-25.4)

Abbreviations: BiPAP, bilevel positive
airway pressure; IQR, interquartile
range; SAPS II, Simplified Acute
Physiology Score Version II.
a Body mass index is calculated as

weight in kilograms divided by
height in meters squared.

b Spirometry results were available
for 559 patients: 288 (69.2%) in the
BiPAP group and 271 (65.4%) in the
high-flow nasal oxygen group.
According to the spirometry
classification, chronic obstructive
pulmonary disease was mild to
moderate in 68 patients (23%) in
the BiPAP group and 47 (17%) in the
high-flow nasal oxygen group; it was
severe in 5 patients (2%) in each
group.
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SAPS II score at admission, mean (95% CI) 28.8 (27.7-30.0) 29.0 (27.8-30.1)

Surgical procedures, No. (%)

Coronary artery bypass grafting 111 (26.7) 122 (29.5)

Valvular surgery 83 (20.0) 88 (21.3)

Combined cardiac surgery with coronary artery
bypass grafting

27 (6.5) 26 (6.3)

Thoracic aorta 28 (6.7) 23 (5.6)
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Duration of mechanical ventilation at randomization,
median (IQR), h

13.0 (6.0-27.5) 11.5 (5.0-25.4)

Abbreviations: BiPAP, bilevel positive
airway pressure; IQR, interquartile
range; SAPS II, Simplified Acute
Physiology Score Version II.
a Body mass index is calculated as

weight in kilograms divided by
height in meters squared.

b Spirometry results were available
for 559 patients: 288 (69.2%) in the
BiPAP group and 271 (65.4%) in the
high-flow nasal oxygen group.
According to the spirometry
classification, chronic obstructive
pulmonary disease was mild to
moderate in 68 patients (23%) in
the BiPAP group and 47 (17%) in the
high-flow nasal oxygen group; it was
severe in 5 patients (2%) in each
group.

Postsurgical High-Flow Nasal Oxygen vs Noninvasive Positive Airway Pressure Original Investigation Research

jama.com (Reprinted) JAMA Published online May 17, 2015 E5

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Florida Atlantic University User  on 05/23/2015



RESEARCH Open Access

Effect of oxygenation modalities among
patients with postoperative respiratory
failure: a pairwise and network meta-
analysis of randomized controlled trials
Yazan Zayed1* , Babikir Kheiri2, Mahmoud Barbarawi1, Laith Rashdan1, Inderdeep Gakhal1, Esra’a Ismail3,
Josiane Kerbage4, Fatima Rizk5, Saadia Shafi1, Areeg Bala1, Shima Sidahmed1, Ghassan Bachuwa1 and
Elfateh Seedahmed6

Abstract

Background: Postoperative respiratory failure is associated with increased perioperative complications. Our aim is
to compare outcomes between non-invasive ventilation (NIV), high-flow nasal cannula (HFNC), and standard
oxygen in patients at high-risk for or with established postoperative respiratory failure.

Methods: Electronic databases including PubMed, Embase, and the Cochrane Library were reviewed from
inception to September 2019. We included only randomized controlled trials (RCTs) that compared NIV, HFNC, and
standard oxygen in patients at high risk for or with established postoperative respiratory failure. We performed a
Bayesian network meta-analysis to calculate the odds ratio (OR) and Bayesian 95% credible intervals (CrIs).

Results: Nine RCTs representing 1865 patients were included (the mean age was 61.6 ± 10.2 and 64.4% were
males). In comparison with standard oxygen, NIV was associated with a significant reduction in intubation rate (OR
0.23; 95% Cr.I. 0.10–0.46), mortality (OR 0.45; 95% Cr.I. 0.27–0.71), and intensive care unit (ICU)-acquired infections
(OR 0.43, 95% Cr.I. 0.25–0.70). Compared to standard oxygen, HFNC was associated with a significant reduction in
intubation rate (OR 0.28, 95% Cr.I. 0.08–0.76) and ICU-acquired infections (OR 0.41; 95% Cr.I. 0.20–0.80), but not
mortality (OR 0.58; 95% Cr.I. 0.26–1.22). There were no significant differences between HFNC and NIV regarding
different outcomes. In a subgroup analysis, we observed a mortality benefit with NIV over standard oxygen in
patients undergoing cardiothoracic surgeries but not in abdominal surgeries. Furthermore, in comparison with
standard oxygen, NIV and HFNC were associated with lower intubation rates following cardiothoracic surgeries
while only NIV reduced the intubation rates following abdominal surgeries.

Conclusions: Among patients with post-operative respiratory failure, HFNC and NIV were associated with
significantly reduced rates of intubation and ICU-acquired infections compared with standard oxygen. Moreover,
NIV was associated with reduced mortality in comparison with standard oxygen.

Keywords: Postoperative respiratory failure, High-flow nasal cannula, Non-invasive ventilation, Standard oxygen,
Meta-analysis
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period was investigated by several RCTs. In a large RCT
involving more than 800 patients after cardiac surgery,
the use of HFNC and NIV in the treatment of high-risk
patients or those who had developed post-operative re-
spiratory failure was similar between both interventions
with similar intubation rates, mortality, and rates of
hospital-acquired infections [20]. In our analysis, there
was no difference between HFNC and NIV in intubation
rates, mortality, and ICU-acquired infections. Similar

results were also found in both subgroups (cardiothor-
acic surgeries and abdominal surgeries).
In addition, HFNC was associated with lower intub-

ation rates in patients following cardiothoracic surgeries
but not following abdominal surgeries when compared
to standard oxygen therapy. This could be explained by
the fact that in thoracic surgery, HFNC could minimize
lung decruitment post-extubation by providing some
level of continuous positive airway pressure through

Fig. 2 Forest plot for the rate of intubation between competing interventions

Fig. 3 Forest plot for the rate of intubation between competing interventions following cardiothoracic surgery (a) and abdominal (b) surgery
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high-flow ventilation, though this positive pressure can
be variable due to the leak around the nasal cannula and
nonguaranteed closed mouth of the patients [26].
Furthermore, we found lower rates of infections with

HFNC and NIV when compared to standard oxygen are
attributed to lower intubation rates in both interven-
tions, which avoids the need for mechanical ventilation
and decreases catheter-associated infections.

Although there was no significant difference between
HFNC and NIV with regard to rates of intubation, mor-
tality, and ICU-associated infections, when each of these
two strategies was compared to standard oxygen, NIV
was associated with a survival benefit especially in pa-
tients who had cardiothoracic surgery. Additionally,
there was a trend toward lower mortality in abdominal
surgeries, but HFNC had no mortality benefit in the

Fig. 4 Forest plot for mortality between competing interventions

Fig. 5 Forest plot for mortality between competing interventions following cardiothoracic surgery (a) and abdominal surgery (b)
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significantly reduced rates of intubation and ICU-acquired infections compared with standard oxygen. Moreover,
NIV was associated with reduced mortality in comparison with standard oxygen.

Keywords: Postoperative respiratory failure, High-flow nasal cannula, Non-invasive ventilation, Standard oxygen,
Meta-analysis
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Take home messages

• Urgence diagnostique

• Complication chirurgicale jusqu’à 
preuve du contraire

• Apport POC - US

• Support ventilatoire en pression 
positive
• VNI > OHD 
• Bénéfices possibles à une association des 

2 
• Ne pas retarder une réintubation

• Support Echo pleurale :
• European Respiratory Society statement 

on thoracic ultrasound
• https://doi.org/10.1183/13993003.01519

-2020 


