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SUMMARY

Introduction: Non-invasive mechanical ventilation (NIV) has
been used to treat acute respiratory failure (ARF) for
approximately 20 years. This guideline addresses the
indications for, and limitations of, NIV as treatment for ARF
according to evidence-based criteria.

Methods: A panel of experts from 12 scientific medical
societies reviewed circa 2900 publications. The panel
judged the clinical relevance of these studies and assessed
the evidence presented in each, then held two
interdisciplinary consensus conferences to formulate
guideline recommendations and algorithms.

Results: Whenever possible, NIV should be preferred to
invasive mechanical ventilation, in order to avoid the risk of
ventilator and tube-associated complications such as
nosocomial pneumonia (grade of recommendation A).
Particularly in patients with hypercapnic ARF, NIV reduces
the rate of hospital-acquired pneumonia, the length of
hospital stay and mortality in the intensive care unit and in
the hospital (grade of recommendation A). NIV (or continuous
positive airway pressure) is also recommended in cardiogenic
pulmonary edema (grade of recommendation A), as treatment
for ARF in immunocompromised patients (grade of
recommendation A), to prevent postextubation failure, to
facilitate weaning in patients with hypercapnic ARF (grade
of recommendation A), and to improve dyspnea in palliative
care (grade of recommendation C). NIV is not generally
recommended in patients with hypoxic ARF because of its
high failure rate of 30% to over 50% in such patients.

Discussion: Although evidence indicates that NIV can be
used as the treatment of first choice for several indications,
itis still underutilized in the acute setting. These guidelines
provide evidence-based information about the indications
for, and limitations of, NIV in the treatment of ARF.
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hen treating acute respiratory failure, physicians

must ask what form of ventilation is best for the
individual patient, i.e., what form of ventilation provides
the greatest benefit with the lowest risk. In past decades,
mechanical ventilation by way of an invasive access
route — an endotracheal tube or tracheostomy — became
established aslife-saving treatment for acute respiratory
failure (ARF). Over the last 20 years, however, a great
deal of clinical research has shown that non-invasive
ventilation (NIV), too, is a valuable form of treatment
for ARF (table 1). NIV is not yet firmly established in
acute care in al ingtitutions. According to an
international study, 4.9% of 5183 ventilated patientsin
intensive care unitswere treated with NIV (1). The NIV
ratewas only 16.9% among patientswho were ventilated
because of exacerbations of chronic obstructive
pulmonary disease (COPD), despite the fact that good
evidence supporting the use of NIV for this indication
has been available for several years (2). The utility
of NIV is still variably assessed depending on the
indication (2, 3).

On thisbackground, 12 scientific medical societiesin
Germany have now formulated aguidelinefor the use of
NIV inthetreatment of ARF. Theleading rolewas played
by the German Society for Pulmonology and Respira-
tory Medicine (Deutsche Gesellschaft fir Pneumologie
und Beatmungsmedizin, DGP) under the aegis of the
Association of the Scientific Medical Societies in
Germany (Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften e.V., AWMF). This
class S3 guideline is based on a systematic analysis of
theliterature and an interdisciplinary consensus process
(e).

This guideline contains verified indications,
contraindications, and criteria for the monitoring and
termination of NIV, aswell as the advantages and dis-
advantages of NIV compared with invasive ventilation.
Themain goal of thisguidelineisto encourage broader
use of thisform of treatment in acute care medicine on
the basis of the scientific evidence. In this article, the
method of guideline development is briefly described
and the core recommendations are stated. The full-
length version of the guideline can be viewed online at
the AWMF website (http://awmf.org) and will be
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High
(multiple controlled studies)

Strength of recommendations for the use of non-invasive ventilation (NIV) for the treatment of conditions involving
acute respiratory failure (ARF), according to indication

Strength of indication for the use of NIV Indication for NIV in ARF

COPD exacerbations

Acute cardiogenic pulmonary edema

ARF in immunosuppressed patients

Weaning from the ventilator in COPD patients

Intermediate
(few controlled studies/many case series)

Postoperative respiratory failure
Avoidance of extubation failure
Do-not-intubate order

Weak or not to be recommended

Acute respiratory distress syndrome (ARDS)
Trauma
Cystic fibrosis

Participating medical societies and experts

(1) German Society for Pulmonology and Respiratory Medicine
(Deutsche Gesellschaft fir Pneumologie und Beatmungsmedizin
e.V) (initiating society)

(2) Working Group for Home Ventilation and Ventilator Weaning
(Arbeitsgemeinschaft Heimbeatmung und Respiratorentwéhnung e.V))

(3) German Society for Anesthesiology and Intensive Care Medicine
(Deutsche Gesellschatt fir Andsthesiologie und Intensivmedizin e.V.)

(4) German Surgical Society (Deutsche Gesellschaft fir Chirurgie e.V.)

(5) German Society for Nursing and Allied Health Care Professions
(Deutsche Gesellschaft fiir Fachkrankenpflege und Funktions-
dienste e.V.)

(6) German Geriatric Society (Deutsche Gesellschaft fiir Geriatrie e.V.)

(7) German Society for Intensive Care in Internal Medicine
(Deutsche Gesellschaft fur Internistische Intensivmedizin e.V.)

(8) German Cardiological Society (Deutsche Gesellschaft fir
Kardiologie e.V.)

(9) German Society for Neonatology and Pediatric Intensive Care
Medicine (Deutsche Gesellschaft fiir Neonatologie und pédiatrische
Intensivmedizin e.V.)

(10) German Neurological Society (Deutsche Gesellschaft fiir Neurologie
e.V.) and German Society for Neurological Intensive Care and
Emergency Medicine (Deutsche Gesellschaft flir Neurologische
Intensiv- und Notfallmedizin e.V.)

(11) German Society for Palliative Medicine (Deutsche Gesellschaft flr
Palliativmedizin e.V.)

(12) Spectaris Industrial Association (Industrieverband Spectaris)

The numbers in parentheses indicate the memberships

of the listed experts to the societies named above:

Dr. med. Thomas Barchfeld, Fachkrankenhaus Kloster Grafschaft (1,2)

Prof. Dr. med. Heinrich F. Becker, Asklepios Klinik Bambek,
Department of Pulmonology (1)

Dr. med. Martina Bogel ™!, Weinmann GmbH, Hamburg (12)

Andreas Bosch™, Heinen & Léwenstein GmbH, Bad Ems,
1st consensus conference (12)

(Dr. Ulrich Brandenburg, Heinen & Lowenstein GmbH, Bad Ems,
2nd consensus conference [12])

Prof. Dr. med. Carl Criée, Ev. Krankenhaus Gottingen-Weende,
Dept. of Pulmonology (1, 2)

Rolf Dubb, Katharinenhospital, Klinikum Stuttgart (5)

Dr. med. Hans Fuchs, University Pediatric Clinic, UIm (9)

Dr. med. Holger Hein"2, Reinbek, formerly of the Krankenhaus
Grosshansdorf (1,2)

Dr. med. H. J. Heppner, Klinikum Nirnberg Nord, Geriatrics Department (6)

Prof. Dr. med. Uwe Janssens, St. Antonius Hospital, Eschweiler,
Cardiology Dept. (8)

Dr. med. Thomas Jehser, Gemeinschaftskrankenhaus Havelhohe,
Dept. of Palliative Medicine (11)

Dr. med. Ortrud Karg, Asklepios Fachkliniken, Gauting,
Pulmonology Dept. (1,2)

PD Dr. med. Erich Kilger, Cardiology Dept., Ludwig-Maximilian University,
Munich (3)

Prof. Dr. med. Hermann H. Klein“2, Klinikum Idar-Oberstein GmbH,
Cardiology Dept. (8)

Prof. Dr. med. Dieter Kohler, Fachkrankenhaus Kloster Grafschaft (1,2)

Dr. med. Thomas Kohnlein, Medizinische Hochschule Hannover,
Pulmonology Dept. (1,2)

Prof. Dr. med. Ralf Kuhlen, Helios Klinikum, Berlin Buch,
Department of Intensive Care Medicine (3)

Prof. Dr. med. Martin Max, Centre Hospitalier de Luxembourg (3)

Dr. med. Michael Metze, Universitétsklinik Leipzig, Surgical Center (4)

PD Dr. med. F. Joachim Meyer, Ruprecht-Karl University, Heidelberg.
Dept. of Medicine il (1,2)

PD Dr. med. Wolfgang Miillges, University Dept. of Neurology, Wiirzburg (9)

Prof. Dr. med. Peter Neumann, Ev. Krankenhaus Gottingen-Weende,
Department of Anesthesiology (3)

Prof. Dr. med. Christian Putensen, Rhineland’s Friedrich-Wilhelm University,
Bonn (3)

Prof. Dr. med. Bernd Schénhofer, Klinikum Region Hannover,
Pulmonology Dept. (1,2)

Dr. med. Dierk Schreiter, Universitétsklinik Leipzig, Surgical Center (4)

Dr. med. Jan Storre, Albert-Ludwig University, Freiburg,
Pulmonology Dept. (1,2)

Prof. Dr. med. Tobias Welte, Medizinische Hochschule Hannover,
Pulmonology Dept. (1,7)

Dr. med. Michael Westhoff, Lungenklinik Hemer (1,2)

PD Dr. med. Wolfram Windisch, Albert-Ludwig University, Freiburg,
Pulmonology Dept. (1,2)

Dr. med. Holger Wogehrle™2, Martinsried, formerly of the University of Ulm (1, 2)

1 Non-voting participant in the consensus conferences
2 Ceased participating before the conclusion of the project
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List of key words searched

Each search was performed on sets of key words including
terms from the common search list and terms from the
specific working list of one of the working groups,
connected with the "AND" operator.

Common search list for all working groups:

NIV, NPPV, NIPPV, non invasive ventilation, non-invasive
ventilation, noninvasive ventilation, noninvasive positive
pressure, noninvasive positive-pressure, noninvasive
mechanical ventilation, mask ventilation, nasal ventilation

Specific search lists for each working group:
@ Working Group 1 — hypercapnic ARF:
hypercapnia, hypercapnic respiratory failure, hypercapnic
exacerbation, arterial hypercarbia, acute respiratory failure,
acute respiratory insufficiency, acute exacerbation,
exacerbation of chronic obstructive pulmonary disease,
COPD
® Working Group 2 — hypoxemic ARF:
non hypercapnic respiratory failure, acute hypoxemic
respiratory failure, respiratory failure, acute cardiogenic
pulmonary oedema, acute cardiac failure, pulmonary
edema, decompensated heart failure, pneumonia,
ARDS, AL, non-COPD
@ Working Group 3 — change of ventilation interface:
acute respiratory failure, weaning from respirator,
weaning from mechanical ventilation, extubation failure,
NIV failure, invasive mechanical ventilation, reintubation,
ventilator-associated pneumonia, VAP
Working Group 4 — NIV in the perioperative phase:
acute respiratory failure, extubation failure, post-operative
hypoxemia, postoperative, surgery, surgical patients,
early extubation
Working Group 5 — technique, logistics,
and site of ventilation:
ventilators, mode, setting, interfaces, mask, helmet,
pressure support, location, intensive care unit, ICU,
intermediate care unit, normal ward, respiratory ward,
hospital ward, education
Working Group 6 — palliative use of NIV:
palliation, cancer, malignancy, end stage disease, do
not intubate, DNI, do not resuscitate, DNR

published in August 2008 in the German-language
medical journal Pneumologie (the official journal of
the DGP).

Methods

This guideline was developed over a period of three
years, from early 2005 to late 2007. A total of 28 experts
representing 12 medical specialty societies (box 1)
formed six working groups, each of which was devoted
to adifferent indication for NIV.

Literature search
flowchart

I

i
;
'f‘t%

A central coordinating group carried out the literature
searches and provided logistical aid with the analysis of
theliterature. A search on thetermslisted in box 2 in the
Medline and Cochrane databases, performed in Septem-
ber 2005, yielded 2425 hits. This catalogue of the rele-
vant literature was updated multiple times up to June
2007, resulting in the addition of 476 further references
for atotal of about 2900 (figure 1). Further, unquantified
references were derived from the reference lists of
review articles, from the personal archives of the partic-
ipating experts, and from informa knowledge about
forthcoming publications. The number of references
evaluated by each individual working group ranged
from 350 to 1050.

With the aid of electronic evaluation tables, more
than 90% of the abstracts were accessible over Medline
through hyperlinks. This manner of working reduced
theneed for individual searching and paperwork. Further
support from the coordinating group consisted of the
administration and distribution of meta-information
about the literature search and genera instructions
about the evaluation of scientific evidence. All partici-
pants were informed about the current state of the proj-
ect in anewsletter that was sent atotal of 16 times.

Assessment of relevance and qualitative evaluation

of scientific evidence

The goal of theinitial selection procedure was the iden-
tification of publications that would be relevant to the
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Strength-of-evidence rating scheme of the Centre for Evidence-Based Medicine (abridged)

Recommendation Evidence Study design
grade level

la Meta-analysis of randomized controlled trials (RCTs)
A Ib Single RCT (with narrow confidence interval)
Ic All-or-none principle
lla Meta-analysis of well-designed cohort studies
Ib Single well-designed cohort study or RCT of lesser quality
B lic Outcome research
llla Meta-analysis of case-control studies
lib Single case-control study
vV Case series or cohort/case-control studies of lesser quality
\ Expert opinion without explicit evaluation of scientific evidence or based on

physiological models or laboratory research

development of the guideline from among the 2900
publications that were revealed by the search. In this
phase, al publicationswere assessed according to criteria
of clinical relevance. Publications were excluded if

@ the patientstreated did not have ARF (e.g., in studies

of outpatient ventilation treatment),

@ treatment with NIV was not the subject of the study,

or

@ thepublication wasclearly not sufficiently evidence-

based.

The latter aspect will be discussed more fully in
what follows. In general, publicationsin English orin
German were considered. Every article was evaluated
by two experts. Differing judgments over inclusion
versus exclusion were resolved internally in each
working group. The percentage of publications selected
as sources for evaluation of the scientific evidence
varied from 15% to 25% among the working groups.

Even in thisinitial phase, account had to be taken
of thefact that the use of NIV for different indications
issupported by different levels of evidence. For some
indications, the use of NIV has already been shown to
be beneficial by randomized studies with large num-
bers of patients. Thus, for these indications, observa-
tional studies and other publications with similar
results could be excluded from the further analysis.

Systematic review articles, i.e., review articles
with adocumented search and meta-analysis of origi-
nal publications, were accepted for further analysisas
long as the data from the publications cited in them
were homogeneous. Non-systematic review articles,
on the other hand, were classified as expert opinions,
and only the original publicationsthat they cited were
accepted for further analysis.

Evaluation of scientific evidence
The quantitative evaluation of the scientific evidence
provided by each publication was performed by two
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experts according to the recommendations of the Oxford
Centre of Evidence-Based Medicine (CEBM) (4). The
classification system used, based on study design and
the quality of execution of each study, is shown in
table 2. Uniformity of criteriawas ensured by the use of
standardized checklists (onefor original articlesand one
for systematic reviews). The guideline cited a total of
243 publications (figure 1).

Two interdisciplinary consensus conferences were
held in July 2006 and April 2007 under the auspices of
the AWMF. Representatives of the nursing professions
and of manufacturers of ventilation apparatus also
participated (the latter without vote). The first confer-
ence established the central recommendations and
algorithms of the guideline; in the second conference,
the recommendations were cast in their fina wording
and the strength of the recommendationswas established
on the basis of the state of the evidence for each.

Results

Invasive and non-invasive ventilation

Thereisno doubt that invasive mechanical ventilationis
often an indispensablelife-saving measure, but itisalso
associated with the risk of endotracheal tube or ventila-
tor associated pneumonia, leading to high mortality as
well as to markedly elevated costs (€2). Invasive venti-
lation should be avoided in favor of NIV or early extu-
bation whenever possible so that this serious complica-
tion can be avoided (grade A recommendation) (e3).
NIV has major advantages over invasive ventilation
with respect to both respiratory mechanics and infec-
tious disease (table 3).

One advantage of invasive mechanical ventilation in
respiratory failure, and particularly in acute respiratory
distress syndrome (ARDY), is the greater constancy of
pressure, because the lung can collapse if the positive
airway pressureisinterrupted even for avery short time
(e4, 5). NIV, therefore, should not be used if there are

MEDICINE
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Characteristics of invasive and non-invasive ventilation

Complications and clinical aspects

Invasive ventilation

Non-invasive

ventilation

Ventilator (endotracheal tube) Increased risk after 3 or 4 days of ventilation Rare
associated pneumonia
Additional work of breathing due Yes (during spontaneous breathing and in case of No
to the endotracheal tube inadequate compensation for the endotracheal tube)
Early and late tracheal damage Yes No
Sedation Often necessary Rarely necessary
Intermittent application Rarely possible Often possible
Effective coughing possible No Yes
Eating and drinking possible Difficult with tracheostomy, Yes

not possible with intubation
Communication possible Difficult Yes

Upright body posture Limited feasibility Often possible
Difficult weaning from ventilator 10% to 20% Rare
Airway access Direct Difficult
Pressure sites on the face No Sometimes
Back-breathing of CO, No Rare
Leakage Very little Usually present to
a greater or lesser extent
Aerophagy Very little Sometimes

important clinical reasonsto ventilate invasively (grade

B recommendation). NIV is absolutely contraindicated

(grade D recommendeation) in the following situations:
® ack of spontaneous breathing; gasping

® Anatomical or functional airway obstruction

® Gastrointestinal bleeding or ileus (6).

If arelative contraindication is present (box 3), atria
of NIV can be considered in individual cases, aslong as
the patient is meticulously observed at close intervals
and can be intubated without delay if necessary.

Techniques of non-invasive ventilation

Negative and positive pressure ventilation — The
favored mode of ventilation for the treatment of ARF is
positive pressure ventilation with inspiratory pressure
support (assisted mode). This is often combined with
positive end-expiratory pressure (PEEP). A minimum
respiratory frequency must be set to protect the patient
against apnea, and oxygen should be given in whatever
amount necessary to ensure a saturation of 85% to 90%
(grade D recommendation) (2). Inspiratory pressure
support with amask or helmet (€5) reduces the patient's
work of breathing; furthermore, the application of posi-
tive pressure raises transpulmonary pressure and there-
by enlarges the end-expiratory lung volume. This effect
prevents alveolar closure and promotes the recruitment
of aveolar volume (atelectases). Negative pressure
respiration, e.g., with a "tank," is only rarely used at
present (€6).

Interface — There is a broad spectrum of ventilation
interfaces in the area of the face, including nose masks,
full face masks, and total face masks (illustration a—).
Mouth-nose masks are preferred mainly in the initial
phase of treatment (€7). A ventilation helmet enclosing
the entire head (illustration d) is mainly used for pa-
tients with hypoxemic ARF (e8). The advantages and

Contraindications

Absolute contraindications

® | ack of spontaneous breathing; gasping

@ Anatomical or functional airway obstruction
@ Gastrointestinal bleeding or ileus

Relative contraindications

® Coma

® \assive agitation

® Massive retention of secretions despite bronchoscopy

@ Severe hypoxemia or acidosis (pH < 7.1)

@ Hemodynamic instability (cardiogenic shock,
myocardial infarction)

@ Anatomical and/or subjective difficulty gaining
access to the airway

® Status post upper gastrointestinal surgery

Deutsches Arzteblatt International | Dtsch Arztebl Int 2008; 105(24): 424-33



disadvantages of the different types of ventilation inter-
face are summarized in table 4.

Ventilation apparatus and modes of ventilation —
The spectrum of ventilation apparatus ranges from
easy-to-use portable equipment to technically
demanding intensive-care ventilators (e€9). Unlike
patients treated with at-home ventilation because of
chronic ventilatory insufficiency, patients with ARF
are often markedly agitated and have a pronounced
respiratory drive; thus, they are only rarely treated
with controlled (i.e., time-based) ventilation and much
more often with ventilation that is triggered by the
patient's own respiratory efforts (€9).

Important practical considerations for NIV

The manner inwhich NIV isused to treat ARF islargely
independent of the specific indication and is presented
in figure 2. In particular, the adequacy of ventilation
should be verified during the first one to two hours of
treatment, and its beneficial effect should be observed.
The criteria for successful ventilation are listed in
table 5. Stable, low pH values and a stably elevated
PaCO, (arterial partial pressure of carbon dioxide) can
be tolerated for longer than 2 hours during the NIV
adaptation phase, aslong as the patient's clinical condi-
tion and the other success criteria listed in table 5 are
improving (grade C recommendation) (€10).

The most important parameters for monitoring the
course of the adaptation phasearethearterial blood gases,
the respiratory rate, the patient's subjective experience of
dyspnea, and the patient's level of alertness (grade C
recommendation) (2, el1-e13). In case NIV falils, it
should be terminated immediately and the patient should
be intubated without delay (grade C recommendation).

Intheinitial phase of the treatment of ARF with NIV,
the personnel-to-patient ratio is relatively high at 1:1.
Over the further course of treatment, NIV results in a
saving of timeand effort on the part of the treatment per-
sonnel (e14—€17). NIV for the treatment of ARF should

(c) total face mask, and (d) ventilation helmet

preferably be performed in an intensive care unit (grade
D recommendation). In cases of isolated respiratory
failure (single-organ failure), NIV can aso be provided
in an intermediate care (step-down) unit. Depending on
the local circumstances and resources, NIV might also
beprovided, inindividual cases, on aspecialized normal
patient ward (e18-€22).

TABLE 4

The advantages and disadvantages of common types of ventilation interface

e | ok | e o
Oral leakage - + +
Volume monitoring - + _
Initial response of blood gases 0 + 0
Speaking + - 0
Expectoration + - -
Risk of aspiration + 0 +
Aerophagy + 0 0
Claustrophobia + 0 0
Dead space (compressible volume) + 0 -
Noise and limitation of hearing + + -

Deutsches Arzteblatt International | Dtsch Arztebl Int 2008; 105(24): 424-33
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Algorithm for the
application of
non-invasive
ventilation (NIV).

“1 Possible reasons
for failure of non-
invasive ventilation:
patient's inability to
cooperate, functional
glottal closure,
mechanical
obstruction or
swelling in the
glottal area.

The spectrum of indications
The guideline provides recommendations for the
following groups of indications:

® HypercapnicARF

® Hypoxemic ARF

@ Cardiogenic pulmonary edema

® The perioperative phase

® Early weaning and the postextubation phase

® NIV in pediatrics

® Pdlliation.
Hyper capnic ARF —The most common cause of hyper-
capnicAREF, defined aspH <7.35 and PaCO, >45 mmHg,
is an acute exacerbation of COPD (AE-COPD). The
elevated airway resistance, dynamic overexpansion of
the lungs, and consequent flattening of the diaphragm
put excessive demands on therespiratory muscles, leading
to imminent exhaustion (€23, e24).

Criteria for the success of non-invasive ventilation

Dyspnea Decrease

Alertness Gradual improvement

Respiratory rate Decrease

Ventilation Decrease in PaC0,

pH Increase

Oxygenation Rise of Sa0, to 85% or above
Heart rate Decrease

In "mild to moderately severe AE-COPD," with apH
of 7.30 to 7.35, NIV should be applied early (grade A
recommendation) (8). When used in combination with
standard therapy, NIV aready lowers the PaCO,,
improves the pH, and lowers the respiratory rate within
one hour of the initiation of treatment. NIV reduces the
frequency of intubation and lessens both the duration of
hospital stay and mortality (9, 10, €25). The effective-
ness of NIV has also been demonstrated for AE-COPD
with pH in the broader range of 7.20 to 7.35 (8, €26).
Theclinical algorithm for the use of NIV in hypercapnic
ARFisshowninfigure 3.

Hypoxemic ARF — The data are less clear regarding the
vaueof NIV inhypoxemic, rather than hypercapnic, ARF.

An experienced team of researchers has shown that
NIV in patients with purely hypoxemic ARF signifi-
cantly lowers the frequency of intubation, the rate of
septic shock, and the 90-day mortality compared to
standard therapy (11). NIV has al so been used with suc-
cess to treat mixed hypercapnic and hypoxemic ARF,
e.g., in COPD patients with pneumonia (€16, e27—e29).

The use of continuous positive airway pressure
(CPAP) and NIV isrecommended for immunosuppressed
patients with (hemato-)oncological disorders, aswell as
for patients with AIDS and Pneumocystis jirovecii
pneumonia, also known as Pneumocystis carinii pneu-
monia (grade A recommendation) (12, 13, €30).

NIV should only be used to treat ARDS if the patient
is closely monitored in a specialized treatment center
(grade D recommendation). The NIV failure rate in a
mixed group of patientswith hypoxemic ARF was quite
high: 30% in patients with community-acquired pneu-
moniaand 50% in patientswithARDS (9, 14). Themain
causes of NIV failure are to be sought in the complex
pathophysiology of hypoxemic forms of ARF and the
inadequate constancy of pressure provided by NIV, par-
ticularly in the expiratory phase.

Cardiogenic pulmonary edema — There is now clear
evidence demonstrating the utility of NIV and CPAP,
alongside standard medical therapy, in the treatment of
cardiogenic pulmonary edema (15, €31). Patients with
hypoxemic ARF due to cardiogenic pulmonary edema
should first be given oxygen by the nasal route and
should then be treated primarily with CPAP (grade A
recommendation). The indicated pharmacotherapy and
necessary cardiological interventions, such as catheter-
ization, must also be performed without delay (grade D
recommendation) (e32—e34). In this situation, CPAP
reduced cardiac preload and afterload, reduces the work
of breathing, improves coronary perfusion, and normal-
izes the ventilation-perfusion ratio. If cardiogenic pul-
monary edema is associated not only with hypoxemia,
but al so with hypercapnia, then CPAP should be provided
in combination with inspiratory pressure support, i.e., it
should be provided as NIV (e35-€39).

AREF in the perioperative phase — The reduced func-
tional residual capacity in mechanical ventilation (e40)
leads to the end-expiratory closure of smaller airways
and the formation of atelectases (figure 4), which may
persist for a few days after surgery. The severity of the
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postoperative impairment of pulmonary function is
determined, among other factors, by preoperative risk
factors such as smoking, COPD, high ASA status (ASA
= American Society of Anesthesiologists), and age as
well as by the nature and duration of the operative pro-
cedure (e41). The frequency of reintubation after major
surgical procedures can be as high as 20% (e42, e43). In
patients at elevated risk for postoperative hypoxemic
ARF, the rate of reintubation and other complications
can be significantly lowered by the early use of CPAP
and NIV immediately after extubation (grade B recom-
mendation). In some studiesregarding the use of NIV to
treat postoperative ARF in cardiothoracic surgery,

improvements have been reported not only with respect
to gas exchange and hemodynamics, but also a lower
intubation rate, fewer complications, and reduced mor-
tality (16, e44—e46).

NIV can be used to improve ventilation and oxygena-
tion during bronchoscopy (e47-€50) (grade C recom-
mendation). Because of the paucity of clinical data, no
general recommendation can be given regarding the use
of NIV in the preparatory phase before surgery.
Weaning from theventilator and the post-extubation
phase — Invasively ventilated patients with COPD
should be extubated as early as possible and switched to
NIV (grade A recommendation). In such patients,

MEDICINE

Algorithm for
non-invasive
ventilation (NIV)

for the treatment of
hypercapnic acute
respiratory failure
(ARF)

I

ventilation whenever possible.

hypercapnic respiratory failure.

Causes of postoperative atelectasis.
FRC, functional residual capacity; CC, closure capacity

Deutsches Arzteblatt International | Dtsch Arztebl Int 2008; 105(24): 424-33

controlled conditions.

Clinical take home messages

@ Non-invasive ventilation (NIV) is preferable to invasive
® The advantages of NIV are greatest in the treatment of

® The most important parameters of clinical course are
PaCO, (the arterial partial pressure of carbon dioxide), pH,
respiratory rate, dyspnea, and alertness; these must show
a trend toward improvement in the first 2 hours of NIV.

o NIV failure may occur early or after a few days.
NIV failure must be recognized in timely fashion so that
the patient can be intubated without delay.

® Hypoxemic ARF should generally not be treated with NIV
except in selected patients and under meticulously
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extubation followed by NIV was shown to improve the
success rate of weaning to a statistically significant
extent as compared with continued invasive ventilation
inacontrol group. It alsolowered mortality and therates
of reintubation, tracheotomy, and other complications.
The utility of NIV in difficult weaning due to hypoxemic
(as opposed to hypercapnic) respiratory failure is still
being debated.

Above al in elderly COPD patients with chronic

heart failure and hypersecretion, who are at high risk
of developing hypercapnic ARF after extubation, the
early application of NIV lowers the rates of reintuba-
tion and death (€51, €52, 17, 18). Datafrom randomized
controlled studies do not support the use of NIV in pa-
tients with hypoxemic ARF after extubation (3, €53).
The only positive results to date from the use of NIV
in cases of difficult weaning due to hypoxic respira-
tory failure are derived from small, single-center
studies (e54).
NIV in pediatrics — No randomized studies have been
published that demonstrate any advantage of NIV over
invasive ventilation in children and adol escents, except
in the neonatal period. Consequently, the guideline re-
commendations in this area are based on observational
studies.

AREF in children and adolescents can be effectively

treated with NIV (grade C recommendation). In ARF
duetocysticfibrosis, atrial of NIV should be performed
in preference to invasive ventilation, aslong as NIV is
not contraindicated (grade C recommendation). The
same holds for children with neuromuscular disorders
(grade C recommendation) and for immunosuppressed
children (grade C recommendation). NIV to treat ARF
in children should always be performed in an intensive
care unit (grade C recommendation).
NIV in palliative care—NIV can be used paliatively to
relieve dyspnea and improve the quality of life (grade C
recommendation) (€55, €56, 19). Even if a patient has
issued an advance directive that he or she should not be
intubated, NIV can still beinitiated after the patient has
been comprehensively informed about it, aslong asthere
is no objection to mechanical ventilation as such (grade
B recommendation) (€55, 19, €57, €58, €59, 20, €60). A
recent study revealed that about 30% of patients who
died in an intermediate-care unit were treated with NIV
(19). While being treated with N1V, patients continue to
possess acertain degree of autonomy. |n such situations,
physicians must monitor the treatment with all due care
to ensure that the effect of NIV isnot merely to prolong
the patient's suffering and/or the dying process (e61).

Discussion

The currently available scientific evidence shows that
NIV is markedly superior to invasive ventilation for the
treatment of hypercapnic ARF (box 4) and cardiogenic
pulmonary edema, aswell as hypoxemic ARF inimmu-
nosuppressed patients. Further indications are the post-
operative prophylaxis against reintubation and difficult
weaning after prolonged invasive ventilation for hyper-
capnic respiratory failure. The high failure rate of NIV

(30% to over 50%) in patients with hypoxemic ARF
argues against the routine use of NIV for thisindication.

Despite the good evidence that is available for the
above indications, NIV is still underused in the every-
day practice of intensive care medicine. This guideline
isintended to help NIV become morefirmly established
in practice.

Limitations and weaknesses of this guideline

The recommendations of evidence-based medicine are
usually derived from studies that were performed under
controlled conditions on selected groups of patients,
often in a single ingtitution, by teams with extensive
clinical experience. Thus, the generalization of study
resultsto everyday clinical practiceisnot justified with-
out further qualification. Furthermore, alack of experi-
ence, staff, and equipment often stand in the way of the
successful use of NIV (e62), particularly when it isused
for indications in which its efficacy is less well docu-
mented. Finally, aguidelineisin any case no more than
a snapshot of the current state of scientific knowledge.
Thisguidelineisonly valid until three years after publi-
cation; an update will be needed then, at the latest.
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