
Noninvasive Ventilation. The Essentials
Under the Auspices of the International Association 
of Noninvasive Mechanical Ventilation
Series Editor: Antonio M. Esquinas

Rationale and Practice

Noninvasive 
Ventilation Outside 
Intensive Care Unit

Antonio M. Esquinas
Lucia Spicuzza
Ra� aele Scala Editors



Noninvasive Ventilation. The Essentials



Nowadays, there is clear evidence of the consolidation of Non-invasive Ventilation 
(NIV) in medical practice. This Series, titled "Noninvasive Ventilation. The 
Essentials, is the result of extensive prior publications on this topic.

The aim of this Series is to define the current and new clinical developments in 
technologies such as equipment and ventilator modes and to offer practical 
recommendations, primarily in Intensive Care Medicine, Pulmonary, Emergency, 
and Sleep Medicine studies.

As a result of the previous publications, a well-experienced group of Editors and 
top international Editors aim to offer new books based on a multidisciplinary 
approach and a comprehensive overview of thematic issues in the field of Non-
invasive Ventilation.

The general and main aims of this Series are as follows:
To establish a scientific reference for the clinical practice of NIV from a basic 

perspective of pathophysiology, clinical indications, and evidence-based concepts.
To convey the most important advances in clinical disciplines such as Intensive 

Care Medicine, Pneumology, Anesthesiology, Sleep Medicine, Pediatrics, Hospital 
and Pre-hospital Healthcare Organization in the most prevalent forms of acute and 
chronic respiratory failure.

To analyze the most important advances in the field of NIV technology and 
complementary procedures associated with NIV applications such as aerosol 
therapy, humidification, and airway clearance secretions required for the correct 
application of NIV techniques.

To serve as a valuable teaching reference for a range of healthcare professionals, 
including professional residents, senior consultants, and allied healthcare 
professionals. It will also be useful for under-graduate and post-graduate students, 
as well as those participating in fellowship programs.

The launch of a Series edition provides an opportunity to produce focused 
thematic volumes which will offer in-depth coverage of a particular topic area. This 
will be achieved through the involvement of internationally recognized guest editors 
who will work to ensure that the latest advances in NIV are analyzed comprehensively 
and in detail across key fields, including ICM and Emergency Medicine, as well as 
Pulmonary and Sleep Medicine.



Antonio M. Esquinas  •  Lucia Spicuzza 
Raffaele Scala
Editors

Noninvasive Ventilation 
Outside Intensive Care 
Unit
Rationale and Practice



Editors
Antonio M. Esquinas
Intensive Care Unit
Hospital General Universitario Morales M
Murcia, Murcia, Spain

Raffaele Scala
Cardio-Neuro-Thoracic, Metabol Dept, 
Pulmonology and Respiratory ICU
Ospedale San Donato
Arezzo, Italy

Lucia Spicuzza
Department of Clinical and Experimental 
Medicine
University of Catania
Catania, Italy

ISSN 2948-2747	         ISSN 2948-2755  (electronic)
Noninvasive Ventilation. The Essentials
ISBN 978-3-031-37795-2        ISBN 978-3-031-37796-9  (eBook)
https://doi.org/10.1007/978-3-031-37796-9

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.

https://doi.org/10.1007/978-3-031-37796-9


v

Nowadays it is evident that a large number of patients admitted in respiratory failure 
that require mechanical ventilation have a significant annual impact on health sys-
tems, in different terms such as costs and other health-related aspects (e.g., compli-
cations associated with mechanical ventilation, ventilator-associated pneumonia, 
ICU-acquired muscle weakness).

In this scenario, the use of noninvasive mechanical ventilation systems and nasal 
high-flow oxygen, which attenuate the adverse effects of invasive mechanical ven-
tilation and its complications, is widely recommended and is supported by a very 
high level of clinical evidence.

The current demonstrated results of noninvasive mechanical ventilation exem-
plify good clinical practice and serve as a “gold standard” for patients with COPD 
exacerbations, cardiac pulmonary edema, immunocompromised individuals, or 
patients who do not require endotracheal intubation that normally are more 
vulnerable.

Along with this great base and proven track record, a growing application has 
been observed outside the critical care units, due to different situations specific to 
the organization and internal resources of each hospital. Recent instances of hospi-
tal collapse caused by international epidemics (H1N1, COVID-19) and other catas-
trophes serve as clear examples and evidence of this situation and that it can be 
applied in a reasonable way, and with adequate measures of equipment, monitoring, 
and training by appropriate personnel in a properly selected population. However, 
this entails an original aspect of new knowledge of NIV, especially in terms of the 
methodology of use, selection criteria, and establishment of new response predic-
tion models and the organization of the health system of each hospital (e.g., moni-
toring, human and material resources). Once again, clinical reality itself leads a 
technique to be evaluated outside the original environment in which it was designed. 
This is a great scientific and health challenge for many health professionals.

In this first book on this subject, entitled Noninvasive Ventilation Outside 
Intensive Care Unit: Rationale and Practice, the reader can learn an analysis of how 
to establish and develop noninvasive mechanical ventilation as indications, method-
ology, and patterns of good practice, in a book structured in sections and chapters, 
where these flowcharts of patients with NIV outside ICU are analyzed and with this 
an adequate planning and hospital organization that adapts to the peculiarities of 
each hospital health system can be found.
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The second originality of this title is that it represents the first thematic volume 
of the Non-invasive Ventilation. The Essentials Series, a scientific project that will 
analyze those classic and controversial aspects that should be well known to all 
health professionals who decide to start and develop a clinical practice of noninva-
sive ventilation, supported by an adequate scientific knowledge of all the elements 
that are intended to achieve clinical excellence.

May this introduction serve as a tribute and expression of gratitude to several 
international scientific figures who decisively contributed at the educational, human, 
and scientific levels in the development of this technique that we know today; they 
include Professors Robert M.  Kacmarek (Boston, USA), Jordi Mancebo 
(Barcelona, Spain), and Paolo Pelosi (Milan, Italy).

I wish this book to be a first step ... of a long and interesting endless story.

Murcia, Spain� Antonio M. Esquinas
Catania, Italy� Lucia Spicuzza
Arezzo, Italy� Raffaele Scala
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Abstract

Noninvasive ventilation (NIV) is becoming more common in hospitals and at 
home around the world. The list of indications for its use is continually growing. 
In addition to the treatment of pulmonary conditions, it excelled in the treatment 
of specific cardiological conditions (ACPE), neuromuscular diseases, and even 
the therapy of acute respiratory disorders that occurred as a consequence of the 
treatment of various tumors. In this chapter, we will present epidemiological data 
on its application and effectiveness.

Keywords
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· History

Noninvasive mechanical ventilation (NIV) is the delivery of ventilatory support 
without the use of an invasive artificial airway, endotracheal, or tracheostomy tube. 
According to data from the literature, the use of NIV has been increasing during the 
last two decades, from 2001 to 2004. It grew from 4% to 11%, primarily in European 
countries [1]. Acute hypercapnic respiratory failure (AHRF), arguably its most 
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significant and important indication; acute exacerbation of chronic obstructive pul-
monary disease (AECOPD); obesity hypoventilation syndrome (OHS); acute car-
diogenic pulmonary edema (ACPE); neuromuscular disorders; and post-extubation 
ventilatory support are the key indications for NIV. NIV has been recommended as 
a palliative treatment in cancer patients to improve dyspnea. NIV is particularly use-
ful in the treatment of AECOPD and end-stage neuromuscular disease [2]. The his-
tory of NIV could be traced back more than a century, but the modern NIV could be 
traced back to 1987 when Delaubier and Rideau successfully ventilated a patient 
with Duchenne Muscular Dystrophy [3]. Pulmonologists (52.9%) were the most 
likely to prescribe NIV, followed by anesthesiologists (34.3%) and, finally, other 
specialists (12.6%) [4]. Home ventilation with NIV can be very beneficial in chronic 
respiratory failure (CRF), particularly in COPD, where NIV use improves survival 
and reduces readmissions and exacerbations. When comparing NIV and long-term 
oxygen therapy, data revealed the following: mortality rates in the COPD and OHS 
groups were 61.3% and 21.2%, respectively; treatment durations ranged from 
5.3 years in COPD patients to 11.4 years in restrictive chest wall disease patients 
[5]. In children with neuromuscular disease, which puts them at risk of alveolar 
hypoventilation, the respiratory muscles are usually spared. The most common neu-
romuscular diseases requiring NIV are spinal muscular atrophy and Duchenne mus-
cular dystrophy, which are also known as collagen 6 myopathies or selenopathies 
and are characterized by a predominant weakness of the diaphragm [6]. According 
to some epidemiology data from a study conducted in North Ireland, acute neuro-
muscular failure, like the most common life-threatening complication in this child, 
had an incidence rate of approximately 2.81 (2.12 to 3.66) cases per million person-
year and a mortality rate of approximately 0.26 (0.08 to 0.60) deaths per million 
person-years [7]. Home mechanical ventilation (HMV) improves these patients’ 
quality of life and survival. According to certain research, the estimated prevalence 
of HMV is 7.3/100,000 population, and a minimal budget of roughly 168€/patient/
year (504€/100,000 population) including the cost of the equipment should address 
the expense of HMV equipment in low-income nations [8]. Acute respiratory failure 
associated with cancer therapy complications is common in cancer patients. The 
researchers recruited 121 individuals with hematological and solid plasmas who 
were separated into two groups: those on IMV (56 (46.28%)) and those on NIV (65 
(53.72%)). The overall mortality rate was 47.9%; however, the mortality rate for 
patients with hematological and solid neoplasms in acute respiratory failure was 
reduced in NIV patients (27.8% and 24.1% vs. 82.4% and 69.2%) [9].

�Conclusion

NIV is an effective therapy option in both hospital and home settings. Because of 
CRF, an increasing number of patients are receiving NIV or IMV via tracheotomy 
to treat symptoms and improve their quality of life. Although the use of this sort of 
treatment is growing, particularly in Western countries, more research is needed to 
demonstrate its effectiveness.
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Abstract

Noninvasive ventilation (NIV) is a type of ventilation that uses a noninvasive 
airway interface. and has two major modes of supplying support: bilevel positive 
airway pressure (BiPAP) or continuous positive airway pressure (CPAP). Since, 
in CPAP, pressure is constant it does not generate flow and does not increase 
volume, and cannot be considered a form of NIV in a strict sense (Torres et al., 
Cochrane Database Syst Rev (9):CD010355, 2015).

NIV will provide respiratory, neurological, muscular, and cardiovascular 
effects, depending on the pathophysiology of the respiratory failure.

Keywords
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Noninvasive ventilation (NIV) exerts its effects through several forms, namely, by 
increasing intrathoracic pressure, preventing alveolar collapse, increasing func-
tional residual capacity and arterial oxygenation, and reducing respiratory workload 
and cardiac preload [1]. It is used to support gas exchange and acid–base homeosta-
sis when the respiratory muscles are unable to maintain normal pulmonary ventila-
tion in the face of acute or chronic respiratory dysfunction [2].
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