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Summary. Noninvasive mechanical ventilation (NIMV) refers to the provision of
ventilatory support through a noninvasive interface (nasal mask, oronasalmask, facemask, helmet or
nasal plugs), rather than an invasive interface (endotracheal tube, tracheostomy). It’s use has
become more common as its benefits are increasingly recognized. NIMV must be applied for
appropriate patients in an appropriate clinical area by trained staff about using the optimal ventilator
mode, settings. NIMV can be set up and successfully used on intensive care unit, high dependence
units, respiratory wards, general wards and on imergency rooms.
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Pe3iome. HewnBaszuBHast wuckycctBeHHass BeHTwisinus Jerkux (HUMBJI) obecrneunBaer
BCIIOMOTaTeIbHOE JIbIXaHH€e IIPU MOMOIIY HEMHBAa3UBHBIX YCTPOMCTB (Macka AJisl pTa U HOCa, MackKa
JUIS JIMLA, IJIEM-MacKa WK HOCOBbIE 3aThIYKH), 0€3 UCIOIb30BaHMsI MHBA3UBHBIX (MHTYOAMOHHAsS
TpyOKa, Tpaxeoctomusi). Mcnons3oBanue HVBJI Habupaer Bce O0NbIIyI0 MOMYISIPHOCTh, TaK Kak
ee mnpeumyinecTtBa IMmupoko mnpusHatorcs. HMBJI nmomkHa NpUMEHSATHCS K ONPEACICHHBIM
ManueHTaM B COOTBETCTBYIOIIEH KIMHMUYECKOH cdepe AesITeTbHOCTH, OCYIIECTBISATHCS MPHU
MOMOIIM CHEHabHO OOY4YEeHHOIO IepCOHana, O3HAKOMIIEHHOTO C ONTHMAlbHBIM PEKHUMOM
BEHTWJIATOpPA W MpounMu HacTpoiikamu. Amnmapar HUBJI moxeT ObITh YCTAaHOBIEH W YCIEIIHO
HCIIOJIB30BaThCs B MAJIaTaX MHTEHCUBHOW TEpaIny, MOCIEONEPAlMOHHBIX MTaJIaTaX, peCIUPaTOPHBIX
najarax, oOIKX Majarax, a TakKe B IajlaTaX OKa3aHus MepBOM MOMOIIU

KuiroueBblie ¢j10Ba: . HEMHBa3UBHAs UCKYCCTBEHHAsI BEHTWISALIMS JIETKHX.

Introduction. Noninvasive mechanical ventilation (NIMV) refers to the provision of
ventilatory support through a noninvasive interface (nhasal mask, oronasalmask, facemask, helmet or
nasal plugs), rather than an invasive interface (endotracheal tube, tracheostomy). It’s use has
become more common as its benefits are increasingly recognized. NIMV must be applied for
appropriate patients in an appropriate clinical area by trained staff about using the optimal ventilator
mode, settings. NIMV can be set up and successfully used on intensive care unit, high dependence
units, respiratory wards, general wards and on imergency rooms [1,2].

Mode of Noninvasive Mechanical Ventilation. There are much more confusing
terminology to describe mode of NIMV, also there is no standardization between manifacturers,
sometimes same mode may be called by different names.The main modes are [1]:

- Bi-level pressure support: Ventilation is produced by the inspiratory positive airway pressure
(IPAP), while the expiratory positive airway pressure (EPAP) recruits underventilated lung.

- Continuous positive airway pressure: The same pressure applied all throughout the inspiration
and expiration to keep the airways and alveoli open and not fully deplated.

- Controlled mechanical ventilation: In the mandatory controlled mechanical ventilation (CMV)
mode, full ventilatory support is provided and no patient effort is required.

- Assist/control ventilation: In assist/control mode (ACV) a preset number of mandatory

breaths per minute will be delivered in the absence of patient effort.

- Assisted spontaneous breathing (pressure support): In assisted spontaneous breathing (ASB)
the patient’s respiratory effort triggers the ventilator both on and off. Respiratory frequency and the
timing of each breath are therefore determined by the patient.

Proportional assist ventilation (PAV): PAV is a spontaneous breathing mode that offers assistance
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to the patient in proportion to the patient’s effort. This mode is an alternative technique in which
both flow-to counter resistance-and voliime-to counter compliance-are independently adjusted. It
may improve patient comfort and so improve success and compliance with acute NIMV [3].
NIMV is not suitable for all patients with respiratory failure, the most important thing is chosing the
apropriate patients to NIMV.
Contraindications to Noninvasive Mechanical Ventilation [1,4]
Life-threatening hypoxaemia

- Severe co-morbidity

- Confusion/agitation/severe cognitive impairment

- Facial burns/trauma/recent facial or upper airway surgery

- Vomiting

- Fixed upper airway obstruction

- Undrained pneumothorax

- Upper gastrointestinal surgery

- Inability to protect the airway

- Copious respiratory secretions

- Haemodynamically unstable requiring inotropes/pressors (unless in a critical care unit)

- Bowel obstruction

Indications to Noninvasive Mechanical Ventilation. NIMV should be initiated as soon as
possible if one of these conditions is present [2]:

e Poor alveolar gas exchange (PaO2/Fi02<200)

e \entilatory pump failure with hypercapnia and respiratory acidosis (PaCO2>45mmHg and

pH<735)

e Severe dyspnea accompanied by use of accessory respiratory muscles

e Tachypnea (with respiratory rate>24 breaths/ min)
The some of main conditions that NIMV may be used are mentioned below.

Hypercapnic respiratory failure and chronic obstructive pumonary disease. In the
literatiire, there are several studies shown that NIMV added to standard medical treatment reducing
mortality, avoiding intubation, improving dyspnea and reducing hospital length of stay in chronic
obstructive pulmonary disease (COPD) patients with acute respiratory failure compared to medical
management and oxygen therapy alone [4-6]. A multicentre randomised controlled trial of NIMV in
acute exacerbations of COPD on general respiratory wards reported that; NIMV was applied by the
usual ward staff according to a simple protocol, and need for intubation defined by a priori criteria,
was reduced from 27% to 15% by NIMV (p<0.05). In-hospital mortality was also reduced from
20% to 10% (p<0.05). Subgroup analysis suggested that the outcome in patients with pH <7.30 (H+
>50 nmol/l) after initial treatment was inferior to that in the studies performed in the intensive care
unit; these patients are probably best managed in a higher dependency setting with individually
tailored ventilation. Staff training and support are crucial wherever NIMV is performed, and
operator expertise more than any other factor is likely to determine the success or otherwise of
NIMV [7]. These data point to the need for an early and accurate differentiation between patient
subgroups, in order to promptly address them to the most effective treatment. On the other hand,
recently Roberts et al. conducted a study in-patients with COPD exacerbation and acute respiratory
failure managed in general clinical practice showed an overall mortality of 25% in patients
receiving NIMV, significantly higher than the ratios reported in the previous studies [8]. There are
much more factors that effect the results, such as; selection of appropriate patients, the use of
NIMV as a ceiling of treatment in patients with very severe disease, or substantial delays in
initiating the NIMV. The British Thoracic Society guidelines stated that, NIMV should be
considered in patients with an acute exacerbation of COPD in whom a respiratory acidosis (pH
<7.35, H+ >45 nmol/l) persists despite maximum medical treatment on controlled oxygen therapy
(level of evidence A) [1,4].

Cardiogenic pulmonary edema. There are several studies have showing that CPAP
treatment is improving survival rate and decrease the need for intubation in patient with cardiogenic
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pulmonary edema [9-13]. In addition, Nava and his collegues reported that; compared with standard
medical therapy, early use of noninvasive pressure support ventilation (NPSV= Bi-level pressure
support ventilation) in emergency departments for treatment of acute respiratory failure due to
cardiogenic pulmonary edema produces faster gas exchange, and dyspnea score and respiratory rate
improvements, but does not affect the overall clinical outcome. and they said that both NPSV and
CPAP may be used in the treatment of cardiogenic pulmonary edema [14]. In another multicenter
randomized study, Nouira and his collegues showed that; During cardiogenic pulmonary edema,
NPSV accelerates the improvement of respiratory failure compared to CPAP but does not affect
primary clinical outcome either in overall population or in subgroups of patients with hypercapnia
or those with high B-type natriuretic peptide [15]. The British Thoracic Society guidelines stated
that CPAP has been shown to be effective in patients with cardiogenic pulmonary oedema who
remain hypoxic despite maximal medical treatment. NPSV should be reserved for patients in whom
CPAP is unsuccessful [level of evidence B] [1].

Chest wall deformity/neuromuscular disease. NIMV may also used for patients with
chronic ventilatory failure due to chest wall deformity and neuromuscular disease-for example in
myasthenia gravis and Guillain-Barré syndrome. Simonds et al, reported that; the long term
outcome of NIMV in patients with chronic respiratory failure due to scoliosis, previous
poliomyelitis, chest wall and progressive neuromuscular disorders have benefits [16]. In a recent
study, Adigiizel and her collegues has shown that kyphoscoliosis patients with respiratory failure
due to pump failure have a mainly good response to NIMV and pulmonary performance improved
with NIMV during long term follow up. Because of these results, outhors mentioned that they
strongly discourage the use of NIMV in the case of septic shock in intensive care unit (ICU)
kyphoscoliosis patients with acute respiratory failure [17]. The British Thoracic Society guidelines
stated that NIMV is indicated in acute or acute-on-chronic hypercapnic respiratory failure due to
chest wall deformity or neuromuscular disease [level of evidence C] [1].

Asthma. There is limited number of studies about using NIMV to treat patient with asthma.
Meduri and his colleagues reported that; In asthmatic patients with acute respiratory failure (Mean
pH was 7.25 ), NIMV via a face mask appears highly effective in correcting gas exchange
abnormalities using a low inspiratory pressure (<25 cm H20) (18). There is not enough data to
recommend to use NIMV for asthma patients. So that, the British Thoracic Society guidelines stated
that; NIV should not be used routinely in acute asthma [level of evidence C] [1].

Cystic fibrosis/bronchiectasis. Similar to asthma, in these group of patients also there is no
enough data to recommend the use of NIMV. Secretions are the important problem that limit the
using NIMV. Hodson and his collegues in their study said that; NIMV appears to be a useful bridge
to transplantation when a patient suddenly deteriorates. It gives them a chance of survival for a few
more days or even weeks during which time an urgent search for donor organs can be made. This is
also a very cost effective method of ventilation and does not encroach on conventional intensive
care unit facilities (19). Because of these limited data, The British Thoracic Society guidelines
stated that; A trial of NIMV may be undertaken in patients with a respiratory acidosis (pH<7.35)
secondary to an acute exacerbation of bronchiectasis, but excessive secretions are likely to limit its
effectiveness and it should not be used routinely in bronchiectasis [level of evidence C] [1].

Pneumonia. NIMV may be usefull for some selected patients with respiratory failure due to
pneumonia. Confalonieri and his collegues reported that in selected patients with acute respiratory
failure caused by severe community-acquired pneumonia, NIMV was associated with a significant
reduction in the rate of endotracheal intubation and duration of ICU stay (20). Brett et al. have
shown that CPAP improves oxygenation, reduces respiratory rate, and decrease the dyspnoea in
patients with severe community acquired pneumonia [21]. The British Thoracic Society guidelines
stated that; CPAP improves oxygenation in patients with diffuse pneumonia who remain hypoxic
despite maximum medical treatment. NPSV can be used as an alternative if the patient becomes
hypercapnic [level of evidence C] [1].

Weaning and postextubation failure. Recently, Burns et al, reported that, NIMV may be
used in the ICU to shorten the weaning process in stable patients recovering from hypercapnic
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respiratory failure who had previously failed a spontaneous breathing trial [22]. Similar to Burns’s
result, Girault and his collegues showed that; NIMV decreases the intubation duration and may
improve the weaning results in difficult-to-wean chronic hypercapnic respiratory failure patients by
reducing the risk of postextubation acute respiratory failure [23]. The British Thoracic Society
guidelines stated that; NIMV has been used successfully to wean patients from invasive ventilation
and should be used when conventional weaning strategies fail [ level of evidence B] [1].
Respiratory failure in immunocompromised patients. Immunocompromised patients, can
potentially benefit significantly from NIMV. There are several studies that support the use of NIMV
for these group of patients [24-30]. Same advise as pneumonia is valid for these froup of patients;
CPAP improves oxygenation in patients with diffuse pneumonia who remain hypoxic despite
maximum medical treatment. NPSVcan be used as an alternative if the patient becomes hypercapnic
[level of evidence C], [level of evidence D] [1].
Other conditions. NIV has been used in a variety of other conditions (such as acute respiratory
distress syndrome, postoperative or post-transplantation respiratory failure) with reduced intubation
rates, ICU stay, and mortality [level of evidence D] [1].

Treatment failure.Treatment failure is accepted when [1]:
* Deterioration in patient’s condition
* Failure to improve or deterioration in arterial blood gas tensions
* Development of new symptoms or complications such as pneumothorax, sputum retention, nasal
bridge erosion
* Intolerance or failure of coordination with the ventilator
* Failure to alleviate symptoms
* Deteriorating conscious level
* Patient and carer wish to withdraw treatment
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