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Abbreviations

AVAPS Average volume-assured pressure sup-
port ventilation

BiPAP Bi-level airway pressure
BMI Body mass index
CPAP Continuous positive airway pressure
ERV Expiratory reserve volume
FRC Functional residual capacity
HFNC High-flow nasal cannula
NIV Noninvasive ventilation
OHS Obesity hypoventilation syndrome

PaCO2 Partial carbon dioxide pressure
PaO2 Partial oxygen pressure
SBD Sleep breathing disease
TLV Total lung volume
TLC Total lung capacity
VtPS Volume-targeted pressure support 

ventilation

1.1  Introduction

Obesity is the disease of our age. When the body 
mass index (BMI) exceeds 40 kg/m2, it is called 
morbid obesity. Morbid obesity is a disease that 
can be seen in as high as 2–8% of the population 
[1]. Morbid obesity affects the cardiovascular 
and respiratory systems. Left ventricular 
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dilatation occurs directly without ventricular 
hypertrophy. Therefore, morbidly obese patients 
cannot tolerate dehydration and cannot tolerate 
volume loading and tachycardia in cases such as 
sepsis and septic shock. Pulmonary edema and 
heart failure may develop during volume load-
ing. Pulmonary pressures are already high. 
Serious changes occur in respiratory systems of 
morbidly obese patients [2]. There is an excess 
weight on the thorax that has a mass effect. This 
reduces thoracic compliance and therefore the 
lung parenchyma cannot expand. Expiratory 
reserve volume (ERV) and total lung capacity 
(TLV) decrease due to decreased functional 
residual capacity (FRC) in morbidly obese 
patients. In these patients, the lung volumes will 
decrease in supine position due to upward move-
ment of the diaphragm muscle. Air confinement 
results in intrinsic PEEP (auto-PEEP) and expi-
ratory pressure increase. This increases work of 
breathing. In addition, the increase in soft tissue 
in the upper airways will increase the airway 
resistance contributing to increase in work of 
breathing [1, 2]. After a while, arterial carbon 
dioxide partial pressure (PaCO2) increases. Of 
the morbidly obese patients, 26% have meta-
bolic syndrome, and 1.4–7% have diabetes mel-
litus and cardiovascular system diseases. In 
addition sleep disorders (SBD) such as obstruc-
tive sleep apnea (OSA) and obesity hypoventila-
tion syndrome (OHS) develop in these patients. 
These diseases cause acute respiratory insuffi-
ciency on chronic state. Deteriorating lung 
mechanics may cause postoperative respiratory 
insufficiency in patients who have to undergo 
surgery. Lung infections are also frequently 
seen. Morbidly obese patients may suffer fatigue 
due to increased respiratory activity in the respi-
ratory muscles even when carbon dioxide levels 
are normal. For all these reasons, morbidly 
obese patients are prone to respiratory support 
in a period of their lives [1, 2]. It would not be 
enough to apply oxygen to these patients. The 
excess weight on thorax creates obstruction on 
closed airways and lungs. In the first step, non-
invasive mechanical ventilation (NIV) may be 
performed. In patients with sleep disorders, NIV 
should be administered overnight without inter-

ruption. If hypercarbia develops, it is necessary 
to switch to NIV applications during the day. An 
average of 6–8 h of NIV administration during 
the day will provide relief in morbidly obese 
patients. NIV is a reliable application for obese 
and morbidly obese patients. By NIV applica-
tion, complications of intubation and invasive 
mechanical ventilation are avoided (such as 
difficult airway, pneumonia, baro-volutrauma, 
and difficult weaning). Various modes of NIV 
such as CPAP, BiPAP, volume- or pressure-
targeted pressure support, or pressure support 
modes may be used with appropriate interfaces 
(nasal cannula, nasal, and oronasal fullface 
mask or helmet) [3, 4]. The face masks must be 
compatible and comfortable. Oronasal masks 
should be preferred for acute respiratory fail-
ure. The objective is to keep the airways open, 
and the SpO2 is 90% or above, and the pH is 
7.35 or higher. Before starting NIV applica-
tion, morbidly obese patients should have car-
diac examination. ECG and ECO examinations 
should be performed. SpO2, transcutaneous 
carbon dioxide analyzer may be used during 
NIV administration. In addition, the patient’s 
consciousness, respiratory frequency, and 
respiratory depth-pattern should also be fol-
lowed, and arterial blood gas analysis should 
be performed. Depending on the patient’s need, 
oxygen can also be added to the treatment to 
support SpO2 90% or above. Tidal volumes 
should be adjusted to the ideal weight in mor-
bidly obese patients. NIV applications may 
also be performed in operating rooms, emer-
gency services, and treatment rooms in addi-
tion to intensive care units [5].

1.2  “Continuous Positive Airway 
Pressure” (CPAP)

CPAP can be applied in two different ways: as a 
CPAP ventilator or as a “Boussignac” type. The 
Boussignac-type CPAP has been in use since 
1974. At the end of the interfacial mask, there is 
an apparatus that will continuously generate pos-
itive pressure on the airways. If desired, oxygen 
may be added to the same location as the 
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 intermediate hose. The airflow generated by the 
compressed air is used. The application of CPAP 
improves FRC and lung compliance and there-
fore corrects oxygenation. CPAP reduces breath-
ing work by decreasing airway obstruction. It has 
been shown that hypoxemic non-hypercarbic 
respiratory insufficiency due to primary acute 
lung injury decreases the incidence of intubation 
and provides clinical recovery. The de 
Boussignac, CPAP system, which provides gas 
flow using pressure regulator, is avant-garde 
because it is easy, cheap, and available every-
where. The average gas flow of 15 l/min creates a 
pressure of 10 cmH2O in the CPAP assembly. It 
has also been shown that CPAP application does 
not cause anastomotic leak in patients with mor-
bid obesity following surgery [6, 7].

1.3  “Bi-level Airway Pressure” 
(BiPAP)

In the acute phase of chronic hypercapnic respi-
ratory failure in morbidly obese patients and 
sometimes by using CPAP in OHS, alveolar 
hypoventilation cannot be eliminated. Therefore, 
two different positive pressure levels (BiPAP) 
may be required for inspiration and expiration in 
airways. The operating principle of BiPAP is 
similar to “pressure support” ventilation but not 
exactly the same. Two different positive pres-
sures provide both the upper airways and alveoli 
open in spontaneous breathing. The patient’s tol-
erance is easier than CPAP. In BiPAP, it is recom-
mended that the initial parameters must be 
8–10  cmH2O for inspiratory positive pressure 
(IPAP) and 4–6  cmH2O for expiratory positive 
pressure (EPAP). The IPAP level should be 
administered to keep patient’s SpO2 90% or 
above, and the EPAP level should be increased to 
the level where the patient’s snoring and apnea 
disappear. Although some clinicians suggest 
30 cmH2O IPAP level, it is generally sufficient to 
have a maximum of 20 cmH2O IPAP pressures. 
The higher IPAP-level requirements should alert 
the clinician about the deterioration of the 
patient’s general condition. It is necessary to be 
ready for intubation and invasive mechanical 

ventilation. These levels are particularly relevant 
for OHS patients. Lower IPAP and EPAP levels 
will be sufficient in other patients [8].

1.4  “Volume-Targeted Pressure 
Support Ventilation” (VtPS)

Tidal volumes are not guaranteed when applying 
BiPAP or pressure support to morbidly obese 
patients. The immediate changes in the patient’s 
ventilator mismatches cause a fall in the tidal vol-
umes and the respiratory frequency increase (to 
keep the minute ventilation constant). This causes 
an increase of breathing work. After a while, 
alveolar hypoventilation develops. In VtPS mode, 
the ventilator inspires the patient to the set fixed 
volume target in each respiratory cycle. Especially 
in morbidly obese patients with sleep disorders 
and OHS, it is very important to be able to guar-
antee tidal volume. VtPS is a hybrid mode. It uses 
pressure support and volume ventilation together. 
The ventilator measures the tidal volume of the 
patient during spontaneous breathing under pres-
sure support. If the target tidal volume is not 
reached, the tidal volume is completed with vol-
ume control [9].

1.5  “Average Volume-Assured 
Pressure Support 
Ventilation” (AVAPS)

AVAPS is very effective in preventing hypercar-
bia especially at night. Minute ventilation is sup-
plied by ensuring a fixed tidal volume. An average 
of 7–8 ml/ideal weight tidal volumes are used in 
the ventilator. Parameter settings can be changed 
according to the ventilator response and toler-
ance of the patient in spontaneous breathing 
mode. IPAP may be applied a maximum of 
30 cmH2O, and EPAP may be applied a minimum 
of 4  cmH2O pressure. Respiratory frequency is 
recommended to be set to 2–3 breaths/min. In 
controlled breaths of the ventilator, inspiratory 
time is set at 30–40% of one breath, whereas in 
patients with small airway obstruction, this rate is 
recommended to be 25–30% [10].

1 Noninvasive Mechanical Ventilation Physiology and Ventilatory Management in Morbidly Obese…
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1.6  “High-Flow Nasal Cannula” 
(HFNC)

Morbidly obese patients may need oxygen ther-
apy after bariatric surgery or in acute respiratory 
failure. Oxygen therapy may increase the oxygen 
partial pressure in the blood temporarily, but it 
cannot prevent the development of atelectasis 
and hypercarbia. Ventilator-patient mismatches 
are frequently seen in morbidly obese patients 
during NIV administration. Noninvasive mechan-
ical ventilation by HFNC applications with nasal 
cannula and heated and humidified high oxygen 
flow is more easily tolerated by the patients. In 
particular, if the patient is incompatible with the 
ventilator, it can be easily applied in the early 
postoperative period. Although NIV has been 
shown not to cause anastomotic leakage in the 
early postoperative period, however, the surgical 
team still worries that the NIV may cause 
leakage.

As a result, the HFNC increases the lung 
volume at the end of the expiratory by applying 
a small positive pressure to the airways at 
adjustable FiO2 levels. Also, the high flow 
washes carbon dioxide in the nasopharyngeal 
dead space and increases excretion of carbon 
dioxide [11, 12].

1.7  Final Conclusions

Learning Points
 – Morbid obesity is the disease of our age.
 – Morbid obesity may cause serious respiratory 

and cardiovascular diseases.
 – These patients may require NIV after a period 

of their lives.
 – NIV application should be observed closely.

Critical Points
 – Tidal volumes should be adjusted according to 

ideal weight in morbidly obese patients.
 – “High-flow oxygen therapy” is a new research 

area in morbidly obese patients.
 – Sleep breathing disease should be always kept 

in mind in morbidly obese patients.

1.8  Key Summary

NIV is a reliable application for obese and mor-
bidly obese patients. Complications of intubation 
and invasive mechanical ventilation are avoided 
(such as difficult airway, pneumonia, baro- 
volutrauma, and difficult weaning). Patients may 
be administered CPAP, BiPAP, volume- or 
pressure- targeted pressure support, or pressure 
support by using appropriate interfaces (nasal 
cannula, nasal, and oronasal fullface masks or 
helmet) to apply NIV. In morbidly obese patients, 
it has been shown that CPAP application does not 
cause anastomotic leak after surgery in patients 
with respiratory failure. In the acute phase of 
chronic hypercapnic respiratory failure in mor-
bidly obese patients and sometimes in case of 
using a CPAP in OHS, alveolar hypoventilation 
cannot be eliminated. Therefore, two different 
positive pressure levels (BiPAP) may be required 
for inspiration and expiration in airways. We can-
not guarantee tidal volumes when applying 
BiPAP or pressure support mode to morbidly 
obese patients. In VtPS mode, the ventilator guar-
antees a fixed tidal volume in each respiratory 
cycle by using pressure support or volume- 
controlled mode. Especially in morbidly obese 
patients with sleep disorders and OHS, it is very 
important to be able to guarantee tidal volume. 
AVAPS is very effective at preventing hypercar-
bia especially at night. The minute ventilation is 
tried to be achieved by fixing the tidal volume. 
Noninvasive mechanical ventilation by HFNC 
applications with nasal cannula and heated and 
humidified high oxygen flow is more easily toler-
ated by the patients. In particular, if the patient is 
incompatible with the ventilator, it can be easily 
applied in the early postoperative period.
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2.1  Introduction

Obesity hypoventilation syndrome (OHS) is 
diagnosed based on the combination of a body 
mass index (BMI) ≥ 30 kg/m2, daytime hypercap-
nia (PaCO2  >  45  mmHg), and sleep- disordered 
breathing; other causes of hypoventilation should 
be excluded beforehand [1, 2]. The vast major-
ity of OHS patients (90%) suffers from obstruc-
tive sleep apnea (OSA), defined according to an 

apnea-hypopnea index (AHI) ≥5 events/h, while 
the rest have nonobstructive sleep hypoventilation 
[3]. Based on pooled data, 8–11% and 18–31% 
of non-Asian patients with a BMI between 30 
and 35 kg/m2 and ≥40 kg/m2, respectively, suf-
fer from OHS; for East Asian populations, OHS 
prevalence might be even higher than non-Asians 
at a lower BMI range. The overall prevalence of 
OHS in adult non-Asian populations has been 
estimated in the range of 0.4–0.6% [1, 2]. OHS is 
commonly diagnosed between the fifth and sixth 
decade of age, usually as a result of an acute-on-
chronic decompensation, and has been linked to 
increased healthcare resource utilization, includ-
ing intensive care unit (ICU) admissions [4], and 
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several comorbidities, mainly metabolic and car-
diovascular [2]. Lifestyle modifications, bariatric 
surgery, and the application of positive airway 
pressure (PAP) therapy are the main treatment 
options for patients with OHS.  PAP therapy is 
commonly administered noninvasively during 
sleep in the form of continuous positive airway 
pressure (CPAP), fixed bi- level PAP, or other 
noninvasive ventilation (NIV) modalities [1]. 
Several studies and a recent meta- analysis [5] 
have demonstrated that PAP therapy improves 
arterial blood gases, sleep hypoxemia, daytime 
sleepiness, sleep quality, health-related quality 
of life (HRQL), and survival; however, so far no 
advantage of fixed bi-level PAP, as opposed to 
CPAP therapy, has been established. In the rest 
of this chapter, a 2-year review of recent develop-
ments in the field of PAP therapy in OHS will be 
provided.

2.2  Search Methodology

We searched PubMed from January 2017 to April 
2019 for original papers reporting on the use of 
PAP treatment in patients with OHS.  For our 
search, we used the following Medical Subject 
Headings (MeSH) terms: “obesity hypoventila-
tion syndrome” AND “noninvasive ventilation” 
and “obesity hypoventilation syndrome/ther-
apy.” We also conducted a basic word text search 
over the same time period using the following 
key string: “obesity hypoventilation syndrome 
OR Pickwick syndrome AND noninvasive ven-
tilation OR noninvasive ventilation OR therapy.” 
Out of 117 initially retrieved articles, 15 were 
considered eligible for inclusion (Fig. 2.1). Six 
articles evaluated CPAP and fixed bi-level PAP 
therapy for short- [6–9] and long-term outcomes 
[10, 11]; 4 reported on survival and its predic-
tors for NIV-treated OHS patients as opposed to 
patients with other hypoventilation syndromes 
[12–15]; 3 reported on the application of PAP 
modes other than CPAP and fixed bi-level PAP 
[16–18]; and 2 investigated issues of NIV moni-
toring [19, 20].

2.3  Effect of PAP Therapy 
on Outcomes

2.3.1  Short-Term Outcomes 
(Table 2.1)

Howard et al. [6] conducted a single-center, ran-
domized, double-blind, parallel, 3-month trial 
to compare the effectiveness of fixed pressure 
CPAP (n = 31) vs. spontaneous-timed (ST) bi-
level PAP (n = 29) in the management of patients 
with OHS; severe nocturnal hypoventilation was 
not an exclusion criterion. The primary outcome 
consisted of treatment failure (i.e., any hospi-
tal admission, a rise in PaCO2 > 10 mmHg, or 
failure of PaCO2 to fall <60 mmHg) or nonad-
herence (use for <2 h per night for at least two 
consecutive follow-up visits). Secondary out-
comes were appraised at enrollment and at 3 
months and included sleepiness (Epworth sleep-
iness scale, ESS), HRQL (Medical Outcomes 

Potentially relevant articles
retrieved from PubMed 

search (n=117)

Articles excluded because:

- Were irrelevant to our subject (n=11).

- Were reviews/meta-analyses (n=27)

- Did not report data on OHS patients or their PAP
  therapy (n=21)

- Reported on physiology or biological markers (n=10)

- Were case reports (n=7), comments/letters (n=7)

- Were in non-English languages (n=9)

Finally15 articles were included in this reviewa

Fig. 2.1 Flowchart of article selection process
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Study Short- Form Health Survey, SF-36; Severe 
Respiratory Insufficiency Questionnaire, SRI), 
cardiovascular risk factors (blood lipids, hemo-
globin A1C, and C-reactive protein), respiratory 
muscle pressures, and physical activity. During 
the 3-month follow-up period, 1 patient dropped 
out from the CPAP arm and 2 patients from the 
bi-level PAP arm. This study observed no signifi-
cant  difference in the rates of treatment failure 
between the CPAP arm and the bi-level PAP arm 
(13.3 vs. 14.8%, respectively) and in nonadher-
ence (10 vs. 14.8%, respectively); a trend for 
an elevated PaCO2 (>45 mmHg) was, however, 
more evident in the CPAP group initially but was 
less clear at the end of the study. Comparable 
improvements were also noted in HRQL, car-

diovascular indices, physical activity, and lung 
function tests. A high initial PaCO2 (>62 mmHg) 
was the only risk factor associated with persis-
tent ventilatory failure at 3 months. This study 
has also been included in the previously men-
tioned meta-analysis [5].

Orfanos et  al. [7] conducted a prospective 
trial to validate the feasibility and effectiveness 
of a protocol for switching OHS patients from 
bi- level PAP to CPAP. Patients were recruited if 
NIV settings were optimized, and they had been 
clinically stable at NIV for >2 months. HRQL 
(SRI), sleepiness (ESS), sleep quality (Pittsburgh 
Sleep Quality Index, PSQI), morning arterial 
blood gases, overnight oximetry, transcutaneous 
capnography readings, and the machine’s report 

Table 2.1 Studies evaluating PAP therapy for short-term outcomes

Author name/
year/[ref] Type of study

Population/
number of 
patients PAP treatment Follow-up Outcomes

1 Howard/2017/
[6]

Randomized 
controlled trial

OHS with 
OSA: 60

CPAP: 31
Bi-level PAP: 29

3 months •  No difference between CPAP 
and the bi-level PAP in the rates 
of treatment failure (13.3 vs. 14) 
and in nonadherence (10 vs. 
14.8%)

•  Comparable improvements 
between CPAP and bi-level PAP 
in ESS, SF-36, SRI, 
cardiovascular risk factors, 
respiratory muscle pressures, 
and physical activity

2 Orfanos/2017/
[7]

Prospective 
crossover trial

OHS with 
OSA: 15

Bi-level PAP 
switched to 
CPAP

>1 month •  No difference in gas exchange 
variables and machine software 
data between CPAP and bi-level 
PAP

•  80% of the patients preferred 
CPAP

3 Corral/2017/[9] Randomized 
controlled trial

OHS with 
severe 
OSA: 221

Lifestyle 
modifications: 
70
CPAP: 80
Bi-level PAP: 71

2 months •  Only bi-level PAP improved 
PASP (−6.4 mmHg), left 
ventricular mass index (−5.7 g/
m2), and 6-MWD (32 m)

•  Only PAP therapy improved 
ESS and polysomnographic 
variables

4 Onofri/2018/[8] Prospective 
cohort

OHS: 14 Bi-level PAP: 12
Volume- assured: 
2

3 months •  PAP therapy improved 
respiratory drive, but not 
TAPSE, PASP, SGRQ, and 
MRC

•  The “symptoms and sleep” SRI 
subscale was improved

Note. For abbreviations see main text

2 Noninvasive Ventilation in Obesity Hypoventilation Syndrome. Short- and Long-Term Outcomes



12

for patient compliance data, leaks, and AHI were 
assessed at enrollment and at the end of the study 
period. Following baseline evaluation, NIV was 
withdrawn for a week, and pulmonary function 
tests, as well as overnight polygraphy (PG), were 
conducted at the end of this 7-day period. Then 
patients were switched to CPAP at a pressure of 
2  cmH2O above their previous end-expiratory 
positive airway pressure (EPAP). Follow-up eval-
uation was performed after >1 month of CPAP 
treatment. Out of 22 patients initially enrolled, 15 
completed the study. Dropout reasons included 
denial to undergo PG, presence of obstructive 
lung disease, and an AHI <15 events/h. Switching 
to CPAP was not associated with significant dif-
ferences in gas exchange variables and machine 
report data. ESS significantly improved after 
CPAP treatment (4.29 vs. 8.21), although SRI and 
PSQI scores remained unchanged. Nevertheless, 
12 patients (80%) favored CPAP over NIV for 
their treatment.

The Spanish Sleep Network [9] compared 
the impact of CPAP, bi-level PAP, and lifestyle 
modifications on various echocardiographic 
parameters of patients with OHS and severe OSA 
(AHI  >  30  events/h) in the context of a multi-
center randomized controlled trial on OHS respi-
ratory treatment. This study allocated 221 OHS 
patients to lifestyle modifications only (control 
group, n = 70), lifestyle modifications plus CPAP 
(n = 80), and lifestyle modifications plus bi-level 
PAP (n  =  71). At baseline pulmonary arterial 
hypertension, defined as pulmonary artery sys-
tolic pressure (PASP) >40 mmHg, was observed 
in 55% of the patients, while 51% had left ven-
tricular hypertrophy (left ventricle mass index 
≥115  g/m2 in men and ≥95  g/m2 in women). 
Dropout rates did not differ across the three 
groups. At the end of the 2-month study period, 
a significant decrease in PASP (−6.4  mmHg) 
and left ventricle mass index (−5.7  g/m2) was 
observed only in the bi-level PAP group; the ben-
efit in pulmonary hemodynamic profile was, how-
ever, more prominent in patients with pulmonary 
hypertension at baseline. In addition, bi- level 
PAP and CPAP were more effective than lifestyle 
modifications in improving sleepiness (ESS) and 
polysomnographic variables, while only bi-level 

PAP effected an improvement (32 m) in 6-minute 
walking distance (6-MWD).

Onofri et al. [8] prospectively investigated the 
impact of NIV initiation on cardiac and respi-
ratory parameters, breathlessness, and HRQL 
of patients with OHS.  Improvements in neural 
respiratory drive (NRD) assessed by paraster-
nal electromyography (EMGpara) and pulmonary 
hemodynamics, assessed by tricuspid annular 
plane systolic excursion (TAPSE), were the pri-
mary outcomes. Neural respiratory drive index 
(NRDI) was calculated as the product of EMGpara 
(%max) (percentage of mean EMGpara divided 
by its maximum value) multiplied by respiratory 
rate. Breathlessness was assessed by the MRC 
scale and HRQL by the St George’s Respiratory 
Questionnaire (SGRQ) and SRI.  This study 
enrolled 14 patients who were studied at baseline 
(before NIV) and at day 1, 6 weeks, and 3 months 
post-NIV; bi-level ST (n  =  12) and volume- 
assured (n  =  2) ventilation were the prescribed 
modes. NIV significantly improved NRDI, 
EMGpara (%max), and raw EMGpara at all post- 
NIV time points. However, no significant differ-
ences were noted between baseline and 3 months 
in TAPSE (24.6 vs. 23.4 mm) and PASP (36.7 vs. 
44.5 mmHg). MRC and SGRQ did not change, 
but the “symptoms and sleep” SRI subscale was 
significantly improved.

2.3.2  Long-Term Outcomes 
(Table 2.2)

Bouloukaki et  al. [10] conducted a single-cen-
ter, prospective, observational, clinical study 
to investigate the effects of compliance to PAP 
therapy on survival and functional outcomes 
of patients with OHS for a follow-up period of 
>2 years. All enrolled patients (n  =  252) were 
treated with either fixed CPAP/auto-CPAP 
(n = 84, 37.3%) or fixed bi-level PAP (n = 141, 
62.6%) titrated during an in-laboratory night 
according to a standard protocol. Daytime 
sleepiness (ESS), HRQL (SF-36), depressive 
symptoms (Beck Depression Inventory, BDI), 
arterial blood gases, and patient adherence data 
comprised the appraised variables. OSA severity 
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was categorized as mild (5 < AHI < 15 events/h), 
moderate (15  <  AHI  <  30  events/h), or severe 
(AHI ≥ 30 events/h); eventually data were avail-
able for at the end of the follow-up period for 225 
patients. Significant improvements were noted in 
arterial blood gases in all OSA subgroups. PAP 
adherence and baseline PaCO2 independently pre-
dicted improvement in PaCO2, while the changes 
in PaO2 and HCO3

− were only predicted by their 
respective baseline values. At the end of the study 
period, 18% of the patients had persistent day-
time hypercapnia (PaCO2  >  45  mmHg); these 
patients were more likely to suffer from moderate 
or severe OSA, while their average PAP use was 
significantly lower as opposed to patients whose 
PaCO2 normalized (5.7 vs. 6.7 h/night). PAP ther-
apy also effected improvements in ESS, SF-36, 
and BDI for all OSA subgroups. However, while 

the change in ESS was independently predicted 
only by its baseline value, the respective predic-
tors for BDI included baseline BDI, SF-36, and 
awake transcutaneous PaCO2 (tcPaCO2); baseline 
SF-36 and PAP use were the only independent 
predictors of SF-36 improvement. When patients 
were divided according to the hours of PAP use, 
those who used PAP  ≥  6  h/night experienced 
greater improvements in arterial blood gases 
and SF-36. However, the percentage of patients 
who achieved a normal PaCO2 (<45  mmHg) at 
the end of the follow-up period did not differ sig-
nificantly between the ≥6 h/night and the <6 h/
night adherence subgroups (76 vs. 71%). Eleven 
out of the 252 patients (5%) deceased, with the 
majority of them (9 patients) belonging to the 
moderate-severe OSA subgroup. Baseline PaCO2 
and percentage of time spent with a SpO2 < 90% 

Table 2.2 Studies evaluating PAP therapy for long-term outcomes

Author name/year/
[ref] Type of study

Population/
number of 
patients

PAP 
treatment Follow-up Outcomes

1 Bouloukaki/2018/
[10]

Prospective 
observational

OHS and 
OSA: 225

CPAP: 84
Bi-level 
PAP: 141

>2 years •  PAP improved blood gases, ES, 
SF-36, and BDI

•  High adherence (≥6 h/day) was 
associated with better 
improvement in blood gases 
and SF-36

•  Survival was better for high vs. 
low PAP adherence (8.7 vs. 
2.5%)

•  No difference in outcomes 
between CPAP and bi-level 
PAP

2 Masa/2019/[11] Randomized 
controlled trial

OHS and 
severe 
OSA: 215

CPAP: 
115
Bi-level 
PAP: 100

3 years •  No difference between CPAP 
and bi-level PAP in mean 
hospitalization days per 
patient-year (1.63 vs.1.44)

•  No difference between CPAP 
and bi-level PAP incidence of 
cardiovascular events (15 vs. 
18%) and in mortality (15 vs. 
18%)

•  Comparable improvements in 
arterial blood gases, blood 
pressure, spirometry, FOSQ, 
SF-36, MRC dyspnea scale, 
and ESS

•  Higher adherence linked to 
better survival and reduced 
complications

Note. For abbreviations see text
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were correlated with increased mortality, while 
survival was significantly better in patients 
with a PAP use ≥6 h/night, as opposed to those 
with lower PAP use (8.7 vs. 2.5%). In addition, 
although patients who were prescribed bi-level 
PAP had greater PAP adherence and improve-
ment in BDI score, no difference in mortality and 
other outcomes was noted between the CPAP and 
bi-level PAP subgroup.

The Spanish Sleep Network [11] performed a 
multicenter, open-label, randomized, controlled 
trial to assess the impact of CPAP vs. bi-level 
PAP on long-term outcomes of OHS patients. 
This study enrolled 215 patients with OHS and 
severe OSA (AHI  ≥  30 events/h), of which 
115 were allocated to the CPAP arm and 100 
to the bi-level PAP arm, for a follow-up period 
of 3 years. No significant difference was noted 
between the CPAP and the bi-level PAP arm in 
the mean hospitalization days per patient-year 
(1.63 vs.1.44), which was the primary outcome. 
Similar rates were also observed in the incidence 
of cardiovascular events (15 vs. 18%) and in 
mortality (15 vs. 18%). Cardiovascular events 
were the main cause of death with no difference 
between the two arms (56 vs. 54%). Blood pres-
sure, spirometric indices, and arterial blood gases 
significantly improved, albeit with no difference 
between the two study groups; 6-MWD was 
not influenced by either treatment. HRQL was 
assessed by the Functional Outcomes of Sleep 
Questionnaire (FOSQ), SF-36, and a visual ana-
logical well-being scale; both therapies effected 
significant improvements in these indices, but 
again no difference was noted between the two 
arms. Daytime sleepiness (ESS) also improved 
similarly in both arms, while the incidence of 
significant breathlessness, as assessed by the 
Medical Research Council (MRC) scale (≥2), 
had significantly decreased by the end of the 
study period from 54 to 29% in the CPAP arm 
and from 63 to 27% in the bi-level PAP arm, 
again with no difference between the two thera-
pies. Patients with a higher adherence had lower 
rates of hospitalization, emergency department 
visits, ICU admissions, and mortality. In addi-
tion, CPAP treatment was associated with a 
lower cost.

2.4  Survival and Its Predictors 
in OHS Patients Under 
Treatment with NIV 
(Table 2.3)

Gouda et al. [12] reported retrospectively on the 
outcomes of West Ireland patients under prescrip-
tion of domiciliary NIV for a follow-up period 
of 10 years. Their database consisted of 161 
patients with various hypoventilation syndromes, 
including 76 with chronic obstructive pulmonary 
disease (COPD, 48%), 50 with OHS (31%), 21 
with neuromuscular disease (NMD, 12%), and 
14 with restrictive thoracic disease (RTD, 9%). 
Bi-level PAP modes were prescribed to all but 2 
patients, and at the end of the follow-up period, 
complete survival data were available for 141 
patients (87.5%). Patients with RTD had the best 
mean survival post-NIV (7.3 years), followed 
by patients with OHS (5.5 years), COPD (3.03 
years), and NMD (2.5 years). At the first year, the 
best survival rates were observed in OHS (100%) 
and RTD (90.9%) patients, followed by COPD 
(87.3%) and NMD (72.2%) patients. Five years 
after NIV initiation, survival rates were still higher 
for OHS and RTD (80 and 83.3%, respectively), 
followed by COPD (64.3%) and NMD (28.6%). 
Based on a survey of 60 patients (all disease types 
represented), self-perceived quality-of-life was 
improved in 91.6% of patients treated with NIV.

Blankenburg et al. [13] prospectively recruited 
patients with COPD (n = 51) and OHS (n = 34) and 
chronic hypercapnic respiratory failure to evalu-
ate the impact of high-intensity NIV on respira-
tory parameters, physical function, and survival 
for a follow-up period of 4 years. All patients 
were clinically stable, had received previous NIV 
treatment, and became adjusted to high-intensity 
NIV during a period of hospitalization. Assisted 
pressure-controlled and pressure- support ven-
tilation were the applied modes; target inspira-
tory pressure was set to ≥20 cmH2O aiming to 
achieve a tidal volume >0.8 L with a backup rate 
of 2 breaths above the patient’s native rate, for 
a total duration of daily ventilation ≥12  h/day. 
High-intensity NIV was considered success-
ful when spontaneous PaCO2 reached normal 
values or had dropped by at least 7.5  mmHg. 
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Comparable improvements were noted in both 
groups with normocapnia achieved on discharge 
in 70.6 and 61.8% of COPD and OHS patients, 
respectively. In addition, mean PaCO2 signifi-
cantly dropped by 13  mmHg in COPD and by 
11  mmHg in OHS.  Significant increases were 
also noted in 6-MWD for both COPD and OHS 
(78 m and 42 m, respectively). Survival rates for 
COPD patients were 83, 73, 55, and 26% at the 
first, second, third, and fourth year, respectively. 
Survival rates for OHS patients were 85 and 72% 
at the first and second year and 68% in the third 
and fourth year. Average NIV use did not differ 
between the COPD and OHS (5.6 vs. 5.2 h/day).

A single-center retrospective study by Tan 
et al. [14] investigated survival rates and predic-
tors for patients with chronic hypoventilation 

syndromes treated with long-term home mechan-
ical ventilation (HMV). This study involved 240 
home- ventilated patients including 93 patients 
with motor neuron disease (39%), 60 patients 
with pulmonary diseases (25%), 51 patients with 
other neuromuscular and chest wall diseases 
(NMCW, 21%), and 36 patients with OHS (15%); 
only 2 patients (1 with pulmonary disease and 1 
with NMCW) received tracheostomy ventilation. 
Patients were started on HMV between January 
2005 and December 2010 and were followed up 
to 1 June 2016. The highest median duration of 
survival from HMV initiation was achieved by 
OHS patients (>11.5 years), followed by NMCW 
patients (9.9 years), pulmonary disease patients 
(4.2 years), and motor neuron disease patients (1 
year). The respective 5-year survival rates were 

Table 2.3 Survival of OHS patients treated with NIV as opposed to patients with other hypoventilation syndromes

Author name/year/
[ref] Type of study

Types of 
diseases/number 
of patients

Type of 
treatment Follow-up Survival

Predictors of 
survival for 
OHS patients

1 Gouda/2017/ [12] Retrospective 
cohort

COPD: 76
OHS: 50
NMD: 21
RTD: 14

Bi-level PAP 10 years 5-year 
survival  
rate (%)
  RTD: 83.3
  OHS: 80
  COPD: 

64.3
  NMD: 28.6

Not specified

2 Blankenburg/2017/
[13]

Prospective 
cohort

COPD: 51
OHS: 34

High-intensity 
bi-level PAP

4 years 4-year 
survival  
rate (%)
  OHS: 68
  COPD: 26

Not specified

3 Tan/2018/[14] Retrospective 
cohort

Motor neuron 
disease: 93
Pulmonary 
disease: 60
NMCW: 51
OHS: 36

Bi-level PAP >10 years 5-year 
survival  
rate (%)
  OHS: 77
  NMCW: 69
  Pulmonary 

disease: 48
  Motor 

neuron 
disease: 7

Age
FEV1

4 Markussen/2019/
[15]

Prospective 
cohort

NMD: 48
OHS: 32
COPD: 24
RTD: 8

Not specified Up to 80 
months

6-year 
survival  
rate (%)
  RTD: 75
  OHS: 69
  NMD: 54
  COPD: 25

SRI  did not 
predict 
survival

Note. For abbreviations see main text
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77, 69, 48, and 7%. On multivariate analysis, 
age was an independent predictor of death in 
all but the motor neuron disease group. In addi-
tion, FEV1 predicted mortality in OHS, oxygen 
therapy and obesity in pulmonary disease, and 
cardiovascular disease in motor neuron disease.

Markussen et  al. [15] prospectively inves-
tigated the impact of HRQL, assessed by the 
SRI questionnaire, on the mortality of patients 
treated with HMV.  This study recruited 122 
patients, including 48 with NMD (43%), 24 with 
COPD (21%), 32 with OHS (29%), and 8 with 
RTD (7%); only 9 patients (8%, all with NMD) 
received tracheostomy ventilation. During the 
80-month follow-up period, 52 patients (46%) 
deceased. Mortality rates were the highest for 
COPD (18 patients, 75%), followed by NMD 
(22 patients, 46%), OHS (10 patients, 31%), and 
RTD (2 patients, 25%). With respect to the whole 
population of patients, the SRI sum score and 
its “physical functioning,” “psychological well- 
being,” and “social functioning” subscores were 
significantly associated with improved mortality 
after adjusting for covariates. In addition, several 
SRI subscores were associated with improved 
mortality after adjustment in patients with NMD, 
COPD, and RTD; however, after adjustment, nei-
ther SRI sum score nor its subscores were found 
to predict survival in patients with OHS.

2.5  Application of PAP Modes 
Other than CPAP and Fixed 
Bi-Level PAP

McArdle et  al. [16] conducted a single-center, 
randomized, crossover, noninferiority trial to 
compare fixed EPAP vs. auto-EPAP in patients 
with various chronic hypoventilation syn-
dromes and OSA (AHI > 5 events/h). This study 
enrolled 25 patients, including 11 patients with 
OHS, 9 patients with COPD, and 5 patients with 
NMD.  NIV was provided in the ST, intelligent 
volume-assured pressure-support mode (iVAPS, 
ResMed, Australia), and all patients were clini-
cally stable on NIV for ≥3 months. At baseline, 
all patients underwent polysomnography to opti-
mize fixed EPAP and other ventilatory settings. 

Subsequently, patients were randomized to be 
studied by polysomnography on two separate 
nights using auto-EPAP on day 1 and fixed EPAP 
on day 2 (n  = 11) and vice versa (n  = 14). No 
significant difference was observed in mean AHI 
between fixed EPAP and auto-EPAP, while OSA 
was adequately controlled in both arms with min-
imal residual events. No significant differences 
were also observed in sleep architecture, over-
night gas exchange variables, and self-reported 
sleep quality, comfort and preference.

Baiamonte et  al. [17] reported retrospectively 
on the efficacy of auto-bi-level PAP in 356 patients 
with OSA, including 80 patients with COPD (over-
lap syndrome) and 34 patients with OHS. Initially, 
all patients underwent home titration using auto-
CPAP devices for 2–4 nights. Fixed CPAP was then 
applied based on the machine software data, and 
its efficacy was evaluated using overnight oxim-
etry and arterial blood gases. If CPAP titration was 
unsuccessful or not tolerated (88 patients, 26 with 
overlap syndrome, 29 with OHS), an auto-bi-level 
PAP machine (Auto25, ResMed, Australia; Biflex, 
Respironics, USA; Tivan, Lowenstein Medical 
Inc., Germany) was tried using the same protocol; 
EPAP was set to the level established by the CPAP 
trial. Auto- bi- level PAP was prescribed if tolerance 
was good and obstructive events and hypoventila-
tion were abolished; for the rest of the patients, 
other NIV modes were tried. All patients were re- 
evaluated at 1–3 months and every 6 months there-
after based on the machine software data (residual 
AHI, leaks, mean daily use), overnight oximetry, 
and arterial blood gases. Causes of CPAP failure 
varied, with the persistence of breathing disor-
ders being significantly more common in OHS 
and overlap patients while intolerance rates were 
higher in the OSA-only subgroup. Auto-bi-level 
PAP was successfully applied to 70 out of the 88 
patients (79.5%) who failed CPAP. The combined 
success rate of CPAP and auto-bi-level PAP super-
seded 90% in patients with OSA-only and overlap 
syndrome but was significantly lower (76%) in 
OHS patients. Independent predictors of CPAP or 
auto-bi-level PAP failure were a high body mass 
index (>40 kg/m2) and a high time spent with a 
SpO2 < 90% (>20% for CPAP and >42% for auto-
bi-level PAP).
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Zou et al. [18] recruited 23 OHS patients with 
moderate and severe OSA in a crossover study 
which aimed to compare the efficacies of fixed 
bi-level PAP and auto-trilevel PAP (Prisma25ST, 
Lowenstein Medical, Inc., Germany). Auto- 
trilevel PAP aims to improve patient tolerance by 
applying two different EPAP levels during expi-
ration, a lower at the early phase of expiration 
and a higher at the latter portion when obstruc-
tive events are likely to be more pronounced. 
Initially, all patients underwent EPAP and inspi-
ratory positive airway pressure (IPAP) titration, 
while end- tidal CO2 (ETCO2) was monitored 
to effect a value <45  mmHg with the lowest 
IPAP.  Subsequently, three different PAP modes 
were applied to each patient with an interval of 
two nights between each study: (1) mode 1, in 
which a fixed EPAP was set to abolish snoring; 
(2) mode 2, in which a fixed EPAP was set at a 
pressure 3 cmH2O higher than mode 1; and (3) 
mode 3  in which auto-trilevel PAP was applied 
with the lowest EPAP level set according to mode 
1. IPAP was set based on the initial titration 
night in all modes. All modes effected remark-
able improvement in AHI (mean value before 
NIV 41.2 events/h); however, although no dif-
ference in mean AHI was noted between mode 
2 (2.7 events/h) and mode 3 (3.3 events/h), both 
were significantly higher than mean AHI in mode 
1 (6.1  events/h). A similar pattern of improve-
ment was also noted in obstructive events and in 
the minimum SpO2 overnight value; significant 
decreases in central events were also observed 
but did not differ across the three modes. In 
addition, early morning PaCO2 was significantly 
improved by all modes (mean value before NIV 
57.3 mmHg); however, PaCO2 values post-NIV 
did not differ between mode 1 and 3 (41.8 vs. 
42.3  mmHg), although they were both signifi-
cantly higher compared to mode 2 (48.9 mmHg). 
Improvements in arousal index and sleep effi-
ciency were effected by all three treatments with 
significant differences across the three modes; 
however, mode 3 achieved the greatest effect. 
The percentages of N1+N2 and N3 sleep also 
increased with best values recorded for mode 2 
and mode 3 as opposed to mode 1; REM sleep 
percentages improved too but did not differ across 

the three modes. Daytime sleepiness (ESS, mean 
value before NIV 16.3) also decreased post-NIV 
for all three modes although mode 3 achieved the 
greatest improvement as opposed to mode 2 and 
mode 1 (4.9 vs. 7.9 vs. 7.2, respectively).

2.6  Monitoring of OHS Patients 
Under NIV

Alvarez et  al. [19] compared the reliability of 
ventilator built-in software (BIS) to standard 
respiratory PG in the scoring of respiratory 
events in patients with OHS.  This study evalu-
ated data from 24 stable OHS patients under 
treatment with NIV at the ST mode (VPAP ST, 
ResMed, Australia). All patients were studied 
at home during a full night under NIV; respira-
tory PG was simultaneously performed with 
airflow data obtained from a pneumotachograph 
set between the circuit and the mask. Software 
data were downloaded using the ResLink mod-
ule (ResMed, Australia), and an automated 
event/h index, including apneas and hypopneas 
(EAUT), was calculated. In addition, a manual 
analysis of software (EBIS) and PG data (EPG) by 
two experienced operators was also performed. 
Based on a cutoff value of 10 events/h, PG, BIS 
manual analysis, and automated analysis identi-
fied “abnormal” recordings in 5 (19%), 3 (11%), 
and 3 (11%) patients, respectively. Agreement 
between operators was “good” for software data 
scoring (kappa 0.71) and “excellent” for PG scor-
ing (kappa 0.84); however automatic analysis 
yielded a significantly lower EI than both manual 
analyses. Bland-Altman comparison of EPG to 
EBIS yielded a small bias (0.6 events/h) albeit with 
wide limits of agreement (−6.2 to 7.5 events/h); 
the comparison of EPG and EBIS to EAUT yielded 
higher biases (3.3 and 2.7 events/h, respectively), 
again with wide limits of agreement (−1.9 to 8.6 
and −6.2 to 11.7 events/h, respectively).

Aarasted et al. [20] reported on the frequency 
and types of abnormal respiratory events in 67 
stable patients receiving treatment with NIV 
for various hypoventilation syndromes includ-
ing 16 with OHS, 26 with NMD, 10 with RTD, 
and 5 with congenital central hypoventilation 
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syndrome (CHS). These events included high 
unintentional leaks, apneas and hypopneas, 
desynchronization (delayed or ineffective trig-
gering), auto-triggering, and double triggering. 
All patients were studied by attended sleep PG, 
while SpO2 and tcPaCO2 readings were used 
for nocturnal gas exchange monitoring. Total 
desynchronization index (TDI) was calculated 
as the number of desynchronization events 
divided by the total recording time (TRT); 
patient-ventilator asynchrony index (PVAI) was 
calculated as the sum of the number of desyn-
chronization, auto- triggering, and double trig-
gering events divided by TRT.  The percentage 
of TRT occupied by asynchronies (PVA%) was 
also calculated. While periods with high unin-
tentional leaks were rarely observed, discrete 
events were common, with mean AHI being 
significantly higher in OHS (4.5  events/h), 
NMD (2.7 events/h), and CHS (3.8 events/h) as 
opposed to RTD (0.8 events/h); however, no dif-
ferences in mean AHI were observed between 
OHS, NMD, and CHS. Obstructive hypopneas 
associated with desaturation were the most com-
mon respiratory events. PVAI ranged between 
0 and 25.4  events/h (median 2.1  events/h) and 
PVA% between 0 and 45% (median 2%) with 
no significant differences across the individ-
ual subgroups. A PVA% > 10% and a PVI > 5 
events/h were observed in 2 and 6 out of the 16 
OHS patients, respectively. No correlation was 
found between abnormal respiratory events and 
persistent nocturnal hypercapnia (time with a 
tcPaCO2 > 50 or >55 mmHg or mean tcPaCO2 
value). Time spent with a SpO2 < 90% was sig-
nificantly, albeit weakly, correlated with PAVI, 
PVA%, and TDI.

2.7  Key Points

• PAP therapy improves diurnal and nocturnal 
gas exchange variables, dyspnea, quality of 
sleep, HRQL, and survival in patients with 
OHS. PAP therapy also improves echocardio-
graphic variables at least in the short term.

• Increased PAP adherence is associated with 
favorable prognosis.

• CPAP is no inferior to fixed bi-level PAP in 
the management of OHS. The potential role of 
alternative PAP modalities requires further 
evidence.

• OHS patients under treatment with NIV have 
among the higher survival rates when 
 compared to other NIV-treated patients with 
various hypoventilation syndromes.

• Residual respiratory events and patient- 
ventilator asynchrony are not uncommon in 
patients with OHS.
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Abbreviations

AECOPD Acute exacerbation of COPD
COPD Chronic obstructive pulmonary 

disease
CPAP Continuous positive airway 

pressure
EPAP End-expiratory positive airway 

pressure
ICU Intensive care unit
IPAP Inspiratory positive airway pressure
NIV Noninvasive ventilation

PaCO2 Arterial partial carbon dioxide 
pressure

PaO2 Arterial partial oxygen pressure

3.1  Introduction

Chronic obstructive pulmonary disease (COPD) 
remains a common cause of morbidity and mor-
tality worldwide. While COPD is mainly a 
chronic disease, a substantial number of 
patients suffer from exacerbations [1]. Patients 
with COPD and respiratory failure, whether 
acute (AECOPD, acute exacerbation of COPD) 
or chronic, have a poorer prognosis compared 
with patients without respiratory failure. 
Noninvasive ventilation (NIV) has been shown 
to be a useful tool in both the acute hospital 
(AECOPD) and chronic home care setting 
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(severe stable hypercapnic COPD). Today, NIV 
is the gold standard therapy for AECOPD 
patients. When used properly, mortality and 
intubation rates are reduced compared with 
standard therapy [2].

Furthermore, NIV can be used in the ambulant 
setting in the form of home NIV in stable hyper-
capnic COPD. Even though the mechanisms are 
not completely clear, the intermittent off-loading 
of the respiratory muscles with NIV in patients 
with chronic hypercapnic failure may be part of 
the explanation of the beneficial effects of NIV in 
these patients [2]. Recently, a randomised trial 
showed that home NIV compared with long- term 
oxygen therapy only can improve the outcome [3].

3.2  Methodology

A systematic electronic literature search was per-
formed using the PubMed database from January 
2017 up to March 2019 including clinical trials, 
meta-analysis and review articles in the English 
language. A combination of the following entry 
terms “noninvasive ventilation”, “NIV”, “continu-
ous positive airway pressure (CPAP)” and “chronic 
obstructive pulmonary disease (COPD)” was used.

3.3  Home Noninvasive 
Ventilation

Home NIV can be used in COPD patients with 
concomitant chronic hypercapnic respiratory 
failure to correct nocturnal hypoventilation and 
improve sleep quality, quality of life and survival 
[4]. Today NIV is used in nearly one-third of 
COPD patients considered to have a poor life 
expectancy and can thereby contribute to symp-
tom relief without adding to the care burden [2]. 
Principles are overnight placement, allowing the 
respiratory muscles to recover so that better 
respiratory function can be achieved during the 
day. The quality of home NIV should be moni-
tored in order to assess the effectiveness of venti-
lation and adherence to therapy, resolve potential 
adverse effects, reinforce patient knowledge, pro-
vide maintenance of the equipment and readjust 

the ventilator settings according to the changing 
condition of the patient. Ventilator data can show 
unintentional leaks, upper airway obstruction and 
patient-ventilator asynchrony. Furthermore, noc-
turnal oximetry and capnography can be used to 
assess the impact of NIV on gas exchange [4]. 
Respiratory work is physiologically increased 
during sleep and can lead to severe alterations in 
COPD patients, especially by raising sleep 
hypoventilation. Impaired sleep and the increase 
of respiratory work may be one of the major trig-
gers of diurnal events like hypoventilation, exac-
erbation and even mortality [5]. Indications for 
home NIV are chronic respiratory insufficiency 
with PaCO2 (arterial partial carbon dioxide pres-
sure) > 7 kPa and resting dyspnoea, stress intoler-
ance and central nervous restrictions due to 
hypercapnia despite the exhaustion of all conser-
vative measures including long-term oxygen 
therapy [6]. This should be kept in mind, as 
patient selection seems to be one of the most 
important determinants of success [2].

Home NIV today is also known under the term 
high-intensity NIV.  Originally, it was described 
for COPD patients in 2009 and refers to a specific 
ventilatory approach whereby NIV settings are 
aimed at achieving the lowest PaCO2 values pos-
sible [7]. Nevertheless, optimal goals according to 
which home NIV should be titrated are missing, 
as we lack knowledge about mechanisms of how 
NIV improves outcomes [8]. High- intensity NIV 
has been shown to improve outcomes in stable 
hypercapnic COPD patients [9, 10]. Duivermann 
and colleagues showed in a small crossover trial 
(n  =  10) that high-intensity NIV might provide 
optimal unloading of respiratory muscles, without 
undue increases in patient- ventilator asynchrony 
[9]. A randomised clinical trial (n  =  116) by 
Murphy et al. tested the effect of home NIV plus 
oxygen on time to readmission or death in patients 
with persistent hypercapnia after an acute COPD 
exacerbation (see also Table  3.1) [3]. COPD 
patients with a PaCO2 above 7 kPa at 2–4 weeks 
after acute NIV use were included in the trial. 
Patients received moderate to high levels of air-
way pressure with a median inspiratory airway 
pressure (IPAP) of 24 cmH2O, median end-expi-
ratory airway pressure (EPAP) of 4 cmH2O and 
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oxygen therapy delivered at 1  L/min, compared 
with the standard treatment group receiving oxy-
gen therapy alone at a flow rate of 1 L/min. The 
median time on the ventilator was 7.6 h per night 
at 12 months. The median time to readmission or 
death was 4.3 months in the NIV group compared 
with 1.4 months in the oxygen alone group. 
Therefore, NIV was clinically effective in increas-
ing the time to hospital readmission or death. 
However, all-cause mortality was not different 
between the two groups. This provides the clinical 
rationale to screen patients in the recovery phase 
for persistent hypercapnia following a life-threat-
ening exacerbation of COPD requiring acute 
NIV. In COPD patients who have a PaCO2 above 
7  kPa and a PaO2 (arterial partial oxygen pres-
sure) below 8 kPa, home NIV should be added to 
long- term oxygen therapy to increase the time to 
hospital readmission and reduce exacerbation rate 
[11]. The study by Murphy et  al. was also an 
important landmark in the NIV field, as this 
important benefit was achieved not only through 
adequate ventilatory settings but also through 
very careful patient selection [12]. Duivermann 
and colleges point out that several good-quality 
RCTs have shown that if adequate ventilatory set-
tings are applied, aimed at a substantial reduction 

in PaCO2, chronic NIV improves outcomes in 
patients with severe chronic hypercapnic respira-
tory failure [12].

Zhou et  al. could show that 3-month use of 
standard long-term oxygen therapy plus home 
NIV (5  h daily, mean IPAP 17.8  cmH2O and 
mean EPAP 4.2 cmH2O) in hypercapnic COPD 
patients (n  = 115) could reduce the PaCO2 and 
improve exercise tolerance [13].

A meta-analysis of seven studies with 810 
patients in total showed that long-term home NIV 
decreases the PaCO2 of stable hypercapnic COPD 
patients with respiratory failure, while outcome 
parameters and mortality were not different com-
pared with the no home NIV groups [14]. Home 
NIV may theoretically adversely affect cardiac 
function. However, Duivermann and colleagues 
showed in a small crossover trial (n = 14; severe 
stable COPD patients) that long-term NIV with 
adequate IPAP to improve gas exchange and 
health-related quality of life did not have an over-
all adverse effect on cardiac performance [10].

A rather new alternative to home NIV might 
be high-flow oxygen therapy. Nevertheless, evi-
dence is weak, with some promising results from 
small clinical trials [15, 16]. For high-flow oxy-
gen therapy, see also Chap. 31.

Table 3.1 Summary of best clinical trials and meta-analysis

Trial Patient Intervention Comparison Outcome Author
Home NIV 
(RCT)

COPD patients 
with a PaCO2 
above 7 kPa at 2–4 
weeks after acute 
NIV cessation 
(n = 116)

Home NIV (IPAP = 24 
cmH2O, EPAP = 4 
cmH2O, for 7.6 h/
night) + oxygen 
therapy

Oxygen therapy 
only

Increased time to 
hospital readmission 
or death

Murphy 
et al. [3]

NIV in 
AECOPD 
(meta- 
analysis)

Acute respiratory 
failure due to 
AECOPD 
(n = 1264)

NIV + usual care Usual care 
alone

Reduced mortality, 
risk of needing 
endotracheal 
intubation and 
hospital length of 
stay

Osadnik 
et al. 
[22]

Weaning 
from NIV 
(RCT)

After recovery 
from AECOPD 
tolerating 4 h of 
unassisted 
breathing

Three additional nights 
of NIV

Direct NIV 
discontinuation

No benefits Sellares 
et al. 
[25]

RCT randomised controlled trial, COPD chronic obstructive pulmonary disease, AECOPD acute exacerbation of 
COPD, PaCO2 arterial partial carbon dioxide pressure, NIV noninvasive ventilation, IPAP inspiratory positive airway 
pressure, EPAP expiratory positive airway pressure

3 Noninvasive Ventilation in COPD



24

3.3.1  How to Use Home NIV

Home NIV should be started in an appropriate 
environment, and the patient should be given 
some background information about the proce-
dure (see also Fig. 3.1). For home NIV it can be 
recommended to start with daytime practice ses-
sions using a spontaneous-timed mode with IPAP 
levels of 12–18 cmH2O, a low EPAP (4–5 cmH2O) 
and a low backup respiratory rate (10/min) [8]. 
The mask should be known to the patient and fit 
well. Under strict monitoring of gas exchange, 
IPAP can be increased in order to reach normo-
capnia. The ratio of inspiratory to expiratory time 
should be at least 1:2 preferably longer. 
Inspiratory oxygen fraction can be titrated 

according to peripheral oxygen saturation 
(>88%) [10].

3.4  NIV in Acute Exacerbations 
of COPD

In patients with AECOPD, early use of NIV can 
reduce intubation risk and complications such as 
ventilator-associated pneumonia and reduce mor-
tality [17, 18]. Possible explanations for the posi-
tive effects are recruitment of collapsed alveoli, 
improved ventilation-perfusion matching with 
consecutive improved oxygenation and respira-
tory acidosis and a decreased work of breathing 
[19]. A guideline by the European Respiratory 

Noninvasive ventilation (NIV)

AECOPD Stable hypercapnic COPD

• Start early
• Indication:
       • pH <7.35
       • hypercapnia or respiratory
         rate >22/min
       • despite optimal
         bronchodilator therapy
• Start with full face mask
• Oxygen therapy to achieve
   saturations ≥88–92%
• Careful monitoring in
   order not to miss NIV-
   failure

• Indication:

• stable hypercapnic (PaCO2≥7
   kPa) COPD
• resting dyspnea, stress
   intolerance, central nervous
   restrictions
• despite exhaustion of all
   conservative measures

• Immediate discontinuation
  of NIV when patient
  tolerates ≥4h of unassisted
  breathing

• Consider use of home NIV
  when 2-4 weeks after
  AECOPD still hypercapnic
  (PaCO2 ≥ 7 kPa)

Re-evaluate NIV-settings

• Careful choice of good
   fitting mask
• Start with daytime practise
   sessions:
• IPAP=12-18 cmH2O,
   EPAP=4 cmH2O, low back-up
   rate and I:E ≥ 1:2
• Increase IPAP and back-up
   rate to reach normocapnia
• Titrate oxygen therapy to
   achieve saturations ≥88–92%
• Careful monitoring of gas
   exchange
• Switch to night-sessions

Fig. 3.1 Noninvasive 
ventilation in acute and 
stable hypercapnic 
COPD. COPD chronic 
obstructive pulmonary 
disease, AECOPD acute 
exacerbation of COPD, 
PaCO2 arterial partial 
carbon dioxide pressure, 
NIV noninvasive 
ventilation, IPAP 
inspiratory positive 
airway pressure, EPAP 
expiratory positive 
airway pressure, I:E 
inspiratory to expiratory 
time
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Society and American Thoracic Society pub-
lished 2017 points out that NIV reduces the need 
for intubation, mortality, complications of ther-
apy and length of both hospital stay and ICU 
(intensive care unit) stay in patients with acute or 
acute-on-chronic respiratory failure due to a 
COPD exacerbation with no reports of adverse 
consequences [20]. The established criteria for 
patient selection includes persistent acidosis 
(pH < 7.35), hypercapnia (PaCO2 > 6.5 kPa) or 
tachypnoea (respiratory rate >22/min) despite 
optimal bronchodilator and controlled oxygen 
therapy [21]. Furthermore, a full-face mask 
should be the first type of interface used; oxygen 
therapy should be used to achieve a target satura-
tion of 88–92% [21].

A systematic Cochrane review points out that 
the use of NIV in patients admitted with AECOPD 
decreased the risk of mortality by 46% with a 
number needed to treat for an additional benefi-
cial outcome (NNTB) of 12 and decreased the 
risk of needing endotracheal intubation by 65%, 
with a NNTB of 5 (see also Table 3.1) [22]. As 
the application of NIV is relatively simple and 
well tolerated by most patients [23], it is an indis-
pensable tool in the treatment of 
AECOPD.  Nevertheless, NIV failure has to be 
recognised early in order not to slow down neces-
sary therapy escalation (see also Chap. 31), as 
NIV failure rate is still high [2].

A rather new form of NIV uses helium instead 
of air. Helium has a lower density than air. 
Thereby density-dependent components of air-
way resistance within bronchi with increased 
resistance can be reduced, as it is the case in 
AECOPD.  Furthermore, this might result in a 
lower work of breathing and improved respira-
tory parameters [24]. Abroug and colleagues 
compared in a meta-analysis a mixture of helium 
and oxygen (He/O2) with an air-oxygen mixture 
(air/O2) [17]. The authors did not find a signifi-
cant difference in the rate of NIV failure when 
using He/O2 mixture compared with air/O2. 
However, He/O2 significantly reduced the length 
of ICU stay and the rate of NIV-associated com-
plications [17]. Nevertheless, in conclusion, there 
is not enough evidence to recommend the sys-
tematic use of He/O2 in all AECOPD patients.

The question of when to stop NIV in AECOPD 
patients has long been unanswered. Recently 
Sellares and colleagues assessed whether prolon-
gation of nocturnal NIV after recovery from 
acute hypercapnic respiratory failure for COPD 
patients with NIV could prevent subsequent 
relapse of respiratory failure (see also Table 3.1) 
[25]. When patients tolerated unassisted breath-
ing for 4 h, they either received three additional 
nights of NIV (n = 61) or direct NIV discontinu-
ation (n = 59). The prolongation of NIV was not 
beneficial, and the authors, therefore, conclude 
that NIV can be directly discontinued when the 
acute episode is resolved and patients tolerate 
unassisted breathing [25]. Nevertheless, further 
trials are needed to answer the question with 
greater certainty.

3.5  Conclusion

 1. Learning Points
• Nocturnal home NIV can increase time to 

hospital readmission or death in stable 
hypercapnic COPD patients.

• Home NIV settings should be titrated to 
the patient’s gas exchange.

• In AECOPD patients, NIV should be used 
early, as it reduces mortality and decreases 
the need for endotracheal intubation.

• When patients tolerate unassisted breath-
ing for more than 4 h after AEOCPD, NIV 
can be discontinued directly.

• New modalities like high-flow oxygen and 
helium oxygen mix instead of air oxygen 
mix have shown some promising results; 
nevertheless, the evidence is weak.

 2. Critical Points
• Patients for home NIV have to be selected 

carefully, as selection seems to be an 
important determinant of success.

• Careful monitoring of NIV is crucial in 
order not to miss NIV failure in AECOPD 
patients and to optimise NIV settings in 
stable hypercapnic COPD patients.

 3. Key Summary
In the last 2 years, important clinical trials 

and meta-analysis on NIV in COPD patients 
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have been published. Today there is new evi-
dence that when the right patients are selected, 
home NIV in stable hypercapnic COPD can 
reduce hospital readmission rate. In AECOPD 
NIV not only improves patients outcome but 
also reduces mortality, with a small number 
needed to treat (NNTB = 5). After an AECOPD 
episode, NIV might be stopped as soon as the 
patient tolerates more than 4 h of unassisted 
breathing. In all cases, a precise monitoring is 
necessary, in order to achieve the greatest pos-
sible positive effects with NIV.
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QoL Quality of life
RCTs Randomized clinical trials
REM Rapid eye movement
SaO2 Saturation of haemoglobin with oxy-

gen using pulse oximetry
UK United Kingdom

4.1  Introduction

Cystic fibrosis (CF) is the most common autoso-
mal recessive disorder in the Caucasian popula-
tion due to defective function of the CFTR (cystic 
fibrosis transmembrane conductance regulator) 
protein—a transmembrane apical channel whose 
task is to balance transcellular transport of elec-
trolytes (mainly chloride and bicarbonate ions) 
and fluids with the consequent pathologic inspis-
sation of extracellular fluids and exocrine glandu-
lar secretions. CFTR is expressed in the 
respiratory tract, pancreas, gastroenteric tract, 
liver, genito-urinary tract, bone and sweats 
glands. Thousands of mutations with different 
impact on CFTR protein function are recognized, 
and so even if CF is a monogenic disease, it can 
be heterogeneous in clinical expression with vari-
ability in severity, rate of progression and organ 
involvement. CF is a multisystemic disease in 
which the respiratory system is affected in the 
majority of patients and is responsible of morbid-
ity and of death in young adults affected.

Respiratory system involvement occurs early; 
impairment is progressive with recurrent infec-
tious and inflammatory processes of varying 
intensity, bronchial hypersecretion of thick 
mucus that plugs airways, inflammation of the 
bronchi wall with thickening of the same, bron-
chiectasis and a progressive airflow obstruction 
with an increase of intrinsic positive end- 
expiratory pressure (PEEP). Mucus plugs may 
determine segmental or lobar atelectasis with 
consequent possible evolution in parenchymal 
carnification and fibrosis [1].

CF lung disease has unique physiopathologi-
cal features due to a mix of obstructive and 
restrictive functional defect and the presence of 
tenacious secretions.

In CF the respiratory work is increased by the 
structural bronchi and lung parenchymal altera-
tions described above, to which sequelae of 
chronic infection and weakness of the respiratory 
muscles have to be added. Systemic inflamma-
tion, oxidative stress and malnutrition may fur-
ther worsen functional capacity.

Ventilation is a fragile balance between the 
nervous system, which interacts with the respira-
tory muscles, and respiratory work (Fig. 4.1). As 
respiratory work increases, there is an increase in 
the central drive, which is not sufficient to avoid 
alveolar hypoventilation; moreover, mucus plugs 
in the peripheral airways can give rise to atelecta-
sis and gas exchange impairment. In addition to 
chronic damage, CF patients experience acute 
exacerbations that further increase the respiratory 
work bringing to respiratory failure [2]. 
Ventilation in CF during sleep deserves a sepa-
rate discussion (Fig. 4.1).

Different studies, even if few compared to the 
literature concerning pathologies such as chronic 
obstructive pulmonary disease (COPD), have 
shown how the application of noninvasive venti-
lation (NIV) in CF can lighten the respiratory 
work by compensating or preventing respiratory 
failure [3–6].

Nervous system
Respiratory muscles

Chronic infection
Myopathy
Pulmonary

exacerbations

Fig. 4.1 Balance between respiratory work and the abil-
ity of respiratory muscles. Structural alterations due to 
bronchiectasis and mucoid impacts, increased catabolism 
and energetic demand due to chronic infection and exac-
erbations resulting in increased respiratory work, not 
adequately compensated from the increase of the nervous 
drive, determine the onset of respiratory failure
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NIV has been used for CF patients since the 
early 1990s when it was described as a holding 
measure for the lung transplant waiting list, but 
other indications exist for considering NIV in CF 
care:

• Hypercapnic acute and chronic respiratory 
failure

• Sleep disorders
• As an adjunct to physiotherapy for secretion 

airways clearances

4.2  Bibliography Research

To address the innovations in the last 2 years in 
the role of NIV in CF, we have undertaken an 
analysis of publications on this topic that were 
featured in PubMed and Embase using “cystic 
fibrosis” as primary keyword and “noninvasive 
ventilation”, “respiratory failure or insuffi-
ciency”, “sleep disorders” and “hypercapnic” as 
secondary keywords, selecting period from 
January 2017 to March 2019.

The search selected only “few” publications: 
a Cochrane review edited in 2017 that has 
included seven clinical trials, a large retrospec-
tive analysis published in 2018 on NIV utiliza-
tion in CF based on United Kingdom (UK) CF 
patient registry database in the period 2007–
2015 and only one randomized crossover physi-
ological study comparing high-flow nasal 
cannula (HFNC) versus NIV in severe CF adult 
patients (Table 4.1).

The 2017 Cochrane review on NIV in CF 
[6]—which analysed 191 mixed adult and pae-
diatric CF patients ventilated for several indica-
tions (with different inclusion criteria in any 
trial)—is limited by small sample sizes of adult 
only trials, sparse reporting of physiological 
variables, heterogeneous inclusion of varying 
degrees of disease severity and intervention 
period too short to observe significant changes. 
This review includes ten trials. Seven short-
term trials showed that NIV can improve a 
range of breathing and gas exchange measures 
and ease sputum clearance; one evaluated a 
2-week intervention; one evaluated a 6-week 

Table 4.1 An Analysis of publications in the role of NIV in CF in 2017–2019

Year of 
publication

Authors, title, 
journal Type of study Results Conclusions Comments

2017 Moran F. et al,, 
Noninvasive 
ventilation for 
cystic fibrosis
Cochrane 
Database of 
Systematic 
Reviews

RCTs comparing 
a form of 
pressure preset 
or volume preset 
NIV to no NIV 
used for airway 
clearance or 
during sleep or 
exercise in 
people with 
acute or chronic 
respiratory 
failure in CF

Ten trials, total pts 
191
The goals of trials 
are airway 
clearance may be 
easier with NIV and 
improvement in 
lung clearance 
index,  QoL and 
CO2 levels
They showed it is 
effective, safe and 
acceptable, but no 
clear differences 
between NIV and 
oxygen or room air. 
There is a 
significant 
improvement in 
exercise on NIV

NIV improves the 
physiological markers 
of early respiratory 
failure following a 
single nocturnal 
treatment session, 
with improvements in 
exercise tolerance, 
selected aspects of 
QoL and nocturnal 
CO2 levels when used 
over a longer period. 
Nocturnal respiratory 
support with NIV has 
important 
implications for  CF 
patients and advanced 
lung disease and may 
attenuate the early 
effects and 
progression of 
respiratory failure

Intervention 
period length may 
be too short to 
observe significant 
changes
Different inclusion 
criteria for any 
trial

(continued)
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Table 4.1 (continued)

Year of 
publication

Authors, title, 
journal Type of study Results Conclusions Comments

2018 Olga 
Archangelidi 
et al., 
Noninvasive 
ventilation and 
clinical 
outcomes in 
cystic fibrosis: 
Findings from 
the UK CF 
registry, Journal 
of Cystic 
Fibrosis

Retrospective- 
observational 
study

Total pts: 1107
Rise ppFEV1 in 
children : 0.70 
(95% CI: −0.83, 
2.24)
Rise ppFEV1 in 
adults with a low 
ppFEV1 (<40): 
2.60 (95% CI: 
0.93, 4.27)
NIV initiation is 
associated with an 
increased risk of 
death/transplant in 
both children 
(HR = 2.47; 95% 
CI: 1.20–5.08) and 
adults (HR = 1.96; 
95% CI: 1.63–
2.36), but effect 
was attenuated in 
children with low 
ppFEV1 (<40)

NIV use in CF 
improves spirometric 
values but does not 
benefit survival

Date of NIV use 
initiation is not 
specified in the 
UK CF registry. 
This did not allow 
to distinguish 
short-term NIV 
use that followed 
an acute 
exacerbation event 
with subsequent 
lung function 
recovery
There are no data 
on arterial blood 
gas measurements, 
and we were not 
able to capture 
ventilator settings, 
dose, duration or 
adherence, 
precluding any 
firm conclusions 
about the 
consistency and 
duration of NIV 
use

2018 Sklar MC et al., 
High-flow nasal 
oxygen versus 
noninvasive 
ventilation in 
adult patients 
with cystic 
fibrosis: a 
randomized 
crossover 
physiological 
study. Annals 
Intensive Care

Physiological 
prospective 
randomized 
crossover study

Total pts 15
HFNC, reduced 
respiratory rate (by 
3 breaths/min, 
p = 0.01) and 
minute ventilation 
(by 2 L/min, 
p = 0.01). Patients 
also took slightly 
larger tidal 
volumes with 
HFNC compared 
to NIV (p = 0.02)
MAP increased 
from baseline with 
NIV compared to 
HFNC (p ≤ 0.01). 
No differences 
were found for 
heart rate, SaO2, 
PtcCO2 or 
dyspnoea

In adult CF patients 
stabilized after 
indication for 
ventilatory support, 
HFNC and NIV have 
similar effects on 
diaphragmatic work 
per breath, but HFNC 
confers additional 
physiological benefits 
by decreasing 
respiratory rate and 
minute ventilation

Few patients
No placebo, but 
each participant is 
his/her own 
control
Time of treatments 
is only 30 min

2019 Christopher 
S. King et al., 
Critical Care of 
the Adult 
Patient With 
Cystic Fibrosis, 
Chest

Systematic 
review

NIV should be 
initiated early in the 
course of acute 
hypercapnia
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intervention; and one evaluated a 3-month 
intervention. When used with oxygen, NIV 
may improve gas exchange during sleep more 
than oxygen therapy alone. Some evidence has 
been found to support the use of NIV in addi-
tion to other airway clearance methods in 
CF.  Reviewers were not able to find any evi-
dence that NIV improves life expectancy in CF, 
and data were insufficient to show whether NIV 
should be used in exercise training in severe 
disease.

4.3  What Do the Guidelines Say 
About CF and NIV?

No indications on NIV in CF are reported in the 
ERS/ATS 2017 clinical practice guidelines [7], 
while the National Institute for Health and Care 
Excellence (NICE) guidelines stated only indi-
cations for utilization of NIV for clearance of 
respiratory secretions [8]; the British Thoracic 
Society (BTS) 2017 guidelines state that, as in 
COPD, NIV in CF has a role in acute exacerba-
tion with respiratory acidosis stressing that dif-
ferently from COPD, there are no clinical trials 
on NIV versus IMV (invasive mechanical ven-
tilation) [9]. BTS guidelines refer to two retro-
spective studies [9]. In the first multicenter 
study, 42 adult patients were enrolled in 60 
ICUs for acute respiratory failure. NIV has 
proven to be superior to IMV in terms of thera-
peutic success and mortality [10]. In the sec-
ond, a monocentric study of 30 adult patients 
indicated IMV as the first choice in case of 
respiratory failure due to pneumothorax or hae-
moptysis [11].

4.3.1  NIV in Acute and Chronic 
Respiratory Failure

We can observe in clinical practice two typical 
clinical scenarios. In the first one, the patient is in 
the end-stage of CF respiratory disease: ppFEV1 
should be <30 associated with daytime hypercap-
nia, and the only chance is represented by lung 

transplant. In this case, NIV can represent a 
“bridge to transplantation”, improving gas 
exchange during wakefulness, sleep, exercise and 
physiotherapy preserving respiratory muscle per-
formance. This leads to an improvement in the 
quality of life and in some cases a lower decline 
in lung function and a better post-transplant out-
come [12, 13].

We can also observe a patient with a moder-
ate lung disease, which presents a severe CF 
exacerbation (increased sputum production and 
purulence, loss of appetite, weight loss, fatigue, 
lung function decline and occasionally fever, 
chest pain, shortness of breath and haemopty-
sis), that requires hospitalization. In this case 
there is an “extraordinary” overload of muscu-
lar work accompanied by an increase in periph-
eral mucoid impacts which damage alveolar gas 
exchange. The result can be an acute respira-
tory failure with hypoxemia and hypercapnia 
[1, 2, 14].

It has been suggested that a concomitant 
metabolic alkalosis contributes to hypercapnic 
respiratory failure in exacerbations of CF; as a 
consequence of the abnormal electrolyte trans-
port CF patients less frequently exhibit acidosis 
than COPD [15].

No randomized controlled studies are avail-
able comparing NIV to invasive ventilation in 
patients with CF due to ethical reasons. All inves-
tigations are observational trials, showing that 
NIV may be useful when used early during an 
acute respiratory exacerbation [2].

Moreover, there are very few randomized 
clinical trials on NIV in CF due to the limited 
 numbers of patients, mainly treated in CF centre 
and not in pulmonary departments with special 
interest and skills in NIV, to the extremely vari-
able clinical manifestations and respiratory dis-
ease being modified by type of bacterial 
infection, nutritional status and other possible 
respiratory and systemic CF complications 
(pneumothorax, parenchymal atelectasis and 
fibrotic consolidation, diabetes, osteoporosis). 
Most of the experience is based on retrospective 
analysis on practice in a single centre or on data 
from national registry [12].
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4.4  NIV and Sleep Disorders

Most studies report disturbed sleep in more than 
50% of patients, such as sleep-onset insomnia, 
frequent awakenings, night cough, snoring, 
excessive daytime sleepiness, headaches, anxi-
ety, restless leg syndrome and even in the absence 
of gas exchange abnormalities. The presence of 
cough, for example, resulting in fragmented sleep 
may result in an alteration in the physiological 
progression to rapid eye movement (REM) sleep 
[16–18].

The headache, however, can be the result of a 
nocturnal hypoventilation with hypoxemia that 
generally precedes diurnal hypoxemia. In this 
regard, there is no consensus either on the defini-
tion of nocturnal desaturation or on the timing of 
oxygen supplementation. Consensus guideline in 
adult CF patients recommends supplemental 
oxygen if SaO2 is less than 88–90% for 10% of 
the total sleep time [19]. Nocturnal hypoxemia is 
more present in adult patients with lower ppFEV1 
and with a resting awake oxygen SaO2 of 93–94% 
and occurs primarily during REM sleep, becom-
ing a risk factor for developing pulmonary hyper-
tension [20].

Supplement oxygen via nasal cannula repre-
sents the first- line treatment. Finally, the noctur-
nal oxygen desaturations occur during CF 
pulmonary exacerbations. In this case it can be 
reversible with adequate therapy [21].

Studies carried out to examine the quality of 
sleep in adult patients with CF have shown that 
the following abnormalities are present: lower 
sleep efficiency, less REM sleep and increased 
arousal index. Pulmonary exacerbations are asso-
ciated with more wakefulness after sleep onset, 
less REM sleep and hypoxemia [17, 18]. The fre-
quency of obstructive sleep apnoea is high among 
CF patients, and it is associated with lower noc-
turnal oxygen saturations [23].

It is good to note that although many patients 
report poor quality of sleep, polysomnographic 
tracings do not always show an alteration of 
sleep architecture compared to healthy controls. 
Nevertheless, the quality of sleep would seem to 
be related to ppFEV1 and the degree of noctur-

nal desaturation. However, studies on the oxygen 
supplementation o PPV in hypoxemic CF 
patients have not shown a clear and significant 
difference on the modification of sleep architec-
ture, but it is evident that patients who present 
daytime hypercapnia certainly have nocturnal 
hypercapnia. In such cases the preferred treat-
ment is the NIV [16, 22].

4.5  NIV and Airway Clearance 
Physiotherapy

NIV can be used as an adjunct to physiotherapy; 
moreover, it may be a useful adjunct to other air-
way clearance techniques particularly in people 
who have difficulty expectorating sputum [6, 8].

In a single physiotherapy session, the use of 
NIV led to easier airway clearance in participants 
with stable moderate to severe disease, and most 
participants preferred to use NIV for airway 
clearance [6].

Treatment, but no evidence, found that NIV 
increases sputum expectoration or improves 
lung function. There is some evidence that the 
introduction of NIV to airway clearance pre-
served muscle strength and improved expiratory 
muscle strength. In terms of airway clearance 
over a longer period of time, e.g., among people 
hospitalized for an acute exacerbation, the use 
of NIV as an adjunct to the airway clearance 
regimen offers no clear benefit compared to no 
NIV [6].

Studies that assess the impact of NIV associ-
ated to a pulmonary rehabilitation program on 
longer, functional capacity, health gains, physical 
conditioning and functionality scale should be 
encouraged [6].

4.6  How to Ventilate Patients 
with CF?

Pressure-targeted ventilatory mode (or pressure 
support ventilation, PSV) is preferred, avoiding 
the barotrauma that in the volume-targeted mode 
would be more likely. In clinical practice, 
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patients are also better suited to this type of ven-
tilation. However, it is necessary to have accu-
racy in setting the sensitivity of the trigger to 
avoid patient- ventilator desynchronies. One 
must consider that the CF patients have an intrin-
sic PEEP similar to COPD, so it is to be consid-
ered PEEP  ≥  5  cmH2O.  A good alternative 
should be represented by bi-level positive pres-
sure ventilation (PPV). It is a combination of PS 
and PEEP: you can set two different levels of 
expiratory positive airway pressure (EPAP) and 
inspiratory positive airway pressure (IPAP). The 
patient breathes spontaneously with a continu-
ous positive pressure in the airways and with the 
support of IPAP [1, 2, 24].

The active humidification both in acute and 
chronic ventilation is very important because CF 
patients have viscous and tenacious secretions. 
Regardless of the mode of ventilation you decide 
to use, remember that the setting of the ventilator 
parameters is essential depending on the patient’s 
clinical status (exacerbation, domiciliary chronic 
ventilatory support, end of life support).

No evidence was found of pathogenic micro-
bial contamination of NIV devices used by CF 
patients [25].

Contraindications for using NIV in CF are 
severe respiratory acidosis, mental obnubilation, 
pneumothorax and massive haemoptysis [14].

4.7  Possible Alternative to NIV

In recent years the use of high-flow nasal cannula 
(HFNC) has also expanded in CF, although there 
are still no clinical studies on this topic. The clin-
ical practice shows us that its use is effective and 
safe in those patients with diurnal hypercapnia to 
postpone the use of the NIV, when possible, or 
when NIV is contraindicated, for example, pneu-
mothorax or massive haemoptysis.

In 2018 a physiological randomized crossover 
study of high-flow nasal oxygen cannula versus 
NIV in 15 adult patients showed that in CF 
patients with acute exacerbation requiring venti-
lator support HFNC with oxygen (a heated 
humidified, high-flow oxygen delivery system) 

was not inferior to NIV with respect to diaphrag-
matic work in CF patients with advanced respira-
tory disease who had an indication for ventilator 
support. These preliminary physiologic data lim-
ited to an observation of 30  min suggest that 
HFNC may confer physiological benefits by 
decreasing respiratory rate and constitute an 
interesting alternative to NIV [14, 15].

4.8  The Ongoing Clinical Trials 
(from linicaltrial.gov) on NIV 
in CF

• One interventional trial is ongoing about the 
efficacy of NIV during hospital admission for 
an acute exacerbation complicated by respira-
tory failure, in patients for which long-term 
use is not yet indicated (NCT02234401) [26].

• One interventional trial is ongoing to compare 
efficacy and comfort, in patients requiring 
ventilatory support, between NIV and high- 
flow nasal oxygen cannula (HFN), that is a 
relatively new system providing heated and 
humidified, high-flow (50  L/min) oxygen, 
through the nostrils (NCT02262871) [26].

• One interventional, randomized, open-label, 
crossover study is ongoing to compare NIV 
and oxygen supplementation safety, during 
physical training (NCT02684552) [26].

4.9  Conclusions

Learning Points
• NIV has a role in CF in:

 – Correcting hypoxemia and/or hypercapnia 
both in acute and chronic respiratory 
failure

 – Improving tidal volume and alveolar 
recruitment to avoid atelectasis

 – Decreasing fatigue and the work of breath-
ing, improving exercise tolerance

 – Improving quality of sleep and nocturnal 
gas exchange

 – Palliative treatment of dyspnoea
 – Physiotherapy for airway clearance

4 Noninvasive Ventilation for Cystic Fibrosis
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Critical Points
 – It is necessary to conduct observational and 

prospective multicentric studies with defined 
inclusion criteria and unique outcomes to bet-
ter define the real role of NIV even if ethical 
considerations and the number of patients 
limit the possibility of studies.

 – It is still to be analysed if chronic use of NIV 
might impact on pulmonary exacerbations, 
disease progression and quality of life.

 – It is still to be analysed, and it is difficult to 
define CF patients who might benefit to a 
larger extent from NIV.

 – HFNC with or without oxygen supplementa-
tion has an emergent role in the treatment of 
respiratory failure even with hypercapnia in 
various respiratory diseases, but they must 
still be assessed in CF.

Key Summary
• CF patients are now living longer, and there 

is expectation that young ones reach adult-
hood with good lung function. NIV use in 
adult patients is increasing, although the 
timing and indication in clinical practice 
appears to be variable. Possible reasons 
include the lack of validated criteria to start 
NIV, controversies regarding the optimal 
ventilatory settings, no evidence of long-
term efficacy and poor acceptance by some 
patients (Table 4.2).
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5.1  Background

Patients with chronic obstructive pulmonary dis-
ease (COPD) who develop hypercapnic respira-
tory failure have more severe illness and an 
increased risk for exacerbations, hospitalization, 
and mortality [1]. Mechanical ventilation in 
chronic hypercapnic respiratory failure aims at 

the unloading of the respiratory muscles, which 
leads to at least a reduction (ideally the normal-
ization) of PCO2 during the day, improved clini-
cal symptoms, quality of life, life expectancy, and 
reduction of exacerbations [2].

Noninvasive ventilation (NIV) is used to 
improve gas exchange by increasing tidal vol-
ume and producing positive airway pressure, 
relieving respiratory muscle fatigue and improv-
ing respiratory center’s sensitivity to carbon 
dioxide (CO2) [3]. Application of NIV in acute 
hypercapnic respiratory failure is nowadays con-
sidered a gold standard and recommended in 
national and international guidelines [4]. It has 
been suggested that frequent and persistent 
hypercapnic exacerbators benefit most from 
long-term NIV [5]. Earlier NIV studies in COPD 
patients not aiming at maximally reducing CO2 
levels (applying inspiratory positive airway pres-
sures (IPAP) ranging from 12 to 18 cmH2O) have 
not shown beneficial effects in survival, respiratory 
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function, or exacerbation rates [6, 7]. Over the 
past decade, it has been shown that NIV may 
lead to a substantial improvement of elevated 
PCO2 levels when ventilator pressure settings 
are markedly increased [8] and therefore alveo-
lar ventilation is increased. The concept of this 
so-called “high- intensity” NIV (Hi-NIV) has 
been developed to describe an approach with 
increased inspiratory pressure levels together 
with an increased backup rate [3, 8] with the 
goal of the normalization of PCO2. Hi-NIV in a 
larger multicentered randomized controlled trial 
has shown to increase with 12–33% the 1-year 
survival in chronic hypercapnic COPD patients 
[9, 10]. Furthermore, high- intensity NIV in 
chronic hypercapnic COPD patients has been 
shown to markedly increase health-related qual-
ity of life [11].

There is a persuasive argument that target-
ing CO2 control rather than simply reducing 
muscle effort might yield in better long-term 
outcomes [3, 4].

5.2  Physiological Changes 
During High-Intensity NIV

The development of hypercapnic respiratory fail-
ure in patients with COPD is mainly related to 
the occurrence of alveolar hypoventilation caused 
by a marked increase in the ratio of dead space 
volume (VD) to tidal volume (VT). This is a con-
sequence of the reduced VT that occurs as failing 
patient develops a rapid shallow breathing pat-
tern and increased VD that results from a severe 
ventilation/perfusion inhomogeneity [12].

Hi-NIV helps reverse this process by aug-
menting VT and reducing the ventilation/perfu-
sion mismatch. Hi-NIV increasing VT decreases 
PaCO2.This ventilatory setting acts mostly as a 
semi-controlled ventilation and induces positive 
pleural pressure swings during inspiration. This 
increased pleural pressure, and decreasing the 
venous return leads to a decreased right atrial 
preload and lowered cardiac output [12]. 
Figures  5.1 and 5.2 show the most important 

Fig. 5.1 Respiratory mechanical parameters during traditional NIV (Paw airway pressure, Flow respiratory flow, Ppl 
pleural pressure, Pdi transdiaphragmatic pressure)
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respiratory mechanical parameter traces during 
traditional and Hi-NIV settings. It can be seen 
that during Hi-NIV, the pleural pressure (Ppl) 
trace becomes positive and the transdiaphrag-
matic pressure (Pdi) trace becomes practically 
flat, suggesting a controlled ventilation. Long- 
term Hi-NIV in COPD patients did not yield 
adverse effects on cardiac performance; how-
ever, it must be applied carefully in patients 
with preexisting cardiovascular diseases, 
because the application of higher pressure may 
lead to a reduced cardiac output [12]. It has been 
thought that the combination of a higher respira-
tory rate exceeding the spontaneous breathing 
rate may be as important in unloading the respi-
ratory muscles as an increased driving range 
(difference between IPAP and PEEP). 
Conversely, Murphy et al. have shown that there 
was no additional benefit for nighttime ventila-

tor adherence or on efficacy of ventilation, sleep 
quality, and health-related quality of life after 
the addition of a high backup rate to high-pres-
sure NIV. These data might suggest that it is the 
high-pressure component of the high-intensity 
NIV that has the most important therapeutic role 
in the management of hypercapnic respiratory 
failure [13].

5.3  Basic Assessment 
of a Patient with Chronic 
Hypercapnia in COPD

A thorough general and disease-specific assess-
ment of the medical history and the associated 
respiratory failure as well as physical examina-
tion is obligate. Nicotine abstinence before NIV 
initiation is strongly recommended. The follow-

Fig. 5.2 Respiratory mechanical parameters during Hi-NIV
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ing (technical) tests are also essential according 
to the German guidelines [2]:

 – Electrocardiogram (ECG)
 – Diurnal and nocturnal BGA under room-air 

conditions or, in the case of long-term oxygen 
therapy, with the prescribed oxygen flow rate

 – Lung function tests (spirometry, whole-body 
plethysmography, respiratory muscle function 
tests, if applicable [e.g., P0.1, PImax])

 – Basic laboratory tests
 – Chest X-ray, with consultation of earlier X-ray 

images if necessary
 – Polygraphy (polysomnography, if necessary)
 – Exercise testing (e.g., 6-min walking test)

5.4  Ventilator Settings in High-
Intensity NIV

In order to optimize alveolar ventilation, an 
assist/controlled mode is used, preferably in a 
pressure-limited mode [10]. Three major targets 
for the ventilatory adjustment are described to 
achieve normocapnia: the driving range, respira-
tory rate, and pressure increment [10, 14]. 
However, it is still subject of debate whether an 
increased respiratory rate significantly adds to 
the goal of normalization of PCO2 or whether the 
increased respiratory rate or increased inspira-
tory pressure is the main factor for reducing 
hypercapnia [13]. Establishing NIV in a naive 
patient and lowering PCO2 levels may take sev-
eral days, and enough time for adaptation has to 
be given [2].

A practical approach is recommended. The 
initial settings consist of a low backup rate (i.e., 
12 breaths/min) and trigger threshold with avoid-
ance of auto-triggering. The pressure increment 
should be set at 0.9–1 s.

These settings are used in conjunction with 
modest IPAP levels (i.e., between 12 and 
16 cmH2O) and the low positive end-expiratory 
pressure (PEEP) levels (i.e., 5–7  cmH2O). 
Subsequently, IPAP is carefully increased up to 
the point where normocapnia is achieved or no 
longer tolerated by the patient [1, 10, 14]. 
Moreover, the respiratory rate is increased 

beyond the spontaneous rate to establish a semi- 
controlled ventilation, while PEEP may be 
increased in order to avoid dynamic hyperinfla-
tion. Patient-ventilator synchrony can be opti-
mized by optimizing the inspiratory/expiratory 
(I/E) rate with very short inspiration time 
(I/E > 1:2) [1, 10].

NIV is primarily established during daytime 
with the main aim of establishing mask tolerance 
[1, 10]. Once daytime NIV is tolerated, the noc-
turnal NIV may be tried. In general, NIV applica-
tion in daytime is as feasible as during night; 
however, nocturnal NIV is recommended since 
higher PCO2 levels occur during night [15].

Generally nasal masks, oronasal masks, face 
masks, mouth masks, and mouthpieces are avail-
able as patient-ventilator interfaces. Nasal masks 
provide greater patient comfort; however, oral 
leakage at higher pressure levels is common and 
may lead to less optimal control of hypercapnia. 
A great concern about high-intensity NIV is the 
increased risk of leakage and consequently 
patient-ventilator asynchronies. However, it has 
been demonstrated that triggering asynchronies 
also occur during low-intensity settings [11]. In 
real-life studies, it has been shown that oronasal 
masks are predominantly used for Hi-NIV in 
chronic hypercapnic COPD patients [16] and 
that sleep quality is not negatively affected by 
Hi-NIV [14].

Supplemental humidification is not generally 
required for NIV. The need for humidification is 
based on the patient’s symptoms. Passive humid-
ification with a heat and moisture exchanger may 
lead to an increased dead space which negatively 
affects ventilatory function and gas exchange 
[17]. Active humidification using a pass-over 
humidifier system is recommended, if airway 
dryness persists [10, 14].

5.5  Conclusions

The novel approach of high-intensity NIV is so 
far the most effective way of NIV application in 
order to improve lung function, health-related 
quality of life, and survival in patients with 
chronic hypercapnic COPD.

A. Nicolini et al.
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6.1  Introduction

It can be said that the first real mechanical venti-
lator was presented on September 13, 1864, when 
an American researcher, Alfred F. Jones, patented 
his “depurator” (Patented No. 44,168).

This machine had the shape of a large con-
tainer. The patient was seated inside it, with the 
exclusion of the head, and had to undergo the 
action of cyclical depressions to facilitate 
breathing.

However, it was only after more than 60 years 
(1928) that Philip Drinker and Dr. Louis Agassiz 
Shaw presented the first “iron lung,” with an elec-
tric motor, which was widely used throughout the 
world.

This machine, equipped with a cylindrical 
container in which the patient’s body had to be 
housed in the supine position, managed to venti-
late the patient in a noninvasive manner. It was a 
great success, especially among patients with 
polio, not only in the acute phase but also in the 
chronic phase.

But it was the vastness of patients affected by 
the polio epidemic in Copenhagen in 1950 and 
the relative lack of negative pressure ventilators 
that dictated the need to intervene with intubation 
and manual artificial ventilation.

The latter was soon replaced by positive pres-
sure machines that followed the “spiro-pulsator,” 
the first positive pressure ventilator presented by 
Clarence Crafoord, a surgeon at the Stockholm 
Sabbatsberg Hospital, at the American 
Association for Thoracic Surgery in 1939.

Extrathoracic negative mechanical ventilation 
(NPV), due to its noninvasive characteristics, 
continued to be used in many intensive respira-
tory therapy centers until the early 2000s, when 
noninvasive positive pressure ventilation (NPPV) 
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took over because they were smaller and cheaper 
and less nursing was required.

In recent years, however, interest in negative 
ventilation has increased given the possibility, 
which was previously denied, of coordinating the 
ventilatory cycle to the patient, through the use of 
simple flow sensors connected via the nasal route, 
and also to find out why, in patients to be referred 
for periods of prolonged ventilation, with inter-
mittent positive pressure ventilation, there 
emerged problems created by the interfaces on 
the skin of the face.

Many articles concerning the various modes 
of mechanical ventilation are present in the scien-
tific literature, but only a few directly compare 
negative pressure mechanical ventilation with 
positive pressure mechanical ventilation in the 
treatment of patients suffering from acute, 
chronic, or chronic acute respiratory diseases 
[1–3] or in neuromuscular patients [4]. Other 
articles compare external negative mechanical 
ventilation with positive pressure mechanical 
ventilation in surgery [5]. Further articles investi-
gate the possibility of using both methods simul-
taneously but with the use of a continuous 
external negative pressure [6, 7].

The purpose of this article is to find out what 
has emerged in recent years by comparing the 
two noninvasive methods of mechanical ventila-
tion with both negative pressure and positive 
pressure.

6.2  New Research

Double-Synchronized Noninvasive-Assisted 
Ventilation (DNIV or NPPV + NPV Ventilation).

A new mode in noninvasive ventilation, in my 
opinion, was conceived in Italy by our study 
group that, after requesting specific technological 
changes on ventilators supplied by the DIMA 
company (Italy), synchronized the action of the 
two machines, the first (Luna ventilator) with 
intermittent positive pressure delivery, through 
the face mask, inside the airways (NPPV) and the 
other (Pegaso ventilator), extrathoracic agent 
(NPV), with external negative pressure supply 
through the cuirass [8].

The study was based on the need to treat 
elderly patients with COPD and severe acute 
respiratory failure, with a mechanical ventilation 
mode that maintained its noninvasive characteris-
tics but was more effective without increasing the 
risks for patients.

The severity of the patients subjected to this 
study was confirmed by mean initial pH values   
(=7.31  ±  0.05); high average values   of PaCO2 
(=85.01  ±  12.25); average FEV1 values   
(=50% ± 5% of the theoretical); average FVC val-
ues   (=73% ± 6% of the theoretical); and average 
values   of the FEV1/FVC ratio (=67.5 ± 3 of the 
theoretical). Furthermore, it must be considered 
that the average age of the patients (6 males and 2 
females) was decidedly high (=74 ± 8.6 years).

The combined action of the two ventilators 
was tested, in a respiratory intensive care unit of 
Foggia, on 8 patients suffering from severe 
COPD and exacerbated hypoxemic and hyper-
capnic respiratory failure (ARF). This mode of 
double ventilation was compared, on different 
days and at random, with the other two ventila-
tion modes (NPPV mode and NPV), used sepa-
rately and supplied by the same machines.

In addition to the anthropometric, clinical, and 
functional characteristics, blood gas and clinical 
variations were measured at the beginning and 
after an hour of treatment with the three modes of 
mechanical ventilation, i.e., with the NPPV and 
NPV separately and with the combined NPPV + 
ventilation NPV.

Studying the variations of the averages with 
the t-student statistical test, some very interesting 
results were found.

In fact, by setting the time values   measured at 
the beginning and after 1 h of ventilatory treat-
ment as T0 and T1, it was found that the pH had 
undergone an important and very significant vari-
ation, in an improvement sense, with double ven-
tilation (NPPV + NPV).

With it, in fact, there were increases in pH val-
ues   from 7.31 to 7.42 (p = 0.0008), while with 
positive pressure ventilation only (NPPV) the 
improvements were not significant (pH = 7, 38 to 
T0 vs. pH = 7.40 at T1 with p = NS) and equally 
with only negative pressure (pH = 7.36 at T0 vs. 
pH = 7.40 at T1 with p = NS).

U. Vincenzi
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Even the PaCO2 values   showed a clear 
improvement with double ventilation compared 
to the other two modes of mechanical 
ventilation.

In fact, with double ventilation, the PaCO2 
values decreased significantly (PaCO2  = 
85.01 mmHg at T0 vs. =61.93 mmHg at T1 with 
p = 0.002), while a lower significance was found 
with the positive pressure ventilation alone 
(PaCO2 = 72.05 mmHg at T0 vs. = 66.81 mmHg 
at T1 with p  =  0.02) and no significance with 
negative pressure ventilation alone 
(PaCO2 = 71.90 mmHg at T0 vs. =71.53 mmHg 
at T1 with p = NS).

The variations of the PaO2/FiO2 ratio were 
also studied in the three modes of mechanical 
ventilation. With double ventilation (NPPV + 
NPV), clear improvements were found, although 
not statistically significant (PaO2/FiO2  = 
354.62 mmHg vs. 488.75 mmHg with p = NS), 
with NPPV the improvements recorded were 
minimal (PaO2/FiO2  =  337.12  mmHg vs. 
352.62 mmHg with p = NS), and with NPV there 
were no improvements (PaO2/FiO2  = 
346.75  mmHg vs. 327.87  mmHg with  
p = NS).

In any case, it must be taken into account that 
the statistical results, although very evident, were 
conditioned by the small number of patients stud-
ied. The considerations to be made regarding the 
technical and mechanical ventilation aspects 
were determined by the double ventilation 
(NPPV + NPV), compared to the single two- 
ventilation modalities considered separately 
(NPPV or NPV), but also the clinical results 
found on the patients.

In the latter case, there was good tolerability, 
and none of the patients showed respiratory dif-
ficulties, intolerance to single ventilatory meth-
ods, or collateral disorders.

As for the equipment used, it must be remem-
bered that every pulmonary ventilator has, inside 
it, sensors that allow the machine to interface 
with the patient and, therefore, to recognize the 
beginning and end of the ventilatory act, the pres-
sure, and the flows and volumes reached during 
this act. However, the real difficulty in being able 
to use two ventilators simultaneously was the 

need to make them both perfectly synchronized 
with the patient to be subjected to double 
mechanical ventilation.

This was solved very well by the engineers of 
the DIMA company (Italy) to whom the technical 
problem was placed.

With the modifications made, the positive 
pressure ventilator (NPPV) was synchronized 
with the other extrathoracic negative pressure 
ventilator (NPV), detecting the start and end of 
the patient’s inspiratory act in the form; it pro-
vided, in a combined and contemporary way, 
inside and outside the patient’s chest, pressures 
suitable for assisting the entire ventilatory cycle. 
Continuous detection of the main ventilatory 
parameters (volumes, flows, pressures, and venti-
latory frequency) allowed optimal control and 
monitoring of this double lung ventilation.

In this way, the positive pressure ventilator 
acted as a “master” and the extrathoracic negative 
pressure ventilator as a “server.” Both determined 
a double mode of noninvasive-assisted mechani-
cal ventilation (double noninvasive ventilation or 
NPPV + NPV ventilation).

The reason for the use of two pulmonary ven-
tilators instead of one, based on the study of ven-
tilation mechanics, is to be found in the need to 
be able to increase transpulmonary pressure 
(PL = Pawo − Ppl) in patients affected by severe 
respiratory failure without increasing airway 
pressure and thus avoiding the possible baro-
trauma during NPPV.

This mechanism can be explained by recalling 
some principles of ventilatory mechanics.

In fact, if we have the respiratory motion for-
mula in mind:

 
Prs Ers Raw Pin= ×( ) + ×( ) +′∆V V

 
(6.1)

considering the negligible inertial pressure (Pin), 
we know that the pressure (Prs) that moves the 
entire respiratory system is the sum of the trans-
pulmonary pressure (PL) and the pressure that 
moves the rib cage (Pcw):

 Prs PL Pcw= +  (6.2)

At this point it is possible to think that the 
positive pressure ventilator acts initially and 
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mainly on the airways and consequently on the 
transpulmonary pressure (PL), while the other 
ventilator, at negative pressure, acts initially on 
the thoracic cage, on the pleura, and consequently 
on transpulmonary pressure.

Furthermore, considering that the total elas-
tance of the respiratory system (Ers) is the sum of 
pulmonary elastance (EL) and that of the rib cage 
(Ecw):

 Ers EL Ecw= +  (6.3)

we can rewrite the (6.1) in the following 
formula:

 
Prs PL Pcw EL Ecw

Raw Pin

= + = +( )( )
+ ( ) +′

∆V
V•  

(6.4)

Now we can also think that the two ventilators 
must overcome, in a prevalent way, the first, the 
pulmonary one (EL), and the second, the elasta-
tion of the rib cage (Ecw).

Both ventilators, synchronically, place their 
force of action on two diametrically opposite 
parts of the thorax: the airways, then the lung 
parenchyma, and the pleural space the first 
(NPPV); the thoracic cage, then the pleural space, 
and the pulmonary parenchyma the second 
(NPV).

However, it must be considered that the NPPV 
increases the pressure inside the airways and at 
the alveolar level, while the NPV, being a nega-
tive pressure, tends to lower the same pressures. 
Therefore the combined use of both ventilators 
means that the increase in airway pressure cre-
ated by the NPPV is counterbalanced by the 
action of the NPPV.

Furthermore, both ventilators act, with sum-
mation action, on the transpulmonary pressure 
(PL = Pawo − Ppl), the only real pressure respon-
sible for lung expansion, so the result is increased 
efficacy.

In practice there has been an overall increase 
in the ventilatory action and a failure to increase 
the pressures in the airways and the alveoli.

All this is what occurred in the Italian study 
reported above.

Continuous Noninvasive Negative Ventilation 
(CENPV) Combined with Intermittent Invasive 
Positive Ventilation (IMV).

A particular combination of negative and posi-
tive pressure is one in which continuous noninva-
sive negative ventilation (CENPV) is associated 
with an intermittent invasive ventilation (IMV) 
by intubation in subjects with ARDS.

Following the works published, in 2003, by 
the Italian group of Gattinoni [9] and in 2012 by 
Chierichetti [10]., the results of the application of 
a continuous negative pressure were studied 
alone or in addition to the intermittent positive 
pressure ventilation. In recent years, some inter-
esting studies have been highlighted that have 
addressed this ventilatory mode in various areas.

The first interesting study, published as a case 
report, was proposed by Konstantinos 
Raymondos, who had previously compared, 
albeit at different times, the action of CENPV 
toward CPPV in the treatment of patients with 
ARDS [11].

This author [7], in a patient suffering from 
ARDS arisen after a surgical drainage of a tonsil-
lar and peritonsillar abscess, following a first 
failed attempt of only invasive ventilation by tra-
cheostomy (PEEP of 15 cmH2O + pressure sup-
port with total pressure values in the airways that 
also reached 85  cmH2O), was able to combine, 
simultaneously, a continuous external negative 
pressure (CENPV) ventilation with invasive posi-
tive pressure ventilation. For negative pressure a 
tank respirator was used, applying chamber pres-
sures of −33  cmH2O at inspiration and 
−15 cmH2O at expiration; for positive pressure, a 
conventional intensive care ventilator was used 
with PEEP of 8 cmH2O applying tidal volumes of 
6–8 ml/kg predicted bodyweight.

The same patient, with double ventilation, had 
a rapid improvement so much so that it was pos-
sible to discharge him.

In this case it should be emphasized that the 
noninvasive negative pressure ventilation in a 
tank that contained the entire body of the patient 
could be associated with an invasive positive 
pressure ventilation via tracheostomy.

U. Vincenzi
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Continuous Abdominal Negative Ventilation 
(CNAP) Combined with Invasive Positive 
Pressure Ventilation.

Some researchers at the University of Toronto 
[12] have created a prototype that, through the 
administration of a continuous negative pressure 
at the abdominal level (CNAP), gave the possibil-
ity to increase oxygenation to pigs, affected by 
artificially induced ARDS and subjected to inva-
sive mechanical ventilation by intubation.

Another study, conducted by Yushida et  al. 
[13], also carried out on pigs with artificially 
induced ARDS, compared the action of continu-
ous negative pressure applied on the abdomen 
(CNAP) with the prone position during mechani-
cal pressure-controlled ventilation whose settings 
were VT of 5–6 ml/kg, titrated rate (20–30/min), 
targeting PaCO2  <  60  mmHg, inspiratory-to- 
expiratory ratio of 1:2, pressure trigger of 
−2 cmH2O, and FIO2 of 1.0.

The objective was to evaluate lung recruit-
ment capacities and changes in pleural pressure 
by comparing the two methods. The results 
showed that the CNAP reduced the vertical gradi-
ent of Ppl in the dependent lung, but not in the 
nondependent lung. The CNAP in the supine 
position, compared to the prone position without 
CNAP, was associated with a greater partial arte-
rial pressure of oxygen, greater compliance, and 
greater homogeneity of ventilation. Moreover, 
CNAP seemed to offer physiological advantages 
compared to the prone position.

The same group of researchers carried out an 
experimental study [14] on anesthetized and intu-
bated pigs, in which ARDS was artificially 
induced, and analyzed the positive effect of the 
application of a continuous negative abdominal 
pressure on the possibility of a progressive lung 
recruitment induced by PEEP.

Another work [15], conducted by the same 
authors on anesthetized, curarized, and ventilated 
pigs, showed how a continuous negative abdomi-
nal pressure, added to PEEP, reduced the 
ventilator- induced lung injury compared to the 
group in which only PEEP was used. There was 
also a significant increase in oxygenation 

(P  =  0.005), better compliance (14.2  ±  3.0 vs. 
10.3 ± 2.2 ml/cmH2O, P = 0.049) with homoge-
neity of ventilation, a lower presence of pulmo-
nary edema (≈10% less), and a lower expression 
of interleukin-6 (≈30% less).

6.3  Considerations

In recent years, more attention has been paid to 
noninvasive extrathoracic negative mechanical 
ventilation (NPV), largely abandoned in the last 
two decades given the greater lightness and ease 
of use by positive pressure ventilators acting 
directly on the airways.

The reason for this renewed attention is found, 
in part, in the numerous technological improve-
ments made on negative pressure ventilators and 
in particular the possibility of synchronizing 
them to the patient through the use of flow sen-
sors placed at the level of the nostrils or the upper 
airways (assisted and not only controlled ventila-
tion), the reduced size and lightness of the armor 
plates (in plastic material) compared to those of 
the iron lungs, the ease of use even by nonmedi-
cal personnel, and also the significant reduction 
in purchase prices of these machines.

In more recent times, there has been an 
increased interest in extrathoracic negative venti-
lation when ventilatory assistance was required 
for very long periods of time, particularly in 
patients with neuromotor damage, when it was 
necessary to resort to noninvasive ventilatory 
support in patients to be subjected to operations 
on the upper airways or trachea, and when faced 
with patients who had objective difficulty in the 
positive pressure ventilatory treatment.

The new avenue of research, in my opinion, is 
the one that uses extra-mechanical negative 
mechanical ventilation in combination with inter-
mittent positive pressure ventilation, resulting in 
a double noninvasive ventilation (DNIV or NPPV 
+ NPV).

We found the first positive results of this new 
double ventilation in the work done by Italian 
researchers who, having to treat a group of 
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patients with COPD with severe respiratory 
insufficiency, used two ventilators, synchronized 
with each other, with a clear improvement after 
only 1 h of treatment.

Other work is being carried out in search of 
optimal and less risky ventilation in patients with 
ARDS. For now, except for an isolated case on a 
man, the studies are experimental and use animals 
(pigs); they combine the mode of ventilation and 
continuous negative pressure, at abdominal level, 
with normal invasive positive pressure ventilation 
by intubation or tracheostomy.

It is evident that the possibility of being able 
to act on the ventilation mechanics with two 
machines, an agent inside the airways and one 
outside the chest, shifts the balance of the intra-
thoracic pressures, recruits more lung tissue in 
the ventilation, improves the transpulmonary 
pressure, and reduces the risk of barotrauma. In 
my opinion, the future of double ventilation is 
all to be discovered, since studies are still only 
at the beginning and only concern isolated 
cases.
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7.1  Introduction

Amyotrophic lateral sclerosis (ALS) is a progres-
sive degenerative disease of the motoneuron 
capable to affect both the first and second moto-
neuron, leading to progressive weakness of the 
muscles of the following districts: bulbar, spinal, 
thoracic, and abdominal. Cerebral functions 
involving oculomotor and sphincteric functions 
are usually saved. Cognitive disfunction occurs 
in about 20–50% of the cases, with about 15% of 
the affected patients developing frontotemporal 

dementia. Death usually occurs due to respiratory 
complications 2–4 years after the first symptoms 
[1]. The disease has a mean age onset of 43–52 
years in familiar forms and of 58–63 years in 
sporadic forms [2]. Respiratory complications 
represent the major cause of death in ALS, mainly 
because of diaphragm weakness causing ventila-
tory failure and due to chest infections with bron-
chopneumonia and aspiration pneumonia [3]. 
Noninvasive ventilation (NIV) prolongs life and 
improves quality of life. Furthermore, it is effec-
tive in improving respiratory symptoms in 
advanced stages of the disease [4].

7.2  Methodology

To assess recent research updates in the field of 
NIV in ALS, a systematic search was performed 
on the PubMed database using the terms noninva-
sive ventilation and amyotrophic lateral  sclerosis 
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for the time frame April 1, 2017, to March 31, 
2019, registering 48 items. Results were grouped 
on the type of work (retrospective, observational, 
review, case report, survey, randomized trial, let-
ter to editor). Additionally, three work areas were 
identified (early-onset NIV, ventilatory modality 
in NIV, monitoring of NIV therapy). The results 
of the most interesting publications were ana-
lyzed in and synthesized related to clinical 
applicability.

7.2.1  Early NIV Initiation

In the literature, there are some indications on the 
starting criteria for NIV in ALS [5] that identify 
in particular a forced vital capacity (FVC) of less 
than 80% predicted and in association with 
symptoms suggestive of nocturnal hypoventila-
tion. In clinical practice, numerous experiences 
highlight how NIV is offered to patients only 
when FVC results are lower than 50% predicted 
or when orthopnea, symptoms associated with 
nocturnal hypoventilation, or diurnal hypercap-
nia is already present. The adherence to the 
French guidelines on the start of NIV was evalu-
ated by the Gonzales-Bermejo group in an ALS 
referral center in 624 ALS patients [6]. There was 
good agreement with the indications set by the 
guidelines—568 patients (91%) met the NIV 
start criteria. However, NIV was only started in 
70% of patients with orthopnea, in 74% of 
patients with symptoms related to nocturnal 
hypoventilation, and in 58% of patients with 
diurnal hypercapnia. These results highlighted 
how frequently NIV is delayed even when severe 
respiratory symptoms are present. While there 
was good overall adherence to national guide-
lines in this study, there was delay in the start of 
NIV in a significant number of patients, which 
was partly due to the difficulty in accessing peri-
odic visits, the technical difficulty associated 
with performing pulmonary function tests (PFT) 
with worsening bulbar function, and the patient’s 
difficulty in accepting the start of the NIV on the 
basis of instrumental functional impairment 
without clinical symptoms. The authors con-
cluded that patients with ALS may be exposed to 

respiratory distress for too long before starting 
NIV, underlying the necessity of further studies 
to evaluate an earlier start of NIV.

Elamin et al. [7] evaluated the ability of PFT 
to predict disease progression by evaluating clini-
cal ALS phenotypes at the time of NIV initiation: 
137 patients (134 male) underwent FVC while 
sitting and supine. The rate of change (RoC) per 
FVC sitting and supine was calculated from the 
slope of the line derived from the measured FVC 
(% predicted) values on each measurement. The 
clinical phenotypes were defined as follows: 122 
global phenotype (29 bulbar, 45 cervical, 48 lum-
bar), plus 12 flail phenotype and 3 primary lateral 
sclerosis (PLS). The primary outcome measure 
was tracheostomy-free survival. Eighty-nine 
patients underwent PTF at least twice with an 
average of four times and an average time 
between tests of approximately 4 months. The 
monthly average of RoC in sitting FVC was 
−0.04 L (% predicted −0.87). Similarly, the RoC 
in supine FVC was −0.03 L (% predicted −0.65). 
Patients with a global phenotype had a greater 
decline in RoC than those with flail phenotype or 
PLS. The authors also compared the RoC for 18 
patients with global phenotypes before and after 
the introduction of NIV in average volume- 
assured pressure support (AVAPS) mode show-
ing that pre-AVAPS versus post-AVAPS sitting 
FVC RoC was −2.86 and −0.91, respectively 
(p = 0.16). The results of this study, although sta-
tistically not significant, highlighted the utility of 
FVC rate of change as an independent predictor 
of survival in ALS and the importance of serial 
measurements of FVC. The most important data 
that emerges from this study is related to the fact 
that a slower RoC for the sitting/supine FVC of 
−0.91/−0.16 compared to rapid RoC of 
−1.19/−1.07 per month was associated with a 
better survival and a delay in the need for trache-
ostomy among patients with ALS.  The authors 
concluded that an early start of NIV based on the 
decline of RoC rather than on the absolute value 
of FVC can slow down the deterioration of respi-
ratory function in ALS patients.

Vitacca et  al. [8] evaluated the impact of a 
very early NIV initiation program compared to 
current guidelines on survival and tracheostomy 

F. Rao and M. Diaz-Abad



53

time. In this pilot retrospective observational 
study, 194 patients suffering from ALS adapted 
to NIV were analyzed in three highly specialized 
Italian centers. The patients were arbitrarily 
divided into two groups based on the NIV start 
criterion: (1) later group (LG), with FVC <80% 
predicted, and (2) very early group (VEG), with 
FVC ≥ 80% predicted at the beginning of NIV, 
and were followed every 2–6 months for 36 
months. At 3 years tracheostomy was required in 
23.1% of patients in the VEG group versus 41.9% 
of the LG group (P = 0.009); in the non-bulbar 
subgroup (NB), tracheostomy was necessary in 
11.1% of the VEG group versus 45% of the LG 
group. Furthermore, after 3 years of follow-up, 
VEG patients had a higher survival rate on NIV 
without tracheostomy in either the non-bulbar or 
bulbar subgroups. The authors hypothesized that 
the positive effect demonstrated in patients 
adapted very early to NIV may be due to the pres-
ence of the better state of neuromuscular junc-
tions at the time of adaptation given the worst 
nutritional, neurological, and respiratory status of 
LG group patients at the time of NIV initiation. 
In addition, the more progressive increase in 
hours of ventilation during the night and on 
demand during the day may have improved 
adherence to the NIV of the VEG group allowing 
a more comfortable adaptation and greater confi-
dence in the success of NIV by the patients. The 
strengths of the study in question are the large 
sample analyzed over a long period of time, the 
multidisciplinary experience of the three differ-
ent centers, and the strong association between 
the very early beginning of the NIV and the low 
risk of failure of NIV itself (death or tracheos-
tomy). On the other hand, the possible biases are 
the inclusion criteria for NIV in the VEG group 
linked to clinical medical judgment. These results 
are not easily generalized to all patients with ALS 
as this experience has been carried out in three 
highly specialized centers in neuromuscular 
diseases.

In their multicenter, prospective, randomized 
work, Bertella et al. [9] focused attention on the 
physical location of NIV initiation. Based on pre-
vious experiences that have shown that outpatient 
initiation of NIV is preferred by patients with 

ALS and their families [10, 11], the authors 
investigated whether NIV initiation carried out in 
an outpatient setting could be an effective alter-
native to in-hospital initiation in terms of better 
acceptance and adherence to NIV.  The authors 
enrolled 50 consecutive patients in stable condi-
tions without respiratory infections in the previ-
ous 3 months and residing within 40 km of the 
hospital and randomized them to an inpatient 
group (No. 25) or outpatient group (No. 25). No 
differences were found between the two groups 
in terms of rate of failure to accept NIV (20% in 
inpatient group vs. 24% in outpatient group) or in 
the rate of adherence failure (24% of inpatient vs. 
32% of outpatient). The most important finding 
from the study is that outpatient initiation of NIV 
is no less effective than inpatient initiation in 
terms of acceptance and adherence to therapy. In 
addition, respiratory function changes, symptom 
control, and patient’s and health staff satisfaction 
were similar in both groups. Furthermore, the 
hours of nighttime ventilation were greater in the 
outpatient group than in the inpatient group, at 
least in the first week of use of the NIV.

7.2.2  Ventilation Mode

In literature, different ventilation modalities in 
the ALS patient have been retrospectively ana-
lyzed, showing no significant differences between 
pressometric and volumetric modalities in terms 
of survival [12], even though the pressure modes 
are the most used [13]. The strongest indications 
remain for those related to the setting of a backup 
respiratory rate that seems to improve the man-
agement of NIV [14].

Nicholson et al. [15] retrospectively analyzed 
NIV device-recorded data of 271 patients with 
ALS in pressure support (PS) or in volume- 
assured pressure support (VAPS) modalities to 
evaluate the differences regarding target tidal vol-
ume (Vt) and ratio of respiratory rate to tidal vol-
ume (f/Vt), in addition to triggering and cycling 
ability. It is known in the literature that the breath-
ing pattern of patients with ALS is abnormal, and 
in particular cases with severe disease show a 
shorter inspiratory time (Ti), reduced tidal volume 
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(Vt) and an increased f/Vt, indicative of rapid shal-
low breathing pattern [16]. The authors pointed 
out that, in their experience, VAPS achieved more 
reliable Vt than PS and is associated with the 
appearance of minimal rapid shallow breathing. 
Furthermore, there was no difference in compli-
ance between the two ventilation modalities (NIV 
use per day 6.6  h/day for PS vs. 6.5  h/day for 
VAPS). Lastly, with respect to the PS modality, a 
decrease in spontaneously cycled breaths was 
demonstrated while triggering was less compro-
mised. The authors concluded that Vt delivery was 
more reliable for VAPS mode compared with 
PS.  The most significant finding that emerged 
from this work was that in the majority of patients 
with ALS in NIV, particularly in PS mode, there 
was a significant proportion of premature cycling. 
As a result, while ineffective efforts can be con-
trolled by entering a backup frequency, the pres-
ence of premature cycling and the appearance of 
rapid shallow breathing could be reduced with the 
inclusion of a minimum inspiratory time in the 
ventilator settings. It is likely that the achievement 
of satisfactory lung volumes and a control of rapid 
shallow breathing could also be achieved with 
close monitoring and frequent changes in ventila-
tor settings based on the respiratory changes asso-
ciated with the disease.

A randomized crossover trial by Vrijsen et al. 
[17] compared gas exchange, sleep architecture, 
and patient-ventilator asynchrony (PVA) of two 
NIV PS modes: the spontaneous (S) mode and 
the spontaneous-timed (ST) mode. The results 
showed the absence of significant differences in 
the sleep architecture between S mode and ST 
mode, with significant differences noted in the 
minimum SpO2 and PtcCO2 values in favor of ST 
mode. Ineffective efforts were more frequent dur-
ing S mode. However, it should be noted that 4 
out of 13 (31%) patients were discharged in S 
mode due to better results in terms of sleep effi-
ciency, gas exchange, and arousal index. The 
authors concluded that NIV treatment with ST 
mode improves gas exchange, PVA, and respira-
tory events compared to S mode. Thus starting 
the NIV in ST mode seems reasonable in ALS 
patients even if the decision on which modality to 
use should always be individualized.

7.2.3  Telemonitoring

Telemedicine can be used as an aid to diagnosis, 
symptom monitoring, and management as it 
allows the patient to transmit physiological data 
remotely. Although in limited numbers, some 
studies suggest benefits for the ALS patient. 
Selkirk et  al. retrospectively analyzed the effi-
cacy of telemonitoring of ALS patients on NIV 
by finding equivalent quality of care between 
conventional in-person consultation and video 
consultation, with no significant difference in 
survival time between the groups [18]. Ando H 
et  al. [19] developed a 26-item self-report ALS 
OptNIVent question set for weekly remote moni-
toring of individuals on NIV to assess respiratory- 
related symptom changes and NIV-related issues, 
combined with oximetry and patient ventilation 
interaction data. The objectives were twofold: 
first to develop a specifically tailored question set 
for CarePortal, a remote monitoring system, and 
then to evaluate the usefulness of the questions as 
part of the telemonitoring care of ALS NIV users. 
The evaluation phase showed weekly telemoni-
toring through the CarePortal to be effective in 
prompting changes allowing optimization of the 
ventilatory support of patients with ALS in NIV, 
in terms of SpO2 levels and ventilation.

7.3  Conclusion

In the last 2 years, the most significant research 
work focusing on patients with ALS on NIV ther-
apy has shown that an early start of NIV can, in 
selected cases, increase survival and 
tracheostomy- free time. Another important factor 
that emerges from the literature is the importance 
of the FVC rate of change, which is more associ-
ated to the course of the disease than the absolute 
FVC, with patients with a lower rate of change 
having better survival. As a result, closer moni-
toring of FVC rate of change could make the start 
time of NIV more tailored to each patient. With 
regard to the NIV initiation settings, new research 
suggests to consider outpatient adaptation of 
NIV, which proved to be as effective as inpatient 
adaptation. Regarding the NIV modalities of the 

F. Rao and M. Diaz-Abad



55

ALS patient, the literature data indicate that the 
ST mode turns out to be the most suitable to 
begin adaptation compared to the S mode, but the 
decision must be individualized for each patient. 
Telemonitoring currently shows potential as an 
effective modality for following patient with ALS 
on NIV, allowing an individualized approach 
with early recognition of the worsening phases of 
the disease and optimization of ventilatory 
support.
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Key Summary
• Early NIV initiation, taking into account 

rate of change (RoC) of FVC for each 
patient

• Outpatient adaptation of NIV, when 
possible

• ST mode with attention to premature 
cycling

• Telemonitoring in NIV patients, with 
early warning of respiratory worsening
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8.1  Background

Neuromuscular disorder (NMD) may result from 
metabolic injury or genetic abnormalities of the 
central or peripheral nervous system.

Neuromuscular disease is characterized by 
the development of respiratory muscle weakness 
(diaphragm and accessory muscles of respiration), 
hypotonia of bulbar muscles, sometimes anatom-
ical abnormalities (scoliosis or rigid spine), heart 
diseases, and decreased central respiratory drive. 
These conditions lead to chronic progressive 
respiratory failure and increased risk of morbid-
ity (pneumonia, atelectasis, etc.).

The onset of respiratory function impair-
ment is different between many inherited neu-
romuscular diseases. NMD can be divided into 
slowly, variable, and rapidly progressive risk of 
respiratory failure [1]. There is no accepted def-
inition of these subgroups; but understanding 
the speed of progression is important to choose 
the correct timing to start home mechanical 
noninvasive ventilation (NIV). Diseases with 
rapid progression are spinal muscular atro-
phy (SMA) type 1 (all children will develop 
respiratory failure by the age of 2 years unless 
treated), SMA type 2 (around 40% develop 
respiratory failure in childhood), X-linked 
myotubular myopathy, those with SMARD 
(SMA with respiratory distress) [2], Duchenne 
muscular dystrophy (DMD) (respiratory failure 
tends to follow loss of ambulation), and Becker 
muscular dystrophy, which despite looking like 
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DMD is generally milder with a later onset and 
less severe muscle weakness; other rapidly pro-
gressive NMD is motor neuron disease/amyo-
trophic lateral sclerosis.

NMDs with variable progression are limb 
girdle muscular dystrophy, myopathies, nema-
line myopathy, metabolic storage disease, and 
merosin negative congenital muscular dystro-
phy, while slowly progressive or nonprogressive 
are previous poliomyelitis, facioscapulohumeral 
muscular dystrophy, SMA type 3, myotonic dys-
trophy as myotonic dystrophy type 1 (DM1) [3], 
Emery-Dreifuss muscular dystrophy [4], central 
hypoventilation, and spinal cord injury [5].

However, in patient with variable, slowly pro-
gressive, or nonprogressive NMD, physiological 
changes, such as weight gain, chest infection, 
additional chronic cardiorespiratory pathology, 
or sleep-disordered breathing, may cause venti-
latory failure, even if there isn’t a disease pro-
gression [5].

In the last decades, noninvasive ventilation 
(NIV) [6, 7] has frequently been used as a respi-
ratory support for NMD patients [8, 9], consti-
tuting around 10–51% of the overall indications 
for home mechanical ventilation [10, 11]. NIV 
in many NMD may change the natural history 
of the disease; for example, DMD patients now 
live longer (30 or 40 years old) than before the 
1990s (median age at death of 18–20 years) [12]. 
NIV has also changed the life expectancy in type 
1 SMA [13]. NIV may be used to palliate symp-
toms related to chronic hypoventilation and facil-
itate discharge to home [14].

Early NIV initiation may preserve muscle 
function, alter the natural progression of the 
disease [15], and reduce hospitalizations [16]. 
Furthermore, if home NIV is used combined to 
cough assistance, scoliosis surgery, steroid use, 
and cardiologic management, improvements in 
nutrition and gastrostomy feeding added to bet-
ter outcomes in terms of reducing hospitaliza-
tion, facilitating care at home, and increasing 
survival [17, 18].

The approach to NIV use in NMD has greatly 
changed over time, and this chapter aims to detail 
the latest updates focusing on the most important 
topics.

8.2  NIV Initiation

8.2.1  Respiratory Failure

In 1999, the Chest Consensus Conference report 
proposed, as a correct timing to NIV initiation 
for restrictive disease, the presence of symptoms 
suggestive of hypoventilation or sleep disorder 
(like fatigue, dyspnea, morning or continuous 
headaches, frequent nocturnal awakenings or 
difficult arousal, hypersomnolence, difficulty 
concentrating, awakenings with dyspnea and 
tachycardia, and frequent nightmares) and one 
of the following physiologic criteria: (a) awake 
arterial blood gas CO2 levels > o = 45 mmHg, (b) 
oxygen saturation (SpO2) of <88% for at least 5 
consecutive minutes of nocturnal recording, and 
c) for progressive NMD, PImax ≤ 60 cmH2O or 
FVC < 50% predicted performed in the upright or 
supine position [19].

Recently the usefulness of transcutaneous 
PCO2 (Tc PCO2) has been demonstrated to assess 
nocturnal hypoventilation in restrictive lung dis-
order studies as alternative to nocturnal pulse 
oximetry (NPO) [20].

Won et al. [21] demonstrated better sensibility 
of TcCO2 than end-tidal carbon dioxide partial 
pressure (Pet CO2) in monitoring during sleep for 
patients with NMD; using as hypoventilation cri-
terion peak CO2 > 49 mmHg (TcCO2 or Pet CO2), 
48.7% of patients would not have been consid-
ered to be hypercapnic by only PetCO2 monitor-
ing, while they had hypercapnia using TcCO2.

Noninvasive transcutaneous measure of CO2 
(TcCO2) has increased diagnostic opportunities, 
and this measure is considered as a diagnostic 
tool to detect hypoventilation in the recently pub-
lished guidelines of the American Academy of 
Sleep Medicine (AASM) [22].

Georges et  al. [20] showed that more than 
30% of patients with nocturnal hypoventilation 
remained undetected using thresholds of the 
1999 Chest Consensus Conference (SpO2) of 
<88% for at least 5 consecutives minutes of noc-
turnal recording. Moreover, this study showed 
that the absence of daytime hypoventilation 
(PaCO2  >  45  mmHg and raised bicarbonate on 
a standard HCO3 > 27 mmol/l measured by arte-
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rial blood gas analysis at rest) did not exclude 
nocturnal hypoventilation defined as mean Tc 
PCO2 > 50 mmHg during sleep.

Similar results were found by Trucco et al. [23] 
These authors, using as hypoventilation threshold 
Tc PCO2  >  50% for 25% of time, showed that 
transcutaneous monitoring of pCO2 levels could 
potentially detect nocturnal hypoventilation, 
even in asymptomatic patients and those without 
significant nocturnal hypoxemia. Twenty-three 
of 29 patients with NH did not have nocturnal 
hypoxemia, and 18 were clinically asymptom-
atic; therefore, 13 of 29 patients had isolated noc-
turnal hypercapnia that was not associated with 
significant nocturnal hypoxia, daytime hypercap-
nia, or clinical NH symptoms.

In neuromuscular patients Ogna et  al. [24] 
demonstrated that nocturnal capno-oximetry 
should be included among the diagnostic tools 
used to detect hypoventilation. They observed that 
the use of TcCO2 can identify nocturnal hypoven-
tilation in 28% of patients with daytime normo-
capnia. In patients with daytime normocapnia, 
nocturnal hypoventilation was present in 28.6% 
of myotonic dystrophy, 25.0% of spinal muscular 
atrophy, and 36.8% of Duchenne or Becker mus-
cular dystrophy patients, when the most sensitive 
criterion (peak TcCO2 > 49 mmHg) was used.

In a retrospective study, Nakamura et al. [25] 
identified isolated sleep hypercapnia in patients 
with early-stage BMD with preserved wak-
ing lung function. The authors reached noc-
turnal hypercapnia (defined as average PCO2 
was elevated to >45 mmHg during sleep) in six 
young Becker muscular dystrophy (BMD) at 
12–31 years of age and found it in five BMD 
patients, including three who were still ambulant. 
Furthermore, these five patients exhibited sleep 
hypercapnia, while their FVC% was still greater 
than 70% of the predicted values.

The characteristics of nocturnal hypercapnia 
in BMD; sleep hypercapnia without a decline in 
SpO2, often asymptomatic; preserved FVC%; and 
other respiratory parameters are also observed in 
the early stage of DMD [26].

Till date, several definitions of nocturnal 
hypoventilation have been used in literature to 
define nocturnal hypoventilation, but the best 

strategy to detect nocturnal hypoventilation in 
daytime normocapnic NMD remains to be defined 
(there is no agreement on nocturnal hypoventila-
tion definition). Hypoventilation is defined by 
eight criteria, and just only four consider use of 
transcutaneous; as summarized by Ogna et  al. 
[24] hypoventilation criteria are daytime partial 
arterial pressure of CO2  >  45  mmHg, daytime 
base excess ≥4 mmol/l, nocturnal SpO2 ≤ 88% 
for 5 consecutive minutes, mean nocturnal 
SpO2 < 90% or SpO2 < 90% during ≥10% of the 
recording time, TcCO2 > 55 mmHg for ≥10 min, 
increase in TcCO2 ≥  10 mmHg (in comparison 
to an awake supine value) to a value exceeding 
50 mmHg for ≥10 min, peak TcCO2 ≥ 49 mmHg, 
and mean TcCO2 > 50 mmHg.

A recent study on patients with DM1 [27] 
showed that NIV initiation was associated not 
only with hypercapnia, which is itself clinical cri-
teria to start NIV, but also with worse PEF cough 
test (PCF) values. PCF was an independent pre-
dictor to NIV indication after adjustment for age 
and PaCO2. Moreover risk of NIV initiation was 
higher in patients with PCF below 180 l/min than 
patient with PCF from 180 to 270 l/min.

Different results were found in DMD patients: 
starting NIV was not associated with changes in 
VC, MIP, and MEP [28].

The choice of both diagnostic tools and 
thresholds of lung function adequately used to 
identify correct timing for NIV initiation has 
relevant clinical consequences, as shown by sev-
eral studies suggesting that starting NIV both too 
early (risk to induce atrophy in the diaphragm) 
[29] and too late may be detrimental (respiratory 
failure can occur earlier leading to premature 
death risk). Boussaïd et al. [27] showed that DM1 
patients who started NIV over 1 year after meet-
ing criteria for NIV initiation or did not start NIV 
at all had a higher risk of a severe event (switch 
to invasive mechanical ventilation or death than 
in the group who begin NIV within 1 year after 
meeting criteria for NIV initiation (P = 0.03)).

Another new strategy to establish correct 
time to start NIV is the ultrasound diaphragm 
patterns, because it has been reported to be cor-
related with lung function and inspiratory mus-
cle strength [30].
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8.2.2  Sleep-Disordered Breathing

The presence of sleep-disordered breathing 
events is another important indication to NIV ini-
tiation in NMD.

Sleep disturbances create fragmented sleep 
because of frequent arousals and decreased sleep 
efficiency, leading to sleep deprivation and to a 
strong contributor to the morbidity of neuromus-
cular diseases. All sleep-disordered breathing 
events in NMD may be compensated or resolved 
by NIV with improvement on survival and qual-
ity of life [31].

Sleep-disordered breathing events are fre-
quently in patients with NMD.  These patients 
may have weakness of accessory respiratory 
muscles and especially of diaphragm that induces 
hypoventilation, upper airway obstruction due to 
anatomical anomalies and upper airway muscle 
dysfunction with propensity to have obstructive 
respiratory events, and potential cardiomyopathy 
leading to central respiratory events.

The most common sleep-disorders breathing 
in neuromuscular diseases are diaphragmatic 
events due to diaphragmatic weakness. This 
hypopnea/hypoventilation, with a sawtooth pat-
tern of desaturation dips, is strongly suggestive 
of early warning of respiratory muscle involve-
ment. Diaphragm dysfunction worsens respira-
tory muscular atony during REM sleep causing 
a complete loss of excursion of both chest and 
abdominal signals on polysomnography, looking 
as pseudo-central events [32], but diaphragmatic 
events are hypopneas neither obstructive nor cen-
tral and they occur generally during phasic REM 
sleep- disordered (i.e., during bursts of eye move-
ments) breathing events are diaphragm electro-
myography, esophageal monitoring, supraglottic 
pressure monitoring, or pulse transit time [32]. 
It is notable that, if these events are observed in 
ventilated patients, the correct ventilator strategy 
contemplates an increase of pressure support 
without EPAP changes and an adequate backup 
frequency respiratory rate setting.

Sleep obstructive apnea (OSA) is observed 
in many NMD: dystrophies or acid maltase defi-
ciency, Charcot-Marie-Tooth disease both cervi-
cal and thoracic cord injury, and DMD [33].

Patients with Duchenne muscular dystrophy 
or acid maltase deficiency [34] have a bimodal 
pattern: they early develop OSAs, due to the 
hypotonia of upper airway muscle and macro-
glossia, and later hypoventilation with or without 
OSAs. This latter sleep disorder is caused by the 
inability of weak respiratory muscles to generate 
the negative pressures necessary for airway col-
lapse, promoting instead REM-related pseudo- 
central events [35].

In patients with DMD, OSA is also related to 
the progressive weight gain due to both the use of 
systemic steroid treatment used in the manage-
ment of this condition and progressive physical 
limitations and loss of effective ability to burn 
calories, as demonstrated by Sawnani et al. [36].

Other mechanism involved in sleep obstruc-
tive disorders is pharyngeal neuropathy in 
patients with Charcot-Marie-Tooth disease, and 
an increase in passive airway collapsibility in 
subjects with spinal cord injury has predisposed 
to OSA. Finally, low lung volumes contribute to 
the development of OSA in NMD by reducing 
residual functional capacity (FRC) with resultant 
traction on the airway [31].

Central sleep disturbances in neuromuscular 
disorders are characteristics of either Cheyne- 
Stokes breathing or central apnea. Cheyne-Stokes 
respiration in cardiomyopathy is associated with 
increased mortality [32].

Cheyne-Stokes breathing is due dilated cardio-
myopathy, as can be seen in both muscular dys-
trophies (Duchenne muscular dystrophy, Becker 
muscular dystrophy, limb girdle, and myotonic 
dystrophies) and glycogen storage diseases (acid 
maltase deficiency). The key pathophysiologic 
mechanisms are an instability in the control of 
breathing for high loop gain with enhanced venti-
latory response to CO2 and the prolonged circula-
tory time in heart failure [32].

Central apneas and periodic breathing have high 
prevalence in spinal cord injuries: more in cervical 
cord injuries than thoracic spinal cord injuries.

8.2.2.1  Treatment of Sleep Respiratory 
Disorder

If NMD patients have just only signs of OSAs, 
according to DMD Care Considerations 
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Working Group steering committee [37], NIV 
has traditionally been started with a bi-level 
mode and backup rate (to avoid apnea) rather 
than CPAP use. Indeed, at the state of the art, 
we found only one study about CPAP use 
in DM1 with OSAs alone without nocturnal 
hypoventilation [38]. In this study, West et  al. 
used CPAP treatment for OSA patients with 
DM1 and found that 33% of OSAs in CPAP 
group continued this treatment with beneficial 
effects.

Most of the authors, in NMD patients with 
progressive disease, choose bi-level setting 
with fixed inspiratory positive airway pressure 
(IPAP) and expiratory positive airway pressure 
(EPAP) to correct upper airway obstruction with 
a backup rate (BUR) for the almost always asso-
ciated diaphragmatic weakness. This NIV mode 
needs an adequate titration both pressure (IPAP 
and EPAP) and respiratory backup rate. It must 
take particular care at the possible presence of 
diaphragmatic events that cannot be confused 
with obstructive hypopnea; in these cases it is 
very important to select a correct IPAP level and 
a proper BUR.

In the case of central sleep disorders, there 
isn’t a solid consensus for treatment choice, 
because up-to-date servo ventilation, usually 
used to stabilize Cheyne-Stokes respiration, 
seems to be inappropriate in NMD patients [39] 
(Fig. 8.1).

8.3  NIV Outcome in NMD

Long-term home NIV use in NMD plays an 
important role in terms of increase on survival.

An important prognostic factor for life expec-
tancy is the age at NIV initiation [40]. Chatwin 
et  al. demonstrated that patients requiring NIV 
before the age of 17 years have a worse prognosis 
than those starting NIV at an older age.

Over that, studies more than the past 30 years 
have demonstrated considerable improvements 
in survival and a reduction on pulmonary mor-
bidity with NIV and use of cough assistance. 
Together with this treatment, cardiologic man-
agement, scoliosis surgery, prednisolone therapy, 

and improvements in nutrition [41] have added 
better outcomes in DMD patients.

HMD in NMD improves daytime hypercap-
nia [42], morning headaches, respiratory muscle 
fatigue, and hypersomnolence [43, 44]. It may 
also ameliorate daytime alertness, promoting 
growth and development [45] and health-related 
quality of life [46].

The survival improvement in NMD due to 
HMV use is recently demonstrated by Mi Ri 
Suh et  al. [47], which followed 180 subjects 
with diverse NMD: DMD, ASL, SMA, and other 
congenital myopathy (Guillain-Barre syndrome, 
Becker muscular dystrophy, facioscapulohumeral 
dystrophy, limb girdle muscular dystrophy, mito-
chondria myopathy, myotonic muscular dystro-
phy, Pompe disease, undetermined myopathy, 
inclusion body myositis, and Nonaka-type myop-
athy), individually for 5 years, analyzing survival 
rates and tracheostomy-free survival 5 years 
after NIV initiation. The authors observed that 
daily NIV duration increased in the DMD group 
(8.0–12.0 h), while there was only a trend toward 
increased duration in the SMA-congenital myop-
athy group (8.0–9.0 h); 18 of 85 DMD patients 
were dependent on NIV for 23 h; however, tra-
cheostomy was rare in this group: only 1 subject 
underwent tracheostomy, while the other 17 were 
maintained on continuous NIV. Neither SMA nor 
other congenital myopathy patients underwent 
tracheostomy. In subjects with advancing DMD, 
continuous NIV was found to prolong life and 
obviate tracheostomy.

The role of NIV on lung function is still 
debated. In the previous study [47], authors eval-
uated the variance of forced vital capacity (FVC) 
at NIV initiation, and after 5 years median FVC 
in the supine position increased in the SMA- 
congenital myopathy group, while it decreased 
significantly in the DMD group; however, they 
could not explain this solely by NIV use.

Conversely, evidence of NIV benefits on lung 
function in DMD was demonstrated by Santos 
et  al. [48]: in 71 DMD patients, the decline of 
lung volumes and maximum airway pressures 
was more slowly after NIV initiation. Although 
a causal relationship between NIV initiation and 
slowing of lung function decline cannot be surely 
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Sleep events Reason Resolution

Obstructive events

Obstructive apnea
Obstructive hypopnea

DMD (60%):
passive airway collapsibility
macroglossia
low  lung volumes (by reducing the traction on the airway, which in turn reduces the stability of the upper airway)
use of the systemic steroids

Charcot-Marie-Tooth disease (40%):
hypotonia or neuropathy pharyngeal

spinal cord injury:
33% if cervical and 25% if thoracic ones

increase in passive airway collapsibility

dystrophies or acid maltase deficiency (20%):
upper airway muscle hypotonia
macroglossia

If It possible change with a nasal mask
Increase EPAP for obstructive apneas
Increase IPAP for obstructive hypopneas

Central events

Central Sleep Apnea and
Cheyne-Stokes

Periodic Breathing and
central apnea 

DMD 
Becker dystrophies
Limb girdle dystrophies
Myotonic dystrophies
Acid maltase deficiency

Spinal cord injury:
- cervical (between 63% and 88%,)
- thoracic (between 13% and 38%)

Treat heart failure.
Set BUR

Set BUR

Nocturnal  
hypoventilation

NMD with  respiratory muscle weakness Increase difference between IPAP and EPAP

Diaphragmatic events
DMD
Myotonic dystrophy
Metabolic: acid maltase deficiency

Diaphragm paralysis
asymmetric diaphragm injury, the events are positional

Charcot-Marie-Tooth disease
neuropathy

Set BUR
Increase difference between IPAP and EPAP.

Bimodal pattern Acid maltase deficiency: (early OSAs, later diaphragmatic events)
Macroglossia
respiratory muscle weakness

DMD (early OSAs, later diaphragmatic and/or central events)
macroglossia,
respiratory muscle weakness
cardiomyopathy
use of systemic steroids

If obstructive events:
Increase the EPAP for obstructive apneas
Increase IPAP for obstructive hypopneas

If diaphragmatic events:
Set BUR 
Increase difference between IPAP and EPAP

If central events:
Treat heart failure.
Set BUR

Residual events during
NIV Air leaks:

mask
elevated pressure

Ineffective efforts:
dynamic hyperinflation, due to higher pressure support and respiratory rate.
muscular weakness

Autotriggering:
high trigger sensitivity
air leaks
water condensation inside circuite

Delayed cycling:
Air leaks (hung up)

• Central apnea during NIV (CO2 level below a hypocapnic apneic threshold):
aggressive ventilation strategies aimed at normalizing nocturnal or daytime CO2 levels
Overventilation after obstructive apnea or after auto triggering

• Obstructive events with manteinded respiratory drive:
Set too low EPAP to correct OSAs

• Obstructive events with abolished respiratory drive (glottic closure):
Overventilation during BUR with a low CO2 level

Change or reposition mask
reduce pressure support

Reduce pressure support
Increase trigger sensitivity if muscular
weakness
Increase EPAP if dynamic hyper inflation

Adjust mask (leaks control)
Decrease trigger sensitivity

Correct leaks
Setting of maximal inspiratory time (Ti
control)
Titration of exipratory trigger
Shift from PSV to PCV

Reduce pressure support
Avoid asynchronies
Compromise on normalizing the CO2 level

Increase EPAP

Decrease back-up rate or pressure support
Try a nasal mask
Adopt a spontaneous mode of ventilation,
but pay attention to hypoventilation

Due to diaphragm weakness;
generally happen in  phasic
REM sleep: during bursts of
eye movement

Fig. 8.1 Sleep disorder and strategy of correction in NMD
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established, one author hypothesis to explain the 
lung volume improvements is that NIV may con-
tribute to preserve lung and chest wall compli-
ance, thereby slowing the lung volume decreases 
associated with progressive respiratory muscle 
weakness. NIV use could slow the develop-
ment of the restrictive respiratory pattern due 
to rib cage deformities and respiratory muscle 
weakness.

Furthermore, a slower FVC decline can be 
obtained by complex management of these 
patients with scoliosis surgery, use of assisted 
coughing, recruitment techniques, and other 
respiratory physiotherapy techniques [49].

Another possible benefit of NIV may be an 
improvement on breathing-swallowing interac-
tion in ventilator-dependent NMD patients as 
founded by Garguilo et  al. [50] They used life 
support ventilator able to provide volumetric 
and assisted modes of ventilation (Elysée 150, 
ResMed SAS, ResMed Corp, San Diego, USA), 
altered with the help of its manufacturer, to allow 
interruption of ventilator support during swallow-
ing. A key-pinch off switch was added to allow 
ventilation deactivation for as long as pressure 
was applied to the switch. The switch was easily 
accessible by the patient and chosen for its abil-
ity to be used by patients with severely impaired 
motor function. Thus, the patient was able to stop 
insufflations at will, for as long as he maintained 
pressure with his finger on the switch. Releasing 
the switch resulted in the immediate start of a 
new controlled cycle. In this study 13 patients 
with congenital myasthenia, Duchenne muscu-
lar dystrophy, or limb girdle muscular dystrophy 
were enrolled. The use of a patient- controlled 
NIV during swallowing significantly improved 
breathing-swallowing coordination in ventilated 
neuromuscular patients with severe respiratory 
failure by increasing the pattern of expiration-
followed swallowing and reducing dyspnea dur-
ing swallowing.

Similar benefits have been obtained through 
noninvasive intermittent positive pressure ven-
tilator support via 15  mm angled mouthpieces 
during meals [51]. In a case series on DMD 
patients [52], NIV is able to relieve tachypnea, 
increase lung volumes to provide more time to 

swallow food safely, and allow weight loss rever-
sal.1200–1500  ml volumes are administered to 
facilitate 6000 ml/min ventilation with 12–15  s 
between assisted breaths to facilitate safe swal-
lowing. This can provide adequate minute ven-
tilation with only three or four assisted breaths; 
then MPV ventilation, used during eating, pres-
ents an alternative to tracheotomy and premature 
resort to gastrotomy to reverse weight loss for 
patients.

During eating, an alternative for NMD patients 
that can’t close lips to activate MPV is the use 
of NIV with nasal interfaces (mask or nasal pil-
low) with backup ventilator rates as low as 0; 
this allows patients to trigger deep insufflations 
to facilitate eating without an interfering back-up 
rate. Furthermore this NIV setting may facilitates 
speech and coughing and decrease aspiration risk.

DMD patients use MPV during meals show 
relief in dyspnea and fatigue that can accompany 
eating and drinking, compared to DMD patients 
that not use ventlation, as obeserved by Britton 
et  al. [51]. In addition these authors found that 
MPV may improving cough effectiveness, an 
important pulmonary defense to reduce risk of 
pneumonia.

A key role in NMD is played by cardiac 
impairment which influences mortality and mor-
bidity; its management relies mainly on cardiac 
protective drugs, but recently it has demonstrated 
that mechanical ventilation may reduce myo-
cardial dysfunction [53]. Fayssoil et al. [54], in 
DMD and Becker muscular dystrophy patients 
[30], found that mechanical ventilation may 
decrease systolic pulmonary pressure and left 
atrial size as well as left ventricular afterload and 
myocardial function decline.

An adequate tidal volume during NIV seems 
to reduce rate of left ventricular (LV) function 
decline in dystrophinopathies, if it is used in 
addition with cardioprotective drugs (ACE inhib-
itors and beta-blockers).

Mechanical ventilation reduces LV afterload 
by increasing intrathoracic pressure and decreas-
ing transmural pressure of LV and then may ame-
liorate LV systolic function. On the other hand, 
high levels of PEEP may reduce cardiac output in 
NMD with cardiomyopathies [55].
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Not only heart impairment but also bulbar 
symptoms are frequent in dystrophinopathies; 
together they affect morbidity and mortality. 
In a retrospective cohort study, Boussaïd et al. 
[56] analyzed 150 DMD patients of whom 128 
had cardiac disorders (half of them had left 
ventricular dysfunction and 16 had swallowing 
 disorders); they found that the most frequent 
cause of death was heart failure: 20 patients 
died from cardiac causes, while 11 died from 
respiratory causes, and only 1 following a 
bowel obstruction. Overall risk of death was 
associated with cardiac failure and swallowing 
disorders.

This study also underline that HMV is the first 
type of mechanical ventilation chosen in NMD 
than IMV. At the beginning of ventilation, 79% 
of patients used noninvasive ventilation. NIV was 
the first-line treatment since it is considered to be 
safer and to cause fewer complications than tra-
cheostomy. In addition, an improvement in inter-
faces and machines has led to an increase in the 
effectiveness of NIV, which can now be used to 
highly ventilator-dependent patients. Moreover, 
as mentioned above, improvements in noctur-
nal respiratory monitoring, like transcutaneous 
PaCO2, have improved the detection of sleep- 
related disordered breathing and hypoventilation, 
allowing a close monitoring of the effectiveness 
of NIV.

In this study, conversely from other study 
results, the cause of death isn’t related to NIV 
inefficacy because patients could switch to inva-
sive ventilation.

Tracheostomy and invasive mechanical ven-
tilation (IMV) are important solutions for NMD 
patients which should be considered when desat-
uration occurs or noninvasive ventilation became 
ineffective or poorly tolerated due to severe bul-
bar dysfunction or despite cough assistance is 
used the patient is unable to prevent aspiration 
or secretion into the lung (due to too advanced 
bulbar muscular impairment).

Finally in this study, another interesting 
result of this study was the absence of relation-
ship between the type of ventilation (IMV or 

NIV) and the risk of death. These results are 
similar to those of other studies of life expec-
tancy in patients with DMD [57, 58] and suggest 
that the respiratory care provided for tracheoto-
mized patients with DMD was effective, despite 
their more severe clinical condition at the begin-
ning of MV.

In spite of what has been said about NIV out-
come in NMD, the NIV benefits in myotonic dys-
trophy type 1 (DM1) are unclear.

O’Donoghue et  al. [59] showed that DM1 
patients, with chronic hypercapnic respiratory 
failure, had little benefit in symptoms or quality 
of life from NIV. They analyzed DM1 patients 
1 month after elective cessation of NIV and 
again 1 month after NIV reintroduction, and 
they found no change in sleep architecture or 
fragmentation during NIV withdrawal or after 
its reintroduction, despite nocturnal oxygen 
saturations worsened without NIV.  There was 
a small increase in diurnal PaCO2 but did not 
reach statistical significance, no change in lung 
function or muscle strength, and no change in 
hypercapnic ventilatory response across vis-
its. Quality of life (QLQ), daytime sleepiness, 
blood pressure, and other indices of cardiovas-
cular risk were also unchanged. On the other 
hand, there was a significant decrease in diur-
nal PaCO2 on recommencing NIV, with accom-
panying small but significant changes in both 
HCO3

− and base excess.
This author concluded that delaying initiation 

of NIV should be considered in DM1 patients 
with milder respiratory failure with low arrhyth-
mia risk, because they didn’t demonstrate a ben-
efit from NIV in terms of QLQ in these patients; 
it should be considered that this study analyzed 
merely 12 patients.

The unchanged quality of life and daytime 
sleepiness may be behind of poor NIV compli-
ance in patients with DM1.

Other factors associated with poor compli-
ance and cessation of NIV use in DM1 patients 
are patient character or environment, greater body 
mass index, no professional occupation, persisted 
excessive daytime sleepiness despite success-
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ful treatment of sleep-disordered breathing, dis-
comfort of ventilator or interface with excessive 
leaks, and timing to start NIV, as demonstrated by 
Boussaïd et al. [60]

Excessive leaks can due to facial muscle 
weakness and may cause an ineffective inspira-
tory trigger, upper airway dryness, and nasal 
obstruction. Leaks may induce nasal irritations 
or even epistaxis; furthermore, if leaks occur in 
the upper part of the mask (nasal or face), they 
can cause conjunctivitis.

Moreover, timing to start NIV played an 
important role in NIV adherence: patients with 
acute respiratory failure did not choose to begin 
mechanical ventilation, had a worse compliance 
to NIV than patients with chronic respiratory 
failure, and consulted department voluntarily. By 
contrast, the presence of symptoms of chronic 
respiratory failure before NIV initiation was 
associated with an improving NIV compliance. 
Also, symptoms of respiratory failure and noctur-
nal arterial oxygen desaturation were associated 
with increases in relative compliance.

The poor NIV compliance of DM1 patients 
is however associated with increased mortality 
and has been shown by Boussaïd et  al. [61] In 
this study the worse NIV adherence from the 
prescription was independently and significantly 
associated with death. In DM1 patients who 
started NIV later (1 year after meeting criteria 
for NIV initiation) on or not at all using NIV, 
there were two factors independently and signifi-
cantly associated with death: PCF and older age 
at NIV prescription. In DM1 patients who met 
the criteria for starting NIV, two-thirds failed 
to start NIV within 1 year of prescription, and 
they had a higher risk for death or tracheostomy 
than patients starting NIV within 1 year of NIV 
prescription. The authors mentioned as pos-
sible reason for poor NIV adherence, over the 
abovementioned causes, that the DM1 patients 
who were recruited to start NIV had more 
advanced disease associated with marked cogni-
tive dysfunction, which may influence not only 
adherence to NIV treatment but also the risk of 
NIV-related complications and symptom control 
[62] (Fig. 8.2).

8.4  NIV Setting in NMD

Currently, the mechanical ventilation in NMD is 
initiated with NIV; NIV is usually started during 
sleep to correct nocturnal hypoventilation and/or 
other sleep disorders. NIV can now be extended 
to daytime, due to improvement of muscle weak-
ness, with new approaches (alternation of new 
and different interfaces, new ventilation modali-
ties, gastrostomy feeding, cough assistance), and 
the switch to invasive mechanical ventilation 
(MV) can be ever more delayed.

Actually, there aren’t clear recommendations 
on the correct NIV setting, but the more frequent 
setting use is pressure-mode ventilation than vol-
ume-mode even if isn’t demonstrated more effi-
cacy, as you can see in the (Table 8.1).

In NMD patients “bi-level device” in spontane-
ous/timed mode (ST) has traditionally been used 
with use of a single limb circuit with passive exha-
lation port; the correct setting needs a fixed inspira-
tory positive airway pressure (IPAP) and expiratory 
positive airway pressure (EPAP) with a backup rate 
(BUR); EPAP is often set as low as possible.

The minimum EPAP pressure setting of many 
ventilations with the passive leaks is 4  cmH2O 
which provides sufficient flow for CO2 clear-
ance. If patients don’t tolerate minimum EPAP, 
like 4 cmH2O, with passive exhalation port, the 
use of a single limb circuit with exhalation active 
valve could be useful for a noninvasive ventila-
tion with ZEEP (PEEP  =  0  cmH2O) with non-
vented masks.

• Prevent atelectasis and pulmonary morbidity
• Improve quality of life
• Improve gas exchange
• Improve airway clearance
• Reduce decline in lung function
• Slow down chest wall deformity
• Correct sleep-disorders
• Reduce daytime somnolence
• Reset the sensitivity of central chemoreceptors
• Reduce symptoms due to chronic hypoventilation
• Reduce frequency of hospitalization
• Reduce morbidity
• Improve survival

Fig. 8.2 NIV effects in NMD

8 Noninvasive Ventilation in Neuromuscular Patient Non-ASL
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The difference between EPAP and IPAP or 
also called pressure support (PS) is central to 
maintaining acceptable tidal volume (8–10  ml/
kg of ideal BMI) [63]. The patients are com-
monly able to trigger the ventilator, while awake 
or when they are in no-REM sleep, but they will 
begin to reveal great difficulty to reliably trigger 
a breath in REM sleep and/or as a disease prog-
ress; for this reason it is important to add an FR 
backup rate to the ventilator set closely to antici-
pated physiologic rate for the patient.

A higher EPAP level is useful to correct upper 
airway resistances, but, till date, there is no clear 
recommendation about making the titration.

When hypoventilation is associated with 
obstructive sleep apnea, as often observed in 
NMD patients, the resolution may require at the 
beginning to increase positive respiratory airway 
pressure and only after to increase the PS level 
with careful monitoring to avoid central events 
with or without glottic closure from overventila-
tion and to eliminate increased leak and ineffec-
tive inspiratory efforts.

In NMD patients a slower rise time (time 
required to reach the inspiratory pressure) may 
be better tolerated and should be adjusted to max-
imize patients comfort.

The use of pressure-controlled mode time- 
cycled (PCV) is possible when the NMD patients 
have a very low time constant with inspiratory 
time very low during pressure-controlled mode 
flow-cycled (PSV); this is a frequent condition in 
NMD patients with kyphoscoliosis. As alterna-
tive, it is possible to use a pressure mode flow- 
cycled with Ti control, using a correct setting of 
Ti min to reach an adequate tidal volume.

Pressure-controlled ventilation mode with 
fixed inspiratory time (PCV) could be useful also 
when there are relevant leaks, because too high 
leaks in pressure-controlled ventilation flow- 
cycled (PSV) may lead to inability of the patients 
to trigger (missed trigger or auto-trigger). These 
conditions are very common in NMD patients 
during nocturnal NIV with nasal pillow or nasal 
mask due to mouth leaks.

Volume target assured in pressure mode using 
bi-level device (VAP), timed or flow-cycled, 
which target the tidal volume or alveolar ventila-
tion (AVAPS, iVAPS) in the self-adjusting pres-

sure mode (minimum and maximum IPAP or PS), 
is an option for patients with progressive impair-
ment of their respiratory efforts or variability of 
their weakness condition for position changes or 
sleep stages. Minimum IPAP must be set to ensure 
an adequate tidal volume in awake condition, and 
maximum IPAP is set to guarantee safety about 
tidal volume; the VAP device should not be set 
with a low starting PS to exclude undershooting 
risk. The VAP limitations are unintentional leaks, 
obstructive upper airway events, and overshooting.

Actually it is possible to resolve the VAP limi-
tations due to obstructive upper airway events by 
automatic adjusted EPAP level with minimum 
and maximum pressure EPAP set (AVAPS-AE 
Philips; iVAPS-autoEPAP ResMed; Prisma 
30; Lowenstein) to maintain airway patency 
with distinction between obstructive and cen-
tral events. Although this technology may be a 
good approach against upper airway obstruction 
in hypoventilation patients, it is necessary cau-
tion because these are new technologies without 
relevant studies [64]. Although VAP may be a 
hopeful mode for the group of neuromuscular 
diseases, its application in daily practice still 
appears to be limited [65]. Up-to-dately, there is 
only one study that started NIV using averaged 
tidal volume support with positive outcome [66].

When the disease progresses, patients need 
noninvasive ventilation for a large part of the day 
(daytime ventilation). The mouthpiece ventilation 
(MPV) effectiveness has widely been demonstrated. 
The use of nasal or oronasal interface 24 h/day can 
decrease social interaction, impairing eating, drink-
ing, and speech. The use of MPV is an ideal solution 
for daytime ventilation in patients with functioning 
mouth muscle and some preserved neck move-
ments. It can be used as a rescue strategy [67] or 
as continuous treatment [68]. The new generation 
of ventilators allows to set a MPV mode with the 
resolution of alarm problems, with different types 
of inspiratory trigger (kiss trigger or flow trigger); 
MPV mode can be set in volume or pressure mode 
using a single limb circuit without expiratory valve; 
furthermore the new ventilators allow to set more 
profiles of ventilation modes to ensure, for instance, 
a nocturnal ventilation with oronasal or nasal mask, 
to correct hypoventilation and/or OSAs, and a diur-
nal ventilation with mouthpiece device.
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Table 8.2 Setting NIV in neuromuscular diseases

CPAP Uncommon; used only in OSAs without nocturnal hypoventilation
PSV with BUR/ST More frequent used as a first choice
PCV Used if pts open the mouth or pts have inspiratory time too short
VAP Used when hypoventilation persists during usual setting (ST or PC)  due to REM sleep or 

positional changes
It is not recommended in case of  residual obstruction events or leaks   during NIV

VAP+autoEPAP Used to correct hypoventilation and obstructive events
Multiple ventilation 
profile

Different NIV setting between nocturnal ventilation and daytime ventilation
Daytime ventilation:
  •  MPV: NIV sets in volumetric or pressure mode to improve social interaction and to 

allow eating, drinking, and speech
  •  Nasal pillow ventilation (usually sets in  PCV with ZEEP): to improve  social 

interaction and to allow eating, drinking, and speech
LVR: NIV sets in volumetric mode  (technique for lung volume recruitment as valid 
alternative to the traditional use of resuscitator bag or other)
Cough assistant by ventilator:  NIV sets usually in volumetric mode (valid alternative to 
traditional air stacking)

Negative ventilation Chest cuirass, poncho
Used as a rescue ventilation or when patients  don’t tolerate positive NIV

Pneumobelt 
(exsufflation belt)

Intermittent  abdominal pressure ventilation through air bag or rubber bladder
Used as a rescue ventilation or daytime ventilation in multiple ventilation profile when 
patients don’t tolerate positive NIV

CPAP continuous positive airway pressure, PSV with BUR/ST pressure-controlled mode flow-cycled with backup respiratory 
rate, PCV pressure-controlled mode time-cycled, VAP pressure mode timed or flow-cycled with volume target, VAP+autoEPAP 
pressure mode timed or flow-cycled with volume target assured and automatic adjusted EPAP level (between minimum and 
maximum pressure EPAP), MPV mouthpiece ventilation, ZEEP zero EPAP, LVR lung volume recruitment

As alternative, it can be considered as nasal 
pillow for daytime ventilation, above all in very 
compromised patients.

NIV can be used in NMD as a technique for 
lung volume recruitment (LVR) or for inspiratory 
cough augmentation and as effective alternative to 
the traditional use of resuscitator bag or other [69]. 
Breath stacking can be performed using a home 
ventilator; the glottis must be competent, and a 
ventilation must be delivered by volumetric mode.

LVR and respiratory cough augmentation 
technique slow the rate of FVC decline and 
 maintain PCF over time; to do this it is necessary 
to set a dedicated profile in volumetric mode.

There are valid alternative ventilation mode types 
like negative pressure ventilation (chest cuirass, pon-
cho) or intermittent abdominal pressure ventilation 
(pneumobelt) which are chosen in selected NMD 
patients as a rescue ventilation or when patients 
don’t tolerate positive noninvasive ventilation. These 
are valid alternative to avoid tracheostomy.

Negative pressure for noninvasive ventilation 
used ventilator function by applying alternatively 
subatmospheric (negative) and atmospheric (zero) 
pressures around the thorax and the abdomen. The 

result is negative intrathoracic pressure that simu-
lates spontaneous inspirations with airflow into the 
airways and lungs. Two more common categories 
of negative pressure are available: the chest cuirass 
(a rigid shell) and wrap-type system (nylon poncho 
surrounding a semicylindrical tentlike support).

Negative pressure ventilation was successfully 
and predominantly used for long-term mechani-
cal ventilation until the mid-1980s,but then inter-
est waned, partly because it is more efficacious 
in patients with altered pulmonary or chest wall 
mechanics and in those who have comorbid obstruc-
tive sleep apnea-hypopnea. Furthermore, negative 
pressure ventilation may precipitate upper airway 
obstruction (i.e., obstructive sleep apnea-hypopnea).

Pneumobelt, also known as exsufflation belt, 
consists of an air bag or rubber bladder inside a 
cloth corset that is worn around the abdomen just 
under the diaphragm. It is connected by tubing to 
a ventilator that alternately inflates and deflates 
the bladder, providing a smooth, natural inhala-
tion and exhalation, as well as a natural breathing 
rate for speaking. It is only effective on the sit-
ting and standing positions and cannot be used at 
night in the supine position (Table 8.2).
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NIV titration is essential to monitor the NIV 
efficacy over time; for this purpose Somno-NIV 
proposed an algorithm that include built-in soft-
ware use, oximetry, and TcCO2 [70]; integrat-
ing this data it is possible to identify and correct 
residual events (leaks, obstructive events, resid-
ual nocturnal hypoventilation, asynchronism, and 
undershooting). Recently, these parameters may 
be observed not only during outpatient visit but 
also by telemonitoring: home-based monitoring 
that, through a cloud-based system, send data to 
the clinicians.

8.5  Conclusions

The respiratory failure management in NMD 
is complex. A correct choice of NIV initiation 
is very important with a correct evaluation of 
lung function, sleep disorders, and symptoms, 
besides a selection of appropriate interfaces 
and ventilator settings. With the progression 
of NMD, there is an increase of NIV depen-
dence with the evaluation of multiple interface 
exchanges and different ventilation profiles 
for daytime and nocturnal ventilation, and for 
this reason a key role is played by a proper 
follow-up. Adequate NIV management and 
mucus clearance therapy reduce morbidity and 
mortality.
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9.1  Introduction

Mucus clearance is used as a primary defence 
mechanism, making an excellent tool against 
microorganisms that can cause infection, 
 atelectasis and even respiratory failure. This pres-
ervation can improve pulmonary function. [1, 2] 
Usually there are three phases to mucus excre-
tion, an inspiratory phase, contraction and expi-
ratory phase. During the first phase, occurs an 
inhalation of 60–90% of the total lung capacity, 
then the contraction phase consists in the glottis 
and supraglottic ventricular folds close for 0.2 
seconds, and then, expiratory muscles, such as 
rib cage, diaphragm and abdomen begin to con-
tract significantly increasing the intrathoracic 
pressure until 300 cmH2O. Finally, the expiratory 
phase occurs with the rapid opening of the glottis 
during 20–40  ms creating a strong airflow and 
making secretions and other foreign material to 
move out of the airway. The maximum airflow of 
360–1000 L/min can make the velocity go until 
12 m/s. Velocity and efficacy of the final phase 
depend on viscosity and composition of the 
mucus [1].

An effective cough is fundamental to mucus 
clearance of the proximal airways, and for that, it 
is essential to have an entire work in all the phases 
of the cough. When some of the cough phases are 
compromised, such as in case of weakness in 
respiratory muscles or in case of scoliosis, they 
are unable to generate their maximal strength. In 
addition, by decreasing the inspiratory capacity, 
these patients can increase the mechanical disad-
vantage of the rib cage expiratory muscles and 
worsen the chest wall compliance [3].

Neuromuscular diseases (NMD) associated or 
not with cough impairment involve many mor-
bidity and mortality in the early stages of life, as 
it can be an important economic burden [4]. In 
these patients, the composition and volume of 
secretion are generally normal. However, the 
effectiveness of cough is affected in the inspira-
tory and expiratory phases due to muscular weak-
ness. Among NMD, those with severe bulbar 
dysfunction and glottic dysfunction, such as 
amyotrophic lateral sclerosis (ALS), spinal mus-
cle atrophy (SMA) type 1 and others, glottic clo-

sure impairment can result in the inability to 
cough or even to swallow, which can bring more 
saliva and mucus to the superior airway [5].

The beginning of noninvasive ventilation 
(NIV) becomes an essential tool among the qual-
ity and prolonged survival in these patients [6]. 
Unfortunately, with NIV comes an adverse effect, 
that is, the secretion impaction and consequently 
the lung atelectasis on patients under NIV [7]. It 
is essential to have airway clearance techniques 
to help prevent some adverse effects and to 
improve the quality of life in NMD patients.

There is a growing development of new tech-
niques in airway clearance, so it is essential for 
the physicians to know the most recent updates 
on this topic.

9.2  Methodology

We performed a systematic search on the litera-
ture in PubMed database from January 2017 up 
to March 2019 including clinical trials, meta- 
analysis and review articles. We searched for a 
combination of “NIV”, “neuromuscular dis-
eases” and “airway clearance techniques” words.

9.3  Management to Assess 
Cough Impairment

The most used measurements to assess cough are 
the vital capacity (VC), peak cough flow (PCF), 
maximal inspiratory pressure (MIP) and maximal 
expiratory pressure (MEP). Some recent 
 consensus talk also about the importance of lung 
insufflation capacity (LIC) and maximum insuf-
flation capacity (MIC) [8]. In Table 9.1 the indi-
cations to start airway clearance techniques are 
summarised.

The VC is measured in standard pulmonary 
function tests. The American Thoracic Society 
and European Respiratory Consensus suggest its 
assessment in every visit. However, the value of 
VC or its percentage predicted does not correlate 
with cough impairment, but with the severity of 
the restrictive disease. When the strength is above 
50%, usually it is not related with VC impairment 
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or minimally impaired, but when it is below 50%, 
it is usually a predictor of severity decreased in 
VC, secondary to decreasing of lung and chest 
compliance. Also, when diaphragm weakness is 
present, there is a difference in VC from sitting to 
supine positions >25%.

PCF is measured by simple measurement 
tools, when, during the test, patients breathe, 
through a mouthpiece while wearing nose clips 
linked to a peak flow meter or a pneumotacho-
graph. This test evaluates cough impairment and 
cannot differentiate the separate components of 
cough decrease. In patients with muscular weak-
ness in whom effort-related test reproducibility is 
difficult, the better and more reliable measure-
ment of expiratory muscle strength is considered. 
A standard test should have a PCF ≥ 360 L/min. 
In neuromuscular disease patients, a PCF > 270 L/
min is considered normal. PCF values of 160 L/
min and below are considered as ineffective air-
way clearance and demand to prompt cough aug-
mentation therapy in these patients.

MIP and MEP are measured by asking the 
patient to perform a maximal inspiration from 
residual volume and to perform a maximal exha-
lation from total lung capacity against a closed 
shutter, respectively. They are also recommended 
for follow-up of respiratory strength. A 
MIP  >  35% of the baseline or a MIP < −80 
cmH2O and a MEP > 60–90 cmH2O indicate an 

effective cough and excludes significant muscle 
weakness [9].

Both LIC and MIC are measured on exhala-
tion, on the maximum, tolerable, externally 
assisted insufflation capacity. LIC does not 
involve the patient holding their breath, in oppo-
site to MIC that is dependent on the patient being 
able to hold their breath. The “lower value” of the 
LIC or MIC is residual volume (RV) as per 
VC. The “upper value” of LIC is assisted inspira-
tion, which may be provided using a bag valve 
mask, NIV in volume preset ventilator mode, the 
inflation component of mechanical insufflation- 
exsufflation (MI-E), an MI-E device or intermit-
tent positive pressure breathing (IPPB). The 
“upper value” of a MIC is assisted inspiration, 
which may be provided using glossopharyngeal 
breathing (GPB), a bag valve mask with or with-
out a one-way valve or a NIV device in a volume 
mode. The technique of MIC generation is also 
delivered by volume device and is usually not 
pressure limited or limited to a pressure of 
40 cmH2O.

9.4  Management of Airway 
Clearance

A recent consensus has divided airway clearance 
techniques (ACTs) in proximal and peripheral 
[8], so that is the terminology that we will use 
from now on.

Management of airway clearance begins, by 
far, with respiratory physiotherapy, and it can be 
applied in all the phases of cough. There is con-
troversial data about if chest physiotherapy can 
strengthen and improve the endurance of respira-
tory muscles with specific training programs, but 
some authors rely upon the usage of the sitting 
position, in both resistive breathing manoeuvres 
and maximal static inspiratory efforts against an 
almost occluded resistance to improve strength 
and endurance [6, 10]. A recent study shows that 
even exercise among mucus producer patients 
could improve cough [11]. Among neuromuscu-
lar patients, there is some benefit in cough by 
promoting yoga exercises. However, MIP and 
MEP do not improve.

Table 9.1 Indications to start treatment with cough aug-
mentation techniques

PCF < 160 L/min to start cough augmentation therapy
PCF in NMD patients <270 L/min could benefit from 
assisted cough techniques to prevent worsening during 
respiratory infections; it is suggested to start 
cough augmentation therapy when PCF falls below 
270 L/min
MEP < 60 cmH2O associated with diminished cough 
effectiveness and warrants the use of cough-assisting 
techniques
History of repeated hospitalisation by respiratory 
infections
Low pulse oximetry, during the acute infective 
episodes, used to screen for the lower airway 
complications and poor airway clearance to intensify 
airway clearance therapy

PCF peak cough flow, DNM neuromuscular disease, MEP 
maximal expiratory pressure
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Proximal ACTs aim to augment the cough, 
assisting expiration, inspiration or both. They 
could support and imitate the cough, by clearing 
mucus from the larger airways.

On the assisted expiration, these techniques 
aim to help the expiratory muscles that are inca-
pable of generating enough increases in 
 intra- abdominal and intrathoracic pressure and 
increasing the expiratory flow generated during 
the expiratory phase of cough. This way, there is 
the manually assisted cough (MAC), using either 
or a combination of a manual Heimlich/abdomi-
nal thrust manoeuvre and manual costo-phrenic 
compression to increase expiratory airflow. Also, 
the expiratory assistance could be attained by a 
self-induced lunge to the abdomen or chest from 
a standing object such as a table [12]. Exsufflation 
alone could be performed using an MI-E device 
by delivering negative pressure (on exsufflation) 
alone by a full-face mask or catheter mount 
attached to an artificial airway. This method also 
aims to increase expiratory airflow during the 
expiratory phase of cough [13].

The assisted inspiration is usually used before 
coughing and is usually used in weak patients 
with NMD. The assisted inspiration, by augmen-
tation of inspiratory lung volumes, is associated 
with increased PCF.  These techniques are rela-
tively cheap methods of cough increasing. 
Assisted inspiration may be either a single or 
stacked breath inspirations. A single breath- 
assisted inspiration is where a bag valve mask 
increases the patient’s inspiratory VC, NIV (in a 
preset of pressure or volume mode) or IPPB 
device with a single breath by an oronasal mask 
or mouthpiece. This technique aims to reach 
LIC. The patient gives a long deep breath in by 
the chosen device and then instructed to cough 
autonomously or with MAC. On the other hand, 
in stacked breath-assisted inspiration, the patient 
performs repeated inspirations without breathing 
out until they reach their MIC. There are various 
techniques used, including GPB, air stacking 
(AS) by a bag valve mask or a lung volume 
recruitment circuit (which has a one-way valve to 
restrict exhalation) or a preset volume-cycled 
ventilator. GPB is also known as self-air stacking 

or frog breathing, in which the patient increases 
inspiratory capacity by consecutive inhalations 
using the mouth, tongue, pharynx and larynx in 
order to offset the weakness of the inspiratory 
muscles. AS augmented inspiratory capacity by 
providing a set of breaths in, without the patient 
breathing out. Either the patient is instructed to 
take a deep breath in first, and then the inspira-
tory capacity is increased by a sequence of 
breaths in without the patient breathing out, or 
the patient is passively provided with a series of 
breaths without breathing out. After the patient 
reaches close to their total lung capacity, the 
patient is instructed to cough unassisted or with a 
MAC [14]. However, lung volume recruitment 
acutely increases respiratory system compliance 
in patients with severe respiratory muscle weak-
ness; the high airway pressures during inflations 
cause reductions in the mean arterial pressure 
that should be considered when used [15].

The assisted inspiration (one or multiple 
breaths) combined with MAC is an advantageous 
way to assist both inspiration and expiration. 
There is a very cheap and common combination 
in clinical practice.

Mechanical insufflation-exsufflation (MI-E) 
devices work by providing a profound inspira-
tion to the lungs (insufflation) and, after 10 ms, a 
deep expiration (exsufflation), using sequen-
tially positive and negative pressure by a full-
face mask or catheter mount attached to an 
artificial airway. These techniques simulate the 
usual cough, by rapidly switching from positive 
to negative pressures, potentially assisting secre-
tion clearance. For instance, MI-E works both 
for weak inspiratory and expiratory capacities 
[16, 17]. The usual set-up pressures are titrating 
up from ±15 to ±40 cmH2O, but it should be per-
sonalised to each patient, as should be the inspi-
ratory, expiratory and pause times (s) and the 
inspiratory flow rate (L/min) [3, 7, 16]. In the 
paediatric settings, the clinical use varied greatly 
and is altered with age, highlighting the need for 
more studies to improve our knowledge of opti-
mal settings of MI-E in children with NMD [10, 
18]. In Table  9.2 the recommendations to use 
MI-E are summarised.
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A recent study using direct visualisation of 
the upper airway during MI-E by flexible laryn-
goscopy showed that all patients, despite the 
type of disease onset, developed laryngeal col-
lapse during assisted inhalation. They are occur-
ring even before the onset of other bulbar 
symptoms in many patients. Importantly, the 
research also demonstrated that individually 
adjusted pressure settings seemed to minimise 
these futile efforts during mechanically assisted 
cough and may extend successful use of this 
technique [5]. Also, flexible laryngoscopy can be 
an efficient tool in selected patients who do not 
respond as expected [19].

Peripheral airway clearance techniques’ main 
objective is to improve ventilation, by clearing 
secretions and enhancing mucus transport from 
the peripheral airways to the central airways and 
creating higher expiratory than inspiratory air-
flows. As we know, patients with NMD do not 
have excessive lung secretion production (spu-
tum) because the lung parenchyma, respiratory 
mucosa, mucociliary function and mucus rheol-
ogy are not commonly affected. However, 
because of bulbar muscle dysfunction, the 
patients could have difficulty swallowing, hyper-
secretion and pooling of oral secretions. In these 
cases, the techniques mostly used are manual 
techniques, high-frequency chest wall oscilla-

tions (HFCWO) or compression (HFCWC), 
intrapulmonary percussive ventilation (IPV) and 
chest wall strapping (CWS). These peripheral 
ACTs do not require patient cooperation, and its 
use is possible in any age from infants to elderly, 
even in the presence of a tracheostomy or bulbar 
failure or intellectual impairment.

The use of manual techniques consists of 
chest percussion, vibrations or shaking; can be 
performed using a hand, fingers or facemask; and 
is generally well tolerated and widely used in 
uncooperative patients, such as babies or small 
children. This technique consists of applying 
rapid extra-thoracic force at the beginning of 
expiration, followed by compressions until the 
end of expiration [12].

Peripheral airway clearance can also be done 
through instrumental techniques, like high- 
frequency chest wall oscillations (HFCWO) 
or high-frequency chest wall compression 
(HFCWC). The first one provides compression of 
the chest wall at frequencies that are close to the 
resonant frequency of the lungs, between 5 and 
20 Hz, by a negative pressure ventilator attached 
to a jacket. The negative pressure causes the air 
to get into the lungs, followed, when the pressure 
ceases, by a breath out. The usual set-up starts 
with a frequency of 5 Hz titrating up to 10–15 Hz. 
Treatments are individualised or based on manu-
factures preset programs, but often the patients 
need a 5-min staged treatment or until the patient 
needed to cough. The second one, HFCWC, also 
gives compression of the chest wall at frequen-
cies that are close to the resonant frequency of the 
lung but with intermittent positive airflow by an 
air pulse generator through a jacket. The jacket 
expands compressing the chest wall and produces 
a transient/oscillatory increase in airflow mobilis-
ing secretions from the peripheral airways toward 
the mouth. These devices could work concomi-
tantly with NIV-supported breathing.

High-frequency oscillatory ventilation in ALS 
patients has been shown to reduce breathlessness 
and stabilise forced vital capacity (FVC) in 
patients who had FVC of 40–70% predicted. In 
patients with NMD, the total medical costs, hos-
pitalisation and pneumonia after high-frequency 
oscillatory ventilation were reduced [20].

Table 9.2 Recommendations to use mechanical 
insufflation- exsufflation device

Adult recommendations
Paediatric 
recommendations

SCI, if more straightforward 
techniques fail to produce an 
adequate result

Fragile children

Bulbar patients who are 
unable to do AS

Bulbar insufficiency

Patients who remain unable to 
increase PCF to an adequate 
level with other ACT or where 
cough remains ineffective 
with MI-E alone, it should be 
combined with a MAC

Uncooperative with 
MAC or AS or in 
whom these methods 
are not effective

Available in the acute setting in all hospitals as an 
alternative method of ACT, preventing deterioration 
and the need for intubation and mechanical ventilation

SCI spinal cord injury, AS air stacking, PCF peak cough 
flow, MI-E mechanical insufflation-exsufflation, MAC 
manual air clearance, ACT airway clearance techniques

9 Airway Clearance Techniques in Neuromuscular Disorders



80

An IPPB pneumatic device delivers intrapul-
monary percussive ventilation (IPV). IPV gives 
air into the lungs at frequencies of 100–300 
cycles per minute at peak pressures from 10 to 
40 cmH2O, giving a high-frequency burst of gas 
on top of the patient’s respiration, creating a 
global effect of internal percussion of the lungs, 
which promotes clearance from the peripheral 
airways. Some studies report that IPV improves 
airway clearance and lung function in patients 
with NMD. Among paediatric patients, there is a 
study suggesting that airway clearance by IPV 
therapy could be more effective and beneficial in 
specific subsets of the paediatric population. 
Suggesting its use over a 1-year period was supe-
rior to high-frequency chest wall oscillation ther-
apy in providing airway clearance in patients 
with NMD and chronic respiratory disease [21].

CWS is used through the application of elastic 
material around the thorax reducing the restric-
tion of the chest wall, without using expiratory 
muscles, lowering the functional residual capac-
ity and benefitting lung secretion clearance.

Recently a robot, using a belt-driven that sur-
veys muscle tension and mimics the contraction 
of the abdominal muscles, has been proposed in 
patients with NMD, with a 1.59 times improve-
ment in exhalation and inhalation and 1.52 times 
better coughing ability [22].

Some other devices can be used to mobilise 
secretions; however, positive expiratory pressure 
(PEP) and oscillatory PEP devices in patients 
with NMD generally cannot generate enough 
expiratory flow for the technique to be effective, 
and therefore, these devices for patients with 
NMD are not currently recommended [8].

A flowchart depicting the ACT management is 
presented in figure 9.1.

9.5  Newer Airway Clearance 
Techniques

Small studies talk about newer airway clearance 
techniques, one through vigorous capsaicin- 
induced reflex coughs that can achieve move-
ment of secretions from the lungs into the 
oropharynx, allowing the patient to spit out or 
have secretions cleared by suctioning from the 

oropharynx, thus avoiding the need for suction 
catheter penetration to the trachea. It is hypoth-
esised that capsaicin- induced reflex cough could 
be used as a treatment for acute secretion reten-
tion in self-ventilating, non-intubated and non-
tracheotomised patients [23].

Another case report talks about Free Aspire, 
which is an electromedical machine for removing 
bronchoalveolar secretions. The case shows that 
Free Aspire in patients with ineffective cough 
and impaired removal of secretions is a safe and 
effective device for the removal of bronchial 
secretions and could be another help in the man-
agement of airway clearance [24].

9.6  Key Major Practical 
and Clinical 
Recommendations

 – Airway clearance techniques should be initi-
ated with PCF < 270.

 – Mechanical I-E should be initiated with 
PCF < 160,

 – MI-E is the choice of treatment for the weaker 
group of patients with NMD.

 – In MI-E, the settings like inspiratory and expi-
ratory timing/pressures should be individual-
ised with progressive titrating up of pressure 
until efficacy is achieved, with higher expira-
tory than inspiratory pressures being 
advisable.

 – Manual techniques can be considered as a 
treatment option.

 – Peripheral ACT should be initiated before and 
after clearing any secretions from the upper 
airway with proximal ACT.

 – Almost all peripheral ACTs do not require 
physical or intellectual patient cooperation.

 – Infants, children, adults and even in the pres-
ence of a tracheostomy and/or bulbar failure 
are candidates to peripheral ACT.

 – In the ventilatory-dependent patient, periph-
eral ACT should be used in combination with 
ventilator support.

 – Some newer techniques such as capsaicin, 
CWS and belt-driven are promising and worth 
evaluating under clinical trial.
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Abbreviations

AHI Apnea-hypopnea index
COPD Chronic obstructive pulmonary disease
CPAP Continuous positive airway pressure
FiO2 Fraction of inspired oxygen
HFNC High-flow nasal cannula
NPPV Noninvasive positive pressure 

ventilation
PaCO2 Partial pressure of carbon dioxide
PaO2 Partial pressure of oxygen
PEEP Positive end-expiratory pressure

PSG Polysomnography
SpO2 Peripheral capillary oxygen saturation
QOL Quality of life

10.1  Introduction

The high-flow nasal cannula (HFNC) is an oxygen 
therapy system that delivers suitably heated and 
humidified oxygen using a special nasal cannula 
capable of high flow of up to 60 L/min. The inter-
face is even less invasive than noninvasive positive 
pressure ventilation (NPPV); therefore, it has great 
potential for use in a variety of conditions, and its 
efficacy has already been reported for patients 
with type I acute respiratory failure in a large-scale 
randomized controlled trial [1]. With regard to 
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respiratory physiology, this system also has vari-
ous advantages in that it is possible to administer a 
certain oxygen concentration by delivering an 
oxygen flow volume that is equal to or greater than 
the patient’s tidal volume. This reduces the dead 
space by expelling expired gas that has accumu-
lated in the anatomical dead space of the nasophar-
ynx and improves the mucociliary movement in 
the respiratory tract [2, 3]. Delivering high-flow 
oxygen increases the airway pressure and alveolar 
pressure, which is reported to create a positive 
end-expiratory pressure (PEEP)-like effect [4–6]. 
There are also a large number of reports of the effi-
cacy of HFNC therapy for avoiding intubation and 
for respiratory management after extubation and 
after cardiac surgery [6–8].

HFNC therapy with the NPPV/continuous 
positive airway pressure (CPAP) device creates 
high oxygen flow using a similar blower to that of 
a dedicated HFNC device. However, unlike a 
dedicated HFNC device, this device can also be 
used for NPPV/CPAP with the same circuit by 
simply changing the device to a nasal mask. 
Recent reports have demonstrated that the use of 
home-based HFNCs improves the quality of life 
(QOL) and reduces the acute exacerbation rate in 
chronic obstructive pulmonary disease (COPD) 
patients with hypercapnia [9, 10], and it is also 
possible to perform NPPV at home with HFNCs 
using an NPPV/CPAP machine. Furthermore, a 
variety of nasal cannulas can be used, as different 
machines do not require specific nasal cannulas. 
Thus, there are various advantages to this method.

This chapter will describe the principles and 
administration of HFNC therapy with pressure 
control using the NPPV/CPAP device.

10.2  Principles

According to the law of conservation of mass, 
when fluid is flowing through the tube, the flow 
rate Q, density ρ, cross-sectional area S, and 
velocity v are:

 Q S v S v= =ρ ρ
1 1 2 2  (10.1)

(continuity equation)

Then, according to the law of the conservation 
of energy, the relation of:
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is established for pressure P, height h, and gravi-
tational acceleration g (theorem of Bernoulli).

Substituting Eq. (10.1) into Eq. (10.2) 
becomes:
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(10.3)

Therefore, the flow rate Q is determined by 
P1  −  P2  (pressure gradient ΔP) and cross- 
sectional area S1, S2. If S1 is the circuit diameter 
and S2 is the cannula diameter and if the pressure 
is maintained at a constant rate using the same 
circuit and cannula, then the flow rate would also 
be constant [11].

Using these principles, machines that create 
constant flow using functions to control pressure 
at a constant level, such as CPAP, are pressure 
control devices.

10.3  Comparison of Flow Control 
Between Blower Systems

There is no significant difference in the change in 
flow rate with pressure control and flow control if 
the same blower system is used (submitted) 
(Fig. 10.1).

We previously investigated the insufflation 
flow rate during quiet breathing with a 
flowmeter- type device (flowmeter; PMB-7000 
(Pacific Medico, Tokyo, Japan)) and two blower 
systems (flow control type, AIRVO 2 [Fisher & 
Paykel, New Zealand]; pressure control type, 
Vivo 50 [NPPV device, Breas AB—Sweden]). 
The flow rate was significantly more stable 
when the flowmeter type was used than when 
the blower system was used. With the blower 
system, the flow rate increased during inspira-
tion and decreased during expiration with both 
the flow control type and the pressure control 
type (Fig. 10.1).

M. Okuda et al.
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There was no significant difference in flow 
fluctuation between the two blower system 
groups, so it is presumed that HFNC therapy 
using Vivo 50, which was originally an NPPV 
device, can deliver the same flow rate as that of 
HFNC using AIRVO 2, a dedicated blower sys-
tem HFNC device (paper submitted).

We also investigated the physiological effect 
(tidal volume, transcutaneous partial pressure of 
carbon dioxide (PaCO2), respiration rate, and 
inspiration/expiration esophageal pressure) of the 
pressure control-type HFNC using Vivo 50 
(NPPV device) and the flow control type using 
AIRVO 2 and steady air (Atom Medical, Tokyo) 
in healthy individuals. The tidal volume 
increased, the transcutaneous PaCO2 and respira-
tion rate decreased, and the inspiration esopha-
geal pressure decreased with the use of all 
devices. There were no significant differences in 
any investigated items [12].

Thus, it is also considered possible to imple-
ment a blower system HFNC using functions to 
control pressure at a constant level, such as CPAP 
(Fig. 10.2).

10.4  Usable Flow Generators

In principle, devices equipped with a mode to 
control pressure at a constant level, such as 
CPAP/NPPV, could be used as a pressure control- 
type device.

10.4.1  Ventilation Mode

CPAP mode should be selected. However, the 
spontaneous-timed (S/T) mode and bi-level nasal 
positive pressure (BiPAP) mode may be compat-
ible in models in which the low respiration rate 
alarm cannot be switched off.

When using the S/T mode and BiPAP mode, 
the pressure should be set to that of the inspira-
tory positive airway pressure (IPAP) and expira-
tory positive airway pressure (EPAP). With this 
setting, the circuit pressure is constant, but forced 
ventilation is performed by switching between 
IPAP and EPAP. Forced ventilation is regarded as 
the respiration rate, so this can prevent sounding 
of the low respiration rate alarm.

** ****
**

**
**

Max flow (L/min)

Flowmeter (constant flow) 31.47±0.91 30.72±0.83 29.92±0.91

AIRVO2 (constant flow) 35.34±3.56 31.92±4.12 27.64±4.88

Vivo50 (constant pressure) 36.54±1.85 31.89±2.31 28.46±3.71

AIRVO2Flowmeter Vivo50 (Submitted)

Average flow (L/min) Min flow (L/min)
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Fig. 10.1 Comparison of the flow rate between constant flow and constant pressure
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10.4.2  Flow Rate Adjustment

The flow rate taken from Eq. (10.3), described in 
the Principles section, is proportional to the 
square root of the pressure gradient ΔP. If the 
CPAP is increased, the flow rate increases, while 
if the CPAP is reduced, the flow rate decreases. 
This principle is used to adjust the CPAP and 
generate the desired flow rate.

Artificial ventilators are equipped with flow 
sensors, which measure the flow rate. When 
using artificial ventilators as HFNCs, leaks may 
be regarded as the flow rate. Confirm the leak 
(flow rate) after fitting the cannula and adjust the 
CPAP as needed.

10.4.3  Oxygen Concentration 
Adjustment

The required oxygen concentration differs among 
patients. Adjust the fraction of inspired oxygen 
(FiO2) after setting the flow rate to accommodate 
mixed gas leakage during inspiration. Adjust the 
oxygen saturation to 94–98% for type I respira-
tory failure and to 88–92% for type II respiratory 
failure.

With pressure control-type devices (particu-
larly those that do not display the oxygen concen-
tration), it is essential to use a conversion table 
and calculate the FiO2, which makes the use of 
such devices slightly complicated. However, in 
reality, checking that the patient’s oxygen satura-
tion is reaching the indicated amount is more 
important than the FiO2 that was set when start-
ing HFNC therapy for the patient.

10.5  Case Report

We previously reported the efficacy of HFNC 
therapy with an NPPV device for the treatment of 
a COPD patient with sleep-related hypoventila-
tion [13, 14]. The patient was a 73-year-old 
woman, who was being treated by her local doc-
tor for dementia and insomnia caused by hyper-
tension, depression, and subarachnoid 
hemorrhage sequelae. The patient’s level of con-
sciousness declined after developing cold-like 
symptoms, and she was therefore admitted for 
detailed examination and treatment. She was 
found to have marked hypoxemia and hypercap-
nia on blood gas analysis at admission (pH 7.32, 
PaCO2 84  mmHg, partial pressure of oxygen 

AIRVO 2
Constant flow

Steady air
Constant flow

Vivo 50
Constant pressure P-values

Difference Tidal volume (ml)
221.40 ± 263.92 257.30 ± 315.06 244.24 ± 268.63

P>0.99

Difference
PtcCO2(mmHg)

-0.50 ± 2.37 -0.30 ± 1.06 -0.60 ± 2.32
P>0.05

Difference RR
(bpm) -3.26 ± 2.14 -3.17 ± 4.93 -4.18 ± 2.68

P>079

Difference IEP (cmH2O) -3.18 ± 4.70 -2.04 ± 1.74 -1.77 ± 2.56
P>0.85

Difference EEP
(cmH2O) -0.51 ± 2.80 0.71 ± 2.34 1.02 ± 3.99 P>0.92

transcutaneous PCO2 ; PtcCO2 , Respiratory Rate ; RR , End-inspiratory esophageal pressure ; EIEP , End-expiratory esophageal pressure ; EEEP
Okuda M, Tanaka N, Naito K, Kumada T, Fukuda K, Kato Y, Kido Y, Okuda Y, Nohara R.BMJ Open Respir Res. 2017 Jul

Fig. 10.2 Evaluation by various methods of the physio-
logical mechanism of a high-flow nasal cannula (HFNC) 
in healthy volunteers. PtcCO2 transcutaneous PCO2, RR 

respiratory rate, EIEP end-inspiratory esophageal pres-
sure, EEEP end-expiratory esophageal pressure [12]
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[PaO2] 37 mmHg, nasal oxygen 2 L/min); there-
fore, NPPV was started with reference to the 
NPPV guideline as respiratory management for 
type II respiratory failure.

The hypercapnia gradually improved, but the 
restlessness and delirium associated with demen-
tia worsened as the patient’s consciousness level 
improved, which made mask management 
impossible. Therefore, HFNC therapy using 
NPPV (Vivo 50 Breas AB—Sweden) was started 
(CPAP 8 cmH2O, oxygen 5 L/min, oxygen flow 
rate 30  L/min, oxygen concentration 35%). 
Thereafter, hypoxemia improved with no recur-
rence of CO2 narcosis (pH 7.47, PaO2 57 mmHg, 
PaCO2 62  mmHg). Figure  10.3 illustrates the 
relationship between the additional oxygen flow 
rate and the FiO2 in the HFNC we used for this 
patient. When CPAP was set to 8 cmH2O using 
cannula No. 2 (Pacific Medico, Tokyo), the flow 
rate was 30  L/min. When 1  L/min oxygen is 
added, the FiO2 was 24.4%, which achieved an 
equivalent effect to that of the high flow rate sys-
tem using a 24% Venturi mask. When 2.5 L/min 
oxygen is added, the FiO2 was 28.5%, which is 
an equivalent effect to that of a 28% Venturi 
mask. In this manner, the HFNC has the advan-
tage of delivering low-concentration oxygen at a 
constant rate rather than administering high- 
concentration oxygen, which makes it a superior 

oxygen administration system for patients with 
type II respiratory failure. In addition, changing 
the CPAP pressure to 8, 13, and 20 cmH2O can 
increase the oxygen flow rate to 30, 40, and 50 L/
min, respectively. Therefore, unlike the Venturi 
mask, the HFNC can also be used to treat patients 
with high respiratory rates, such as patients with 
interstitial pneumonia. When such patients use 
this device, it is important to understand that 
increasing the CPAP pressure will decrease the 
FiO2 with the same amount of added oxygen.

Thereafter, we conducted a polysomnogra-
phy (PSG) test to assess the presence of sleep-
related alveolar hypoventilation complications. 
As a result, the patient was found to experience 
12.1 sleep-related hypoventilation events per 
hour according to the apnea-hypopnea index 
(AHI). When we conducted the PSG test again 
when the patient was using an HFNC, there was 
marked improvement in sleep-related hypoven-
tilation; her AHI score was 3.7 events/h, mean 
SpO2 had increased from 89 to 93%, the per-
centage time at SpO2 ≤ 90% had decreased dra-
matically from 30.8 to 2.5%, and the previously 
completely absent deep sleep (sleep stage 4) 
was detected for 38.5  min. HFNC therapy 
enabled appropriate supply of high-flow nasal 
oxygen, which also improved the sleep-related 
hypoventilation. It is reported that HFNCs are 
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also effective for obstructive apnea syndrome 
[15]. Sleep-related hypoxemia increases pul-
monary arterial pressure, which is an aggravat-
ing factor for right- sided heart failure, and can 
also cause arrhythmia and polycythemia, 
thereby increasing the mortality rate of such 
patients [16]. Home-based NPPV would nor-
mally be indicated for cases with a PaCO2 of 
≥55  mmHg, persistent nighttime hypoventila-
tion, and cor pulmonale, as observed in this 
patient, but there was no exacerbation of pul-
monary hypertension even with continued 
HFNC therapy. If oxygen is simply adminis-
tered to a patient with sleep-related hypoxemia 
without considering the complication of sleep-
related hypoventilation, marked hypercapnia 
can occur. Therefore, HFNC therapy, which can 
deliver constant oxygen, is extremely effective. 
HFNC therapy during sleep also reduces respi-
ratory effort, thereby improving sleep quality 
and respiratory muscle fatigue, and can also 
reduce daytime PaCO2 by resetting the CO2 
adjustment. That is, continuously using HFNCs 
at home during nighttime sleeping in the same 
manner as NPPV can be expected to improve 
chronic type II respiratory failure. HFNC ther-
apy using the NPPV device does not adopt the 
Venturi system, which makes it a quiet system 
that can be easily used at home. Even in cases 
such as the current patient, who had severe 
dementia, HFNC therapy has been used con-
tinuously and safely in the home for a long 
period of time (3 years and 8 months), with the 
cooperation of visiting nurses and doctors.

10.6  Conclusion

It is highly likely that HFNC therapy using 
NPPV/CPAP devices can deliver high-flow oxy-
gen therapy similar to that of dedicated HFNC 
devices. This method would enable HFNC ther-
apy to be implemented using the same circuit as 
the intubation respirator/NPPV used during the 
acute phase of treatment, which could contribute 
to reducing the cost of medical treatment. 
Furthermore, as these devices are blower sys-
tems, they can be used at home.

Key Major Practical and Clinical 
Recommendations

• HFNC therapy is useful for patients with 
chronic respiratory disease.

• HFNC therapy using NPPV/CPAP devices 
can deliver high-flow oxygen therapy similar 
to that of dedicated HFNC devices.

• HFNC therapy using NPPV/CPAP devices 
reduce the cost.
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Abbreviations

AHI Apnoea-hypopnoea index
ALS Amyotrophic lateral sclerosis
ARF Acute respiratory failure
BIS Built-in software
COPD Chronic obstructive pulmonary disease
CRF Chronic hypercapnic respiratory 

failure
EMG Electromyography
EPAP Expiratory positive airway pressure
ICU Intensive care unit
IPAP Inspiratory positive airway pressure
NIV Noninvasive ventilation
NMD Neuromuscular disease
OHS Obesity hypoventilation syndrome

OSA Obstruction sleep apnoea
PG Respiratory polygraphy
PSG Polysomnography
PVA Patient-ventilatory asynchrony
UA Upper airway

11.1  Introduction

Noninvasive ventilation (NIV) is frequently 
utilised in the treatment of patients with acute 
respiratory failure (ARF) and chronic hypercap-
nic respiratory failure (CRF); NIV utility is well 
stabilised, so the number of patients provided 
with NIV devices has been steadily increasing all 
over the world [1]. Patient-ventilator synchrony 
during partial ventilatory support has constantly 
grown attention in the last time.A. Annunziata (*) · D. G. Angela · G. Fiorentino 
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Poor patient-ventilator synchrony increases 
the work of breathing and worsens patient com-
fort, which leaks also during NIV [2, 3]. Poor 
comfort causes NIV intolerance and describes 
one of the important determinants of NIV failure 
and endotracheal intubation, both in hypercapnic 
and hypoxaemic ARF [3].

Longhini et al., in a study performed in eight 
ICU in China, Italy and the Netherlands, showed 
that asynchrony detection is inversely associ-
ated to their prevalence, meaning that the chance 
for waveform view to correctly quantify asyn-
chrony gets lower when their appearance grows. 
Reasonably, it might be that detection of asyn-
chronies during NIV is extremely problematic 
irrespective of the level of expertise [3].

With the new built-in software (BIS), the 
performance of NIV can be monitored simpler 
at home, which can guarantee compliance and 
appropriate use. The progressive development of 
the technologies allowed to study patient venti-
lation interaction with the help of software and 
handy and portable instruments. The patient is 
more often monitored in addition to the hospi-
tal at home. This permits to detect anomalies and 
to modify and correct ventilator settings to opti-
mise ventilation therapy. The technology hold-
ing the advancement of novel ventilatory modes 
for NIV of patients with chronic hypercapnia is 
continuously evolving. For example, in recent 
years, hybrid ventilation modes are born, as 
volume- targeted pressure-controlled ventilation, 
produced to mix the advantages of conventional 
ventilation modes, while bypassing their draw-
backs [3]. The NIV has two particular aspects: 
the non-hermetic composition of the circuit and 
the evidence that the assembly of the respirator 
lung cannot be considered a single compartment 
model due to the presence of variable resistance 
characterised by the upper airways (UA) and all 
factors that come into action during a breath. 
When NIV is started, the ventilator settings are 
defined empirically based on clinical evalua-
tion, daily blood gas variations and polysomno-
graphic data [4]. Notwithstanding the knowledge 
of these data, however, the parameters for each 
subject may be different, also in similar clinical 
conditions and similar functional values. Recent 

researches have proved that variations in the 
values of parameters recorded by NIV devices 
may be associated with modifications in clinical 
status and severity of CRF [4, 5]. However, no 
direct evidence-based data are determining the 
best way of monitoring patient-ventilator inter-
action during NIV. Similarly, no trials are com-
paring various levels of monitoring, which could 
give us evidence-based arguments to apply in 
clinical practice. The monitoring of NIV is not 
an argument that could be simply systematised 
under the rigid evaluation of random control 
trials. Few studies are available concerning the 
monitoring of patient-ventilator interaction dur-
ing NIV.  Furthermore, the number of patients 
included in the studies is small and is affected by 
different illnesses [5–8].

11.2  Patient-Ventilator 
Interaction

Patient-ventilator asynchrony (PVA) can influ-
ence the efficacy and success of NIV.  Tangible 
levels of asynchrony, defined as >10% of all 
patient’s respiratory works, occur in >40% of 
patients [6]. PVA is a mismatch among the 
patient’s respiratory neural pattern (respiratory 
frequency, initiation and termination of inspira-
tion) and pressurisation delivered by the ventila-
tor. Phase asynchronies, described by a mismatch 
between the start and the conclusion of the sub-
ject’s and the ventilator’s inspiratory time, are the 
prevalent type of asynchronies. They may happen 
at two periods: during inspiratory triggering, in 
conditions in which there is a mismatch between 
subject’s inspiratory effort and ventilator trigger-
ing (ineffective inspiratory effort, double trig-
gering or autotriggering), or while cycling from 
inspiration to expiration; when machine cycling 
does not accord with the conclusion of patient 
effort, this is premature cycling [7, 8].

The most common phenomenon is ineffec-
tive triggering (the ventilator does not recognise 
patient effort; may be secondary to high positive 
end-expiratory pressure intrinsic or inappropri-
ate inspiratory trigger sensitivity). These are, 
after, autotriggering (delivery of preset pressure 
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in the absence of patient effort, described as 
the appearance of at least three rapid pressuri-
sations at a respiratory rate of 40 breaths/min 
and higher than that of the patient’s respiratory 
rate) and double triggering (two cycles divided 
by a short expiratory time, defined as less than 
one-half of the mean inspiratory time with the 
first cycle triggered by the patient) [7, 8]. Other 
types of asynchrony consist of late cycling 
(mechanical inspiratory time major than neural 
inspiratory time), premature cycling (mechani-
cal inspiratory time minor than neural inspira-
tory time) and flow asynchrony (improper rate 
of pressurisation to inspiratory positive airway 
pressure (IPAP)) [8, 9].

A high quantity of PVA is correlated with 
decreased patient comfort and possibly toler-
ance to NIV.  The number of asynchronies is 
often correlated with the significance of the leak 
and higher pressure support [10]. These situa-
tions may be due to leaks, upper airway insta-
bility, intrinsic positive end-expiratory pressure, 
devices or inappropriate ventilator settings. NIV 
proposes to improve quality of life and to reduce 
morbidity and mortality; however, residual 
respiratory events under NIV may negatively 
affect survival, sleep quality, gas exchange, tol-
erance and adherence to treatment and patients’ 
symptoms. Consequently, in the follow-up of 
NIV patients, it appears appropriate to recognise 
these events to optimise ventilator perspectives. 
Many studies have explained that PVA fre-
quently occurs during NIV in chronic and acute 
settings. Studies of PVA in CRF patients during 
sleep, however, are limited and report contrast-
ing results [5, 6, 9, 11, 12].

Polysomnography remains the gold standard 
for monitoring NIV according to the AASM, but 
its availability is low in many European coun-
tries, and thus its systematic use is unrealistic in 
daily clinical practice. Aarrestad et al. quantified 
PVA and AHI by performing sleep polygraphy 
in 67 patients with different diseases [4]. They, 
also, examined data memorised by ventilator 
software, including both the prior 3 months and 
the night- time study; sleep polygraphy during 
NIV was performed using the following signals 
as recommended by the SomnoNIV group [10]: 

mask pressure, flow rate in the circuit measured 
by a pneumotachograph close to the mask, tho-
racic and abdominal movements with respiratory 
inductive plethysmography effort belts, body 
position, pulse oximetry and photoplethysmo-
graphic pulse wave amplitude. SpO2 and PtcCO2 
monitored nocturnal blood gases. The study 
relates the reading of the polysomnographic 
recording with the analysis of waveforms derived 
from software. Two trained physicians scored 
traces. The study described that 21% of the sub-
jects had PVA  >  10% of complete registration 
time.

Borsini examined 50 patients with obesity 
hypoventilation syndrome (OHS), neuromus-
cular disease (NMD), overlapping syndrome of 
obstructive sleep apnoea and chronic obstructive 
pulmonary disease (OSA-COPD) monitored dur-
ing NIV. They reported the analysis of respiratory 
polygraphy residual AHI 15.1  ±  10.6, which is 
conventionally interpreted as non-optimal titra-
tion. PVA  >  20% of record time was observed 
in 12% of patients. The average leak (L/min) 
was 35.1 ± 13.7. There was no capnography in 
this investigation, a clear limitation at the time 
of determining effective ventilation. During NIV 
with leaks, transcutaneous capnography could be 
necessary, though it is costly and the signal drift 
frequently makes analysis difficult. The short-
ened number of patients and the heterogeneity of 
the population and NIV indications, however, do 
not allow comparisons [15].

Duiverman et  al. found that in COPD, high- 
intensity NIV might provide optimal unloading 
of respiratory muscles, without undue increases 
in PVA; they showed that with high backup 
breathing frequencies fewer breaths were pres-
sure supported (25% vs. 97%). PVA occurred 
more frequently with low-frequency settings 
[13]. This study considers that respiratory EMG 
(electromyography) being a direct parameter 
of the respiratory drive is better to represent 
patients’ requests, instead of an indirect param-
eter such as respiratory movements by body 
plethysmography or flow estimations. They 
affirm that COPD patients on long-term NIV can 
adjust quickly to several settings of NIV, result-
ing in infrequent PVA. Importantly, this research 
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found that a high backup frequency does not pro-
mote the occurrence of PVA nor does it diminish 
patient satisfaction with the setting. The clinical 
significance of PVA in stable COPD patients on 
NIV, however, is dubious, as they occur in very 
low frequencies, and in this investigation, also in 
other reviews [14], gas exchange, patient com-
fort or overall respiratory drive was not affected. 
Therefore, there is no evidence that the occur-
rence of infrequent PVA is a reason to change 
settings. In individual cases, however, it is worthy 
of studying PVA, as this might influence ventila-
tory efficiency. The gold standard for measuring 
PVA is EMG, a record of the electrical activity 
of the diaphragm and pressure variations in the 
oesophagus, which requires complex devices and 
is invasive. EMG is however an invasive technol-
ogy not available in all settings, which cannot be 
considered routinely a practical monitoring of 
patient-ventilator interaction.

The most reasonable method should be an 
analysis of the pressure and flow waveforms, 
with polysomnography and pulse oximetry. 
These techniques are minimally invasive and can 
be used routinely for PVA monitoring. Modern 
portable ventilators allow for online monitoring 
of pressure and flow waveforms, which make 
them an appropriate device of ventilation in a 
hospital setting. However, clinicians must be 
aware that observation of respiratory waveforms 
is not the ideal method of detecting asynchrony: 
the patient’s effort may not change the flow-time 
or pressure-time curves, and other factors may 
influence them, e.g. airway secretions or cardiac 
oscillations [15]. In a study by Younes et al., 20% 
of ineffective efforts were not detected by wave-
form analysis [16]. We can, therefore, obtain data 
from the reading of the waveforms of the traces 
of the NIV and the data of the machine software. 
With current technology, patient’s respiratory 
efforts are derived from thoracoabdominal trac-
ings and changes in the flow and pressure curves 
[9, 10]. There are now portable machines with 
thoracoabdominal and pulse oximetry sensors.

Also using oxygen can contribute to the 
appearance of PVA; Puyol et  al. demonstrated 
gas-induced asynchronies during NIV in a bench 
model. They examined trigger, effort and source 

of introduced gas (continuous versus pulsating 
flow compressor) through a breathing simula-
tor connected to an external pneumotachograph. 
Ventilation periods were 1  min (gas-free, gas, 
gas-free). Asynchronies were induced by gas 
in 49% (81/165) of simulations. The autotrig-
ger was the most prevalent (59/81), followed by 
ineffective effort (22/81). Pulsating flow induced 
more asynchronies than continuous gas [17].

Clinical conditions may additionally cause 
PVA: UA obstruction and respiratory diseases. 
Intermittent obstruction of UA during the night 
is frequent with NIV and may be associated to 
obstructive events, because of deficient expira-
tory positive airway pressure (EPAP) during 
sleep, in patients with increased UA collapsibil-
ity. Often, obstructive sleep apnoea-hypopnoea 
may be seen in any patients undergoing NIV, 
especially those with OHS. Therefore, the EPAP 
should be increased before any modifications 
in inspiratory trigger sensitivity while obstruc-
tive respiratory events happen, mainly for low 
breathing efforts such as the case of neuromus-
cular diseases. Ultimately, an adaptable inspira-
tory trigger is an option presently available in 
most home ventilators, and manual correction 
of the inspiratory trigger sensitivity allows a 
decrease of PVA.  In this type of patient, it is 
important to monitor the diurnal parameters, 
but it may not be sufficient as the alterations are 
only nocturnal.

The occurrence of PVA is complex and 
affected by both patient-related factors, such as 
respiratory drive, respiratory muscle strength 
and increased inspiratory load due to augmented 
airway resistance, and ventilator-related factors, 
such as oxygen supplement, mask leaks and 
ventilatory settings. An important mechanism 
implicated in the genesis of PVA is dynamic 
hyperinflation. Dynamic hyperinflation might 
be a consequence of a too short expiratory time, 
which can be the case with high breath fre-
quency, or high IPAP, levels. Dynamic hyper-
inflation raises the work of breathing and might 
induce ineffective effort, as inspiratory resis-
tance has to be overcome before the patient can 
generate a negative inspiratory flow to trigger 
the ventilator.
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11.3  Leaks

Leaks are common in patients in NIV and com-
prise one of the main problems because they can 
reduce the effectiveness of ventilation and treat-
ment compliance. Polygraphy signals were inter-
preted as periods with high unintentional leaks 
when there was a fall in pressure signal and, in 
pressure-controlled ventilators, a simultaneous 
increase in flow signal. Pulse oximetry, which 
we use systematically to monitor patients with 
NIV, forms a fundamental part of screening for 
leak detection. The clinician detects the need for 
the greater requirement of oxygen in the circuit. 
Leakage may be missing or minimal when the sub-
ject is awake but frequently worsen during sleep 
as a result of the lack of intentional control and 
reduced muscle tone. First, because NIV is given 
via a nasal or full-face mask, the unintentional leak 
is a generally observed drawback as a result of the 
non-hermetic nature of the system [9, 10].

A leak during NIV can be the intentional leak 
through the passive exhalation port or uninten-
tional leaks in the circuit, at the interface or from 
the mouth with a nasal interface or the nose with 
an oral interface or happen as an effect of an 
increase in airway resistance, for example, rec-
ognised as “secondary leaks” or “reflex obstruc-
tion during ventilation”. In the past, pressure 
ventilation was preferred over volume ventilation 
because of better leak compensation. But some 
current-generation ventilators compensate for 
leaks with either pressure ventilation or volume 
ventilation when a passive circuit is used. Some 
current-generation ventilators use redundant leak 
estimation algorithms. An unintentional leak less 
than 0.5  L/s is generally well tolerated. Some 
ventilators track the leak rate and display this on 
the ventilator screen. Effects of inconsequential 
leaks (of around 0.5 L/s) are discomfort and treat-
ment intolerance (eye irritation, mouth dryness, 
rhinorrhoea or nasal obstruction) and decrease in 
ventilation effectiveness and in case of signifi-
cant leaks, reduction of pressure in mask, sleep 
fragmentation, decrease in ventilation effective-
ness (if pressure support ventilation), inspiratory 
trigger failure or prolongation of inspiratory time 
(end of inspiration of the patient not detected).

For all patients using NIV 24 hours a day, the 
problem of leaks is difficult to control, due to the 
imperfect holding of the mask or the voluntary 
disconnection of the patient to eat, speak or call a 
family member. Neuromuscular patients might be 
particularly sensitive to NIV, and usually, there is 
a progression of the disorder including diaphrag-
matic weakness and growth in NIV demand to 
24 h/day. The reduction in muscular effort makes 
these patients especially prone to desaturations 
and hypoventilation in cases of essential pres-
sure variations. This may cause glottis closure 
in patients with amyotrophic lateral sclerosis 
(ALS), for example [18].

Surely, an accurate titration process is required 
to reduce or avoid PVA and correct any leaks. 
Vrijsen et al. performed accurate titration (using 
fixed bi-level PSV) during three night-time of 
polysomnography in subjects with ALS [19]. On 
the last night of titration and following 1 month 
of home mechanical ventilation, there was an 
important change in sleep quality, carbon dioxide 
and nightly oxygen. In fact, in consideration of 
the respiratory alterations in the patient with neu-
romuscular pathology, in a titration performed 
during the day, guided only by the patient’s com-
fort, the patient does not describe any improve-
ment in sleep efficiency, sleep awakenings or the 
architecture of the sleep. These dissatisfied goals 
are not presumably due to the absence of an opti-
mal titration method that addresses insufficient 
ventilation settings.

Zhu et  al. compared in a bench model, the 
maximal leak level tolerated without significant 
asynchrony “critical leak” in ventilators subjected 
to three clinical situations: COPD, OHS and 
NMD. Any disease was simulated with both open 
and closed UA, COPD, OHS and NMD. This is 
as clinically effective as inpatient set-up in the 
NMD population and obese population [20].

They found that with open UA, all the machines 
were capable to bypass PVA up to a 31  L/min 
leak and even up to 55 L/min in any cases. UA 
closing and respiratory disorders, especially 
OHS, dramatically influenced PVA.  Inspiratory 
trigger sensitivity change is frequently required 
to bypass PVA. Since the leak is the first cause 
of failure of NIV, inspiratory trigger performance 
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of ventilators needs to be tested in the presence 
of a leak. On new ventilators inspiratory triggers 
are improved. The new flow-based triggering 
algorithms are more sensitive than classical flow 
triggering and allow adjusting trigger sensitivity 
in the presence of a leak and, in this way, help 
to reduce ineffective efforts and autocycling. 
Applying an “NIV algorithm” in ICU ventila-
tors has been attested to significantly reduce the 
impact of leaks on the appearance of patient-ven-
tilator trigger asynchrony. The threshold value 
of clinically tolerable leaks must be defined for 
each ventilator and that these thresholds differ 
between different devices and clinical situations. 
Perhaps, without UA obstruction, all ventilators 
performed well with leaks lower than 30 L/min 
which are clinically tolerable.

Furthermore, the methods of calculating leaks 
applied by ventilators remain to be standardised, 
particularly those concerning the timing in a 
breathing cycle at which leaks are estimated. 
Unfortunately, in case of unusual mechanical 
properties of the respiratory system or closed 
UA, this function is strongly compromised with 
very different results, and manual changes in 
trigger sensitivity are often necessary to avoid 
PVA. Besides, in the case of closed UA, the prin-
cipal setting to modify should be the EPAP rather 
than the inspiratory trigger.

Automated discovery of leaks and agreement 
of triggering sensitivity by the machine are pleas-
ing, but further efforts are required to develop 
leak calculation and ventilator performance dur-
ing leaks and to define how leaks must be recog-
nised and understood: when are they “tolerable” 
and at what point do they become an obstacle. 
Currently, home ventilators provide leaks to be 
estimated, but the performance of their algo-
rithms is variable. Also, intentional leaks are 
variable and proportional to the level of pressure. 
They differ between interfaces and are included 
in the estimation of leaks in most algorithms. The 
machine can exclusively read a patient’s inspira-
tory effort when airflow is recognised within the 
ventilator circuit. Trigger failure will happen if 
the trigger sensitivity is low, ordinarily because 
of an improper setting or because the appear-
ance of a leak does it easier for air to be induced 

in around the interface rather than through the 
ventilator circuit. Leaks can additionally alter 
the machine’s capacity to cycle into expiration. 
With a pressure-limited device, the ventilator 
will improve flow to try to maintain the preset 
pressure; as a consequence, the flow rate does not 
reach the start for cycling into expiration.

11.4  Apnoea and Hypopnoea

It is essential to screen for residual apnoea events, 
and most built-in software provides residual 
apnoea-hypopnoea indexes (AHI). AHI supplied 
by the ventilator is sufficiently precise to discern 
patients who had more than 10 events/h, but the 
recording of the actual number of events is not 
accurate enough. Some other study found that the 
AHI provided by ventilator was not sufficiently 
sensitive to detect residual sleep-disordered 
breathing compared to standard polygraphy. Few 
studies, all with a limited number of patients, 
have quantified residual obstructive and central 
events in patients undergoing long-term NIV.

Aarrestad et al. examined their patients with 
polysomnography and capnometry, examined their 
patients. They found residual that AHI were fre-
quent: 34% of the patients had an AHI > 5/h, with 
obstructive hypopnoea being the most frequent 
event [4]. They described a significant association 
between AHI and both ODI and SpO2. Conversely, 
no correlation was found between AHI or asyn-
chrony and nocturnal PtcCO2 or between leaks 
and either nocturnal SpO2 or PtcCO2. Oximetry 
integrates both short recurrent desaturations and 
prolonged desaturation during NIV. Brief intermit-
tent desaturations could be caused by AHI, leaks or 
asynchrony, while continued desaturations reflect 
ventilation/perfusion mismatch or persistent alveo-
lar hypoventilation. Desynchronisations associ-
ated with desaturation were rare, and asynchrony 
explained only 6% of the variance of SpO2. Thus, 
in their study, AHI and PVA do not seem to be sig-
nificant contributors to oxygen desaturation during 
overnight treatment with NIV. Other factors, such 
as ventilation/perfusion mismatch and hypoventila-
tion, are probably of greater importance. Nocturnal 
hypercapnia, assessed by transcutaneous CO2, 
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reflects persisting alveolar hypoventilation dur-
ing NIV, taking into account the limitations of this 
technique. The possible explanation is that it may 
result from insufficient ventilatory support, pro-
longed leaks or prolonged asynchrony, although 
the latter has yet to be shown. Also, a high AHI 
may lead to accumulation of CO2. They found no 
correlation between AHI and nocturnal hypercap-
nia in their study population.

Under NIV, intermittent obstruction of the UA 
is commonly observed during sleep in subjects 
with oropharynx collapse as OHS. In chronic NIV, 
both obstructive breathing episodes and uninten-
tional leaks are identified to induce the occur-
rence of PVA, which may reduce both ventilator 
efficacy and sleep quality and are associated with 
decreased patient survival. UA obstruction dur-
ing sleep is common in obesity hypoventilation 
and in many neuromuscular diseases, sometimes 
described in overlap syndrome (OSAS-COPD), 
and may persist under NIV due to inappropriate 
ventilator settings. NIV may also trigger undesired 
respiratory events, such as recurrent decreases in 
ventilatory drive leading to central apnoea-hypop-
noea with or without glottic closure.

Nilius et al., in a recent study, compared the 
effects of NIV with pressure-controlled and NIV 
with intelligent volume-assured pressure support 
in 14 chronic hypercapnic COPD.  They found 
obstructive hypopnoeas were the most frequent 
type of event detected during both ventilation 
modes [21]. The overall number of ventilation- 
related respiratory events was very low in both 
NIV modes, and there were no statistically 
important differences between the two modes of 
ventilation.

Borsini described in ICU ventilated patients 
a mean respiratory disturbance index of 
15.1  ±  10.6  events/h, which is convention-
ally defined as non-optimal titration [15]. 
Asynchronies during NIV have been described 
for up to 50% of the patients and can cause O2 
desaturation and sleep fragmentation, thus reduc-
ing sensitivity to hypoxia and hypercapnia. A 
European study used EMG to describe severe 
asynchronies in 25% of their patients (50% of 
these cases were due to leaks). Even though the 
tolerance threshold has not been defined yet, we 

found asynchronies that were classified as severe 
or long in 12% of the patients. They were fre-
quently related to non-intentional leaks although 
patients were monitored [22].

The optimal monitoring of patient-ventilator 
interaction is still a matter of debate. Hence, the 
methods used to assess patient-ventilator interac-
tion and the effects of NIV may vary greatly, from 
a single blood gas measurement to full polysom-
nography. Recent “best clinical practice” recom-
mendations regarding NIV in chronic respiratory 
failure state that PSG or respiratory polygraphy 
(PG) should be performed for each patient to 
verify its efficiency (American Task Force) [23].

11.5  Built-in Software

At this time, there is minimum evidence for using 
data downloads in the monitoring, treatment and 
management of people receiving domiciliary 
NIV.  Mansell et  al. monitored ventilator data 
remotely via a modem by a consultant physio-
therapist between the first review and second 
appointment; they evaluated leak; VT and com-
pliance data were collected for comparison at 
the first review and 3–7  weeks later, after any 
changes were required. Analysis of data from 52 
patients showed increased patient compliance (% 
days used >4 h) from 90% to 96% (p = 0.007); 
12% (n = 6) of participants had a measured leak 
>60  L/min; post-review only 4% (n  =  2) con-
tinued to have a measured leak >60 L/min. The 
study design, as in most of the other studies, did 
not include a control group, and thus the effect of 
the intervention is uncertain. Second, it was not 
feasible to blind the investigators collecting data, 
which may have resulted in observer bias; how-
ever, the real nature of the data helps mitigate this 
risk [24]. The use of ventilator data downloads 
may, therefore, help promote the wider use of 
outpatient set-up for home NIV; indeed ventila-
tor download data, transmitted via a modem, can 
be described as a form of telemedicine. Data are 
available by both secure data (SD) card down-
load and via modem technology, which means 
this data can be viewed remotely daily. Bench 
studies have demonstrated ventilator data param-
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eters provided in manufacturer software are 
reliable, and clinical studies have demonstrated 
the apnoea-hypopnoea index recorded by built-
in software is also reliable. Borel et al. demon-
strated that ventilator download data, particularly 
respiratory rate, trigger % and usage, can predict 
an exacerbation of COPD [22].

It was demonstrated that analysis of data pro-
vided by home NIV devices might allow simpli-
fying the monitoring of ventilation quality and 
limiting the indication for PG/PSG to complex 
cases [24]. Alvarez et  al. studied the reliability 
of BIS compared with PG in a cohort of OHS 
patients on NIV [25]. Thirty stable OHS patients 
on NIV were evaluated in an outpatient setting 
with simultaneous PG and BIS recordings. The 
automated apnoea-hypopnoea event index pro-
vided by software and manual scoring based on 
possible traces obtained from the software was 
compared with manual PG scoring. The median 
unintentional leak obtained from the built-in 
monitoring devices was 1.2 L/min (range, 0–3.1). 
The mean respiratory rate delivered by the ven-
tilator was 15 ± 3, and the estimated expiratory 
minute volume was 8.8 ± 2. Event index, AHI by 
two observers, was 4.9–6.1/h from BIS.

In unstable OHS patients on NIV, unattended 
home-based monitoring using machine software 
is reproducible and reliable to assess the quality 
of ventilation when compared with PG. Besides, 
manual scoring of events using data obtained 
with this device is more consistent than software- 
based automated analysis. Alvarez data support 
the proposal by the SomnoNIV group to assess 
the quality of ventilation by combining medical 
history, arterial blood gas, nocturnal pulse oxim-
etry with or without transcutaneous capnography 
and BIS data. A limitation of BIS devices is the 
lack of thoracoabdominal belts. Combined with 
flow and pressure recording, thoracoabdominal 
belt signals are crucial to understanding patient- 
ventilator synchrony. New machine for NIV is 
developing, provided by thoracoabdominal belts.

BIS may reveal intermittent obstruction of the 
UA with thoracoabdominal belt signals; it is due 
to one of two problems. The first corresponds to 
obstructive events at the oropharyngeal level and, 
as a result, insufficient expiratory positive airway 

pressure. This mechanism may occur in patients 
with OSA or OHS. The other mechanism corre-
sponds to episodes of intermittent obstruction at 
the glottal level reflecting cyclic glottal closure 
induced by hyperventilation. While a sudden 
reduction in flow amplitude characterises both 
situations during insufflation, obstruction occur-
ring at the oropharyngeal level is accompanied 
by progressively increased inspiratory activity, 
indicating a struggle against UA collapse.

The other problem is glottal closure; the 
essential feature is a decrease in flow with a 
simultaneous reduction in or disappearance of 
the thoracoabdominal signal. A limitation of 
home NIV devices is that both mechanisms are 
indiscriminately expressed as a sudden reduction 
in flow amplitude. Nevertheless, in Alvarez study, 
as well as in others, most respiratory events were 
related to UA collapse. This is particularly evi-
dent in patients with OHS, where OSA is present 
in 90% of patients.

Zhou investigated effects of home use of NIV 
in hypercapnia in COPD patients, using the ven-
tilator with built-in software for monitoring. It is 
the first randomised controlled trial report [26] 
to date of using NIV ventilator equipped with 
integrated software to monitor patient-ventilator 
interaction in a home setting in stable hypercap-
nic COPD. To determine the precision of built-
in software in respirators, data downloaded from 
software showed that mean estimation of the 
leak was 37.99 L/min and 87% of the leaks were 
40 L/min, which was significantly lower than the 
threshold leak influencing the effects of NIV.

By using BIS and ventilators, respiratory 
events were occurring in 12 patients (21%) dur-
ing NIV. Also, this trial provided evidence that 
3-month use of NIV at home could improve 
PaCO2 and 6-min walking test in chronic sta-
ble COPD with hypercapnia as compared with 
long- term oxygen therapy alone. Quality of life 
evaluated by questionnaire was shown to tend to 
improve, but the development did not achieve the 
level of statistical significance (p  =  0.06) prob-
ably due to the small sample size.

NIV has been demonstrated as an effective 
treatment, and current guidelines recommend 
polysomnography (PSG) accompanied by wave-
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form analysis and retrospective NIV modifica-
tion on the following day to direct NIV titration 
[27]. Patout tried to determine the efficacy of 
limited respiratory monitoring using transcu-
taneous oxi-capnometry and nurse-led titra-
tion, compared with PSG and retrospective NIV 
modification, for the set-up of NIV in patients 
with chronic respiratory failure secondary to 
COPD-OSA overlap [28]. This pilot randomised 
physiological effectiveness trial demonstrated 
that using transcutaneous oxi-capnometry and 
nurse-led NIV titration, in patients with COPD-
OSA with chronic respiratory failure, resulted 
in a more significant fall in daytime PaCO2 at 
3  months compared with gold standard PSG 
monitoring and retrospective NIV modification. 
The improvements in health-related quality of 
life and daytime sleepiness were confirmed. The 
small sample size of the study prevents the com-
pletion of an adjusted analysis from trying and 
accounting for the differences in NIV adherence 
or any other baseline differences between the 
two groups. The results from this pilot proof-of- 

concept clinical trial need to be interpreted with 
caution and are hypothesis making rather than 
hypothesis testing, which is the role of a multi-
centre clinical trial. Despite these limitations, the 
data support the use of transcutaneous combined 
oxi-capnometry monitoring, in combination with 
a nurse-led titration protocol to safely establish 
NIV in patients with chronic respiratory failure 
secondary to COPD-OSA overlap syndrome. 
These data confirm the security and effective-
ness of limited respiratory monitoring and nurse-
led titration as an alternative method to PSG for 
home NIV set-up.

11.6  Summary of the Evidence 
(Table 11.1)

Significant levels of different asynchrony have 
also been reported with patients receiving NIV 
[3, 4, 6, 7]. Identifying PVA during NIV by 
visual examination of the ventilator-displayed 
waveforms is difficult. Because the use of inva-

Table 11.1 Summary of evidence

Author Aims Methods Patients (pt) Results
Aarrestad 
2017

To quantify and describe 
AH/PVA in pt. with CRF 
in NIV; to analyse the 
influence of PVA on 
overnight pulse oximetry 
and transcutaneous CO2

Polygraphy, oximetry, 
capnography,
BIS

67 pt. OHS, 
NMD, 
restrictive 
thoracic 
disorders

Residual AH and PVA 
were frequent. No 
correlation between 
respiratory events and 
overnight hypercapnia

Borsini 
2017

To evaluate utility of 
polygraphy for monitoring 
NIV and impact on 
patients in NIV of 
intensive care unit

Polygraphy 50 pt. OHS, 
NMD, 
COPD, 
restrictive 
thoracic 
disorders
Setting ICU

Bedside polygraphy in the 
ICU may be useful to 
change NIV program for 
patients with indication for 
chronic NIV

Duiverman 
2017

To assess the degree of 
respiratory muscle 
unloading and PVA by 
EMG during different 
settings of NIV in stable 
hypercapnic COPD

Electromyography 10 COPD pt With high backup 
breathing frequencies, less 
breaths were pressure 
supported. PVA occurred 
more frequently with the 
low-frequency settings

Nilius 
2017

To compare the effects of 
pressure-controlled NIV 
and NIV with intelligent 
volume-assured pressure 
support in chronic 
hypercapnic COPD

PSG and transcutaneous 
carbon dioxide pressure 
(PtcCO2)

14 COPD pt The total number of 
respiratory events was low. 
There were also no 
clinically relevant 
differences in PtcCO2 
between two modes

(continued)

11 What About Patient-Ventilator Interactions During Noninvasive Mechanical Ventilation?



100

sive means to accurately recognising patients 
respiratory movement is unreliable for most sub-
jects undergoing NIV, the future advancement of 
dedicated tools for these purposes is advisable. 
Today, in different disease, NIV is predominantly 
applied during sleep, when profound ventilatory 
changes may occur, particularly in patients with 
respiratory failure [7]. Such changes comprise 
adjustments of ventilatory control, upper air-

way patency and respiratory muscle recruitment. 
Consequently, changing NIV settings into the day 
and minimising these physiological  differences 
may lead to a suboptimal patient-ventilator inter-
action that reduces NIV effectiveness. It may be 
necessary to use a ventilation mode during the 
hours of the day and a different one during the 
night, due to the different physiopathological 
mechanisms during sleep in various diseases. 

Table 11.1 (continued)

Author Aims Methods Patients (pt) Results
Vrijsen 
2017

To provide more insight 
into NIV titration by 
comparing the effects of 
different NIV modes on 
gas exchange and PVA

Polysomnography, 
oximetry and 
transcutaneous carbon 
dioxide (PtcCO2)

13 ALS pt ST mode shows better 
results in gas exchange, 
respiratory events and 
PVA. Accurate NIV 
titration remains necessary

Longhini 
2017

To assess ability to 
identify asynchronies 
during NIV through 
ventilator waveforms

35 expert and 35 
non-expert physicians 
evaluated 40 5-min NIV 
reports displaying 
flow-time and airway 
pressure-time tracings

40 5-min 
traces

Sensitivities to detect 
asynchronies were low. 
PVA during NIV is 
difficult to recognise 
solely by visual inspection 
of ventilator waveforms

Patout 
2017

To compare set-up guided 
by PSG to limited 
respiratory monitoring and 
nurse-led titration

Polysomnography 
transcutaneous 
oxi-capnometry

14 COPD- 
OSA pt

Transcutaneous oxi- 
capnometry and nurse-led 
NIV titration, resulted in a 
greater fall in daytime 
PaCO2 at 3 months 
compared with PSG

Mansell 
2018

To assess the potential 
impact of ventilator data 
downloads on 
management of patients in 
home NIV

Ventilator data downloads 52 pt Using ventilator data 
downloads in this 
outpatient setting 
facilitated objective 
assessment of leak and 
ventilator prescriptions

Alvarez 
2017

To assess the reliability of 
BIS compared with PG.

Simultaneous PG and BIS 
recordings

30 stable 
OHS

Unattended home-based 
monitoring using BIS is 
reproducible and reliable 
to assess quality of 
ventilation when 
compared with PG

Zhou 2017 To investigate effects of 
home use of NIV using 
the NIV ventilator with 
built-in software for 
monitoring

BIS 115 COPD BIS provided methodology 
for monitoring NIV use at 
home, which could 
facilitate the improvement 
of compliance and quality 
control of NIV use

Zhu 2017 To comparatively assess, 
on a bench model, the 
highest leak level tolerated 
without inducing 
significant asynchrony in 
three home ventilators 
(Astral 150, Trilogy 100 
and Vivo 60)

Bench model Not 
applicable

Home ventilators were 
able to avoid PVA in 
high-level leak conditions. 
Asynchrony appeared in 
cases of abnormal 
mechanical properties of 
respiratory system or 
closed UA
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As result, to assess overnight patient-machine 
interaction and efficacy of ventilation, nocturnal 
monitoring is needed [29].

The effectiveness of NIV might, therefore, be 
more correctly estimated by sleep investigations 
than by daytime evaluation. The most accessible 
and simple monitoring can be done from flow 
and pressure curves from the mask or the ven-
tilator circuit. Pulse oximetry and, if possible, 
polygraphy provide additional information for 
the decision of the clinician. Analysis of these 
tracings can provide useful information to evalu-
ate if the settings chosen by the operator were 
the right ones for that patient. However, as NIV 
allows an extensive range of ventilatory param-
eters and settings, it is mandatory to have infor-
mation about this to understand patient-ventilator 
interaction better.

Observation of pressure-time and flow-time 
waveforms during NIV can be useful not only 
for detection of patient-ventilator asynchrony 
but also other additional information about the 
quality of the ventilation, magnitude of leaks, 
obstruction of airways and inspiratory/expira-
tory ratio. The visualisation of these phenom-
ena makes them more comfortable to spot and 
to react adequately in terms of titration of the 
settings of the ventilator. In a multicentre ran-
dom control trial on a cohort of patients with 
COPD, Di Marco et al. [29] showed that titra-
tion of ventilator settings based on analysis 
of respiratory waveforms in real time resulted 
in more rapid improvement in pH and PaCO2 
and better tolerance of ventilation by patients. 
However, identifying PVA during NIV by 
visual examination of the ventilator-displayed 
waveforms is difficult. Because the use of inva-
sive means to accurately recognise patients’ 
respiratory movement is unreliable for most 
subjects undergoing NIV, the future advance-
ment of dedicated tools for these purposes is 
advisable.

Future standardisation of PVA scoring and 
reporting is desirable to help to assess the clini-
cal relevance of these events and for comparing 
studies. Employing ventilator download func-
tions can inform clinicians’ decision-making to 
facilitate the optimal delivery of NIV. Utilising 

ventilator data downloads in this outpatient 
setting facilitated an objective assessment of 
leak and ventilator prescriptions. In conclu-
sion, ventilator data downloads can give clini-
cians with essential information and therefore 
can be a useful interventional adjunct in the 
clinicians’ toolbox receiving into account the 
presence of leaks but also of PVA that could 
be useful in the future. Current knowledge, in 
continuous evolution, has allowed the progres-
sive improvement of home ventilator technol-
ogy. The monitoring techniques are not yet 
standardised, due to the clinical heterogeneity 
of patients subjected to NIV, even if suffering 
from the same pathology.

The studies carried out to date provide infor-
mation about the population of patients exam-
ined, but these are small samples, with different 
aims and different methods. Probably the differ-
ence in method depends on the availability of the 
technologies of the centre where each study is 
carried out but also on the level of experience of 
the work group. A standardisation of the monitor-
ing techniques of the patient undergoing NIV is 
necessary, considering the different pathologies 
(COPD, NMD, OHS) and different care settings 
(hospital, ICU, home).
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12.1  Introduction

Long-term noninvasive ventilation (LTNIV) has 
become a therapeutical option in chronic hyper-
capnic respiratory failure (CHRF) from the mid- 
1980s, following the first case reports of the use 
of nasal ventilation in patients affected by 
Duchenne muscular dystrophy. At first, volume- 
limited modalities were preferred, but, from the 
1990s, pressure-limited modalities established 
themselves as the most used in the noninvasively 
ventilated patients, particularly by means of the 
flow-cycling bi-level ventilators [1] that became 
the gold standard in the large part of the diseases 
ultimately leading to CHRF [2]. In the last 
20  years, huge technological progresses have 

been achieved, obtaining optimal air leak com-
pensation, quietness, pressurization and patient- 
ventilator synchronization. LTNIV, when 
appropriately prescribed, can correct nocturnal 
hypoventilation and improve quality of sleep and 
life and has a proven role in the prolongation of 
survival [3].

12.2  Discussion

12.2.1  How to Evaluate Long-Term 
Noninvasive Ventilation 
(LTNIV) Efficacy

The most important issues affecting NIV adapta-
tion process can be briefly summarized as leak 
management, patient-ventilator interaction, 
obstructive/central apnoeic or hypopnoeic events 
and a periodical check-up of the patient’s compli-
ance to ventilation.
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In the last few years, noninvasive ventilatory 
approach has grown exponentially both in adults 
and in children, as demonstrated by a recent 
Canadian study [4]. Consequently, an exceptional 
pressure of work, represented by complex and 
medicalized patients, started to overburden inten-
sive and sub-intensive care units, with as a conse-
quence the associated and unavoidable increase 
of economic costs.

The possibility of a home-care management 
of these patients, with different programs that 
range from the domiciliary monitoring to tele-
medicine, has become of more interest over time.

Nocturnal oxyhaemoglobin desaturations are 
considered the principal responsible for the car-
diovascular and neurocognitive adverse conse-
quences in CHRF and obstructive sleep apnoea 
syndrome (OSAS)-affected patients [5]. Nocturnal 
pulse oximetry is an important test that allows the 
monitoring of LTNIV patients and is also known 
as a useful tool to detect breathing disorders dur-
ing spontaneous breathing. Nevertheless, the 
desaturation pattern is not precise enough to dif-
ferentiate central from obstructive events: that is 
the reason why the variations in oxyhaemoglobin 
saturation must be carefully interpreted by the cli-
nician. The most limiting factor in this test is the 
scarce sensitivity in defining the aetiology of the 
detected drop in SpO2: they can be determined by 
recurring episodes of upper airway obstruction, 
from a reduced activity of respiratory central drive 
with or without associated glottis involvement or 
from continuous leaks, when in NIV, causing fre-
quent microarousals. During spontaneous breath-
ing, prolonged desaturations can reflect some 
ventilation/perfusion alterations in patients with a 
severe restrictive or obstructive ventilatory defect 
that can depend from body position as in obesity-
hypoventilation syndrome (OHS) or can be 
caused by alveolar hypoventilation. Moreover, 
prolonged desaturations of 10–30 min associated 
with a tachycardic rhythm can often be related to 
REM sleep-associated hypoventilations; in 
patients already treated with NIV, however, the 
same pattern can be related to continuous mask 
leaks or to an insufficient pressure support. In par-
ticular, in case of oxygen supplementations, noc-
turnal pulse oximetry is not reliable at all in 

detecting hypoventilation [6]. During pulse oxim-
etry an important data that we can analyse is the 
pulsed wave amplitude (PWA), measured from 
pulse oximeter by means of a photoplethysmo-
graphic method: every microarousal causes a 
peripheral reflexed vasoconstriction that can be 
detected by a marked reduction in the amplitude 
of PWA (Fig. 12.1). If this kind of pattern is seen 
at nocturnal pulse oximetry test, we can obtain 
important information not only on desaturations 
but also on sleep structure and fragmentation. 
Nowadays, guidelines that address the issue of a 
well-performed nocturnal pulse oximetry are not 
available; a reasonable approach is to adjust NIV 
settings to obtain a median oxyhaemoglobin satu-
ration (SpO2) higher than 90% and to correct the 
mask leaks to obtain less than the 10% of the total 
registration time characterized by an SpO2 below 
90% [7].

More information on the kind of respiratory 
event responsible for a reduced compliance to 
NIV in our patients can be obtained from noctur-
nal cardiorespiratory monitoring (nocturnal 
polygraphy—PG) or from polysomnography 
(PSG) that allows, in almost all cases, to under-
stand the underlying mechanism at the basis of 
the nocturnal respiratory event: if we have impor-
tant leaks during NIV, for instance, we could see 
a drop in the positive pressure wave associated 
with an increasing ventilatory flow and a simulta-
neous reduction in abdominal and thoracic excur-
sions. Upper airway obstruction can be seen as a 
fall in the amplitude of inspiratory flow with a 
stable positive airway pressure or, more fre-
quently, as a phasic opposition between thoracic 
and abdominal signals, suggesting a continuous 
inspiratory effort caused by the obstructive event. 
On the other hand, a linear and progressive drop 
in respiratory flow, with a steady pressure and a 
concomitant reduction or disappearance of 
thoraco- abdominal signals, is highly suggestive 
of a central event.

Due to the possibility to precisely identify the 
mechanism at the basis of incoordination between 
NIV and patient, PG/PSG are considered com-
prehensive tests that allow NIV titration and opti-
mization; they are still expensive and second-level 
exams. The optimal monitoring of CHRF patients 
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is still under discussion: to evaluate NIV effects, 
we are nowadays using a range of tests that go 
from arterial blood gas analysis (ABG) to a com-
plete PSG.  Recent recommendations of good 
clinical practice on NIV optimization in chronic 
respiratory failure suggest performing PG/PSG 
in every ventilated patient in order to evaluate 
NIV efficacy [8].

12.2.2  Built-in Software (BIS)

In the last 15 years, together with the important 
technological achievements in ventilator- building 
techniques, it has been possible to better under-
stand the nature of patient-machine interaction 
and the different effects of various ventilator 
modalities and their role in modifying the respi-
ratory mechanic. Consequently, many manufac-
turers incorporated in their ventilators several 

softwares, allowing the monitoring of respiratory 
parameters and the data gathering in their internal 
memory program. The emerging problem was 
then to validate the data extracted from these 
softwares, and this problem remains present 
nowadays. At the moment, a limited amount of 
literature dealing with the reliability of these data 
is available, so the clinician has to interpret these 
results with caution.

The most important information that can be 
obtained by downloading the stored data is 
related to the patient’s ventilatory compliance, to 
NIV utilization pattern, to the leaks’ quantifica-
tion, to the tidal volume quantification and to the 
percentage of breaths triggered by the patient and 
provided by the machine compared to the total 
number of respiratory acts granted from the 
ventilator.

Before starting to analyse item by item the 
points that we cited, it seems necessary to under-
stand the way in which the ventilator records all 

Respiratory microarousal Respiratory microarousal

Desaturation (21 sec.)Desaturation (21 sec.)

A2-C3

FLOW

THO

ABD

SAT

PRES

PWA

Fig. 12.1 Indirect assessment of sleep fragmentation 
under NIV using variations in pulse wave amplitude 
(PWA): tracing shows respiratory microarousals ending 
recurrent glottic closure episodes, causing transient desat-

urations in a patient treated by NIV with simultaneous 
marked reduction in PWA (red arrows). Adapted from 
Janssens JP, Thorax 2011;66:438–445
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the data and the differences between the various 
available machines.

Despite the important technological pro-
gresses achieved in the last decades, the clinician 
must bear in mind the limitations of these soft-
wares. The first important issue is to determine 
how reliable the recorded data and signals are: a 
study by Rabec et al. [9] suggests that, in at least 
one of the ventilators available with this technol-
ogy, the calculation of leaks and of volume/min-
ute (VE) can be considered reliable, whereas 
another recent study proves that the reliability of 
the signals recorded by ventilators are highly 
variable between different devices [10]. The sec-
ond issue is that the clinician must analyse a 
cohort of stable patients, in terms of ventilation 
modality, trigger and leaks, even when consider-
ing different groups of diseases leading to CRF.

The data downloaded from ventilator’s 
memory can be divided in three categories 
(Fig. 12.2):

 (a) Synthesis report: defined as the trend of all 
the analysed parameters recorded in a precise 
period of time from the ventilator. It depends 
from the manufacturer and can comprise 
parameters such as utilization compliance, 
settings, leak evaluation, tidal volume, respi-
ratory rate, minute/ventilation and patient- 
triggered breaths.

 (b) Precise analysis of the above-mentioned 
respiratory parameters evaluated cycle by 
cycle.

 (c) A polygraphic analysis obtained by connect-
ing an external device to the ventilator that 
allows the measurement and the recording of 
parameters such as peripherical oxyhaemo-
globin saturation, cardiac rate and respira-
tory effort.

Wide inconsistencies are detectable in the 
data recorded by different devices; this can 
depend on the inaccurate clinicians’ definition. 

AHI, estimation of apnoea-hypopnoea index under NIV (residual AHI); NA, not available; NIV, noninvasive ventilation; PC, portable computer; RR, respiratory rate measured by
ventilator; VE, estimation of minute ventilation; VT, estimation of tidal volume.

Device Software Synthesis data Detailed data Polygraphic data

VPAPIII-ST (A)
VPAPIV-ST
ResMed

HARMONY SYNCHRONY

Philips Respironics

Triogy

Philips Respirorics

VENTIMOTION

Weinman (Hamburg, Germany)

GK 425

Tycohealthcare
(Pleasanton, CA, USA)

SMARTAIR, SMARTAIR+
LEGENDAIR, SUPPORTAIR

Airox-Covidien (Pau, France)

Monnal T30 AirLiquide
(Antony, France)

VS Ill, VS INTEGRA
ResMed

ELYSEE 150
ResMed

VIVO 30–40
Breas (Mölnlycke, Sweden)

VIVO 50
Breas (Mölnlycke, Sweden)

ReScan 3.10

Encore Pro 2

Direct view

Ventisupport

Silverlining 3

Airox Com 3.5.1

Bora Soft V.6

Easydiag 2

Easyview 150 (2.11)

Vivo PS software 3

VIVO 50 PC software

Compliance, ventilator settings,
VE, VT, RR, leaks, flow,
inspiratory time/total time, alarms

Compliance, ventilator settings,
VE, VT, RR, leaks, flow, total
number of apnoeas, alarms

Compliance, ventilator settings,
VE, VT, RR, leaks, flow, total number
of apnoeas, alarms

Compliance, ventilator settings,
VE, VT, RR, leaks, residual AHI

VE, RR, leaks, residual AHI
and flow cycle by cycle for
VPAP IV

VE, VT, RR, leaks, flow (cycle
by cycle display possible with
additional Alice PDX module)

VE, VT, RR, leaks, pressure,
flow (display cycle by cycle)
and alarms

Pressure, flow, level of leaks

NA

NA

VT, RR, inspiratory time/total time,
leaks, pressure/time and flow/time
curves (online or differed cycle by
cycle display require connection to
a PC while patient is under NIV)

VE, VT, RR, leaks (online or differed
cycle by cycle display are possible)

VE, VT, RR, leaks (online cycle by cycle
display is possible while patient is
under NIV)

Pressure, flow, VT, leaks (online or
differed cycle by cycle display are
possible)

Pressure, flow, VT, leaks (online or
differed cycle by cycle display are
possible)

Simultaneous recording of Spo
2

and heart rate (avaiable with
additional module: RESLINK)

Simultaneous recording of Spo
2
,

heart rate and respiratory effort
(available with additional Alice PDX
module)

Pressure, flow and leaks can be
transferred to any polygraph with
the ‘Analog box-Weinmann’

Simultaneous recording of Spo
2

available with SUPPORTAIR
monitoring of Spo

2

Compliance, ventilator settings,
RR, pressure

Compliance, ventilator settings,
technical alarms and ventilation
alarms

Compliance, ventilator settings,
VE, VT, RR, leaks,

Compliance, ventilator settings,
VE, VT, RR, leaks,

Compliance, ventilator settings,
VE, VT, RR, leaks,

Compliance, ventilator settings,
VE, VT, RR, leaks, flow, alarms

Compliance, ventilator settings,
VE, VT, RR, leaks, flow, alarms

Fig. 12.2 Summary of data available from built-in software in home ventilators. From Janssens JP, Thorax 
2011;66:438–445
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Moreover, the recommendations to interpret 
them should be drafted by scientific societies; 
in addition, these data should be further vali-
dated from clinical independent studies. 
Without this kind of validations, all the infor-
mation that can be drawn from ventilators 
should be interpreted very cautiously from the 
clinician with the aim of titrating and optimiz-
ing NIV. They cannot, in any case, be taken as 
the only tools to rely on for a complete evalua-
tion of the appropriateness of the patient’s noc-
turnal ventilator profile.

12.2.2.1  Compliance
Very often, the patient’s compliance is not reli-
able. Therefore, the data we can obtain from the 
ventilators are a great help for the clinician, who 
is able to evaluate the actual use of the machine. 
Moreover, from these data, more important infor-
mation can be drawn: for example, frequent inter-
ruptions in the use of the ventilator during the 
night can enlighten a scarce adaptation to NIV 
(Fig.  12.3). In an observational study from 
Pasquina et  al., which analysed 150 patients in 
LTNIV [11], we can see that a neuromuscular 
diagnosis leads to a higher compliance when 
compared to central sleep apnoea syndrome 
(CSAS) patients; this is probably due to the 
higher level of dependence from ventilation. The 
compliance report is further important in the 

decision of continuing NIV treatment or not. 
Moreover, an increasing use of NIV during the 
daily hours can suggest an impending re- 
exacerbation of a respiratory disease.

12.2.2.2  Air Leaks
Air leak control represents one of the most impor-
tant elements in determining NIV efficacy. Non- 
intentional air leaks can lead to NIV intolerance, 
to NIV-patient asynchrony and to the scarce clini-
cal control of hypoventilation and alveolar gas 
exchanges. Consequently, having a reliable esti-
mate of this parameter can be extremely valuable. 
A particular care must be taken in analysing the 
way in which the ventilator detects the air leaks, 
since different softwares are used to measure dif-
ferent parameters: for instance, in some cases, 
the intentional leaks through the vented masks 
are already included in the ventilatory report 
downloaded from the machine (e.g. DirectView, 
Philips Respironics, Murrysville, PA, USA), but 
in some other ventilators, this is not the case (e.g. 
ResScan, ResMed, North Ryde, NSW, Australia). 
Indeed, in this particular software, the machine 
subtracts from the total leaks the intentional ones, 
and the provided air leak value is the effective 
one. Moreover, the air leaks must be related to 
pressure support levels: an increase in pressure 
support of 10  cmH2O can double the air leak 
detected value. Due to all these variables, the 

Fig. 12.3 Compliance data from built-in software
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maximum values of air leaks set out from the 
manufacturers are arbitrary and always depend 
from the characteristics of the different masks 
and from the pressures applied for NIV [12]. The 
presence of relevant air leaks during NIV can 
have immediate clinical consequences: it can 
lead to a change in the mask, to the caregiver’s 
better training in mask positioning or to the 
adjustment of some NIV settings.

12.2.2.3  Tidal Volume (TV) 
and Volume/Minute (VE)

The tidal volume (TV) recorded from the machine 
can state NIV efficacy, even though it is always 
dependent from a minimum variability derived 
from air leaks. In this respect, it is really impor-
tant to consider the kind of ventilator we are deal-
ing with: if we are working with a single limb 
circuit with expiratory valve and the pneumo-
tachograph is placed between the ventilator and 
the expiratory valve itself, it will give informa-
tion only on the inspiratory phase of the respira-
tory cycle, while, if it is positioned between the 
expiratory valve and the patient, it will record 
data on both the inspiratory and expiratory 
phases. On average, an acceptable TV should be 
around 10 ml/kg during NIV, having as a refer-
ence the patient’s ideal body weight. A high vari-
ability in TV may suggest important air leaks or 
the presence of a spontaneous or ventilator- 
induced periodic breathing pattern. It should be 
noticed that, in many domiciliary ventilators, the 
TV tends to be underestimated and this variabil-
ity increases with a higher-pressure support: this 
fact must be considered by the clinician when he/
she needs to optimize NIV settings, when high 
insufflation pressures are required.

12.2.2.4  Respiratory Rate and Patient’s 
Triggering Percentage

The patient’s spontaneous respiratory rate and 
the percentage of respiratory acts triggered by the 
patient and recorded by the ventilator are data 
that must be cautiously interpreted by the clini-
cian. A low percentage of triggered acts can be 
indicative of a backup respiratory rate settled in 
the ventilator at a higher level than the patient’s 
spontaneous breathing rate. Moreover, if there 

are significant air leaks or other conditions that 
can make it difficult for the ventilator to perceive 
the patient’s respiratory effort, as the presence of 
intrinsic positive end-expiratory pressure in a 
COPD (chronic obstructive pulmonary disease) 
patient or a severe neuromuscular weakness, a 
low percentage of spontaneous breaths can reli-
ably reflect the inability to perceive the patient’s 
effort from the ventilator. All these items can lead 
to a patient-ventilator asynchrony sometimes 
resolvable by increasing the inspiratory trigger 
sensitivity or the expiratory positive pressure 
(EPAP). The ideal backup rate to set is still a mat-
ter of debate; the neuromuscular patient, most of 
all in the advanced phases of the primary disease, 
tends to “lean” on the settled rate with a ventila-
tor pattern similar to a controlled modality.

12.2.2.5  Apnoea-Hypopnoea  
Index (AHI)

Some softwares report AHI between the mea-
sured data during NIV; the reliability of this 
parameter has never been completely validated 
since different devices use the same event- 
detecting algorithms already developed for 
 auto- CPAP machines, and these can be inap-
propriate during NIV.  One of the problems is 
the lack of a standardized definition of hypop-
noea during ventilation even if different and 
recent suggestions have been presented in lit-
erature [13]. Another point is due to the not 
clear definition of the way in which the soft-
ware recognizes the events during NIV and is 
able to differentiate between obstructive and 
central events.

12.3  Conclusions

Many tools are available to monitor LTNIV. In a 
phase of stability, nocturnal pulse oximetry rep-
resents the easiest way to identify a nocturnal 
desaturation. It does not allow, however, the 
highlighting of hypoventilation signs in case of 
oxygen supplementation.

Moreover, most of the alterations identified 
through nocturnal pulse oximetry are non- 
specific and cannot reliably distinguish a venti-
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lation/perfusion ratio alteration from a 
hypoventilation. The analysis of the pulse oxi-
metric wave width (PAW) is a method that can 
indirectly give information on sleep fragmenta-
tion during NIV. The transcutaneous capnogra-
phy is the only noninvasive method that can 
identify hypoventilation. However, it is expen-
sive and not widespread or immediately avail-
able in most of the centres. The built-in softwares 
installed in the next-generation ventilators can 
give much information to the clinician on air 
leaks, percentage of patient’s spontaneously 
triggered breaths, residual apnoeic or hypop-
noeic events, usage patterns and compliance, 
but they represent rough estimates of the real 
data and must be cautiously interpreted since 
they have not yet been validated from indepen-
dent clinical trials. The air leak estimate is a 
parameter that can be affected by the mecha-
nism of detection typical of every different soft-
ware (total leaks or only unintentional leaks). 
Other parameters, like tidal volume and volume/
minute, should be related to the pressure and 
support set from the clinician since they have an 
extreme variability; in literature, usually, tidal 
volume is reported as underestimated by the 
ventilators. Considering this, the clinician 
should not rely exclusively on the data recorded 
and downloaded from the ventilator to optimize 
NIV but should use the information obtained by 
all the different available and validated tools as 
arterial blood gas analysis (ABG), nocturnal 
pulse oximetry, nocturnal polygraphy and cap-
nography; the integration of all this information 
can avoid gross mistakes in LTNIV settings.

12.4  Key Major Recommendations

 1. Nocturnal pulse oximetry in a stable patient in 
LTNIV is a simple tool to identify sleep pat-
tern alterations, but it is not completely reli-
able to detect hypoventilation.

 2. Nocturnal polygraphy and polysomnography 
during NIV can precisely define the specific 
kind of breathing disorder.

 3. The most useful and reliable parameters 
recorded and downloaded from the built-in 

software are data on compliance and on the air 
leak estimates; it is necessary to understand 
the identification mechanism of air leaks set 
on the specific ventilator (whether it is total or 
only unintentional).

 4. Tidal volume (TV) and volume/minute (VE), 
when downloaded from the ventilator, should 
always be compared to the provided pressure 
support.

 5. To evaluate NIV efficacy, the clinician must 
not rely only on the data that can be down-
loaded from the ventilator but should also 
integrate the whole set of information obtained 
from the different available tools.

(ABG, oximetry, polygraphy/polysomnog-
raphy, transcutaneous capnography and clini-
cal data).
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Abbreviations

ALS Amyotrophic lateral sclerosis
COPD Chronic obstructive pulmonary 

disease
DNI Do not intubate
ICU Intensive care unit
IMV Invasive mechanical ventilation
IPF Idiopathic pulmonary fibrosis
MND Motor neuron disease

NIPPV Noninvasive positive pressure 
ventilation

NIV Noninvasive ventilation
PC Palliative care

13.1  Introduction

The term “end-of-life care” is different, and it 
usually refers to care concerning the final stage of 
life and focuses on the care of the dying person 
and their family. The period for end-of-life care is 
arbitrary and should be considered variable 
depending on the patient’s trajectory of illness. 
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Using these descriptions, the palliative care 
includes end-of-life care, but is broader and also 
includes attention centered on promoting quality 
of life and reducing symptoms before the end-of- 
life period. Some symptoms accompany the end 
of life especially in respiratory diseases: dyspnea, 
weakness, physical fatigue, decreased activity, 
mental fatigue, and lack of motivation. According 
to one study, patients may experience distress 
and pain during the last month of life and often 
receive suboptimal treatment. Symptomatic treat-
ments for dyspnea such as opioids should be 
readily available, even relatively early in the 
course of the disease, if dyspnea is not adequately 
relieved by NIV.

13.2  NIV In-Home Support 
for End of Life: Is It 
for the Patient or Family/
Caregiver?

Patients’ preferred place of death is usually at 
home, but distressing symptoms, unanticipated 
crisis, or increasing carer burden can make end- 
of- life care at home challenging. The experience 
at the end of life can have a significant impact on 
patients and their families. Advanced planning, 
excellent communication, and access to expertise 
in palliative and social care, mainly out of office 
hours, can avert crises and promote a peaceful 
death. Palliative care aims to check and reduce 
affliction and to promote the high-grade quality 
of life for patients and their parents, despite the 
stage of disease or the need for other therapies. 
Palliative care improves quality of life, supports 
medical decision in performing and recognizing 
the goals of care, marks the essentials of family 
and other informal caregivers, and implements 
opportunities for personal growth [1]. A strong 
correlation between dyspnea and pain has been 
described in patients who are effectively reduced 
by NIV [2]. Although ventilatory support can 
expressively extend life, the patient sometimes 
requests the cessation of NIV when allowed by 
local legislation. However, discontinuation of 
NIV will inevitably be accompanied by severe 
symptoms or even real acute respiratory distress. 

This type of situation must be anticipated, which 
necessitates rigorous and carefully appropriate 
drug treatment. As in any case of end-of-life dys-
pnea, opioids and benzodiazepines, possibly 
associated with the administration of oxygen, 
effectively relieve the symptoms induced by dis-
continuation of ventilatory support. It is only 
common sense to initiate these treatments before 
discontinuing ventilatory support, which can be 
legitimately temporarily resumed if the doses 
administered are insufficient to relieve the 
patient’s symptoms and promote patient comfort 
[2]. It is crucial to ensure the continuous presence 
of a doctor or a nurse in the patient’s room after 
stopping ventilatory support, to allow a rapid 
response when the doses need to be increased to 
reassure the family about the significance of any 
respiratory pauses or agonal gasps, which, despite 
their spectacular nature, must not be interpreted 
as signs of suffering. If death does not occur rap-
idly, a doctor or nurse should frequently visit the 
patient’s room or may need to be continuously 
present in some cases (Fig. 13.1).

13.3  Neuromuscular Patients

Progressive respiratory deterioration is a hall-
mark of many neuromuscular diseases (NMD). 
The respiratory decline can be postponed through 
such interventions; it cannot be avoided. 
Noninvasive positive pressure ventilation 
(NIPPV) may “buy time” for loved ones to visit 
and say goodbye, but in these situations, it will 
not prevent the patient’s death. Whereas in 
decades past this necessarily led to an end, now 
there are multiple modalities of support that can 
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sustain life, beginning with suctioning and cough 
assist, progressing to intermittent and then 
chronic noninvasive positive pressure ventilation, 
and ultimately invasive ventilation. Indeed, the 
burden of NIPPV is not insignificant, however, 
often requiring restraints and being uncomfort-
able for the patient. In situations that represent an 
incremental decline in respiratory function rather 
than an acute decompensation, NIPPV may her-
ald the need for ever-increasing respiratory sup-
port, if life is to be sustained. To be sure, 
instituting NIPPV does not commit the patient to 
continue respiratory support, for there is no ethi-
cal difference between withdrawing and with-
holding (Fig.  13.2). From an emotional 
standpoint, however, withdrawing may be more 
difficult on a patient and family [3].

Recently, Gleeson examines data from differ-
ent states through a 25-item questionnaire. A 
connection to the survey was sent by email to 
every medical director of inpatient hospices/
SPCUs (specialist palliative care units) in the UK 
and Ireland. The response rate was 42.4%. From 
the analysis of data, only a few units (7.7%) have 
expertise with tracheostomy patients. In the UK, 
patients with motor neuron disease (MND) using 
NIV greatly outnumber those using the tracheos-
tomy ventilation (TV). Only 14.1% of respon-
dents had been included in the care of patients 
with MND using TV, in the expert palliative care 
environment in the last 5 years. During end-of- 
life assistance, considerable expertise is required 
to facilitate long-term mechanical ventilation. 
Respiratory tract obstruction due to bronchial 

secretions can require urgent action as suction-
ing, and there is also a potential for accidental 
ventilator disconnection or failure of the ventila-
tor requiring bag-valve-mask respiratory support 
by a suitably trained healthcare professional. In 
literature, there are several case reports which 
focus on ventilator withdrawal and highlight the 
associated legal and practical challenges and dis-
parity in current practice. The data revealed con-
siderable differences in the provision of specialist 
palliative care for patients with MND using NIV, 
in comparison to those using tracheostomy venti-
lation (TV). 97.4% of units indicated that they 
currently admit patients with MND on NIV, but 
only 28.2% admit MND patients using 
TV. Palliative care support was more accessible 
to MND patients using TV in the community; 
80.8% of respondents indicated that sufficient 
expertise in the management of NIV is available 
at their unit. This study has several limitations 
(the nature of data collection, less than half 
responded, etc.). There is no standard for ade-
quate support, and therefore there may be signifi-
cant inter-respondent variation in what is 
considered “adequate” for patients and their fam-
ily [4].

Health-related quality of life (HRQOL) may 
improve at a different rate in NMD patients on 
long-term NIV. Crimi et al. in their work affirm 
that NIV plays a crucial role in the projection of 
progressive NMD improving HRQOL and sur-
vival. NIV might be challenging for NMD 
patients, and early end-of-life discussion is man-
datory as to put in place proper advanced 
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 directives. Conversely, initiation of NIV in 
Duchenne muscular dystrophy (DMD) patients is 
not perceived as adversely affecting their HRQOL 
[5].

Anticipatory outlining and palliative care 
should be carried out to lessen the burden of 
responsibility, to maintain or withdraw from NIV, 
and to guarantee the most respectful management 
in the last days of NMD patients’ life. One study 
reported that the last days of life for amyotrophic 
lateral sclerosis (ALS) patients who did not 
choose invasive mechanical ventilation (IVM) 
are usually characterized by dyspnea, pain, and 
fatigue and that more than one- third of patients 
decide to continue NIV to relieve symptoms up 
until the last 24 h rather than oxygen alone. In the 
case of patient compliance, there are strong rec-
ommendations for continuation of NIV up to 
24  h according to patient interface preferences. 
Facing end-of-life discussion is difficult, espe-
cially in young patients [6]. Only recently has the 
literature been gaining information regarding 
end-of-life discussion and care for NMD patients, 
and palliative care is often not mentioned to any 
family of patients with DMD.

In one study, older interviewed DMD patients 
emphasized that it is crucial to face end-of-life 
issues “within a positive frame of reference, 
focusing first, on living with DMD and having a 
good life with it and then, as a natural part of it, 
about death and dying.” These patients under-
lined the importance to die at home, surrounded 
by family, and not in the hospital and emphasized 
the need for home-based palliative care training 
to deal with NIV-dependent patients. They con-
clude that the use of NIV in the palliative care 
setting of patients with ALS is controversial and 
only a few studies have explored this topic [7]. 
The burden of becoming dependent on NIV is 
exceptionally distressful, and it sums up to the 
other discouraging experiences that this fatal dis-
ease carries with itself. Withdrawing from long- 
term NIV has not fully been explored.

Cheng et  al. in their study evidence that the 
real experience at the end of life can have a sig-
nificant effect on patients and their families. 
Owing to the complexities of the management of 
advanced ALS, a coordinated team of medical, 

nursing, and associated health professionals cre-
ates constitutes a multidisciplinary care (MDC) 
model that results in improved care and quality of 
life (QOL), reduction in the length and recur-
rence of hospitalization, and prolongation of sur-
vival in MND subjects. The multidisciplinary 
hospital typically includes a neurologist, MND 
nurse, physiotherapist, and occupational and 
speech therapists. Patients’ preferred place of 
death is habitually at home, but distressing symp-
toms, unanticipated crisis, or developing carer 
burden can make end-of-life care at home chal-
lenging. Advanced planning, excellent communi-
cation, and access to expertise in palliative and 
social care, mainly out of office hours, can avert 
crises and promote a peaceful death. Anticipatory 
prescribing of symptomatic therapies in a range 
of routes is encouraged [8].

Brunaud et al. in his work affirm that the pri-
mary goal of treatment in caring for ALS patients 
is to minimize morbidity and maximize the qual-
ity of life (QOL). The most common symptoms 
at the end of life (pain and dyspnea) need to be 
stringently verified. Socioeconomic factors and 
caregiver preferences may also influence patients’ 
choices. Anticipatory palliative treatment, 
according to the advance care planning already 
discussed with the patient, may be prescribed. 
With the use of palliative medication, most 
patients can die peacefully at home due to carbon 
dioxide narcosis. A prospective French study of 
the causes of death showed that most ALS 
patients die of respiratory failure (77%), which 
includes terminal respiratory failure (58%), 
pneumonia (14%), asphyxia due to a foreign 
body (3%), and pulmonary embolism (2%). Also, 
10% of ALS patients die from other causes, such 
as postsurgical or traumatic conditions (5%), car-
diovascular causes (3.4%), suicide (1.3%), and 
sudden death of unknown origin (0.7%). Most 
patients (63%) died in a medical facility. At 
autopsy, bronchopneumonia is the leading cause 
of death. A study of North American multidisci-
plinary ALS centers has also confirmed that most 
ALS patients die peacefully (90.7%). The 
remaining patients (9.3%) exhibited distress dur-
ing the dying process, which included breathing 
difficulties (82.1%), fear or anxiety (55.2%), pain 
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(23.9%), insomnia (14.9%), and choking 
(14.93%); 62.4% of patients died in a hospice or 
supported environment, and 88.9% had com-
pleted their ADs. To increase survival time, thera-
peutic strategies should be rapidly implemented 
to compensate for malnutrition and respiratory 
insufficiency and to prevent aspiration, falls, and 
pneumonia [9].

Time is needed to discuss therapeutic options. 
When respiratory failure occurs and confusion 
sets in (due to hypercapnia), it is not possible for 
patients to provide informed consent for treat-
ment. Nevertheless, the management of ALS 
patients still reveals situations that serve as ethi-
cal paradigms in modern medicine. Despite the 
lack of a cure for ALS, significant changes in the 
management of ALS patients have taken place 
over the last few years: increased survival, better 
QoL, and greater respect for patients’ autonomy. 
Noninvasive ventilation (NIV) has become an 
essential part of the treatment of amyotrophic lat-
eral sclerosis (ALS). More advanced use of NIV 
also requires pulmonologists to master the asso-
ciated end-of-life palliative care, as well as the 
modalities of discontinuing ventilation when it 
becomes unreasonable. The circumstances of 
death and palliative end-of-life care for patients 
who choose to remain on NPPV as the ceiling of 
medical treatment for respiratory failure have 
received little focus. Furthermore, some patients 
were found to be close to death despite a high 
level of independence in activities of daily 
living.

Ushikubo’s work about ALS patients and their 
caregiver’s experiences with NIPPV described 
the caregiver’s experience periods of stress and 
interrupted sleep. NIPPV does not impart a sense 
of severity or gravity, which sometimes results in 
a tendency to treat ALS lightly. Measures must be 
taken to prevent human error, such as forgetting 
to flip switches. Also, home visiting nurses 
should be educated regarding their legal obliga-
tion to report their concern over suspicious events 
so that law enforcement can follow up. 
Assessment by home visiting nurses of the care-
giver’s age, sex, relationship to the patient, com-
petence, and fatigue is essential. Home care 
providers need to collaborate to introduce neces-

sary social resources at appropriate times. For 
patients receiving treatment who have decided to 
go as far as using NIPPV as the final symptom-
atic treatment of respiratory failure, end-of-life 
care is best provided in the patients’ preferred 
place. If they want to die in their home, the pre-
paredness of the patient and his/her family and 
how to provide palliative care are important fac-
tors. Family physicians and home visiting nurses 
should make efforts to obtain advance directives 
to avoid the patient’s wishes being overruled later 
by his/her family; doing so can minimize legal 
risks as well. Therefore, family education or fam-
ily care is vital in end-of-life care. Moreover, pal-
liative care urgently needs to be developed to 
mitigate the final circumstances of patients 
receiving NIPPV treatment [10].

The circumstances of the death of in-home 
patients with ALS who used NIPPV indicated a 
close relationship between death and the nature 
of caregiving in the handling of NIPPV.  Home 
care nurses should consider caregiving aspects, 
as well as physical elements when predicting 
death. Furthermore, patients’ statements that they 
are independent with activities of daily living 
were mostly unreliable indices for predicting 
mortality. However, several clinical parameters 
for predicting death were identified: weight loss, 
shorter intervals between bouts of pneumonia, 
the onset of oral problems, and the onset of skin 
problems. Further research is necessary to 
develop palliative care for ALS patients on 
NIPPV approaching the end of their lives.

13.4  COPD Patients

COPD represents the third leading cause of death 
universal and the seventh in combination of years 
of life spent or lived with disability. Patients with 
COPD have been recognized to have high symp-
tom loads as those with lung cancer. Increasing 
symptom burden, particularly dyspnea, correlates 
with increased mortality. Compared with those 
with cancer, patients with COPD are more likely 
to receive aggressive interventions at the end of 
life, including ICU admission for invasive or 
noninvasive ventilation and cardiopulmonary 
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resuscitation [11]. Identification of the limits of 
curative treatment and acceptance of palliative 
care is hard for all (clinicians, patients, and their 
parents), but is an essential and often neglected 
part of clinical practice, particularly beyond 
oncology. Even in late-stage COPD, palliative 
care remains an underutilized resource. Factors 
associated with a palliative care referral were 
age, cancer, invasive and noninvasive ventilation, 
and do not resuscitate (DNR) status. 
Breathlessness is a principal symptom of COPD, 
which progresses with the developing condition 
and has a profound influence on patients’ 
QOL.  There is no widely accepted practice of 
either predicting diagnosis or defining end-stage 
COPD [12], which may contribute to the extended 
variation and lowering quality of end-of-life care 
for COPD patients compared to lung cancer 
cases. The American Thoracic Society recom-
mends that palliative care should be possible to 
all patients regardless of the grade of their dis-
ease and that relieving dyspnea should be a key 
problem. The palliation of dyspnea may have 
advantages going beyond symptom relief with 
some evidence of an influence on mortality from 
dyspnea-specific palliative care plans. NIV is 
used in nearly one-third of COPD patients recog-
nized to have a poor life expectancy. Its use in 
this context has a weak database but used judi-
ciously can add to symptom relief without join-
ing to the care responsibility. NIV can relieve 
breathlessness by relieving the respiratory mus-
cles. One prospective cohort study in a group of 
patients with solid organ cancers proved that NIV 
significantly reduced breathlessness and oxygen-
ation. Although often uncomfortable for clini-
cians, open dialogue regarding death is essential 
to reduce patients’ anxieties and to sustain them 
to make decisions regarding the management of 
their care at the end of life. Patients with COPD 
find it especially motivating to make choices in 
approach about maximums of care and even 
when they have had a prior familiarity of inter-
ventions such as NIV. They anticipate their deci-
sions for the future medical treatment [13, 14]. 
Nevertheless, it is critical that they are allowed to 
discuss such issues. Shah in a review article 
examines NIV in COPD in a different clinical 

condition. In palliative care, NIV can relieve 
breathlessness by discharging the respiratory 
muscles. Breathlessness is a fundamental indica-
tor of COPD, which progresses with improving 
disease and has an important influence on 
patients’ QoL.  There is no generally accepted 
method of either predicting prognosis or defining 
end-stage COPD, which may provide to a wide 
divergence and lower quality of end-of-life care 
for COPD patients associated with lung cancer 
patients. Duek et  al. in his survey study, per-
formed by the members of the Netherlands 
Association of Physicians for Lung Diseases and 
Tuberculosis, described that most pulmonolo-
gists (92.2%) showed to distinguish a palliative 
stage in the COPD trajectory, but there was no 
consensus about the various criteria used for its 
classification. Aspects of palliative care in COPD 
considered significant were advance care plan-
ning conversation (82%), communication linking 
pulmonologist and general practitioner (77%), 
and association of the palliative phase (75.8%), 
while the latter was considered the most crucial 
aspect for improvement (67.6%). Pulmonologists 
showed to prefer organizing palliative care for 
hospitalized patients with COPD themselves 
(55.5%), while 30.9% showed to favor coopera-
tion with a specific palliative care team (SPCT). 
In the ambulatory setting, multidisciplinary 
cooperation between pulmonologist, common 
practitioner, and a respiratory nurse specialist 
was preferred (71.1%) [15]. The palliation of 
dyspnea may have advantages extending beyond 
symptom support with some data of impact on 
mortality from dyspnea-specific palliative care 
plans [15, 16]. NIV is used in nearly one-third of 
COPD patients recognized to have a decreased 
life expectancy. Its use in this context has a lim-
ited affirmation but administered judiciously can 
contribute to symptom change without adding to 
the care burden [17]. However, some barriers pre-
clude its widespread use, including understand-
ing among both patients and clinicians that NIV 
can prolong suffering during the dying process 
since the mask can be uncomfortable and claus-
trophobic and may impede communication with 
friends and relatives. The real planned goals of 
NIV should, therefore, be established before its 
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application in patients evaluated to be in the final 
stage of their life, with a definite discussion 
between patients, carers, and healthcare teams 
(Fig.  13.3). Identification of explanation about 
the presumed therapy response, treatment escala-
tion, and/or withdrawal of treatment should be 
documented at the initiation of therapy [16].

13.5  IPF Patients

Idiopathic pulmonary fibrosis (IPF) is an advanc-
ing illness with a median survival from 2 to 
7 years. Although there is a remarkable develop-
ment in the pharmacological therapy of IPF and 
some patients support lung transplantation, IPF 
is also a disease with high mortality and morbid-
ity [18].

The symptom care is crucial, with shortness of 
breath and cough being the most common symp-
toms [19]. According to new interview research, 
the diagnosis of IPF has a significant influence on 
daily living and family relationships. The pre-
ponderance of IPF patients expires in a hospital 
setting, but the contents of care during the last 
days of life are frequently unknown. Death 
appears to be unpredictable in many cases. 
Despite the evidence of integrated palliative care, 
there are only a few studies on current end-of-life 
(EOL) care applications in patients with advanced 
IPF [20].

Rush analyzes an IPF group in the USA under-
going mechanical ventilation and their use of pal-
liative care (PC). In this national examination of 
mechanically ventilated patients with IPF, only a 
minority of patients were referred to PC. In their 
work is evident a racial disparity of treatment that 
influenced access to PC services, with Hispanic 

patients less likely to be involved. Hospital char-
acteristics, including a region of the country and 
teaching status, were significant predictors of PC 
referral. The findings of this study demonstrate 
that there is differential access to care for patients 
with IPF who are in the end stages of their dis-
ease. The significant increase in access to PC for 
ventilated patients with IPF is encouraging and a 
testament to the general increased awareness of 
the benefits of PC. It is impossible to determine 
whether the increased use of PC in patients with 
IPF is unique to this population or instead reflects 
a general trend in increased availability and 
understanding of the benefit of PC. As would be 
expected, patients treated in large academic hos-
pitals were more likely to receive PC referral. 
These hospitals may be more likely to have 
developed PC services with more significant 
resources available for end-of-life planning. It is 
also possible that these types of institutions may 
have specialized clinics for patients with IPF, 
which may integrate PC and be available for liai-
son when their patients are treated in the inten-
sive care unit. The indications of future policy 
developments in the USA on the access to PC for 
patients are unknown. In the setting of significant 
funding cuts across all areas of healthcare, it is 
possible that “nonessential” services such as PC 
may be at higher risk for being reduced [21].

Further research should be done on this subject 
to inform representatives and improve the care of 
patients with significant symptom burdens at the 
end of life. In a national representation of IPF 
patients, mechanical ventilation (MV) was used in 
11–12% of those hospitalized due to a respiratory 
diagnosis with no important variation in its use 
over time. MV use was more frequent in younger 
male IPF patients, those admitted at university 
hospitals, and those with any chronic medical con-
ditions or a no-IPF respiratory diagnosis. Its use 
was correlated with a fourfold improvement in 
admission cost ($49,924 compared to $11,742) 
and a sevenfold increase in mortality (56% com-
pared to 7.5%). NIV was associated with increased 
LOS and cost, although to a lesser extent than 
MV. Further research in IPF treatment and devel-
opment of IPF-specific decision support is needed 
to enhance the resource burden, consequences, 
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and use of MV in IPF. The unchanging nationwide 
use of MV over time, notwithstanding IPF treat-
ment guidelines hypothetically recommending 
against MV use, reflects the limited possibility 
accessible to clinicians approaching acute worsen-
ing of IPF and the difficulty of advance care plan-
ning in IPF [22].

Spagnuolo analyzes the use of NIV in severe 
fibrosis without practical results, but he con-
cludes for the necessity of prospective studies to 
identify IPF patients more likely to benefit from 
MV and NIV. The advantage of the application of 
NIV in symptomatic therapy of IPF patients has 
not been demonstrated, and, therefore, NIV is not 
routinely suggested. Although it is expected that 

NIV is used in support of a cure or to alleviate 
breathlessness, utilizing a mask may increase and 
prolong the difficulty of the patient and limit 
communication with familiar ones. Therefore, 
the benefit and disadvantage of NIV in patients 
with end-stage IPF should be prudently esti-
mated. In contrast to NIV, oxygen therapy is rec-
ommended to IPF patients with hypoxemia [23]. 
Thus, it’s not unexpected that the majority of IPF 
patients received only oxygen. In contrast to the 
extensive literature that has explored the benefits 
of palliative care in patients with cancer, few 
studies have examined factors that influence 
decisions to provide palliative care referral in 
patients with advanced lung disease (Table 13.1). 

Table 13.1 Factors that influence decisions to provide palliative care referral in patients with advanced lung disease

Author Aims Methods Patients (pt) Results
Gleeson 
2019

Evaluate hospices and 
specialist palliative care 
units (SPCUs) in the UK 
and Ireland in patients with 
MND using NIV or TV

A 25-item 
questionnaire 
developed in 
SurveyMonkey

185 NMD A minority of UK and Irish 
hospices/SPCUs provide support to 
TV MND patients. Respondents 
indicated a lack of appropriate 
expertise and experience

Crimi 
2019

Evaluation on survival 
using NIV in progressive 
NMD at home

Literature review NMD, OHS Monitoring NIV settings through 
the new built-in ventilator software 
is recommended.
Patient and caregiver education is 
pivotal for the transition to home 
since home care programs are 
rarely available and telemonitoring 
is a promising resource but still not 
widespread yet

Cheng 
2017

Evaluate the role of the 
supportive interventions 
available to patients with 
MND, the evidence basis 
for intervention modalities, 
and highlight areas for 
future research

Literature review MDC, NIV, and nutritional support 
are essential to ensure patients 
derive the benefits

Brunand 
2017

Evaluate end-of-life 
directive

Literature review The optimal approach is to have an 
open, transparent initial discussion 
with the patient and to continue to 
discuss the matter incrementally as 
the disease progresses.
Multidisciplinary follow-up and 
discussions is crucial

Ushikubo 
2018

Palliative care in NMD 6 home visiting 
nurses
Individual 
semistructured 
interviews

ALS The circumstances of death of 
in-home patients with ALS who 
used NPPV indicated a close 
relationship between death and the 
nature of caregiving in the handling 
of NPPV
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Table 13.1 (continued)

Author Aims Methods Patients (pt) Results
Smith LE 
2017

Systematic review on 
prognostic variables, 
multivariate score, or 
models for COPD

Literature review A number of variables contributing 
to the prediction of all-cause 
mortality in COPD were identified. 
The quality of evidence remains 
low, such that no single variable or 
multivariable score can currently 
be recommended

Duenk 
2017

Palliative care for COPD 
patients was explored

Survey study 256 
respondents

Pulmonologists should improve 
their skills of palliative care, and 
the members of the SPCT should 
be better informed about the 
management of COPD to improve 
care during hospitalization

Lindell 
2017

To explore the perceptions 
of palliative care (PC) 
needs in patients with 
idiopathic pulmonary 
fibrosis (IPF) and their 
caregivers

Thematic analysis early palliative care and regular 
counselling will allow patients with 
PF-ILD and their caregivers to 
obtain better and more effective 
pharmacological and psychosocial 
interventions to improve quality of 
life throughout the disease course

Rush 
2018

The utilization of palliative 
care (PC) in patients with 
end-stage idiopathic 
pulmonary fibrosis (IPF) is 
not well understood

Nationwide 
Inpatient Sample 
(NIS)

21,808 
patients with 
IPF

The utilization of PC in patients 
with IPF who undergo MV has 
increased dramatically between 
2006 and 2012

Faverio 
2018

Management ARF in IPF 
with NIV

Literature search Nonconclusive data of NIV use in 
acute IPF

Akgün 
2017

PC teams address domains 
of physical, existential, 
spiritual, and social 
suffering and facilitate 
complex decision-making 
at any stage of a disease

Literature search PC specialists can improve 
symptom management
PC interventions have also been 
associated with improvements in 
survival for patients living with 
cancer

Cheung 
201

End-of-life (EOL) care 
preferences, 
documentation, and 
communication in patients 
with various types of 
advanced neurology 
diseases

Retrospective 
chart review

EOL decision-making in patients 
with advanced neurology disease is 
often delayed
The NPCT can play a valuable role 
in EOL discussions in patients with 
advanced neurology diseases under 
collaboration between the PC and 
the neurology teams

Ringuier 
2017

The objective was to survey 
pediatricians’ opinions and 
practices regarding NIV in 
palliative care in France

Mail survey was 
conducted among 
pediatric 
pneumologists

The major criterion for initiating 
NIV in pediatric palliative care was 
the presence of dyspnea. In 
pediatric palliative care, the 
efficacy of NIV was evaluated 
primarily clinically in terms of the 
improvement of the child’s comfort 
level, as well as the child’s and 
family’s satisfaction
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Many reasons have been suggested to describe 
the timing of the reference. These include the 
prognostic uncertainty of IPF, the fear of dimin-
ishing hope, clinician discomfort with palliative 
care discussions, and limited patient and care-
giver understanding of potential benefits of pal-
liative care [24].

13.6  Cancer, DNI Context, 
and Palliative Care

NIV was employed for the first time in an 
extended group of advanced cancer patients with 
acute respiratory failure who had been judged by 
the referring oncologist to be suitable only for 
palliative care. Subsequently, a randomized con-
trolled study was performed in patients with end- 
stage cancer presenting acute respiratory failure 
and severe distress. Symptom burden is substan-
tial for patients with cancer. Fatigue, decreased 
appetite, pain, and dyspnea are frequently 
reported and are among the most common symp-
toms of the patients. Many of these symptoms 
worsen as patients approach the end of their lives. 
Respiratory symptoms are among the most com-
mon physical symptoms for patients living with 
cancer. Moderate to severe dyspnea affects 
approximately 25% of patients with advanced 
cancer, with prevalence increasing during the last 
6 months of life [25].

Akgü analyzes the literature about all the pos-
sibilities to treat dyspnea in end-stage neoplastic 
diseases with high-flow oxygen, and noninvasive 
ventilation can also be utilized to treat dyspnea 
and could be opioid sparing for dyspnea manage-
ment in patients with malignancy. Some authors 
report similar differences in responses to mechan-
ical ventilation or life-prolonging drugs that may 
negatively affect the patient’s quality of life. 
Palliative ventilation expresses a field of great 
potential in a subgroup of patients with dyspnea 
who start with the acute failure of a specific organ 
that is not necessarily correlated to the site or 
progression of cancer [25]. NIV in general wards 
and after at home has also been used in “not to 
intubate” patients. “DNI” cannot be considered 
as an indication for NIV. In patients who can be 

anticipated to decline as a result of respiratory 
failure, the introduction of NIV as potentially 
short-term intervention should be discussed in 
the outpatient setting, but should not be routinely 
offered to such patients. In patients with a termi-
nal disease, NIV is aimed at reducing dyspnea, 
similarly to pain, or as a therapeutic choice to 
allow to save time and gather consent to diagnos-
tic or therapeutic procedures or communicate the 
short prognosis when abruptly passing from an 
intensive to a palliative care setting. In this strictly 
palliative setting where the main goal is to man-
age severe respiratory distress in a patient near to 
death, continuous positive airway pressure 
(CPAP) alone does not have any role in reducing 
symptom, because it does not supply respiratory 
muscles as NIV.  Palliative NIV encompasses a 
range of applications, from symptom-based 
intervention concurrent with disease-directed 
treatment to purely palliative treatment delivered 
at the end of life.

Scala and Esquinas suggested that DNI activi-
ties for ancient patients admitted for acute respi-
ratory failure (ARF) (ventilated at home with 
severe dependence in their daily activities) should 
be placed in an open or half-open place out of 
ICU. This issue could be significant in reducing 
anxiety and depressive symptoms and to improve 
pain and psychological morbidity “related to 
DNI and end-of-life context.” Furthermore, NIV 
might improve the end-of-life care in advanced 
COPD.  Old DNI patients with ARF could be 
treated with NIV in a half-open geriatric ward 
with trained physicians and nurses. The presence 
of family members might improve patients’ com-
fort and reduce anxiety levels even at the end of 
life. In hospital geriatric ward mortality was 
related to the admission diagnosis. When NIV is 
applied in a geriatric ward by experienced physi-
cians, and if family members and nurses care-
fully assisted patients, the mortality was 
approximately 25% [26]. There are many propos-
als that NIV might be an alternative option to 
relieve dyspnea even in patients with advanced 
disease.

Mercadante in his article affirms that NIV is 
increasingly used as a palliative strategy when 
endotracheal ventilation is deemed inappropriate. 
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Palliative ventilation can either be directed to 
offer a possibility for survival, with a resolution 
for acute respiratory failure, particularly in hema-
tologic population, or alleviate the symptoms of 
respiratory distress in dying patients. Patients in 
the final stage could be already receiving NIV at 
home for respiratory disease or for those who 
have “do not intubate/tracheostomize” order. 
More commonly, patients with respiratory failure 
due to the disease or its complications may mani-
fest clinical evidence of severe dyspnea not 
respondent to standard pharmacological treat-
ment. There is additionally a subgroup of patients, 
who are primarily treated with palliative ventila-
tion while waiting for further decisions and 
proper communication of an abrupt switching 
from an intensive setting to end-of-life care.

For patient treated at home with long-term 
NIV, the main goal is to optimize their daily qual-
ity of life. NIV settings and interfaces should be 
optimized, and oxygen should be targeted to 
obtain an SaO2 around 90%. It is also mandatory 
to pay particular attention to observe how the 
patient tolerates NIV. Palliative ventilation should 
not cause the patient discomfort, and oxygen 
should be targeted according to patient’s dys-
pnea. Alarm should be put off because they can 
generate distress and may make the family mem-
bers even more anxious [27]. The real priority is 
to make the patient’s life comfortable; appropri-
ate sedatives (benzodiazepine) or opioid drugs 
can be administered if required to facilitate 
patient’s compliance for the first hours until sta-
bilization is achieved. Although NIV is consid-
ered a nonaggressive technique, its use in a 
palliative care setting remains debatable. The 
pioneer and encouraging studies in palliative care 
patients near to end of life are inadequate and 
often of short duration. Further researches 
focused on quality of life and typical palliative 
care issues should be performed to provide an 
additional option in a different clinical context 
such as respiratory failure with dyspnea. No 
information exists about the combination of con-
ventional drugs used for relieving dyspnea such 
as opioids. The appropriateness of palliative ven-
tilation should be described in studies that rely 
more on qualitative measures (patient comfort, 

end-of-life process, family burden, and health-
care provider satisfaction) than quantitative strat-
egies (rate of palliative NIV use and mortality). 
Many patients and their relatives are potentially 
interested in maximizing comfort in the later 
stages of the disease. Interestingly, some of them 
also expressed the desire to maintain cognition 
and the ability to communicate. However at this 
very critical stage, the patients are often no lon-
ger able to participate, and NIV may be uncom-
fortable and may cause unacceptable side effects 
such as skin lesions, irritation of the eyes, abdom-
inal bloating, and in rare cases barotraumatic 
events. Thus, when possible any palliative venti-
lation intervention needs to be discussed with 
patients. Even though palliative ventilation might 
be beneficial in short-term or long-term condi-
tions, some patients may wish to stop the treat-
ment or simply because palliative ventilation has 
exhausted his function. More data are necessary 
to delineate a planned plan for change or discon-
tinuation of palliative ventilation. The discontin-
uation of any form of palliative ventilation 
appears to pose considerable challenges to a pal-
liative physician for the emotional, practical, and 
moral implications. Moral and legal rights to 
withdrawal from treatment, examination with 
family and colleagues, experiences of legal 
advice, and issues contributing to ethical com-
plexity are the most challenging issues to afford.

13.7  Neurologic Disease

NIV is effective and safe in an elderly patient 
population, many of whom had multiple comor-
bidities, including significant cognitive impair-
ment and acute delirium, at least in their acute 
presentations with respiratory insufficiency. 
However, when long-term domiciliary ventila-
tion in individuals over 75 years of age is consid-
ered, early reports did provide favorable 
testimony outcomes. There is a higher risk of 
neuropsychological impairment, resulting in 
more difficulties adapting to the overall burden of 
NIHMV when compared to a younger individual. 
Respiratory complications are the highest mor-
bidity and mortality of patients with advanced 
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neurological conditions. Dementia is a collective 
term including different types of decline. 
Alzheimer’s disease (AD) is the most common 
type of dementia; it’s a disease, which accounts 
for an estimated 60% to 80% of cases. The end 
stage of AD appears at an average of 2 years. In 
several conditions, such as severe respiratory 
muscle weakness and central apnea, ventilator 
has to be prescribed [28]. NIV is the choice for 
this patient, but we must consider that the patient 
could not handle the oral secretion, there is vocal 
cord palsy obstructing the airway, or the patient is 
unconscious and not capable of breathing sponta-
neously. Avoiding pressure injury to the face is 
the top priority in choosing interface. The nasal 
mask is suitable for those who can close the 
mouth. Oronasal mask is the most common 
choice but frequently associated with a nasal 
bridge pressure injury. A total face mask is as 
efficient as an oronasal mask, but secretion prob-
lem is problematic. For patients who can control 
the head, mouthpiece attached to the ventilator is 
the best option [29]. When patients cannot be 
sustained by NIPPV anymore, or patients have 
bulbar dysfunction to begin with, invasive venti-
lation has to be prescribed. For patients using 
invasive ventilation with regular ventilator, 
pressure- limited mode is usually preferred 
because patients feel more natural. However, 
studies revealed that volume-limited ventilation 
has the same effectiveness, safety, and patient 
satisfaction. Clearing the airway with traditional 
suction is usually not effective, and assisted 
cough with air stacking helps to prevent chest 
infection. NIV reduces the need for sedatives, 
compared with invasive mechanical ventilation, 
which further contributes to preventing delirium 
and immobilization. The presence of delirium or 
dementia was not a barrier for the indication or 
the administration of NIV; the presence of a 
pneumo-geriatric team allowed the symptoms to 
be controlled and the cooperation of the partici-
pants to be obtained. Also, NIV in a non-ICU set-
ting will enable relatives to visit more frequently 
and for a longer time. Given the lack of recogni-
tion of AD as a life-threatening disease and of 
substantial prognostic marker and variability of 
survival in patients with AD, clinicians do not see 

AD as a primary cause of death or a disease from 
which one dies. Not recognizing dementia as a 
possible cause of death might result in unsatisfac-
tory chance to obtain support or access custom-
ized treatment, formal end-of-life care, and 
healthcare services or might result in receiving 
care and services on a general basic level not 
adjusted to their end-of life needs. Identification 
of dementia as a possible cause of death could 
have meaningful implications in terms of resource 
use at the end of life, including palliative care 
[30].

13.8  Noninvasive Ventilation 
and Palliative Care 
in Pediatric Illness

In the last 20 years, there is a progressive increase 
in the prevalence of pediatric patients on long- 
term ventilation (LTV) at home (IMV and NIV). 
In children the benefits of NIV are clear and dem-
onstrated. The current literature produced is not 
univocal regarding patient’s palliative care (PC) 
or end life assistence. The expected benefits in 
this context are improving comfort by decreasing 
the dyspnea, enhancing the quality of sleep and 
daily capacities, decreasing duration of hospital-
ization, and increasing time spent at home [31]. 
Compared with invasive ventilation with a tra-
cheostomy, NIV helps speech and nutrition, and 
infectious risk is less. Ringuier evaluates DNI in 
children. In case of acute respiratory failure, 84% 
of practitioners found NIV appropriate in do-not-
intubate (DNI) children, while only 35% of them 
found it appropriate in comfort-measures-only 
(CMO) children (P < 0.0001). In case of progres-
sive respiratory failure, 68% of the responders 
found NIV relevant in DNI children, while only 
30% in CMO children (P < 0.0). The first condi-
tion for initiating NIV in pediatric palliative care 
was the presence of dyspnea. In pediatric pallia-
tive care, the efficacy of NIV was evaluated pri-
marily clinically in terms of the improvement of 
the child’s comfort level, as well as the child’s 
and family’s satisfaction. Hypercapnia and desat-
uration were rarely measured to initiate NIV or to 
assess its efficacy. Sixty percent of the respond-
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ing practitioners indicated that referral to NIV 
was anticipated with children and family before 
acute events or end-of-life occurred [32].

Rusalen has evaluated the importance of a net-
work model, with constants reference high-level 
specialized, might offer to these patients and 
their families overall care and more safe life at 
home. The severe clinical illnesses of these chil-
dren cause regular admissions at the hospital for 
both diagnostics and treatments generally for 
acute and life-threatening exacerbations requir-
ing the involvement of different specialist pedia-
tricians. The difficulty of these patients’ 
management needs highly specialized expertise, 
and it is also necessary to confirm permanent 
global care for this population, either at the hos-
pital or at home. For that, these patients need ad 
hoc care services with combined multidisci-
plinary teams and ask for resolutions from differ-
ent institutional agencies [31].

The place of death that we can consider as an 
indirect trademark of the quality of care has 
always been outside the hospital. Indeed, home 
and pediatric hospice are universally accepted as 
the better places of end-of-life care for children 
with an incurable disease. Also, it has already 
been widely accepted that the home, at first, and 
the hospice, at second, are considered as the bet-
ter places of care for patients with life-limiting 
and life-threatening diseases. Future prospective 
studies are needed to verify this proposition and 
more accurately to evaluate possible cost 
reserves.

13.9  Conclusion

Some barriers prevent widespread NIV use, 
including perceptions among both patients and 
clinicians that NIV can prolong suffering during 
the dying process since the mask can be uncom-
fortable and claustrophobic and may impede 
communication with friends and relatives. The 
intended goals of NIV should, therefore, be estab-
lished before its use in patients examined to be in 
the final step of their life with clear language 
between patients, carers, and healthcare teams. 
Identification of rationale of therapy, expected 

response, treatment escalation, and/or withdrawal 
of therapy should be documented at the initiation 
of therapy.
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14.1  Introduction

The skin lesions in the face of contact with the 
used interface are the most frequent complica-
tions in noninvasive ventilation (NIV). The nose 
lesions, as a complication of the NIV, are pres-
ent in 50% of individuals after a few hours and 
virtually in 100% after 48 h [1–4]. Kramer et al. 
reported that NIV may fail in 18% of patients 
because of mask discomfort [35].

When an external pressure applied on a tissue 
is close to the diastolic arterial pressure, the com-
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pensatory mechanism of tissue tolerance will fail, 
leading to the lesion of the tissue. This sustained 
compression could induce irreversible lesions on 
the skin or mucosa or even necrosis [1–3].

Pressure ulcers result from the combination of 
several internal and external factors, among them 
the high local pressures, the abrasion, the tissue 
factors (such as hypoxemia), the hypotension, the 
concomitant therapy (like corticotherapy), and 
the long period of NIV, among others [2, 3].

Bony prominences on the face are the ones 
which are more likely to develop pressure ulcers 
by the interfaces, being the nasal bridge the most 
affected region (according to Munckton et al. [4], 
it is the area of the face where the greatest pressure 
is applied). Such thing can be explained by the 
small surface coverage it presents, meaning that all 
the pressure made will be transmitted to the skin 
and underlying tissue, culminating in the decrease 
of the tissue perfusion around this salience [5–8].

Regardless the location, ulcers can be classi-
fied, according to the guidelines of the European 
Pressure Ulcer Advisory Panel, American 
National Pressure Ulcer Advisory Panel, and Pan 
Pacific Pressure Injury Alliance [4], from stage I 
to stage IV. While the first stage can indicate indi-
viduals at risk (local erythema), from stage II the 
loss of skin constituents appears with a crescent 
risk in parallel to the progression of the stages. 
Stage IV presents a growing risk of complications 
due to muscle, tendon, or even bone exposure.

14.2  Methodology

Research was done based on MEDLINE, 
Cochrane and Web of Science data to reach con-
sensus through an expert panel.

14.3  Internal Factors

14.3.1  Age and Skin Characteristics

The ability of a tissue to redistribute the men-
tioned pressure dictates its tolerance to pressure. 

Elastin and collagen are the ones responsible for 
transmitting more than 70% of the external pres-
sure [9].

Pressure ulcers of the face, in the context 
of NIV, are a frequent complication at any age 
group. Still, there are two groups at greater risk 
such as the premature and the elderly. These 
two age groups present two common condi-
tions which expose them to the tissue lesion: 
long- term immobilization and immunosup-
pression. The long-term immobilization pro-
vokes the reduction of the tissue blood flow, 
leading to the modification of skin trophism. 
Immunosuppression (by immaturity or dete-
rioration in the context of multiple comorbidi-
ties) hampers the repairing mechanism of the 
wounds [10].

The alterations suffered by the senescence 
affect all organic systems including the integ-
umental, exposing the elderly to the develop-
ment of skin lesions. The skin loses elasticity, 
thickness, and resistance with age, becoming 
more vulnerable when subjected to pressures or 
aggressions, increasing the risk of ulcerations. 
The progressive commitment of cellular activ-
ity in the elderly, especially from the fibro-
blasts, affects the production of local collagen 
directly, which is the main protein responsible 
for the formation of the integumental structure 
and tensile strength. The frequency of cellu-
lar restitution decreases which may constitute 
a contributing factor for increasing the risk of 
skin lesion [10–13].

To sum up, the advanced age is a factor that 
is involved in the reduction of the tolerance of 
a tissue to external pressure and a risk factor for 
tissue necrosis [1].

According to the results of the latest research, 
patients that develop a face ulcer present in aver-
age a higher age. In the research made by Martins 
et al. [12], it was possible to verify that patients 
that developed a face ulcer in the context of NIV 
presented in average a higher age (76.5 years old) 
when compared to the average age of the popula-
tion (74.2 years old) supporting what was previ-
ously written [11, 12].
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14.3.2  Comorbidities

Comorbidities such as diabetes mellitus, arterial 
hypertension, anemia, infectious process, cardio-
vascular and neurological pathology, and respira-
tory disease are significant factors involved in the 
development of pressure ulcers [13–15].

Neurological diseases may be a triggering fac-
tor for pressure ulcers, since a decrease in the level 
of consciousness may influence the reduction of 
sensory perception, mobility, and activity [16].

According to the oxidative hypothesis, arterial 
hypertension courses with an imbalance between 
antioxidant substances and oxidants at the endo-
thelium level of the vessels, culminating in the for-
mation of highly oxidative substances that damage 
vessels. These changes promote ischemia and 
cellular hypoxia facilitating the onset of pressure 
ulcers. Also the arterial hypotension, that is caused 
by low blood flow, decreased blood volume, or 
decreased vascular resistance, increases muscle 
relaxation resulting too in cellular hypoxia [13].

A relevant aspect of Furman et al.’s study was 
the occurrence of pressure ulcers in patients with 
hypertension, as a significant factor of ulcer for-
mation [13].

In 2016, Martins et  al. made a prospective 
research designated: “Facial pressure ulcers in 
inpatients undergoing noninvasive ventilation 
in intermediate care unit.” They concluded that 
individuals with a pressure ulcer were in major-
ity hypertense, contrary to the ones that didn’t 
develop pressure ulcer [12].

14.3.3  Low Weight, Bad Nutrition, 
and Obesity

According to Martins et  al. (2016) patients 
with a body mass index corresponding to pre-
obesity were more prone to develop face pres-
sure ulcer [12].

There are other investigations that point in the 
opposite direction: low weight is associated with 
malnutrition and with a decrease in the percentage 
of body mass and is presented as a predisposing fac-
tor for the development of pressure ulcers [13–15].

14.4  External Factors

14.4.1  Harness and Air Volume

An excessively tight harness and the greater air 
volume on the interface increase the pressure 
applied on the nasal bridge. A large quantity 
of air in the cushion will distend it and make 
it less complacent. A less complacent facial 
mask presents a minor contact area between 
the mask and the nose, increasing the pressure 
executed over the nasal bridge to the extent that 
the strength of the compression is distributed 
through a smaller area. These factors present an 
additional effect [4].

We should apply the two-finger rule: when the 
harness is stuck, it should be possible to pass two 
fingers under [17].

14.4.2  Pressure

Studies have shown that a high level of pressure 
support or IPAP will increase air leak during 
noninvasive ventilation, and clinicians may have 
to decrease air leak by tightening the harness or 
inflating the face mask cushion. These strategies, 
while they may be effective in minimizing air 
leak, can potentially increase the risk of pressure 
necrosis on the bridge of the nose [4].

14.4.3  Interfaces

An oronasal interface with a larger cushion 
transmits pressure during the inspiration within 
a wider skin area without affecting the pressure 
contact. But during the expiration, the force 
transmitted by the skin will be transmitted to a 
bigger area resulting in a minor contact pressure 
(mask cushion pressure is higher in expiration) 
[18]. The larger cushion surface permits a better 
seal between the skin and mask at the level of 
the nasal bridge. This potentially allowed fewer 
air leaks with less tightening of the mask and 
avoided the harmful contact between the mask 
frame and the skin [20].

14 Skin Injuries Associated with Noninvasive Mechanical Ventilation: Evidence-Based Synthesis



128

In general, mask area should be kept as low 
as possible since it is directly proportional to the 
reduction of lift-up forces and increase of contact 
pressure during expiration [18].

And yet, if the size of the interface is large 
for the individual, the risk of producing lesions 
associated with friction and the greater fixation 
force employed to adapt the mask to the face of 
the patient is superior [19].

Considering the relationships we described, 
one can reduce the skin ulcer risk by selecting 
masks with a small mask area in combination 
with a large mask cushion [18].

Among the different types of interface, the ones 
that are most frequently associated with skin lesions 
of the face are the nasal and oronasal masks since 
they produce direct pressure on the nasal bridge [5].

Research points to a higher risk of develop-
ing pressure ulcers and discomfort with the oro-
nasal mask [20, 21, 24, 26] that, according to 
Yamaguti et al. [25], is considered an indepen-
dent risk factor (if its usage is superior to 26 h) 
to the development of facial lesions. However, 
the possibility of having a personalized facial 
mask (total or oronasal) shaped to the individual 
seems to contribute to the prevention of pressure 
ulcers and, at the same time, increase the com-
fort [9, 20, 22, 28]. As for the facial interfaces 
and helmet, for producing a minor pressure on 
the face, obtained positive results regarding 
the increase of the tolerance and reduction of 
the pressure ulcers so, therefore, are an alter-
native for the NIV treatment [8, 20, 22–26] 
(Table 14.1).

Table 14.1 Pressure ulcers and the different interfaces

Authors Type of research Conclusions
Gregoretti 
et al. [20]

Randomized clinical 
trial

The prototype total facial mask significantly reduced the lesions of the 
skin, the same way it improved the comfort of the patient, when compared 
to the conventional mask

Antonelli 
et al. [21]

Prospective clinical 
trial

The usage of helmet interface didn’t present complications with skin 
necrosis, while the group that used the facial mask had an occurrence of 
21% (p = 0.002)

Fauroux et al. 
[22]

Transverse 
retrospective study

The usage of a personalized mask shaped for the child was associated with 
the reduction of the skin breakdown score

Racca et al. 
[23]

Clinical cases A nasal ulceration was verified with the usage of the nasal mask 
(3–4 days); the helmet interface increased the tolerance of the NIV and 
allowed the recovery of pressure ulcers

Lemyze et al. 
[24]

Prospective 
observational study

It recommends the usage of a total facial mask when NIV is extended, so 
that it decreases the occurrence of facial lesions and obtains better 
outcomes in comparison to the oronasal facial mask

Yamaguti 
et al.  [25]

Retrospective 
transversal study

The usage of the oronasal facial mask for a period > 26 h was 
independently associated with the development of facial lesions; the total 
facial mask obtained an occurrence of lesions of the skin much lower to 
the oronasal mask. That’s why its usage is recommended, for a greater 
tolerance and comfort

Schallom 
et al. [26]

A before-after study The total facial mask significantly reduced the occurrence of pressure 
ulcers and enhanced comfort in comparison to the oronasal facial mask. It 
is suggested to use total facial mask as soon as possible in order to reduce 
the ulcers in patients under NIV

Patel et al. 
[27]

Randomized clinical 
trial

Statistically, there wasn’t a relevant difference in the occurrence of 
pressure ulcers between the facial mask group and the helmet group, 
varying only on the region of the lesion, in the nose in the first group and 
in the neck in the helmet group

Shikama 
et al. [28]

Randomized 
crossover study

The usage of a personalized oronasal mask through a 3D scanning 
mechanism can contribute to the prevention of pressure ulcers in NIV and 
for a better comfort of the inpatient by increasing the contact area

A. L. Ramos et al.
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14.4.4  Drugs

Drugs, mainly of continuous use, can also con-
tribute to the development of pressure ulcers [19].

Sedatives, analgesics, and muscle relaxants are 
pharmacological classes frequently used in the 
context of intermediate and intensive care units. 
These conditions decrease the sensory perception 
and impair mobility making them less reactive to 
excessive pressure and more susceptible to injury. 
In the study by Furman et al. [13], it was found 
that more than half of the patients with pressure 
ulcers were under analgesic therapy [12, 13, 19].

Hypotensive agents reduce blood flow and tis-
sue perfusion making them more susceptible to 
pressure [19].

Corticosteroid treatment is a risk factor that 
has been reported to decrease “tissue tolerance” 
for pressure. It was also reported to be a risk fac-
tor for pressure necrosis [10].

14.4.5  Humidity and Dehydration

Several researches show humidity of the skin as 
a factor involved in the increase of the risk of 
pressure ulcer [13, 14]. The excess of humidity 
macerates the skin, leaving the more superficial 
layers weaker and more vulnerable to the occur-
rence of lesions [13].

On the other hand, other research states that 
dehydration can also be a risk factor associ-
ated with the risk of skin ulcer. In the research 
of Furman et  al. [13], the dry skin, present in 
73.1% of the inpatients, was identified as a fac-
tor associated with skin ulcers, probably due to 
dehydration. Dehydration is characterized by the 
reduction of water and total electrolytes of the 
organism making them susceptible to rupture due 
to a reduced elasticity as well as a lower tolerance 
to friction. In the research made by Silva et  al. 
[11], a higher frequency of pressure ulcers on the 
face of inpatients with an integral, dry skin was 
verified (16.7%). This factor can be associated 
with the dehydration that inpatients in a criti-
cal state present, as it is highlighted in another 
research of Campos et al. [13, 15].

Dehydration is a factor involved in the reduc-
tion of the tolerance of a tissue to the external 
pressure and a risk factor for tissue necrosis [4].

14.4.6  Duration

Interface-related pressure ulcers are medi-
cal device-related pressure ulcers and the lon-
ger treatment lasts, the more likely they are to 
develop [2].

Nasal skin lesions (erythema, ulcers) at the 
site of mask contact increase with longer NIV 
durations. According to Martins et  al. study, 
patients submitted to more NIV hours per day 
and for a greater number of NIV days presented 
higher frequency of ulcers [12].

14.5  Prevention and Treatment

There is a variety of interventions that can be 
used to minimize the risk of skin breakdown in 
patients doing NIV. The most common are pro-
tection coatings (tapes, foams, and others) placed 
on the skin in places of higher pressure, being 
soaked in hydrocolloid, which present better 
results in several studies [1–4]. However, there 
is also the option of hyper-oxygenated fatty acids 
[5] and the transparent film tape [2], which pres-
ent promising results in the recovery and preven-
tion of facial pressure ulcers.

In 2003, Lloys et al. presented positive results 
related to the sealing of the facial mask with 
water, allowing a delay on the appearance of 
pressure ulcers [6]. Other measures, such as rota-
tion or alteration of the interface and the interrup-
tion of usage periods, can also be relevant in the 
prevention and delay of the occurrence of skin 
lesions [7–12].

These types of measures should be intro-
duced during the therapy with NIV, especially in 
patients with higher risk or that present any sign 
of vulnerability of the skin during the treatment.

Caring for wounds associated with NIV, as 
with those with other causes, starts with prepar-
ing the base, then involving the control both of 
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non-viable tissue and the infection or inflamma-
tion and the exudate, as well as stimulating the 
epithelial edges, through various interventions: 
cleaning, debridement, managing infections, and 
use of dressings. It is important to note the treat-
ment of this damage is complex since it had to be 
compatible with care and the continued use of the 
equipment that caused it [36].

In the management of facial skin breakdown 
related with the use of NIV devices, we per-
formed daily disinfection and application of topi-
cal cream containing hyaluronic acid sodium salt 
on pressure ulcers [10] (Table 14.2).

14.6  Key Recommendations

• Knowledge of the risk factors associated with 
pressure ulcer development is the key to the 
success of prevention strategies. The risk of 
developing pressure ulcers should be assessed 
in patients in all care settings within the first 
6 h after patient admission.

• Most of the patient-dependent risk factors 
cannot be changed, but if interface fitting, reg-
ular assessment, and skin protection are con-
sidered from the beginning of therapy and 
adapted to the individual patient’s needs, skin 

Table 14.2 Prevention strategies of skin lesions in NIV users

Authors Type of research Conclusions
Protection coating and topical agents
Callaghan 
et al. [29]

Randomized 
clinical trial

The Granuflex group (hydrocolloid coating) presented, throughout the study, a 
minor occurrence of skin lesions in comparison to the Spenco Dermal group 
(adhesive film coating). It also revealed a great coating effect when compared to 
the control group (no coating)

Weng 
et al. [30]

Observational 
cohort study

A significant reduction on stage I pressure ulcers of the nasal bridge in both 
groups that used protection coating was verified (hydrocolloid and transparent 
adhesive film) when compared to the control group (no intervention)

Tai et al.  
[31]

Randomized 
clinical trial

The foam and hydrocolloid coatings obtained positive results in the prevention of 
pressure facial lesions

Bishopp  
et al. [32]

Quasi 
experimental 
study before-after

There was a significant reduction, statistically speaking, in the occurrence of 
stage II pressure ulcers in group 2 (hydrocolloid coating) when compared to the 
control group (no intervention)

Pena- 
Otero 
et al. [33]

Randomized 
clinical trial

The group that used the hyper-oxygenated fatty acid (HOFA) solution presented a 
significant decrease of the occurrence of facial pressure ulcers when compared to 
the remaining groups. The groups that used polyurethane coatings obtained a 
greater occurrence of pressure ulcers than the control group

Lloys 
et al.  [34]

Randomized 
prospective study

The usage of water in the facial mask sealing NIV delayed in average 847 min 
the occurrence of facial pressure ulcers, when compared to air sealing

Alteration/rotation of the interface
Fauroux  
et al.  [22]

Transversal 
retrospective 
study

The usage of a personalized mask to the child’s face was associated with the 
reduction of skin lesions’ score, being suggested the alteration of the interface as 
a correction measure

Racca 
et al.  [23]

Clinical cases The alteration of the nasal mask to a helmet type one increased the tolerance of 
the NIV and allowed the recovery of pressure ulcers. It is suggested the rotation 
or alteration of the interfaces for the recovery and prevention of ulcers

Yamaguti 
et al. [25]

Retrospective 
transversal study

In patients under an extended interrupted NIV, for a better prevention of pressure 
facial ulcers, it is suggested the rotation and alteration of the interface

Schallom 
et al. [26]

A before-after 
study

It is suggested the rotation of the total facial mask, as soon as possible, as a way 
to reduce ulcers in inpatients doing NIV

Interruption of the usage periods
Fauroux  
et al. [22]

Transversal 
retrospective 
study

The reduction of the daily usage of NIV with positive pressure is referred as a 
preventive measure of the occurrence of skin breakdown

Silva 
Martins 
et al. [11]

Prospective study The number of hours with NIV increases the frequency of pressure ulcers. It is 
suggested the interruption of usage periods

A. L. Ramos et al.
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breakdown can be avoided or at least reduced 
in many cases.

• The first few hours of acute NIV are extremely 
important, and time spent fitting the mask is 
well invested. When interface does not fit 
appropriately, friction or shearing force may 
be induced between the devices and skin, thus 
causing wound deterioration.

• Routine assessment of the skin (check every 
3–4  h) and risk of pressure ulcers, regular 
pressure relief, and skin-protective strategies 
should be included in the routine application 
of NIV to reduce discomfort and the occur-
rence of soft tissue damage.

• Usage of interfaces with a small area of inter-
face and a big cushion.

• Total facial masks and helmet can be good 
alternatives in cases of NIV for long periods.

• Hydrocolloid coatings/dressings and hyper- 
oxygenated fatty acid solutions should be con-
sidered and used for the prevention and 
treatment of pressure ulcers.

• Rotation or alteration of the interface and the 
interruption of usage periods of NIV may help 
to prevent face lesions.
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AE Acute exacerbation
COPD Chronic obstructive pulmonary disease
EPAP Expiratory positive airway pressure
IPAP Inspiratory positive airway pressure
NIV Noninvasive ventilation
PS Pressure support
RR Respiratory rate
VT Tidal volume
WOB Work of breathing

15.1  Introduction

Reduced exercise tolerance and quality of life are 
commonly reported in chronic obstructive pul-
monary disease (COPD) patients, and key ele-
ments of their pulmonary rehabilitation (PR) 
programmes are also represented from exercise 
training programmes that improve exercise toler-
ance (less fatigue and less dyspnoea) and quality 
of life of COPD patients [1] as well as reduction 
in healthcare use [3]. These well-proven and 
measurable effects have been demonstrated in 
stable COPD patients as well as in COPD during 
or after an acute exacerbation (AE) [4]. To date, 
publications attributable to such programmes 
unequivocally demonstrate the effectiveness of 
physical exercise in this patient population. From 
these considerations and from the level of scien-
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tific publications, until now produced, exercise 
training programmes can be considered a corner-
stone of PR in COPD. Exercise practice and pre-
scription has nowadays different scopes justified 
from multiple complex and coexisting physio-
pathological backgrounds in COPD: cardiovas-
cular and ventilatory limitation gas exchange 
dysfunctions, respiratory and peripheral muscle 
changes and not least a permanent oxidative 
stress status [2]. Furthermore comorbidities often 
present in COPD population (obesity, diabetes, 
neurological conditions) play a negative role in 
planning and then in reaching effective and long-
term results [3]. Poor motivation anxiety and 
depression also can play an additional negative 
factor in the success of PR programmes. General 
accepted rules regarding the main outcomes for 
physical training in COPD patients (but also in 
healthy population) indicate that total training 
load must exceed the load encountered during 
daily life improving the aerobic capacity and 
muscle strength always reflecting the individual 
general features [5].

The most relevant mechanism of action of 
these conditioning strategies passes through mor-
phological and biochemical modifications (at the 
same time) of muscles responsible for locomo-
tion (as well as postures) as the quadriceps.

The ability (capacity) to work in the aerobic 
regime is improved by reducing the accumulation 
of lactates, the ventilatory load and the related 
feeling of dyspnoea at a given a submaximal 
workload.

Although training has been shown to be an 
essential component of comprehensive rehabili-
tation programmes, some patients do not always 
benefit to the same extent (apart coexisting 
comorbidities), and a proportion of COPD 
patients do not substantially benefit from training 
programmes therefore not improving their per-
formance and exercise capacity (so-called nonre-
sponders). Due to the severity of the pathology 
(severe airflow obstruction and deep ventilator 
limitation during exercise), these “nonre-
sponders,” i prefer to call them “diversely 
responders,” are not able to reach optimal targets 
of training intensity necessary to produce “the 

expected” adaptation to “exercising stimulus” at 
the level of the peripheral muscles [6].

The ventilatory derangement, at given work-
load, responds with expiratory flow limitation, 
increased respiratory frequency and abnormal 
expiratory lung emptying time with dynamic 
hyperinflation, greater mechanical disadvantage, 
greater intrinsic PEEP, dyspnoea worsening and 
early termination of exercise.

An alternative strategy to overcome the effects 
of the characteristic physiopathology of the most 
severe forms of COPD (or not responders) to 
physical exercise is represented from the use of 
NIV.

The use of NIV during exercise belongs to a 
series of strategic approaches (complementary) 
developed inside PR programmes with main aim 
to overcome intrinsic limitation of COPD to 
exercise.

Some of these strategies appear more common 
to use and may be more easy; other one as nonin-
vasive ventilation seems to be less frequently 
used because it may appear (until now) difficult 
to implement in everyday clinical practice.

Using NIV during exercise has been suggested 
in COPD from more than 15 years and that add-
ing NIV to exercise is a useful way to improve 
the whole response to COPD patients to physical 
exercise.

In a comprehensive way NIV during exercise 
in COPD acts with different mechanisms (by 
IPAP and EPAP administration):

• Reduction in work of breathing.
• Respiratory muscle unloading.
• Blood flow switch from respiratory to limb 

muscles.
• Anti-inflammatory activity.
• Changes in vegetative status.
• Dynamic hyperinflation reduction.

The aim of the work is to provide, in a narra-
tive way, useful (I hope) reviewed informations 
arising from physiological studies, clinical trials 
and meta-analysis in order to animate discussions 
on the clinical utility of NIV applied to exercise 
as well as its potential application fields.

P. Buonpensiero
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15.2  Using NIV During Exercise 
(Rationale and Different 
Ventilation Modes)

One of the first reports (showing the proof of 
concept about NIV application during exercise 
in COPD) of a pressure noninvasive support 
during exercise in a COPD population explic-
itly demonstrated the effects of this interven-
tion to reduce respiratory muscle effort and 
dyspnoea at equivalent exercise workloads 
improving and increasing exercise tolerance 
[7]. Another element of physiological rationale 
inherent in the use of NIV during exercise in 
COPD patients derives from experiences con-
ducted on healthy subjects subjected to high 
levels of exercise.

In these subjects the respiratory work second-
ary to the stimulus is inversely correlated with the 
blood flow of the peripheral (limb) muscles [8]. 
From these observations could be argued that in 
COPD during leg exercise at a given workload, 
were WOB increases, such switch could predis-
pose peripheral muscle to severe fatigue with 
exercise interruption. In support of this rationale 
in subsequent studies, the preventive role of the 
unloading strategies in diaphragmatic fatigue 
induced by physical exercise has been demon-
strated in COPD subjects [9].

Assisted ventilation should reduce WOB by 
unloading inspiratory muscle and therefore 
reducing their blood flow requirements in favour 
of an enhanced limb blood flow.

On previous hypothesis that inspiratory mus-
cle performance determines exercise endurance, 
O′ Donnell et  al. demonstrated that CPAP 
reduces dyspnoea by unloading respiratory 
muscle [10].

Most recently these previous results were not 
confirmed (Walterspacher et  al. [11]) in COPD 
patients using CPAP during exercise (climbing 
stairs). The results showed no benefits for the 
patient, and major outcomes such as hyperinfla-
tion, oxygenation, hypoventilation and blood lac-
tate production did not improve in the patients 
supported by CPAP [11]. Similar studies also (in 
CPAP group) reported less leg discomfort.

Generally CPAP titration (on individual 
basis) is suggested, but this would involve the 
measurement of the intrinsic PEEP intervention 
practically unrealistic in daily clinical practice. 
High pressures could increase respiratory  
effort [12].

15.2.1  Pressure Support

Inspiratory pressure support is a mode of venti-
latory assistance designed to maintain a con-
stant preset positive airway pressure during 
spontaneous inspiration. The respiratory rate 
(RR), tidal volume (VT) and inspiratory time 
are regulated by the patient, and the work per-
formed by the inspiratory muscles, especially 
the diaphragm, is substantially reduced [13]. 
First physiological evidence showed that PS (in 
COPD during cycling) increased ventilation 
(VE) through changes to both VT and 
RR.  Physiologically this was unrelated to 
reductions in inspiratory effort, evidenced by 
oesophageal and transdiaphragmatic pressure-
time intervals [14]. Pressure support ventilation 
has a role in unloading respiratory muscles, and 
this action was better demonstrated by kyrous-
sis et  al. [14] investigating the effects of PS 
ventilation in severe COPD patients during 
treadmill exercise. Oesophageal and transdia-
phragmatic pressures arose early during exer-
cise (in unsupported patients) showing 
constantly pressures until dyspnoea was so high 
to cause patients to stop exercise. With the same 
workload (same distance) but supported with 
NIV inspiratory and expiratory time products, 
results decreased [14]. Another sensitive out-
come at this type of intervention is the lactate 
behaviour. Severe COPD patients show, if sup-
ported with PS, also at high levels of exercise a 
delay in lactate levels while walking on a tread-
mill [15].

This physiology-related concept assumes 
more scientific and clinical weight if we look at 
the studies of Harms et al. [8] in which in normal 
subjects supplemental NIV during exercise had 
improved blood flow distribution. Improving 
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blood flow distribution in COPD by unloading 
respiratory muscles has a direct less lactate and 
better response to exercise. It means less leg 
fatigue perceived and better oxygenation.

The improvement in inspiratory muscle 
strength during NIV in this study could be 
responsible for the decrease of mechanical load 
and pause on the beginning of the fatigue with a 
consequent less metaboloreflex activity of the 
respiratory muscles.

Borghi and Silva [9] showed an improvement 
of lactate/speed ratio (ratio of lactate concentra-
tion to walk speed oxygen uptake VO2) in stable 
COPD after 6 weeks of training NIV (PS) sup-
ported. This could be related to a better oxidative 
muscle capacity. During the last decades, evi-
dence supporting a pro-inflammatory behaviour 
of COPD (also in response to exercising stimuli) 
patients has raised attention to clinicians. 
Hannink et al. found a protective action of NIV 
during exercise in COPD patients during exercise 
and especially in IL6 production [16].

Utility of NIV by means of PAV has also been 
investigated during unsupported upper arm exer-
cises (also present as routine exercise in PR pro-
grammes for COPD patients).

During exercise NIV improved endurance 
upper arm exercise by means of decreased dys-
pnoea and perceived exertion although muscles 
are involved to a respiratory and postural task (in 
the same time), and some of the work is shifted to 
diaphragm and abdominal muscles. Upper arm 
exercises (elevation) increase respiratory muscle 
work in chronic respiratory failure so the NIV 
support could work in unloading respiratory 
muscles.

15.2.2  Proportional Assist 
Ventilation

Proportional assist ventilation (PAV) delivers 
assisted ventilation in proportion to patient effort 
and is developed to enhance ventilator respon-
siveness. PAV uses very sensitive triggers and 
response not by means of a preset inspiratory 
pressure but with flows and pressures in propor-
tion to the patient’s effort [16]. Bianchi et  al. 

[17] in a randomized short-term crossover trial 
(2 consecutive days) compared the effects of 
CPAP, IPS and PAV in COPD patients exercising 
at four endurance tests (80% max workrate). In 
comparison to sham ventilation, PAV, PSV and 
CPAP were able to increase the endurance time 
(from 7.2  ±  4.4 to 12  ±  5.6, 10  ±  5.2 and 
9.6 ± 4.6 min, respectively) and to reduce dys-
pnoea and oxygen flow to the nasal mask. 
However, the greatest improvement was 
observed with PAV [17]. In patients with IPF, 
PAV produced better submaximal test with lower 
heart rate compared with CPAP, during exercise 
in the presence of constant nonchanging systolic 
and diastolic pressures among tests [18]. In a 
cohort of obese patients (BMI >34), PAV applied 
during exercise showed to improve exercise 
endurance (31%) and reduction of dyspnoea 
with 50% of the subject responders. In this study, 
although some methodology caveats regarding 
post hoc analysis are subjected to bias, probable 
learning effects, the authors suggest this mode of 
NIV applied to exercise in obese patient a further 
possible novel technique to enhance PR in obese 
patients [19]. Utility of NIV by means of PAV 
has also been investigated during unsupported 
upper arm exercises (also present as routine 
exercise in PR programmes for COPD patients). 
During upper arm exercise, NIV improved 
endurance and decreased dyspnoea and per-
ceived exertion although the muscles are 
involved in a respiratory and postural task (in the 
same time) and some of the work is shifted to 
diaphragm and abdominal muscles. Upper arm 
exercises (elevation) increase respiratory muscle 
work in chronic respiratory failure so the NIV 
support could work in unloading diaphragm 
respiratory task [20].

15.2.3  Controlled Mechanical 
Ventilation

In the assisted-control ventilation, the device 
delivers a positive pressure breath at a preset tidal 
volume in response to the patient’s respiratory 
effort. Preset rate breath is present if no rate effort 
occurs in the preselected time period. This modal-
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ity was first described from Tsuboi et al. [21] in 
patients with pulmonary tuberculosis and lately 
in 2002 from Highcock [22] in patients with 
kyphoscoliosis.

Applying NIV in the latter modality via nasal 
mask during exercise resulted in improvement of 
exercise endurance and breathlessness.

15.3  Suggestions 
from the Evidences

Proposing NIV as an alternative strategy to over-
come COPD pathology, limiting effects on exer-
cise and cardiovascular performance, has been 
supported by a good number of studies in the last 
decade. These show in most of them immediate 
improvement in the main outcomes subjected to 
investigation. All the different devices used in the 
studies cited in the previous pages of this chapter 
in relation to different types of exercise testing in 
patients with mild or severe COPD create an 
immediate positive variation of the main out-
come studied, satisfying (clearly in most of the 
cases) specific physiological background and 
suggesting a clinical application in this area of 
respiratory care and creating expectations which 
may be better clinical outcomes in our patients.

In 2014 the Cochrane review of Menadue [23] 
after more than a decade of clinical studies tried 
to summarize the best clinical effects in order to 
answer the question regarding the clinical utility 
of NIV applied alongside PR in affecting HRQL 
and PA in COPD patients. Not surprisingly in the 
work of Menadue, the total number of patients 
subjected to the six intervention studies was quite 
low (n = 126).

Population of COPD ranged from severe to 
very severe (mean forced expiratory volume in 
1 s (FEV1) ranged from 26% to 48% predicted). 
The participant’s mean age ranged from 63 to 
71 years, and cycling or treadmill exercise was 
performed in the studies for a period ranging 
from 6 to 12 weeks.

The participant showed an increase in percent 
delta peak and endurance exercise capacity with 
NIV during training (mean difference in peak 
exercise capacity 17%, 95% confidence interval 

(CI) 7% to 27%, 60 participants, low-quality evi-
dence; mean difference in endurance exercise 
capacity 59%, 95% CI 4% to 114%, 48 partici-
pants, low-quality evidence) with no significant 
improvement in other outcomes.

Also measures of HRQL (St George’s 
Respiratory Questionnaire) didn’t show any sig-
nificant modification.

Surprisingly physical activity measures were 
not conducted in the studies so the effects mea-
sured are limited to a physiological effect for this 
reason we don’t know if the interventions were 
able to modify functional everyday activities of 
the patients; furthemore no follow-up measures 
or were taken after the studies.

Most of the studies included in the work of 
Menadue showed (apart allocation method) some 
(expected) criticism about the risk of bias.

In all the study the personnel who trained the 
participants was not blinded to group allocation 
nor to the participants to the study.

Only in one study [24], a sham NIV (IPS 
cmH2O) was used also if the same authors in a 
precedent study demonstrate an equivalent exer-
cise effect on performance of the participants 
[25].

Half of the studies reported blinded assessors 
to evaluate clinical outcomes [24, 26, 27].

Two studies [28, 29] did not use blinded asses-
sors. One study did not report whether outcome 
assessors were blinded [30].

Considering the number of the studies and the 
number of the participants, bias from incomplete 
data for dropouts was relatively high and intoler-
ance to NIV was the main reason.

These data about dropout for intolerance 
highlight some until now not resolved problems 
about technical problems than can affect 
patients’ adherence to the training NIV sup-
ported (interfaces choice, circuit and ventilator 
efficiency).

The results about the improvement in adding 
NIV to exercise (to achieve a greater percentage 
improvement in lower limb peak and endurance 
exercise capacity, to exercise at a higher training 
intensity and to gain a greater physiological train-
ing effect) could have been overestimated, and dif-
ferences in the outcomes were found only when 
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percentage change from baseline values rather than 
post-intervention values was used in analyses.

Large interindividual or intergroup baseline 
differences were present, and the use of change 
from baseline values rather than post- intervention 
analysis could provide greater statistical signifi-
cance to detect treatment effects. Due to the lack 
of consistency of the outcomes produced from 
the participants, to the error bias reported that 
may be influenced by the results, clear indication 
of a extensive use of NIV in clinical practice dur-
ing PR cannot be suggested. From the studies 
evidence can be provided that the use of NIV dur-
ing exercise allows people with COPD to exer-
cise to a higher level of intensity and achieve 
physiological training effects greater than exer-
cise alone. Ricci et  al. [25] in a meta-analysis 
attempted to evaluate the effectiveness of sup-
porting exercise training with NIV in terms of 
physiological effects after the completion of a 
pulmonary rehabilitation programme in patients 
with COPD and investigate the dose-response 
relationship between physical improvement and 
total training time in the NIV arm. The search 
strategy looked at the presence of a proper 
description of the training modules of PRP meta-
analysis, and meta-regressions were performed 
using random effects models. From 107 studies 
only 8 were selected because of a proper descrip-
tion of the training modules, and all the studies 
were controlled trials (2 consecutive and other 
used randomization). At the end of the training 
protocol, the sample size in each study varied 
between 7 and 15 patients, and the number of 
dropouts varied between zero and the 50% 
reported by Bianchi et al. [28]. Quality scores of 
almost all of the studies examined from Ricci 
et  al. with PEDro scale was satisfactory (mini-
mum score 6, maximum 8; see Table 15.1). The 
duration of the programmes is homogeneous 
although the individual sessions were heteroge-
neous (20–60  min). Exercise training also con-
sisted of treadmill training, cycling with a cycle 
ergometer or endurance walking. The declared 
ventilation protocol in the NIV arm was extremely 
heterogenous. In the studies comparing NIV vs 
placebo (also if not statistically significant), 
Costes et al. and Toledo notified same differences 

about HR as outcome between NIV and placebo 
group. The behaviour of this outcome showed 
better in the NIV group with a reduction, respec-
tively, of 5.0 and 5.8  beats/min. Bianchi et  al. 
[28] and Hawkins [29] used PAV and other used 
PSV. In the studies evaluated, the NIV arm clearly 
shows significant post-training modifications, 
considering the prevalence of the variables under 
the interventions (especially HR and lactate mod-
ifications). Heart rate at iso time improved by 6 
beats/min (95% CI 0.98–11.01, P_0.02) after 
training, as did workload (fixed effect mean 
change 9.73 [95% CI 3.78–15.67], P_0.001) and 
V˙O2 (fixed effect mean change 242.11 [95% 
CI154.93–329.9], P 0.001). There is important 
change also in lactate production after training 
exercise (fixed effect mean change 0.21–P 0.025 
[95% CI 0.1 to 0.54]. Total training time also 
plays a determinant role in the variable modifica-
tions with a positive interrelationship. The slopes 
in the meta-regressions utilized in the work of 
Ricci et  al. [25] were 0.015 (95% CI 0.008 to 
0.02) for HR and for workload slope 0.01 (95% 
0.0002–0.0215). NIV shows beneficial effects on 
HR and Vo; the same treatment seems to have 
similar effects (as the controls) on workload and 
lactate production, but the element that seems 
really effective in influencing the effect of the PR 
is the training duration and not NIV, but consider-
ing the effects of NIV on HR and Vo (the arm 
patients had lower HR, higher workload and 
improved VO2), this could, for instance, play a 
concurrent role in the better performance of 
PR. NIV settings and mode in the studies resulted 
in different approaches, and maybe the ventila-
tors used at the time of the studies were not able 
to fulfill patient ventilatory demand resulting 
indeed in problems of patient- ventilator syn-
chrony. NIV settings utilized from authors were 
low IP that could not produce significant physio-
logical effects able to assist the participants dur-
ing the efforts. No studies declared PEEP 
adjustments related to PEEPi calculations rou-
tinely difficult or a mission impossible in the rou-
tine care setting.

Adding NIV in patients not confident with the 
ventilators’ physical effects and interfaces could 
be difficult, and physiological effects of the tech-
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nique could be more evident in the presence of 
hypercapnia if NIV mode and settings are better 
adjusted. Vitacca et  al. reported a significant 
improvement in endurance time in patients with 
CVF on home nocturnal NIV and long-term oxy-
gen therapy [31]. The patients in the arm group 
received NIV during exercise (as add-on) with 
same interfaces and ventilators used at home at 
the start of exercise (mean values IPAP, 
17.4 cmH2O; EPAP 6.5 cmH2O; inspiratory time 
1.2 s). The control group received exercise pro-
gramme without add-ons. Improvement in 
endurance time was significantly greater in the 
NIV group compared with the non-NIV training 
group (754 ± 973 vs 51 ± 406  s, P = 0.0271); 
dyspnoea improved in both groups, while respi-
ratory muscle function and leg fatigue improved 
only in the NIV ET group. MRF-28 improved 
only in the group training without NIV. Gloekl 
et al. added high-pressure NIV in a randomized 
controlled crossover trial (n  =  20) in CVF 
patients with NIV pressures (mean 
27 ± 3 cmH2O) and with oxygen supplementa-

tion [32–34]. Compared to the control group, 
patients in the arm group improved by 39% 
endurance time showing other interesting behav-
iour outcomes without side effects. When apply-
ing NIV in COPD (CVF) during exercise, some 
considerations must be done because until now 
the effects of intrathoracic pressures during exer-
cise in these patients are still unknown. 
Preliminary evaluation of lung and cardiac func-
tion should be performed for safety and ethical 
issues (Table 15.1).

15.3.1  Problem-Solving 
in the Practice and Safety 
Issues

Interfaces: during high-intensity exercise (or for 
some patients also during simple walking or 
upper arm exercise), the choice of a full-face 
mask or a mouthpiece could help to prevent air 
leak but especially in naïve patients could reduce 
adherence or performance or both.

Table 15.1 Summary of findings from exercise programs

Author-year Subjects Mean age_SD year (range) Mean FEV1_SD % Training protocol Quality score
Borghi-Silva 
(2010)
NIV group
Oxy group

12
12

68 ± 9
67 ± 7

34 ± 10
37 ± 7

18 sessions 
(30 min)
6 weeks

7
7

Toledo (2007)
BPAP group
Control group

9
9

68 ± 9
67 ± 11

33 ± 10
34 ± 8

36 sessions 
(30 min)
12 weeks

8
8

van’t Hul (2006)
NIV group
Control group

14
15

70 ± 5
71 ± 4

41 ± 10
38 ± 9

24 sessions 
(45 min)
8 weeks

8
8

Reuveny (2005)
BPAP group
Control group

9
10

64 ± 9
63 ± 9

32 ± 4
33 ± 9

16 sessions 
(45 min)
8 weeks

6
6

Costes (2003)
NIV group
Control group

7
7

60 ± 7
67 ± 6

31 ± 12
32 ± 7

24 sessions 
(30 min)
8 weeks

6
6

Jhonson (2002)
NIV group
HT group
UT group

11
10
11

69 ± 9
62 ± 9
67 ± 8

32 ± 9
34 ± 13
31 ± 11

12 sessions 
(20 min)
6 weeks

6
6
6

Hawkins (2002)
PAV
Control group

10
9

68 ± 9
66 ± 7

26 ± 7
28 ± 7

18 sessions 
(30 min)
6 weeks

6
6

Bianchi (2002)
PAV group
Control group

9
10

64 (61–67)
65 (61–69)

48 ± 19
40 ± 12

18 sessions 
(60 min)
6 weeks
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In more severe COPD patients, consider the 
use of a plateau valve to avoid rebreathing in sin-
gle circuit.

Cardiac comorbidities in CVF have a high 
prevalence rate; NIV during to exercise could 
predispose to a mechanical doping because the 
relief of dyspnoea due to NIV adding [35].

Patients with unknown cardiac ischemia could 
exercise at higher intensity level of their ischemic 
cardiac threshold.

Consider careful clinical assessment of the 
patient before practicing.

Consider personnel-staff availability due to 
the need of one-to-one approach and the time 
required for the comprehensive procedure.

Consider patient need and comfort due to high 
risk of dropouts.

Consider location, logistics and strategic tech-
nologies that help support home exercise with 
NIV.

15.4  Final Remarks

As in other fields of respiratory care, application 
of NIV during exercise in the comprehensive 
approach of PR seems to need other well- 
conducted RCTs approaching the methodology 
of the research with more specific outcomes, with 
better phenotipization of the patient and why not 
of the devices and mode of ventilations.

The evidence from published studies, the 
experience and confidence of staff and the pres-
ence of basic technological resources can help us 
to make this complementary therapy a positive 
reality for many patients otherwise not treated.
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16.1  Introduction

Nowadays noninvasive ventilation (NIV) repre-
sents the standard of care for the treatment of 
patients suffering from exacerbation of chronic 
obstructive pulmonary disease (COPD) and other 
respiratory insufficiencies, such as cystic fibrosis 
(CF) and asthma [1].

NIV is widely used in patients hospitalized 
and in emergency room affected by acute or 
chronic respiratory failure for preventing intuba-
tion and for reducing morbidity and mortality.

Successful application of NIV often requires 
the exploitation of other accompanying treat-
ments, such as inhalation therapy with broncho-
dilators and corticosteroids to treat acute 
respiratory failure (ARF) in patients with COPD, 
in order to relieve airway obstruction [2]. In addi-
tion to the latter, other inhaled drugs can be 
employed in patients receiving NIV, including 
antibiotics, prostaglandins, surfactant, immuno-
modulators and mucolytic agents [3].
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The advantages of inhaled therapy for treating 
respiratory disorders are well known and include 
a rapid onset of drug effect, due to the direct 
delivery to its site of action, the need of lower 
doses of the drug than if administered systemi-
cally and a lower incidence of adverse effects.

Accordingly, efforts have been made in recent 
years to put together both the therapies [4, 5], 
assuming that the simultaneous administration of 
both these treatments could be more effective for 
each of them [5].

When the patient’s conditions allow brief 
periods of discontinuation of ventilation, one 
option is to interrupt NIV, remove the interface 
and administer the aerosolized drug; other-
wise, there is the possibility of combining NIV 
with simultaneous aerosol delivery. In clinical 
practice, the preferable option is often to con-
tinue NIV without interruption, especially in 
hypoxaemic or acutely dyspnoeic patients; 
nevertheless, even though the therapeutic effi-
cacy of the combination has been widely shown 
[4], more studies would be needed to find the 
best setting for the combined NIV and aerosol 
devices [6].

Indeed, whereas the treatment with broncho-
dilators has been set up and its efficacy widely 
verified during invasive mechanical ventilation, 
its employment and the choice of the best per-
forming devices for aerosol therapy coupled with 
NIV is more controversial [6, 7].

There is a broad spectrum of aerosol- 
generating devices: pressurized metered-dose 
inhalers (pMDIs), dry powder inhalers (DPIs) 
and nebulizers, all generating particles with a 
mass median aerodynamic diameter between 1 
and 5 μm3 [5].

Nebulizers are the most common choice to 
administer aerosol therapy when it is combined 
with mechanical ventilation. The main advan-
tages of the nebulizers on pMDI are the possibil-
ity of choosing freely the drug dosage and of 
adopting drug formulations or drug combinations 
that are not commercially available in pMDIs.

There are three types of nebulizers: jet, ultra-
sonic and vibrating mesh. They differ for the 
mechanism transforming the liquid solution or 
suspension into small droplets.

The vibrating mesh nebulizers (VMN) incor-
porate a mesh or plate with multiple apertures to 
produce aerosol; they are powered by electricity 
and do not add additional flow into the circuit; 
thus they do not interfere significantly with the 
ventilator setting and functioning.

In jet nebulizers (JN), a high-velocity gas flow 
passes through a narrow opening near the tip of a 
capillary tube, whose base is immersed in the 
drug solution to be nebulized [8, 9].

Ultrasonic nebulizers generate the aerosol by 
sound waves generated by high-frequency vibra-
tions of a piezoelectric crystal that are transferred 
to the surface of the solution to be aerosolized; 
they have not been routinely employed due to 
their high cost and relative inefficiency [8].

In normal physiological conditions, inspired 
gas is heated and humidified during its transit 
through the human airway; consequently, 
humidification is mandatory when invasive 
mechanical ventilation bypasses the normal 
mechanisms of heating and humidification. 
Even though NIV does not use invasive artifi-
cial airway, humidification may be useful, in 
particular for long-term treatments, in order to 
prevent NIV-induced airway dryness and 
patient’s distress [10, 11].

During mechanical ventilation, the air should 
be conditioned with the physiological level of 
humidity and temperature, which would be 100% 
relative humidity at 37  °C.  However, since in 
NIV the delivered gas must first pass through the 
nasal cavity, the temperature of 37 °C may cause 
the patient’s discomfort; therefore the tempera-
ture is usually set at 34  °C and 100% relative 
humidity [10, 12].

Humidification and warming of the inspired 
gases during NIV can be delivered either by pas-
sive humidifiers, such as heat and moisture 
exchangers (HME), or by active humidifiers. 
Passive humidifiers are based on the principle 
that they retain heat and humidity during expira-
tion to deliver most of them at the following 
inspiration. There are different kinds of active 
humidifiers, but all of them are composed of an 
electric heater that warms the water, which is 
used to humidify and to warm the gas being 
inspired [12].
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However, there is lack of studies concerning 
the level of humidification required and how it 
affects the success of the NIV treatment in rela-
tion to the patient pathology [11].

The aim of this review is to examine the avail-
able literature on bronchodilation and humidifica-
tion coupled with NIV treatment and to discuss the 
related advantages and problems, with particular 
attention to the advances gained in the last 2 years.

16.2  Methods

For all the involved topics, our aim was the 
description of current issues concerning inha-
lation therapy and humidification during 

 noninvasive mechanical ventilation; specific 
attention was devoted to find and review the 
in  vitro and in  vivo studies published during 
the last 2 years.

Discussion was based on the most recent 
randomized controlled trials (RCTs) and inter-
ventional or observational studies. We applied 
standard filters for the identification of these 
studies using the PUBMED search engine, 
from inception to March 2019, focusing on the 
studies published from January 2017 to March 
2019.

Our search included the following keywords: 
noninvasive ventilation, aerosol, inhalation ther-
apy, humidification and bronchodilation 
(Table 16.1).

Table 16.1 Summary of the last 2 years (2017–2019) in vitro and in vivo studies concerning the combination between 
NIV and aerosol therapy

First author/
year

Type of 
study Main topic of the study Key results

Michotte 
[13]

In vivo Different nebulization modes (continuous vs 
inspiratory synchronized) in healthy 
volunteers: effects on lung deposition

Enhanced lung deposition with 
inspiratory synchronized nebulization 
mode

Saeed [14] In vitro Effects of the type of nebulizer (VMN vs JN) 
and fill volume on drug delivery

Enhanced drug delivery with VMN
Minor impact of fill volume on VMN 
compared to JN (JN should be diluted 
to increase delivery)

Harb [15] In vivo Preliminary drug dose with pMDI before 
nebulization
Three different connections (T-piece, large 
spacer and large spacer with pMDI)

Higher short-term bioavailability due 
to the preliminary dose; effect 
disappeared after 24 h
No difference in the efficiency of drug 
delivery between T-piece and large 
spacer

Bodet- 
Contentin 
[16]

In vivo Improvement of forced expiratory volume in 
1 s (FEV1) due to nebulization of salbutamol 
in COPD patients

FEV1 did not change immediately 
after the end of nebulization, but 
increased significantly 40 min after
Best nebulizer position just after the 
Y-piece

Xu [17] In vitro Effects of JN on NIV applied in ICU 
ventilators and noninvasive ventilators

In noninvasive ventilators, JN only 
affected the tidal volume monitored
In ICU ventilators, JN also affected the 
triggering performance

Peng [18] In vitro Effects of six different nebulizer positions on 
drug delivery efficiency and ventilator 
performance during NIV

Lower delivery efficiency with the 
nebulizer close to the exhalation valve 
or the ventilator
No difference in ventilator 
performance between different 
positions

(continued)
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16.3  Bronchodilators

Aerosol delivery has been shown to be improved 
when performed coupled with NIV in terms of 
tidal volume, decreased respiratory rate and 
reduced particle size. These advantages may be 
impaired, on the other hand, by the adverse effect 
of the high flow rate produced by NIV on the 
deposition of the drug particles in the lung.

Since the effectiveness of bronchodilation 
relies on the correct placement of the drug at the 
action site in the lung, it is important to optimize 
the drug delivery by taking account of the multi-
ple factors influencing the appropriate deposition 
of the drug in the mechanical ventilated patient.

Based on both in  vitro and in  vivo experi-
ments, in particular those published in the last 
2 years, the aerosol-generating device, the venti-

lator and its circuit, the interface, the humidifier 
and their clinical applications are the issues being 
discussed.

16.4  The Aerosol-Generating 
Device

Among all the available devices, only pMDIs and 
nebulizers have been investigated in combination 
with NIV, but there is a limited amount of avail-
able data concerning pMDIs.

The nebulizers are the most common choice to 
administer aerosol therapy, when it is combined 
with mechanical ventilation, due to the possibil-
ity of the administration of drugs and drug com-
binations that are not commercially available as 
pMDI.  However, in a study combining in  vivo 

Table 16.1 (continued)

First author/
year

Type of 
study Main topic of the study Key results

Saeed [19] In vivo Effects of fill volume and humidification on 
lung deposition using different types of 
nebulizer (VMN vs JN) in patients with COPD

VMN improved lung deposition 
regardless of the fill volume
Greater lung deposition with 2 ml fill 
volume vs 1 ml fill volume with JN
No effect of humidification on lung 
deposition

Harb [20] In vitro Drug delivery with VMN using Combihaler 
and T-piece, with and without pMDI, in 
single-limb NIV

No difference in drug delivery between 
T-piece and Combihaler
pMDI pre-nebulization may affect 
aerodynamic characteristics

Walenga [21] In vitro Excipient enhanced growth (EEG) as a 
technique for improving the lung-dose with 
VMN during NIV

EEG improved the lung penetration 
fraction
Connect an in-line DPI device to the 
NIV mask to deliver rapidly an EEG 
aerosol

Rabea [22] In vitro Comparison between different types of VMN Similar emitted dose for the different 
VMN

Hassan [23] In 
vitro/in 
vivo

Efficiency of different types of aerosol devices 
(pMDI + spacer, JN, VMN) and effects in 
COPD patients

Higher drug delivery with VMN than 
with JN
Greater efficiency with pMDI + spacer 
than nebulizers

Hussein [24] In vitro Comparison between different types of spacers No significant difference in the emitted 
dose independently on the three 
spacers

Sutherasan 
[25]

In vitro Effects of the ventilator settings, of the 
interface, of the leak port position and of the 
nebulizer on drug delivery

No significant difference in drug 
delivery between NIV and CPAP
Nebulizer should be placed between an 
unvented mask and the leak port
In BIPAP 15/5 cmH2O provide better 
delivery than 10/5 or 20/10 cmH2O
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and ex  vivo experiments, an equivalent or 
improved efficiency of pMDI compared to VMN 
and even more to jet nebulizer was demonstrated 
depending on the position of the leak port in the 
circuit or on the mask [23]. Obviously, to improve 
the efficiency of lung deposition, it is essential 
their administration during inspiration, rather 
than during expiration.

Among the nebulizers, all the most recent arti-
cles available in the literature recognize vibrating 
mesh nebulizers definitely superior to both the jet 
and ultrasonic nebulizers in terms of reliability, 
effectiveness and deposition on the treated 
tissues.

A single trial investigated the use of ultrasonic 
nebulizers during NIV, showing that they lost the 
highest dose of inhaled drug, compared with four 
other different nebulizers; moreover they are 
expensive, and consequently, they should not be 
recommended [8].

Regarding the jet nebulizers, their main prob-
lems are high drug losses [13] and driving an 
additional 6–8 l/min of gas into the ventilator cir-
cuit, which may affect the ventilation of the 
patient [4, 8, 9]. Moreover, they are influenced by 
the fill volume, because greater dilutions provide 
a better lung deposition. This topic has been 
investigated by Saeed et  al. on COPD patients 
treated with NIV: two groups were nebulized 
using a VMN and two groups with a jet nebulizer, 
and, among each group, the nebulizer was filled 
either with 1 or 2 ml of salbutamol solution. The 
higher fill volume was essential for increasing the 
amount of inhaled drug when using the jet nebu-
lizer, whereas the amount of salbutamol adminis-
tered with the VMN was less affected by the fill 
volume. Therefore, the VMN nebulization pro-
duced a higher lung deposition and systemic 
absorption than the jet nebulizer, regardless of 
the fill volume [19].

Only Xu et al. considered jet nebulizers supe-
rior to VMN in terms of cost and safety [17].

Compared with the other ones, vibrating mesh 
nebulizers (VMN), which are the most recently 
developed devices, have a smaller residual vol-
ume, are quieter and produce a higher respirable 
fraction, and consequently their popularity is 
increasing [9].

The superior performance of the VMN devices 
was also shown by Galindo-Filho et  al., who 
compared the deposition of radiolabelled aerosol 
in the lungs of ten healthy subjects using either a 
VMN or a jet nebulizer during NIV. The distribu-
tion of the radioaerosol particles within and out-
side the target organ was detected by scintigraphy. 
The subjects nebulized using the VMN apparatus 
showed a dose of radiolabelled aerosol deposited 
into the lungs that was more than twice the dose 
detected in the subjects nebulized with the jet 
nebulizer [26].

There may be differences between various 
models of VMN, but they are insubstantial 
[8, 22].

The higher efficiency and lower drug displace-
ment of the vibrating mesh nebulizers is impor-
tant both for the correct dosage of the drug 
deposited on the site of action and for reducing 
the drug loss, which can be a critical issue when 
the nebulized drugs are expensive and/or toxic, 
such as for antibiotics [6].

Anyway, in the clinical practice pMDIs and 
nebulizers are not mutually exclusive and can be 
used in co-administration, for example, using 
pMDIs to predose a bronchodilator in COPD 
patients before nebulization.

Regarding this issue, Harb et al. verified the 
effect of predosing 12 COPD subjects with sal-
butamol, which was administered using a pMDI 
before the subsequent dose nebulized during 
NIV.  The rationale of the experiment was that 
the preliminary bronchodilation using the pMDI 
would improve the distribution of the following 
nebulization with salbutamol using a VMN dur-
ing NIV performed with a single-limb bilevel 
ventilator. Three different settings of the con-
nection were tested in the study: T-piece, large 
spacer and large spacer with pMDI [15]. The 
same authors had previously tested these same 
settings in an in  vitro experiment [20]. The 
results of the different tested experimental con-
figurations were evaluated by detecting the sal-
butamol content deposited in a collecting filter 
and by dosing the drug content in the subjects’ 
urine samples. The experiment showed that 
there were not significant differences in the effi-
ciency of salbutamol delivery between T-piece 
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and large spacer connections. The preliminary 
dose of salbutamol administered with the pMDI 
device determined a higher bioavailability of the 
bronchodilator after half an hour, but this effect 
disappeared after 24 h, becoming irrelevant for 
long-term treatments. However, the short-term 
effect of the prenebulization with pMDI could 
be useful to maximize the drug delivery in 
severely ill patients [20].

16.5  Interface and Position 
of the Aerosol-Generating 
Device

In order to obtain the best drug deposition results 
in aerosol treatment during NIV, several pub-
lished researches, even in recent years, evaluated 
the influence of the nebulizer position in the NIV 
ventilator circuit, which was compared with the 
corresponding settings during invasive mechani-
cal ventilation.

During invasive ventilation, the ventilator cir-
cuit works as a spacer allowing aerosol accumu-
lation between inspirations; consequently the 
nebulizer should be placed at a distance from the 
endotracheal tube [3]. Conversely, during NIV 
the “spacer function” of the circuit is less effec-
tive, due to the gas leakage and flow through the 
circuit with leak compensation.

Peng et al. carried out a specific in vitro exper-
iment on this subject; they evaluated the effect of 
six different positions of VMN during NIV per-
formed with a respiratory simulation system. The 
lowest efficiency of aerosol delivery of salbuta-
mol solution was detected when the VMN was 
positioned closer either to the exhalation valve or 
to the ventilator [18].

Michotte et al. compared in vitro five different 
nebulizers during NIV with a single-limb circuit 
bilevel ventilator. The three vibrating mesh nebu-
lizers, the jet nebulizer and the ultrasonic nebu-
lizer were filled with a solution of amikacin 
antibiotic and were positioned before and after 
the exhalation port. The best results in terms of 
high efficiency of drug delivery and less lost dose 
were obtained with the vibrating mesh nebulizers 
positioned before the exhalation port [8].

In a further in vitro study, an inspiratory syn-
chronized vibrating mesh nebulizer (VMN) was 
compared with a continuous VMN during NIV 
using a single-limb circuit bilevel ventilator. The 
nebulizer was placed either between the artificial 
lung and the exhalation port or between the ven-
tilator and the exhalation port. Regardless of the 
nebulizer position, the inspiratory synchronized 
VMN produced the highest inhaled dose and 
lowest expiratory waste dose. The best position 
for the VMN was between the lung simulator and 
the exhalation port [27].

Based on both in  vitro and in  vivo experi-
ments, it seems that the best aerosol efficiency is 
obtained when the nebulizer is placed between 
the exhalation port and the mask.

The unvented masks, rather than the masks 
incorporating a leak port, appear as the best inter-
faces for providing an efficient drug delivery 
using nebulizers, since they cause lower leakages 
during both breathing phases [25]. Oronasal 
masks should be preferred to full-face masks, in 
particular when using some drugs, such as 
ipratropium bromide, which could cause eye irri-
tation or acute angle closure. Nasal masks can be 
used in patients with massive expectoration.

The single study that compared aerosol deliv-
ery with helmet and full-face mask in children 
did not find any difference as regards adverse 
effect related to nebulization between the two 
examined interfaces [28].

16.6  Delivery Technique

Many studies have shown the importance of syn-
chronizing the administration of aerosol therapy 
during inspiration phase, with either pMDIs or 
nebulizers.

For instance, Michotte et  al. compared the 
pulmonary drug delivery using either continuous 
or inspiratory synchronized VMN during NIV in 
six healthy volunteers. Since there were not com-
mercially available inspiratory synchronized 
VMNs, it was used as an experimental apparatus. 
The six healthy volunteers were ventilated by 
NIV and treated with an aerosol of amikacin 
administered either during the only inspiratory 
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phase or continuously. The extent of drug deliv-
ery of both aerosol systems was evaluated by 
measuring the amikacin content in urine samples 
taken for the following 24 h. The subjects treated 
with the inspiratory synchronized VMN showed 
higher urinary excretion of amikacin, more con-
stant elimination, and longer nebulization time 
than the subjects treated with the continuous neb-
ulization [13]. This was in agreement with the 
results previously reported in intubated and 
mechanically ventilated patients [29]. The study 
of Michotte et al. was the first clinical study con-
cerning the use of inspiratory synchronized VMN 
in NIV and confirmed previously experiments 
performed in vitro.

Furthermore, new perspectives can be pro-
vided from recent studies on excipient enhanced 
growth (EEG) aerosol delivery, which may 
reduce the extreme dose variation in drug lung 
deposition. Walenga et  al. used an in  vitro 
approach, based on the use of two nasal cavity 
models obtained by 3D printing, to study the 
EEG as a technique for improving the lung- 
deposited dose of aerosol delivery through 
VMN during NIV.  The EEG aerosol delivery 
resulted to improve the lung penetration fraction 
in comparison to conventional sized aerosol. 
Moreover, they showed that the most convenient 
method to administer rapidly an EEG aerosol 
was to connect an in-line DPI device to the NIV 
mask [21].

16.7  The Ventilator

NIV settings also impact lung deposition of the 
aerosolized drugs. Increase in inspiratory posi-
tive airway pressure (IPAP) improves lung depo-
sition, while increase in expiratory positive 
airway pressure (EPAP) results in decrease in the 
nebulizer efficiency.

A recent bench study by Sutherasan et al. [25], 
which compared the effects on albuterol jet nebu-
lization of the following ventilator settings, 
BIPAP mode (IPAP/EPAP of 10/5, 15/10, 15/5 
and 20/10  cmH2O) and CPAP mode with pres-
sure levels of 5 and 10 cmH2O, confirmed the 
results observed in previous researches [30]. 

They did not find any difference in the amount 
delivered in CPAP and BIPAP modes. In BIPAP, 
the best results in terms of efficiency of drug 
delivery were obtained with IPAP/EPAP set on 
15/5 cmH2O, compared to 10/5 and 20/10 
cmH2O, whereas the pressure level did not affect 
the drug delivery in CPAP.

Conversely, in a recent study performed on a 
paediatric NIV model, Velasco et al. reported that 
IPAP increasing did not improve aerosol effi-
ciency. These conflicting results may be explained 
by the fact that they were both in  vitro experi-
ments, while in the clinical practice pressures are 
usually adjusted according to the mechanical 
properties of the lung and to the patient’s toler-
ance, both parameters that are impossible to 
reproduce in a bench model [31].

Therefore, we can assume that more studies 
in vivo have to be performed to determine the 
relationship between inspiratory and expiratory 
airway pressures and aerosol delivery 
efficiency.

As long as NIV setting can influence aerosol 
delivery, one can easily infer that nebulization 
may affect the functioning of NIV ventilators. 
The occurrence of this situation depends on the 
types of nebulizer and ventilator employed.

The effect of jet nebulization on NIV is dif-
ferent from that on invasive ventilation. In con-
trast to the latter, during NIV air leak is always 
present and noninvasive ventilators or ICU ven-
tilator with noninvasive modes are designed to 
compensate air leak through automatic adjust-
ment of flow, up to 60 l/min. Driving flow during 
jet nebulization is between 2 and 10 l/min, which 
would result in automatic adjustment of flow in 
noninvasive ventilators.

Accordingly, a recent study of Xu et  al. 
showed that tidal volume and control perfor-
mance of seven models of noninvasive ventilators 
and four ICU ventilators were not significantly 
affected by jet nebulization, but detected differ-
ent effects of aerosol delivery between ICU and 
noninvasive ventilator settings. Indeed, jet nebu-
lization affected the monitored tidal volume and 
the triggering performance in the ICU ventila-
tors, but affected only the monitored tidal volume 
in noninvasive ventilators. Anyhow, the greater 
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the driving flow, the stronger the impact on the 
monitored tidal volume [17].

16.8  Clinical Applications

The benefits of aerosol therapy during noninvasive 
ventilation in patients with COPD, asthma and 
cystic fibrosis are well known and have been 
investigated in many clinical studies. COPD and 
acute asthma exacerbations are very similar, 
because they are both characterized by airway 
obstruction, dynamic hyperinflation and necessity 
to overcome the intrinsic positive end- expiratory 
pressure (iPEEP).

Compared to aerosol therapy during sponta-
neous breathing, the administration of broncho-
dilators with BIPAP ventilation in patients with 
COPD or acute asthma exacerbations results in 
improvement of spirometric parameters (peak 
expiratory flow rate, forced expiratory volume 
in the first second, forced vital capacity), 
reduced bronchial obstruction and relief of 
symptoms [9, 32, 33].

However, the improvement in pulmonary 
function does not seem to be associated with 
an increase of lung deposition, as demonstrated 
in the scintigraphic study by Galindo-Filho 
et al. [26].

These findings were supported by a recent 
randomized controlled trial by Bodet-Contentin 
et al., who studied the effect of salbutamol nebu-
lization with VMN during NIV in 43 patients 
diagnosed with exacerbated COPD. The amount 
of drug potentially reaching the trachea was 
determined by a preliminary in vitro experiment 
using a lung model. The FEV1 values taken by 
spirometry did not differ significantly between 
the patients nebulized with salbutamol and those 
receiving the placebo immediately after nebuli-
zation, whereas the FEV1 of the salbutamol- 
treated patients was significantly higher than that 
of the control group [16].

These results suggest that the clinical improve-
ment could be explained by the physiological 
benefit of NIV in these categories of patients, but 
additional studies in larger experimental popula-
tions would be needed to confirm these findings.

16.9  Humidification

Whereas heating and humidification of the ven-
tilated gas is mandatory when using invasive 
mechanical ventilation, air conditioning seems 
less important in case of NIV, when the gas is 
heated and humidified during the passage 
through the natural airways. However, humidifi-
cation may affect patient’s comfort and work of 
breathing, especially during long-term NIV 
treatments.

Skin damages or even ulcers could represent a 
potential serious problem, especially during win-
ter, when there is higher condensation, due to the 
increased humidity at the mask interface.

Many papers about humidification in NIV 
compared different humidifiers, in particular the 
heated humidifiers (HH) and the heat and mois-
ture exchangers (HME).

Boyer et al. compared the performance of HH 
and HME humidifiers in patients with acute 
respiratory failure (ARF), using different device 
configurations. The parameters of ventilation and 
the arterial blood gases were not modified using 
small dead space HME rather than HH, both in 
patients treated with NIV for ARF and in hyper-
capnic patients. Also the insertion of a flex tube 
between either the HH or HME humidifier and 
the Y-piece did not alter the results. They con-
cluded that the HME humidifiers with sufficiently 
reduced dead space might be used during NIV in 
different patient categories [34].

Lellouche et al. studied the short-term effects 
of HH and HME humidifiers on respiratory pat-
tern and arterial blood gases during NIV.  They 
subdivided 81 subjects into three groups: hyper-
capnia and respiratory acidosis, hypercapnia only 
and hypoxaemic non-hypercapnic. In all three 
monitored groups, HME produced a small but 
significant increase in PaCO2, in particular in 
hypercapnic patients. CO2 removal improved 
with HH but not with HME humidifiers. The dif-
ferent results obtained by Boyer et  al. were 
explained by the small difference of dead space 
between HME and HH and by the high pressures 
used during NIV. The authors showed the nega-
tive impact of the HME dead space in terms of 
CO2 elimination and minute ventilation [35].
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Conversely, a subsequent randomized con-
trolled study by Lellouche et al. did not find any 
difference between the effects of HME or HH on 
a pragmatic clinical outcome [36].

In the last 2  years, only few authors have 
released studies about humidification during 
 noninvasive ventilation. Among them, Nilius 
et al. studied the influence of ambient tempera-
ture, heated humidification and heated tubing on 
the mask humidity. The experiment was per-
formed on 18 patients with obstructive sleep 
apnoea  syndrome (OSAS) and consisted of three 
different CPAP treatments, delivered with a nasal 
mask: without humidification, standard heated 
humidification and heated humidification with a 
heated tube climate line. The patients treated dur-
ing winter reported more undesirable effect than 
those treated during summer, suggesting that 
ambient temperature and humidity affect mask 
humidity. In fact, clinically relevant reductions of 
absolute humidity were detected during winter 
CPAP. The use of a heated tube for avoiding con-
densation increased the absolute humidity and 
could improve the conditions of the patients com-
plaining of nose and throat symptoms [37].

Also Alqahtani et  al. studied the potential 
damages of humidification during noninvasive 
ventilation on 15 healthy volunteers treated with 
humidified and non-humidified CPAP for 30 min 
through an oronasal mask. Skin integrity was 
evaluated by several parameters. The humidified 
CPAP increased significantly the local humidity 
at the skin interface and the transepidermal water 
loss, inducing skin alterations and potentially 
disrupting the barrier function of facial skin. 
Moreover, the subjects reported elevated nasal 
discomfort during non-humidified CPAP [38].

Humidification can also affect aerosol drug 
delivery, since the humidity produces an increase 
of the particle size and consequently may reduce 
the lung deposition due to their lower respiratory 
delivery, compared to a dry circuit [29]. The 
effect of fill volume and humidification on aero-
sol delivery during single-limb NIV was investi-
gated by Saeed et  al. on four groups of COPD 
patients treated with NIV, showing that the dose 
of delivered drug was not affected by the humidi-
fication, and consequently would not be neces-

sary to switch off the humidifier during the 
aerosol therapy [19]. The hypothesis of the 
authors about these results is that the possible 
adverse effects of humidification on the nebu-
lized drug might have been avoided positioning 
the nebulizer in single-limb circuit proximal to 
the patient.

Considering the lack of studies, especially in 
recent years, it should be further evaluated the 
effect of humidification on the administration 
and deposition of bronchodilators during NIV 
(Table 16.2).

16.10  Conclusions

NIV has replaced, whenever possible, invasive 
mechanical ventilation for treating patients 
affected by COPD or other respiratory insuffi-
ciencies. In spite of its growing importance, the 
effect of the simultaneous administration of drugs 
has been investigated less extensively than in 

Table 16.2 Main conclusions/future perspective

Main topic Conclusions/future perspectives
Aerosol- 
generating 
device

Better efficiency of VMN 
compared to other nebulizers
Usefulness of pMDI for 
preliminary bronchodilation

Interface Unvented mask preferable to 
vented mask
Oronasal mask preferable to 
full-face mask
Only one study on helmet in 
children

Position of the 
nebulizer

Better position of nebulizer 
between the leak port and the 
mask

Delivery 
technique

Better efficiency synchronizing 
nebulization with inspiration
Future perspective offered by EEG

NIV settings Optimal setting with high IPAP 
and low EPAP
Need for further studies in vivo

Clinical 
applications

Reduction of bronchial obstruction 
and improvement of spirometric 
parameters in asthma/COPD 
patients

Humidification No clinically relevant differences 
between HH and HME
Lack of studies on the effects of 
humidification on aerosol delivery
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invasive mechanical ventilation. Moreover, the 
effect of humidification during NIV has been 
even less analysed.

On the basis of both in vitro and in vivo exper-
iments, it seems that nebulizers and, among oth-
ers, the vibrating mesh nebulizers should be 
preferred over pMDI.

The oronasal unvented mask seems to be the 
best interface for the administration of broncho-
dilators during NIV, the nebulizer should be 
placed between the leak port and the mask and 
the optimal settings involve the use of high IPAP 
and low EPAP.

In the last decades many issues about aerosol 
delivery during NIV have been investigated with 
the help of bench studies; however many of these 
findings still need confirmation in human clinical 
studies. Further comprehensive and extended 
randomized experiments would be needed in 
order to evaluate the most suitable devices and 
settings for the coupled treatments.

Studies concerning humidification in patients 
treated with NIV are even less represented in the 
medical literature. Humidification decreases oro-
nasal symptoms, facilitates secretions removal 
and may improve patient’s tolerance and compli-
ance during NIV, even though skin damages 
could represent a potential serious problem. The 
addition of substantial dead space with HMEs 
might be problematic in patients with COPD or 
asthma, in whom hypercapnia or increased WOB 
is of concern.

Eventually, it should be further evaluated the 
effect of humidification on the administration 
and deposition of bronchodilators during NIV.
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Abbreviations

ARF Acute respiratory failure
DNI Do not intubate
DNR Do not resuscitate
ECCO2R Extracorporeal CO2 removal
FOB Flexible bronchoscopy
HFCWO High-frequency chest wall oscillation
HFNC Figh-flow nasal cannula
ICU Intensive care unit
IMV Invasive mechanical ventilation
NIV Noninvasive ventilation

17.1  Introduction

The demographic changes determined a signifi-
cant increase in the percentage of adults who are 
very elderly and the proportion of their hospital 
admissions. In this group, the invasive mechani-
cal ventilation (IMV) use decreased significantly 
even after adjustment for DNR (do not resusci-
tate) status. The poor prognosis and the subse-
quent belief that IMV and intensive care unit 
(ICU) care could be harmful are two conditioning 
factors in daily clinical practice. The IMV may 
be “a questionable option” in some (do not intu-
bate) DNI-related clinical scenarios, for example, 
in an older patient, bedridden, who cannot 
 perform ADLs independently, and with multi-
morbidity and acute respiratory failure, in the 
absence of advance directives [1]. Over time the 
use of NIV has increased significantly among 
patients (of all classes of age) hospitalized for 
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acute exacerbations of COPD, whereas the need 
for intubation and in-hospital mortality has 
declined. Age did not imply a lower response [2]. 
In the same way many investigations straightened 
the use of NIV as a comfort measure at the end of 
life and DNI older patients. For this reason, the 
NIV use has become a primary therapeutic option 
in the management of acute or acute-on-chronic 
respiratory failure in older patients. In this chap-
ter, the authors reviewed the evidence about the 
use of NIPPV in the elderly focusing on criti-
cisms and the positive effects on the outcome.

17.2  The Use of NIV to Avoid IMV 
in Very Old Patients

The admission in ICU and the IMV may be not 
by itself associated with poor outcome for older 
patients without preceding respiratory diseases 
[3]. Despite this evidence in 2006, Garrouste- 
Orgeas et al. showed that in the 50% of patients 
the factor age influenced the decision-making 
process and the choice of admission in ICU even 
in the presence of an accurate indication [4]. In 
the emergency department, the initial inappropri-
ate treatment such as the decision to not intubate 
when there is the indication may impact on the 
patient’s survival. Birolleau et  al. in his study 
noted that inadequate treatment was present in 
32% of the patients. The mortality was higher in 
this group [5].

Furthermore, behind the inclination of not 
admitting the elderly patients in ICU, there is evi-
dence that age and invasive mechanical ventila-
tion are strongly associated with in-hospital 
mortality. The risk increased progressively with 
every age increment [6]. On the other hand, Nava 
et al. revealed the importance of using NIPPV not 
only as a palliative measure but also as preferen-
tial treatment when intubation is either not 
wanted by the patient or questionable for the phy-
sicians. Compared with standard medical ther-
apy, NIPPV decreased the rate of meeting the 
endotracheal intubation criteria and the mortality 
rate of very old patients [7]. The questionable 
context refers to an older patient, bedridden, who 
cannot perform ADLs independently, and with 

multimorbidity and acute respiratory failure, in 
the absence of advance directives. For these 
patients the prognosis of ICU admission is poor. 
The possibility of avoiding endotracheal intuba-
tion and preventing acute respiratory failure 
becomes the main reason for using NIPPV in the 
elderly [8]. The outcome and the mortality in the 
very old (>85 years) group were not statistically 
different from the younger group when physi-
cians used NIPPV in the emergency department. 
The observed mortality was significantly lower 
than the expected death in both groups. In both 
age groups, patients treated with NIV for chronic 
obstructive pulmonary disease (COPD) had 
lower mortalities than those treated for other ill-
nesses, although this was statistically significant 
only in the younger group. In very old patients, 
when used with correct indications, NIV was 
associated with mortality similar to younger 
patients. Patients receiving NIPPV had lower 
than expected mortality in all age groups [9].

17.3  The DNI and NIV

Curtis et al. [10] identified the use of NPPV in 
three categories of patients with acute respira-
tory failure: (1) NPPV as life support with no 
preset limitations on life-sustaining treatments, 
(2) NPPV as life support when patients and fam-
ilies have decided to forego endotracheal intuba-
tion, and (3) NPPV as a palliative measure when 
patients and families have chosen to forego all 
life support, receiving comfort measures only. 
The second and third category refers specifically 
to DNI order. The decision for the patients to 
forego the endotracheal intubation presumes that 
the elderly have valid decision-making capacity 
(DCM). The most of very old patients have a 
limited DCM.  The possibility of family mem-
bers to take a decision is very variable in the dif-
ferent European and not European countries 
[11]. When physicians use NIV in DNI patients, 
they should take into account that the patients 
and family members may change idea during an 
acute phase of respiratory failure. Furthermore, 
Schortegen et al. [12] showed that NIV used for 
the management of acute respiratory failure 
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(ARF) in very old patients (≥80 years), often in 
the context of a do-not-intubate order (DNI), has 
an overall satisfactory 6-month survival and 
functional status, except for endotracheal intuba-
tion after NIV failure. Vilaca et  al. [13] noted 
that the survival rate was 49% among DNI status 
patients, and NIV did not provide significant 
relief of symptoms in more than half the patients 
who receive it for that purpose. The ethical 
dilemmas of using NIV in a palliative context as 
comfort care are related to the balance between 
benefits and discomfort [14].

17.4  Failure of NIV Use in Elderly 
and Integrative Therapies

The possible causes of immediate failure (within 
minutes to <1 h) are a weak cough reflex, exces-
sive secretions, hypercapnic encephalopathy, 
intolerance, agitation, and patient-ventilator 
asynchrony. The risk factors for early failure 
(within 1–48 h) may differ for hypercapnic and 
hypoxaemic respiratory failure. However, most 
cases of early failure are due to poor arterial 
blood gas (ABGs) and an inability to promptly 
correct them, increased severity of illness, and 
the persistence of a high respiratory rate. Despite 
a satisfactory initial response, late failure (48 h 
after NIV) can occur and may be related to sleep 
disturbance [15].

In addition, older patients with anxiety symp-
toms and a high bicarbonate level at NIV initia-
tion are potentially good responders in terms of 
an improvement in hypercapnia. Also, higher 
inspiratory ventilator pressures are associated 
with a larger reduction in PaCO2. However, the 
improvement in hypercapnia does not seem to be 
associated with improved survival [16].

The integration of NIV with other less inva-
sive supports (e.g. high-flow nasal cannula 
(HFNC), mechanical cough assistance devices 
such as high-frequency chest wall oscillation 
(HFCWO), flexible bronchoscopy (FOB) with 
toilette of abundant secretion, and low-flow CO2- 
removal systems such as extracorporeal CO2 
removal (ECCO2R) could reduce the rate of NIV 
failure and may be especially feasible in the 

elderly in which IMV is not desirable [8]. Many 
studies showed the feasibility, efficacy, and toler-
ance of HFNC in hypoxaemic ARF of different 
aetiologies with the aims of reducing the escalat-
ing ventilatory therapy in “DNI patients” as an 
alternative to NIV, in “end-stage” chronic cardio-
pulmonary diseases with ARF.  Some investiga-
tions demonstrated that acute-on-chronic 
respiratory patients with bronchial hypersecre-
tions of different aetiologies showed improve-
ment of PaO2 and PaCO2 values when NIV was 
associated with HFCWO applications [17, 18]. 
The results are still controversial because of some 
meta-analysis not confirming this positive out-
come. Scala et al. [19] revealed an encouraging 
result with the use of FOB in patients with copi-
ous hypersecretions and hypercapnic encepha-
lopathy. ECCO2R, which developed from the 
traditional ECMO, has been recently proposed as 
an alternative or an integrated therapeutic option 
in patients with acute hypercapnic acidotic respi-
ratory failure who are “non-responder” to an NIV 
trial. While ECMO is a “total extracorporeal sup-
port” which can oxygenate severely hypoxaemic 
patients and remove up to 50% of the total body 
CO2 production, ECCO2R works as a “partial 
extracorporeal support” capable of removing the 
lower amount of CO2 without substantial effects 
on the oxygenation [8]. Furthermore, with this 
technique, ECCO2R plus NIV experienced 
adverse events related to extracorporeal CO2 
removal. Bleeding episodes and vein perforation 
were observed.

17.5  Setting

Over the last years, much more elderly patients 
are managed with NIV outside of ICU [22]. Until 
now the criterion to guide the choice of setting 
according to pH value is still valid. A pH < 7.25 
the better setting is ICU or a respiratory unit [20]. 
With a pH  >  7.3 and experienced staff, the 
patients may be treated also in a general ward 
[21]. According to disease in the case of acute 
cardiogenic oedema, the NIV may be used in the 
ambulance too. In the case of palliative context 
for DNR and DNI and end of life outside of ICU, 
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the presence of the family members may improve 
the comfort [22].

17.6  Conclusion

The NIV in elderly should be used with the cor-
rect indications. In choosing the setting, the phy-
sicians should take into account the safety of 
patients. The early identifications of the predic-
tors of failure should lead to integrative therapy 
practice when available. The DNI status requires 
an accurate evaluation and in a palliative context 
may be treated outside of ICU.
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18.1  Telemedicine

Telemedicine tools enable the communication and 
sharing of medical information in electronic form 
and thus facilitate access to remote expertise and 
knowledge [1]. A physician located far from a ref-
erence center can consult his colleagues remotely 
in order to solve a difficult case, follow a continu-
ing education course over the Internet to improve 
his knowledge, or access medical information 
from digital libraries. These same tools can also be 

used to facilitate the exchange between centers of 
medical expertise at a national or international 
level and have been performed many times [2–5].

Today the telemedicine field is changing faster 
than ever before. As technology advances at 
exponential levels, so does the widespread afford-
ability and accessibility to basic telemedicine 
tools. For example, not only do we now have the 
technology for live video telemedicine, but much 
of the worldwide population has experience 
using online videochat apps and access to a com-
puter or mobile device to use them.

Telemedicine was originally created as a way to 
treat patients who were located in remote places, 
far away from local health facilities or in areas with 
shortages of medical professionals. While telemed-
icine is still used today to address these problems, 
it’s increasingly becoming a tool for convenient 
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medical care. Today’s connected patient wants to 
waste less time in the waiting room at the doctor 
and get immediate care for minor but urgent condi-
tions when they need it [4, 5].

This expectation for more convenient care, 
combined with the unavailability of many over-
burdened medical professionals, has led to the 
rise of telemedicine companies. Many offer 
patients 24/7 access to medical care with an on- 
call doctor contracted by that company. Others 
offer hospitals and larger health centers access to 
extra clinical staff and specialists, for outsourc-
ing of special cases (common model among tele-
radiology companies). Still others provide a 
telemedicine platform for physicians to use to 
offer virtual visits with their own patients. 
Increasingly, telemedicine is becoming a way to 
give medical practices an edge in a competitive 
healthcare landscape where it’s difficult to stay 
independent or maintain a healthy bottom line.

Also impacting the rise of telemedicine today 
is the growing mobile health field. With the wide 
variety of mobile health apps and new mobile 
medical devices that are consumer-friendly, 
patients are starting to use technology to monitor 
and track their health. Simple home-use medical 
devices that can take vitals and diagnose ear 
infections, monitor glucose levels, or measure 
blood pressure let patients gather needed medical 
information for a doctor’s diagnosis, without 
going into the doctor’s office [4, 5].

18.2  Types of Telemedicine 
and Delivery Mechanisms

According to our literature review in telemedi-
cine, we can classify the exchanged data among 
telemedicine systems in four main categories [6]:

• Textual data, e.g., the results of biomedical 
examinations, performed by analysis labora-
tories, and diagnostic reports which can be 
transferred using Portable Document Format 
(PDF).

• Audiovisual data based on the MPEG format, 
which are transferred during a videoconfer-
encing session using the H 320 standard.

• Imaging data, i.e., X-ray, magnetic resonance 
imaging (MRI), and ultrasounds, which are 
transferred using DICOM2, the HL73 stan-
dard, or other standards of CEN/TC 251 WG4.

• Physiological signals, i.e., ECG, EEG, etc., 
provided in their own standard interchange 
format, for example SCP-ECG4 for the ECG, 
which has been set up by the European nor-
malization committee (CEN).

Telemedicine information may be delivered in 
different ways [6]:

• Networked programs link tertiary care hospi-
tals and clinics with outlying clinics and com-
munity health centers in rural or suburban 
areas through either hub-and-spoke or inte-
grated networked systems. The links may use 
dedicated high-speed lines or the Internet for 
telecommunication links between sites.

• Point-to-point connections using private net-
works are used by hospitals and clinics that 
deliver services directly or contract out (out 
sourced) specialty services to independent medi-
cal service providers at ambulatory care sites.

• Health provider to the home connections 
involves connecting primary care providers, 
specialists, and home health nurses with 
patients over single-line phone-video systems 
for interactive clinical consultations. Such ser-
vices can also be extended to a residential care 
center such as nursing homes or assisted liv-
ing facility.

• Direct patient to monitoring center links are 
used for pacemaker, cardiac, pulmonary, or 
fetal monitoring and related services and pro-
vide patients the ability to maintain indepen-
dent lifestyles. Web-based e-health patient 
service sites provide direct consumer outreach 
and services over the Internet.

18.3  Telemedicine Benefits [7]

• Inexpensive: You can add on telemedicine ser-
vices for as low as $2.00 per employees mak-
ing it the perfect solution for rising healthcare 
costs for employees.
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• Time savings: The technology-based com-
munication allows a doctor and patient to 
communicate without being in the same 
physical space, eliminating the need to phys-
ical travel to a doctor’s office. Wait times are 
also reduced from 30 min to an hour to just 
minutes, with no time spent in a waiting 
room. Employees can access this quickly 
and easily without missing big chunks of 
work.

• Easy to use: You can access telemedicine any-
where you are, on-demand. This works well 
for common ailments including allergies, 
cold/flu symptoms, bronchitis, sinus infec-
tions, sore threats, and many more illnesses. 
Most of the time a doctor can assess your 
symptoms and provide antibiotics if needed or 
refer to a specialist if need be.

• Privacy: Your information will still receive the 
same level of privacy as if you were to attend 
a doctor’s office in person. Telemedicine sys-
tems abide by all HIPAA guidelines.

18.4  Telemedicine Cons [7]

• Limitations exist: While telemedicine is great 
for more common ailments, there are still 
times where seeing a doctor in person can 
prove to be more beneficial. Routine physical 
exams are a prime example of this, where 
establishing a good relationship with your 
doctor has proven to be very effective.

• Not all doctors use telemedicine: Many people 
have an established relationship with a doctor 
they trust. Using the telemedicine services 
limits your options, and it is unlikely you will 
be able to speak with a doctor you know. 
While good doctors do use telemedicine ser-
vices, the limited availability of choices may 
make consumers skeptical.

18.5  Telemedicine in Intensive 
Care Unit

Telemedicine in critical care areas is a specialty 
subset of the overall field of telemedicine.

Tele-ICU systems are composed of technol-
ogy (hardware and software) and personnel that 
collect, analyze, and transmit information back 
and forth between the physical ICU and the tele- 
ICU command center. These systems can track, 
analyze, and document patient data and allow 
ICU and tele-ICU clinicians to intervene in 
patient care. Analyses and descriptions of tele- 
ICU systems have largely focused on the technol-
ogy, but consideration of the personnel 
components may be even more important. We 
will briefly describe both. There are three core 
technology components of all tele-ICU systems. 
Firstly, the system relays all available patient data 
to the tele-ICU center. This includes nearly real- 
time physiological data, laboratory results, radio-
graphic results, electronic patient records, and 
the medication record. Secondly, a user interface 
software application organizes the patient data in 
the tele-ICU center, in an indexed manner so that 
the data can be easily retrieved and viewed. 
Finally, a communication network is established 
between the physical ICUs and the tele-ICU cen-
ter [9, 10]. While these functions appear simple, 
making them work is established between the 
physical ICUs and the tele-ICU center [9, 10].

ICU telemedicine typically involves special-
ists located at a dedicated central hub providing 
care to patients in multiple, remotely located 
ICUs [8]. Staff located at the hub may include a 
physician intensivist, critical care nurses, nurse 
practitioners, hospitalists, or other members of 
the multidisciplinary team such as pharmacists or 
respiratory therapists, as well as associated 
administrative staff. Staffing and coverage mod-
els may vary with individual circumstances.

Studies that focused on ICU and hospital mor-
tality and LOS showed mixed results [8–14]. 
Rosenfeld conducted a 16-week before and after 
study of the implementation of tele-ICU in a 
10-bed surgical ICU [15]. Analysis of severity- 
adjusted hospital mortality before and after the 
institution of remote intensivist monitoring 
showed a 30% decrease in hospital mortality and 
a decrease in LOS in the ICU. Breslow et al. con-
ducted a before and after analysis study of the 
introduction of a tele-ICU in both a surgical and 
a medical ICU [8]. ICU and hospital mortality 
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decreased significantly in the medical ICU but 
not in the surgical ICU. ICU LOS decreased sig-
nificantly in both ICUs by 16%, while overall 
hospital LOS was unchanged [8]. Thomas et al. 
did not find an overall difference in ICU and hos-
pital mortality or LOS, although tele-ICU was 
associated with improved survival and shorter 
ICU LOS in sicker patients (SAPS score > 44) 
[12]. In a recent study of more than 4000 patients 
in 2 large suburban community hospitals, a dif-
ference in ICU and hospital mortality was not 
found after the institution of tele-ICU. Hospital 
LOS was unaffected and ICU LOS increased 
after the institution of tele-ICU [13]. Both hospi-
tals had a very high quality of care before the 
institution of tele-ICU, with a baseline mortality 
of 81% of predicted and virtually no ventilator- 
associated pneumonia (VAP) and catheter-related 
bloodstream infections (CRBI) [13]. The reasons 
for the negative results in the studies by Morrison 
and Thomas could be the low percentage (30% in 
Thomas et  al.) of attending physicians that 
allowed the remote team to work as a category 3 
team [12, 13].

Another component of tele-ICU is checking 
the daily care plan of the ICU patient for adher-
ence to guidelines by the remote intensivist. Most 
programs assign the responsibility for best prac-
tice compliance to the remote team. The techni-
cians of the tele-ICU can very easily generate 
daily reports on adherence to guidelines concern-
ing: prevention of VAP, insulin regulation, early 
sepsis management, and lung protective ventila-
tion [8]. Shaffer et  al. found a significantly 
reduced amount of cardiopulmonary resuscita-
tions in the ICU and outcome was slightly—but 
not statistically significantly—improved [16].

18.6  Telemedicine in Respiratory 
Care

Chronic obstructive pulmonary disease (COPD), 
asthma, and lung transplantation have been, by 
far, the respiratory diseases or conditions more 
studied, in terms of telemedicine. However, the 
interest of telehealth providers in new areas also 
related to neurologic conditions, such as neuro-

muscular diseases in need of home noninvasive 
ventilation (NIV) due to chronic respiratory fail-
ure, or sleep-related breathing disorders, has 
arisen in recent years. Existing evidence reveals 
promising results regarding reliability and valid-
ity of measures across all pulmonary conditions, 
and patients usually show a positive attitude 
toward telecare technologies.

It is now consensually agreed that an esti-
mated number of 328 million people have COPD 
worldwide, that is, 168 million men and 160 mil-
lion women. Moreover, COPD causes the death 
of 2.9 million people annually, and it is projected 
to be the third cause of mortality by 2020 [17]. 
There is moderate evidence of the benefit of tele-
medicine in COPD, in terms of increasing quality 
of life and reducing hospital admissions. 
Basically, the problem has been that in previous 
years the studies included in systematic reviews 
were underpowered, had heterogeneous popula-
tions, and had lack of detailed intervention 
descriptions and of the care processes that accom-
panied telemonitoring [18]. Another issue is the 
clinical scenario where patients are usually 
recruited. For instance, telemedicine can be 
offered to those patients prone to exacerbations 
that are in stable condition [19] or right after 
admission regardless of the number of previous 
exacerbations or FEV1 obstruction severity [20].

Telemedicine has been used to support self- 
management of long-term conditions such 
asthma. Positive results have been reported [21–
23]. A systematic review and meta-analysis from 
three randomized controlled trials using different 
technologies showed an improvement of asthma 
control, though the clinical effectiveness of the 
used apps, typically incorporating multiple fea-
tures, varied [23].

Telemedicine has been studied as a feasible 
instrument for retrieving daily spirometric data in 
lung transplanted patients. Earlier works deter-
mined the telemonitored spirometry as feasible, 
valid, reliable, and repeatable, when compared to 
the regular in-clinic functional testing [24–26], 
although these studies were clearly underpow-
ered due to the small samples included. While on 
earlier works the objective is to determine the 
technical aspects of collecting acceptable spi-
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rometries, recent works have carried out clinical 
trials to demonstrate that a computerized rule- 
based decision support algorithm for nursing tri-
age of potential acute bronchopulmonary events 
is effective [27] or the identification of these 
events taking decision rules developed using 
wavelet analysis of declines in spirometry and 
increases in respiratory symptoms [28].

18.7  Telemedicine  
for Noninvasive Ventilation

Mechanical ventilation is the use of a mechani-
cal ventilator to assist breathing when a person 
is not capable of breathing sufficiently on their 
own, typically because of respiratory failure 
caused by impairment in the lungs or in the 
pump mechanism. A mechanical ventilator pro-
vides a controlled flow of gas into the patient’s 
lungs, with a certain differential pressure tem-
poral pattern and with a certain value of tem-
perature. In intensive hospital care unit, 
ventilation parameters are monitored by physi-
cians and nurses in order to evaluate patients’ 
physical conditions. Patients who have acute 
respiratory failure and who have not responded 
to other treatment options can benefit from 
using a treatment, called home mechanical enti-
lation (HMV), performed by means of a 
mechanical ventilator at the patient’s home. 
However, during the treatment of HMV, it is 
difficult for a physician to continuously moni-
tor ventilation parameters and to evaluate the 
physical conditions of a patient.

In the last few years, several tele-monitoring 
systems have been proposed for hospital or home 
MV.

In first-generation systems for tele- monitoring, 
data from sensors are usually transferred via a 
telephone system to a database and relayed to the 
clinical team [29]. Second-generation tele- 
monitoring systems comprise a non-immediate 
or analytical decision system in which the data 
transfer is synchronous with an automated algo-
rithm [29]. The clinical team recognizes impor-
tant changes in the patient’s condition, but 
response is delayed if the system is monitored 

only at certain times. Third-generation systems 
[29] have constant analytical and decision- 
making support in which monitoring centers are 
physician-led and staffed by specialist nurses and 
have full authority to effect therapy changes 24 h 
per day, 7 days per week.

Future generation of tele-monitoring for non-
invasive ventilation may include:

• The transfer of data about ventilatory 
settings.

• The evaluation of vital parameters.
• The chance for patients to communicate with 

help desk 24/7.
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19.1  Introduction

Obstructive sleep apnea (OSA) is a chronic disor-
der caused by repeated upper-airway collapse 
during sleep resulting in recurrent nocturnal 
wake-ups, fragmented sleep, increased sympa-
thetic nervous system activity with associated 
increased cardiovascular risk [1], and great impact 
in daily life including excessive daytime somno-
lence, reduced quality of life and increased risk of 

motor vehicle, as well as incident heart failure and 
stroke [2–5]. Given that only a few attempts have 
been made to screen the general population its 
real prevalence remains unknown. Last time it 
was revised was around 34% in men aged 30–70 
years and 17% in women aged 30–70 years [1]. 
Continuous positive airway pressure (CPAP) is 
considered the gold-standard therapy for OSA 
and remains the most effective treatment [3, 5, 6]. 
CPAP can effectively reduce sleep- disordered 
breathing events, improve objective and subjec-
tive sleepiness, and enhance quality of life [2]. 
CPAP therapy in patients with OSA is also associ-
ated with a significant reduction in the cardiovas-
cular risk [6]. Despite huge technology progress 
and the wide variety of masks available in the 
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market, as the success of this treatment depends 
on the prolonged use of the CPAP, it is essential to 
have a good adherence and  commitment with the 
treatment. The lack of patient acceptance and 
inadequate adherence remain the major causes of 
treatment failure. One of the most important fac-
tors contributing to patient’s acceptance of CPAP 
therapy is the selection of the proper interface. 
This fact makes it extremely important to find a 
mask with which the patient feels comfortable, 
which makes good sealing and associated with 
few side effects [2, 6].

There are three main groups of CPAP inter-
faces to deliver pressure to the patient: nasal, 
oral, and oronasal, although oral masks have 
not found widespread acceptance and are rarely 
used [3]. Many interface models have been 
released in the market these last years; how-
ever, it lacks guidelines and scientific knowl-
edge to support decision-making. Moreover, 
there is a growing concern that oronasal inter-
face may compromise CPAP effectiveness to 
treat OSA [7, 8]. A prior systematic review 
comparing CPAP interfaces has been pub-
lished; however, because of limited available 
data at that time, the results were not clear [9].

The aim of this work was to perform a system-
atic review to better understand the role of inter-
face in CPAP treatment efficacy, adherence, side 
effects, comfort, and sleep quality in patients 
with OSA.

19.2  Methodology

The literature search began on February 2019 and 
consisted of a systematic review of common 
database, mainly PubMed and Medline. The key-
words used in this search were “sleep apnea,” 
“CPAP adherence,” “interface and CPAP,” “nasal 
mask,” and “oronasal mask.” The criteria fol-
lowed for publication inclusion were based on 
publication date (between 2017 and 2019, 
mainly), whether, or not, they reported original 
findings, scientific knowledge, and background 
information or contained relevant theoretical 
speculation about the role of different interfaces 

on the areas addressed in this review. The refer-
ence lists of identified articles were also searched 
for any additional sources.

19.3 Interface Characteristics

As mentioned before, CPAP is the first-line treat-
ment for OSA treatment. The importance of 
selection of the right mask for each patient is also 
more than established as a determinante factor in 
the compliance and efficacy of the treatment. The 
availability of several types of interface and the 
lack of studies supporting and guiding the 
decision- making process make the choice of the 
appropriate interface for patients with OSA a 
great challenge.

There are available a vast number of interfaces 
in the market, each one with its features. They 
can be arranged into six main categories of masks 
used to deliver CPAP therapy (Table  19.1) [6, 
10]:

Human beings are obligate nose breathers dur-
ing wakefulness. During sleep, humans also 
breathe mainly through the nose. Besides, in nor-
mal subjects, nasal breathing is not affected nei-
ther by sleep stage nor by body position [6, 11].

In patients with OSA and snoring, a multi-
level anatomic obstruction is often present. 
Nasal obstruction may contribute to sleep dis-
ordered breathing (SDB) as it’s the first ana-
tomical boundary of the upper airway. One of 
the pathophysiological mechanisms that can 
potentially explain the role of nasal pathology 
in SDB is the Starling resistor model. Through 
this model we can also understand the assump-
tions of CPAP therapy. The Starling resistor 
model consists of a tube passing through a 
sealed box. The tube consists of two rigid seg-
ments with a collapsible segment interposed in 
between corresponding to the muscular phar-
ynx of the human’s airway. The fundamental 
concept of treating OSA with nasal CPAP is 
that nasal CPAP increases the pressure inside 
the pharynx above the pharyngeal critical clos-
ing pressure and thereby keeps the pharynx 
open (Fig. 19.1) [6].
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Table 19.1 Categories and main features of masks used to deliver CPAP therapy available in the market

Mask model Characteristics
Nasal masks This type of mask sits around the nostrils and rests against the nasal bridge and 

on the upper lip to form a contained area for delivery of airflow down the nasal 
airway. They are recommended for use with patients who dominantly nasal 
breathe and are limited in their application with oral breathers or those with 
deviated septum.

Nasal pillows This type of mask has a contact area through two small cushions designed to 
insert into the patient nares, minimalizing facial contact. They rest on the 
inside rim of the nostrils. They are a good option for people who find nasal or 
oronasal mask too intrusive or uncomfortable and who have skin breakdown 
on nasal bridge. The extremely localized delivery of pressured air directly to 
the nostrils is associated with increased dryness and a “jetting” sensation.

Oral masks This type of mask fits in the mouth between the gums and lips. It also has a 
tongue guide to prevent obstruction of the passage of air by the tongue. These 
are appropriate in those intolerant of nasal breathing. This type is not common 
in practice.

Hybrid masks These masks integrate characteristics of oral and nasal pillow masks to supply 
airflow to both airways while being less obtrusive than oronasal masks and 
with significantly reduced dead space. They are however more difficult to 
secure in space, making them unsuitable for patients with high nocturnal 
activity levels, and suffer from the same jetting sensation as nasal pillow 
models.

Oronasal masks or full-face 
masks

These masks are the most commonly used in a hospital setting where reliable 
airflow delivery takes precedence over patient comfort. A cushion is used to 
create a contained environment, and it encompasses both the oral and nasal 
orifices while resting on the chin, sides of the nose and mouth, and on the 
nasal bridge.

(continued)
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The presence of nasal obstruction, either due 
to anatomical factors, inflammatory diseases, or 
nasal valve incompetence, may also lead to 
mouth breathing during daytime or mouth open-
ing at night due to increased nasal resistance, 
changing upper airway dynamics, and increasing 
the propensity to develop OSA [6].

Interestingly, the mask of choice for patients 
with OSA with nighttime mouth opening should 
not be necessarily the oronasal mask. Actually, 
nasal CPAP mask seems to be very efficient in 
decreasing mouth opening episodes as well as the 
amplitude of mouth opening movements in 
patients with OSA [6]. Ruhle et al. had already 
demonstrated a reduction in mouth opening 
events and a decrease in the number of oral 
breaths with nasal CPAP [12]. Moreover, nasal 
CPAP enhances the Starling resistor model by 

increasing the pressure inside the pharynx, above 
the pharyngeal critical closing pressure, thereby 
keeping the pharynx open, while oronasal mask 
violates the Starling resistor model as pressure 
applied simultaneously through the mouth and 
nose may lead to a collapse of the upper airway. 
In Fig. 19.2 is represented the same patient with-
out and under CPAP therapy, with nasal mask 
and with oronasal mask.

Another study achieved similar findings. 
Andrade et  al. investigated the effect on upper 
airway of CPAP therapy with nasal and oronasal 
routes in patients with severe OSA.  When the 
CPAP flow route was shifted from the nasal to the 
oronasal or oral route, there was a significant and 
progressive reduction in the distance between 
epiglottis and tongue base and the retroglossal 
area, respectively. They also realized that patients 
had upper airway obstruction during oronasal 
CPAP, despite maintaining predominant 
 breathing through the nose preceding the obstruc-
tive event [6, 7]. But does this mean all patients 
should be advised to use nasal masks?

19.3.1  Adherence

Rowland et  al. conducted a prospective study 
where they compared among other things CPAP 
adherence. In this study there was no statistically 
significant difference in CPAP adherence between 
interfaces. However, patient satisfaction and qual-
ity of sleep were higher with the nasal mask and 
nasal mask with chinstrap than with the oronasal 
mask. When they were asked about their prefer-
ence, most chose nasal mask over the nasal mask 

Nose
(upstream)

Trachea
(downstream)

Pdownstream
Pupstream

Sealed box

Collapsible segment

Pin

Pout

Fig. 19.1 The Starling resistor model consists of a tube 
passing through a sealed box. The tube consists of two 
rigid segments with a collapsible segment interposed in 
between. In humans, the rigid tube is represented by the 
nose and trachea and the collapsible segment corresponds 
to the muscular pharynx of the human’s airway. As long as 
the pressure inside the pharynx (Pin) is greater than the 
pressure outside of the surrounding tissue pressure (Pout), 
the pharynx does not collapse [6]

Table 19.1 (continued)

Mask model Characteristics
Total face masks This type of mask covers the entire face. The skin contact areas are shifted 

away from the nasal bridge and mouth areas, potentially improving comfort 
depending on patient facial structure.  It is a comfortable alternative for 
patients who may not be able to obtain a good seal with other masks such as 
nasal masks, nasal pillows, and full-face masks, and is preferably indicated for 
those with facial deformities and those suffering from skin breakdown around 
the facial area. User vision is increased but there is significant dead space 
within the mask, the effects of which should be taken in account during CPAP 
therapy.
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with chinstrap and oronasal masks, as that was per-
ceived to be easier to fit and keep in place, leak less, 
be quieter, and provide a more restful sleep [3].

The efficacy of intra-nasal compared with 
nasal interfaces for improving adherence to 
CPAP therapy was evaluated using meta-analyses 
of two crossover randomized controlled trials 
(RCTs) of 3- to 4-weeks duration [13, 14] involv-
ing newly treated participants with a range of 
CPAP pressures and one RCT [15] for 1-week 
periods in participants previously established on 
nasal CPAP treatment at ≥12  cmH2O for >6 
months. There was no clinically significant dif-
ference in mean adherence and percent of nights 
of CPAP use with intra-nasal interfaces compared 
with nasal interfaces [16].

The efficacy of oronasal compared with nasal 
interfaces for improving adherence was evalu-
ated in meta-analyses of three crossover RCTs 
of 3- to 4-week duration [3, 17] which demon-
strated a clinically significant improvement in 
adherence of 0.6 h/night (95% CI: −0.2 to 1.3 h/
night) with nasal interface compared with oro-
nasal interface [16]. Another meta-analysis was 
performed of three nonrandomized studies in 
which participants were predominantly male 
without major medical comorbidities, with pre-
viously untreated moderate to severe OSA, 
treated for at least 3 weeks up to 24 months 

[18–20]. A clinically significant difference in 
adherence was also demonstrated with an 
improve of 0.7 h/night (95% CI: 0.2–1.2  h/
night) in adherence of nasal interfaces. There 
was insufficient evidence to perform meta- 
analysis for the effects on adherence for oral 
versus nasal interfaces. Although it’s worth 
mentioning that the American Academy of 
Sleep Medicine commissioned a task force of 
content experts to conduct this review and 
accordingly to their clinical experience, most 
patients have difficulties using an oral interface 
over the long term [16].

19.3.2  Positive Pressure and Apnea 
Hypopnea Index (AHI)

An observational study conducted by Borel et al. 
associated oronasal mask use with higher treat-
ment pressures when compared with nasal masks 
[18]. In contrast, observational crossover studies 
by Bakker et al., Teo et al., and Ebben et al. have 
demonstrated no differences between nasal and 
oronasal masks and the pressure prescribed. The 
interpretability of these studies is somewhat lim-
ited by their small sample sizes which not only 
limits the ability to explore relationships between 
mask types and pressure requirements but also 

a b c

Fig. 19.2 This illustration demonstrates the relationship 
between the Starling model and mask type. There are two 
rigid segments (nose and trachea) with a collapsible seg-
ment interposed in between (pharynx). Level I, the nose 
(upstream); level II, the pharynx (collapsible segment); 
and level III, the trachea (downstream). (a) Upper airway 
obstruction during inhalation due to negative airway pres-
sure. (b) The use of CPAP through a nasal mask enhances 

the Starling resistor model by increasing the pressure 
inside the pharynx above the pharyngeal critical closing 
pressure and thereby keeping the pharynx open. (c) The 
use of CPAP through an oronasal mask violates the 
Starling resistor model as pressure applied simultaneously 
through the mouth and nose may lead to displacement of 
the tongue and soft palate posteriorly and obstruction of 
the upper airway [6]
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reduces the array of craniofacial structures exam-
ined. Also, subjects were followed during a short 
number of nights for each mask type, making the 
results susceptible to night-to-night variability. 
Moreover, each study dictated a specific oronasal 
mask to be used in the study, so the lack of differ-
ences in therapeutic pressures may be unique to 
these particular models of masks. Shirlaw et al. 
conducted a randomized, crossover trial design 
with a greater number of subjects using both a 
nasal mask and an oronasal mask for a longer 
period of time (4 weeks). They found an equal 
proportion of noncompliance at time of recruit-
ment, with 26% and 23% of subjects noncompli-
ant with CPAP therapy (threshold of 4  h per 
night) for oronasal mask and nasal mask inter-
faces, respectively [2]. Actually, in their work, 
parameters such as positive airway pressure 
requirements (median and 95th percentile pres-
sures), leak, and residual AHI were not statisti-
cally different between oronasal and nasal masks 
[2]. It should be emphasized that these similari-
ties in pressure requirements between nasal and 
oronasal masks were not universal. Indeed, four 
subjects in this last study showed much higher 
pressures when using an oronasal mask. This 
would suggest that there are specific aspects that 
predispose them to higher pressure requirements 
while using an oronasal mask. As already men-
tioned, decreases in either the retroglossal or ret-
ropalatal area with use of an oronasal mask may 
explain this occurrence, but only partially [2]. 
Still, higher pressure requirement was not iso-
lated to oronasal mask use. Some subjects 
required higher therapeutic pressures with a nasal 
mask compared to the oronasal mask [2].

Patil et  al. analyzed the efficacy of intra-nasal 
compared to nasal interfaces for the treatment of 
OSA in adults which was evaluated using a meta- 
analysis of three crossover RCTs. Of those, two 
studies of 3- to 4-week duration [13, 14] involve 
newly treated participants with a range of CPAP 
pressures. The other study analyzed a 1-week period 
[15] in participants previously treated with nasal 
CPAP treatment at ≥12  cmH2O for >6 months. 
There was no clinically significant difference in 
AHI in neither group. The authors also compared 
the efficacy of oronasal and nasal interfaces for the 
treatment of OSA in previously untreated adults. 

This was evaluated through a meta-analysis of two 
crossover RCTs: one of 3-week duration [17] and 
one of 4-week duration [3]. Concordantly with pre-
vious data, they found that residual AHI was higher 
with oronasal than with nasal interfaces, although 
this difference was not clinically significant. There 
was insufficient evidence to perform a meta-analy-
sis on OSA severity for oral versus nasal interfaces, 
perhaps because it is not often used. Even though, 
one RCT employing a 4-week crossover design 
demonstrated no clinically significant differences in 
AHI with oral compared with nasal interfaces [16]. 
Further studies are needed to elucidate other con-
tributory factors.

19.3.3  Leaks

It is possible to try to reduce mouth leaks by using 
a chinstrap that supports and restricts jaw move-
ments, but there is limited data supporting the effi-
cacy of this approach [3]. The oronasal mask 
covers both the nose and the mouth and allows the 
patient to breathe through the mouth while main-
taining therapeutic CPAP pressure which, in the-
ory, would eliminate mouth leaks [3]. However, 
theses masks, as they have a wider surface, can be 
more difficult to adapt to patients’ face, resulting 
in more leaks, patient discomfort, and reduced 
adherence [3, 18].

More recently, some studies have analyzed the 
relationship between mouth opening and body 
position, showing that mouth opening, and conse-
quently leak, was more influenced by sleep stage 
than by body position [9, 21]. Lebret et al., in their 
work, found that lateral and prone positions 
increased the risk of unintentional leak, probably 
because of mask displacement or traction on the 
CPAP tube in these positions. Nasal obstruction 
may also be an independent determining factor of 
mouth opening that can lead to the use of an oro-
nasal mask, although in their study, nasal obstruc-
tion and mouth opening were significantly greater 
in patients who used an oronasal mask. Moreover, 
the oronasal mask itself may promote mouth open-
ing by displacing the jaw backward and downward 
[22–25]. Once more, the specific indications for 
oronasal masks are still debated and more studies 
are necessary. But, accordingly to Lebret et  al.’s 
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work, there is an overall equivalence between oro-
nasal and nasal masks except for the specific situ-
ations of mouth opening and REM sleep, in which 
there were fewer leaks with oronasal interfaces. 
This suggests that oronasal masks could be an 
effective solution to reduce unintentional leak in 
such cases [23]. There was insufficient data com-
paring other interface models.

19.3.4  Sleepiness

Regarding self-reported sleepiness, once more 
there are insufficient data and are contradictory. 
BaHammam et al. reported that the use of nasal 
pillow mask was associated with less adverse 
effects and better perceived sleep quality in the 
first 3 weeks of CPAP treatment [6]. Later on the 
efficacy of intra-nasal was compared with nasal 
interfaces using a meta-analysis of two crossover 
studies, one employing a 3-week duration [13] 
and one employing a 4-week duration [14]. There 
was no clinically significant difference in self- 
reported sleepiness between intra-nasal and nasal 
interfaces as assessed with the Epworth Sleepiness 
Scale (ESS). The efficacy of oronasal versus nasal 
interfaces was evaluated using a meta-analysis of 
two RCTs [3]. The meta- analysis demonstrated 
no clinically significant difference in self-reported 
sleepiness between the interfaces as assessed with 
the ESS. There was insufficient evidence to per-
form meta-analysis for the effects on self-reported 
sleepiness for oral versus nasal interfaces. 
Actually, in concern of self-reported sleepiness no 
meta-analyses were able to demonstrate clinically 
significant differences in self-reported sleepiness 
between the different mask interfaces [16].

19.3.5  Quality of Life

When looking to quality of patient life accord-
ingly to the type of interface used, there was 
insufficient evidence to perform a meta-analysis. 
Only one RCT [13] was identified that met inclu-
sion criteria which assessed the effect of intra- 
nasal versus nasal interfaces on quality of life. 
The study took place over a period of 3 weeks 
each in a crossover RCT and accessed the effect 

of interface in quality of life with a questionnaire, 
but no clinically significant difference in quality 
of life was found comparing intra-nasal versus 
nasal interfaces [13, 16].

19.3.6  Other Side Effects

Since this is a therapy based in the delivery of posi-
tive pressure during a long period of time on a daily 
basis, side effects are expected and have been 
reported with all interfaces and, of course, may 
adversely impact adherence. Side effects may dif-
fer between interface type and between individuals 
for a given interface. A well-sealed interface is nec-
essary for effective delivery of CPAP, and mask 
and/or mouth leak may adversely impact treatment 
efficacy. Improvements of air leak and other side 
effects through interface selection may have bene-
ficial effects on treatment adherence and efficacy.

The nasal mask is most commonly used, 
although some studies report a high rate of side 
effects, sometimes in over 50% of individuals. In 
those, mouth and mask leaks are common and are 
associated with drying of the nasal and the oral 
mucosa, sore eyes, irritating noises and airstreams, 
and even increased arousals of patients [3].

For intra-nasal versus nasal interfaces, side 
effect data were reported from two crossover 
RCTs of 3-week and 4-week duration [13, 14] 
involving newly treated participants with a range 
of CPAP pressures or for 1-week periods [15] in 
participants previously established on nasal CPAP 
treatment at ≥12 cmH2O for >6 months. An over-
all multi-item side effect score favored intra-nasal 
interfaces in one study of newly treated partici-
pants, but there were no clinically significant dif-
ferences in overall side effects between interfaces 
for the other two studies. Individual side effects 
including pressure sensation on the face, skin irri-
tation, claustrophobia, and obtrusiveness were in 
general less for intra- nasal interfaces in the three 
studies, while nasal interfaces were scored as 
being less obtrusive. There were no clinically sig-
nificant differences between interfaces for nasal 
or oral congestion or dryness. In one study, over-
all mask satisfaction scores were significantly 
higher for intra-nasal interfaces, while in the other 
two studies there was no clinically significant dif-
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ference in preference between intra-nasal and 
nasal interfaces either for newly treated or previ-
ously treated participants. Overall, differences in 
side effects between the two interfaces were not 
clinically significant.

In a non-RCT of 2311 participants in whom 
62% were using nasal and 26% oronasal inter-
faces, there were greater reports in symptoms of 
eye irritation, dry mouth, choking sensation, and 
psychologically perceived inconvenience with 
oronasal interfaces, while there were no clinically 
significant differences between oronasal and nasal 
interfaces in nasal congestion, headache, aeropha-
gia, or family tolerance of treatment. [16]. In these 
non-RCT cohorts, oronasal interfaces were least 
often chosen by participants for long-term treat-
ment compared with nasal and intra-nasal inter-
faces [18, 19]. Borel et  al. also demonstrated 
lower compliance (based on average hours used 
per night) and a greater risk of noncompliance 
(based on the proportion of nights with 4  h or 
more usage) with oronasal masks compared with 
nasal masks [2]. Rowland et al. obtained similar 
results. Nasal interface was reported as more 
comfortable although it was associated with more 
complaints of nasal and throat dryness, nasal con-
gestions, and rhinitis but not nasal stuffiness. In 
the other hand, self- reported mask leak, sore eyes, 

claustrophobia, and difficulty exhaling were clini-
cally significant and more predominant with the 
oronasal interface. In their study mask noise and 
leak were also greater with oronasal masks which 
were also reported to be harder to fit and hold in 
place [3].

More recently in Shirlaw’s work, nasal masks 
generally appear to be more preferable than oro-
nasal masks, based on the greater number of sub-
jects withdrawing during the study because of 
intolerance of the oronasal mask and the prefer-
ence for the nasal mask in the majority of sub-
jects completing the trial [2].

In Patil et al. review, there were clinically impor-
tant differences in side effects with oronasal com-
pared with nasal interfaces, and these increased 
side effects appear to result in a patient preference 
for nasal over oronasal interfaces and ultimately in 
a significant reduction in adherence to CPAP with 
oronasal when compared to nasal CPAP [16].

Advantages and disadvantages of the three 
main types of interfaces are presented in 
Table 19.2:

As already mentioned above, the correct mask 
fitting is an essential step for the success of CPAP 
therapy. BaHammam et al. proposed a flow chart 
to support and guide the choice of the correct 
interface for each patient (Fig. 19.3).

Table 19.2 Different types of CPAP masks: advantages/disadvantages based on Dibra’s work [26]

Advantages/indications Disadvantages
Nasal pillow 
masks

•  Patients with claustrophobia
•  Intractable air leak into eyes with a nasal mask
•  Difficulty obtaining a seal over upper nasal 

bridge with a nasal mask
•  No upper teeth or mustache (makes obtaining a 

seal with a nasal mask difficult)

•  Sensation of higher pressure in some 
patients

•  Nasal irritation (saline gel may help)
•  May not be tolerated in patients requiring 

high pressure

Nasal masks •  Smaller area to obtain a seal
•  In some, a lower pressure than with a full-face 

mask may be effective

•  Mouth leak (chin strap)
•  Nasal congestion (medications and adequate 

humidification)
•  Air leak into eyes

Oronasal 
masks

•  Patients with mouth leak or nasal congestion •  Large area to obtain a seal (often associated 
with higher leak)

•  May be challenging in edentulous patients 
or those with facial creases

•  May worsen claustrophobia
•  May require higher treatment pressure than 

a nasal mask in some patients
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Check if the patient is:

• Mouth breather
• Having a history of any nasal obstruction/polyps

NO YES
Try to detect and abolish
anatomical causes of
nasal obstruction

Try nasal mask or nasal pillows
± chinstrap

Try nasal mask or nasal pillows

ToleratedTolerated Not tolerated

With Dentures

Refractory nasal
symptoms congestion

and rhinorrhea

Nasal bridge ulcer and
facial deformity

Use oro-nasal mask

Use oral mask

Total face mask

Start Titration

Unintentional leak

NO YES

Re-fix mask, check size ± Chinstrap (with nasal
mask or nasal pillows)

YES

Change to oro-nasal mask. (In presence of nasal
bridge soreness, try minimal contact full-face mask)

Leak resolved NO

Continue titration

Fig. 19.3 Algorithm proposed by BaHammam et al. for the choice of interface during CPAP therapy in patients with 
OSA
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19.4  Conclusions

The effectiveness of CPAP depends on the num-
bers of hours the patient really is under positive 
pressure therapy. Interface selection is a key fac-
tor to CPAP compliance and should be based on 
individual patient preference and tolerance. It is 
important to let the patient try different types of 
masks and to choose the most suitable. Published 
data suggest that unless patients have significant 
nasal problems, OSA therapy may be better toler-
ated and more effective if initially commenced 
with nasal mask. There is also increasing recog-
nition about the different phenotypes underlying 
OSA and the route of breathing as important fac-
tors to be accounted for when choosing an inter-
face. Further studies are needed to guide and 
substantiate medical decision. Nowadays, there 
are a huge number of interfaces available in the 
market. Their characteristics, advantages, and 
disadvantages should be compared. New studies 
should be developed, stronger studies with bigger 
samples and a longer duration. It is well known 
that as time goes on, the number of people who 
fail to comply CPAP therapy raises. Finally, stud-
ies should also be developed including hybrid 
masks, to help to clarify its position in interface 
choice algorithm.

19.5  Key Recommendations

• The fundamental concept of CPAP therapy is 
that nasal CPAP increases the pressure inside 
the pharynx above the pharyngeal critical 
closing pressure maintaining the pharynx 
open.

• Despite different airway delivery routes hav-
ing little impact on CPAP efficacy, compati-
bility with a specific patient’s preferred 
method of breathing constitutes a significant 
factor in patient adherence.

• There is no difference in therapeutic pressures 
when using either a nasal or oronasal mask.

• There is no difference in the residual AHI 
between nasal and oronasal mask use.

• Nasal masks are preferable based on better 
tolerability and compliance with therapy.

• Oronasal mask itself may promote mouth 
opening by displacing the jaw backward and 
downward.

• In specific situations of mouth opening and 
REM sleep, oronasal interfaces demon-
strated fewer leaks when compared to nasal 
masks.

• Regarding sleepiness no meta-analyses were 
able to demonstrate clinically significant dif-
ferences in self-reported sleepiness between 
interfaces.

• Difficulty with mask interface is common and 
none proved to be clearly superior.

• An oronasal mask may be useful in patients 
with mouth leak or severe nasal congestion.

• Changing mask type or improving fit can 
 dramatically improve adherence and 
satisfaction.
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20.1  Search Methodology

A PubMed search was performed from 2017 to 
March 2019 with the following keywords: “air-
flow shape,” “upper airway obstruction,” and 
“sleep apnea.” Full-text publications were 
screened to fit the search criteria. For each selected 
work, the execution methodology and the results 
obtained were reported. This critical review of the 
literature explores the impact on the daily clinical 
practice of airflow analysis of the airflow shape 
recorded with nasal cannulas to define the site of 
pharyngeal airway obstruction in subjects with 
OSA and the possible consequent relapses for the 
treatment of different phenotypes.

20.2  Introduction

The pathophysiological mechanism underlying 
the obstruction of the upper airways have received 
considerable attention in recent years, and the 
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most in-depth knowledge has underlined the rel-
evance of signal analysis recorded during a noc-
turnal diagnostic examination in order of better 
phenotyping the subjects and choosing therapy. 
The analysis of the various morphologies of air-
flow shape, recorded during polysomnography or 
cardiorespiratory monitoring, can provide us 
accurate information on different anatomical and 
functional mechanisms of airway obstruction, 
without performing further instrumental exami-
nations. In line with this approach, direct vision 
of the upper airways during natural sleep allowed 
us to understand the different morphologies of 
the airflow curves recorded with the nasal 
cannulas.

Postural muscle tone decreases during sleep. 
In all subjects, the decrease in upper airway’s 
muscle tone during sleep leads to an increase in 
resistance with a relative reduction in ventilation, 
which is usually, at least in part, offset by the 
increase in respiratory muscle activity. The non- 
snoring subjects compensate for the reduced 
muscle tone with a relatively low respiratory 
drive, while the loud snorers require a higher 
respiratory drive to overcome the increased resis-
tance of the upper airways and the consequent 
obstructive hypoventilation during sleep. Patients 
with obstructive sleep apnea (OSA) fail to main-
tain the upper airway patency during sleep, and 
arousal is often necessary to restore muscle tone 
and patency. Conventionally, the severity of the 
OSA is defined in terms of apnea/hypopnea 
index, which is based on the analysis of changes 
in the respiratory effort by thoracoabdominal 
bands and the semiquantitative change of airflow 
measured with nasal cannulas.

However, only a few methods are available to 
monitor the behavior of the collapsible structure 
of the upper airway during sleep. The critical 
pressure of the upper airways is a measure of the 
collapse of the upper airway under static condi-
tions, with blockage of the airflow. The phasic 
activity of the upper airway dilator muscles can 
be evaluated by electromyography, but this 
method provides us with information on the cen-
tral drive but not on the effect on airflow dynam-

ics. We know that the size of the upper airways 
during the respiratory cycle undergoes significant 
changes in size [1]. They are significantly smaller 
in apneic compared to healthy subjects, espe-
cially in the retro-palatal and back of the tongue 
level. Furthermore, in apneic patients, the air-
ways may have a major anteroposterior axis 
instead of the more common lateral-lateral axis. 
Both in healthy and apneic subjects there is a 
small narrowing of the airways during inspiration 
when the action of the dilator muscles balances 
the effects of negative intraluminal pressure. 
However, in apneic patients, there is a more con-
siderable enlargement of the respiratory tract in 
the initial phase of inspiration, which presumably 
reflects a higher activity of the dilating muscles. 
The positive pressure inside the upper airways in 
the expiratory phase leads, in OSA patients, to a 
more significant expansion compared to controls, 
indicating that the airways in these subjects are 
more extensible. At the end of the exhalation, the 
upper airways narrow to a maximum at the end of 
the exhalation [2].

20.3  Upper Airway Obstruction 
and Airflow Shape

During inspiration, the airway is subjected to 
more forces that influence its behavior and its 
patency. These forces are the phasic activity of 
the dilator muscles (activated at the beginning or 
before the beginning of inspiration), the negative 
inspiratory pressure in the airways (which has the 
maximum effect halfway through the airflow 
peak), and the support dependent on tracheal 
downward traction (maximum effect at the end of 
inspiration with high lung volumes). The com-
bined action of these different forces results in 
specific changes of inspiratory flow shape com-
monly observed in polysomnographic traces. The 
type and severity of airway alteration can be 
identified by analyzing changes from the normal-
ity of the airflow shape. The interpretation of the 
inspiratory flow curves is based on the shape of 
the inspiratory flow determined by muscle activ-
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ity, tracheal downward traction, and the central 
respiratory drive that is different during the vari-
ous sleep stages. The deficiency or excess of one 
force can alter the balance and determine the 
change of the inspiratory flow shape of the upper 
airway from that of the sinusoidal wave; there-
fore, the analysis of the inspiratory flow curves 
could help in the identification of the specific 
dysfunction of the upper airways and help to 
identify the most appropriate therapy [3].

A collapsible upper airway or “compromised 
anatomy” is the main cause of OSA although the 
anatomic contribution to OSA can vary widely 
and may be modest in about 20% of patients. 
Thus, non-anatomical factors or “phenotypes” 
that modulate pharyngeal patency are essential 
determinants of OSA for most patients. These 
include reduced control and function of pharyn-
geal dilator muscles during sleep, increased pro-
pensity to awaken during narrowing of the 
airways (low arousal respiratory threshold), and 
unstable respiratory control (high loop gain).

The structure of the pharynx lacks rigid bone 
support; it follows that the patency of the upper 
airways is firmly based on the activity of the mus-
cles that constitute its structure. A modifiable 
structure controlled by the muscles is functional 
for the upper airway to perform its roles of 
speech, swallowing, and breathing. There are 
essential aspects to consider the potential role of 
pharyngeal dilator muscles in the pathogenesis of 
OSA: nervous control, muscular reactivity, and 
muscle efficacy. These characteristics must be 
kept in mind because they can be identified on the 
patient’s breathing pattern and respiratory airflow 
shapes.

The most considerable dilator muscle of the 
upper airway located at the base of the tongue is 
the genioglossus, which can have up to six differ-
ent patterns of activation during quiet breathing. 
This muscle is fan-shaped, receiving activation 
from the brainstem neurons, reflex input from 
mechanoreceptors sensitive to pressure changes 
in the upper airway, and from the chemical drive 
sensitive to increases in CO2 and hypoxia. The 
sum of the different drives leads to greater activa-

tion of the genioglossus, even before the activa-
tion of the diaphragm. This pre-activation model 
acts to prevent airway narrowing during inspira-
tion [4]. In contrast, the sum of the neural drive 
for another dilator muscle such as the tensor veli 
palatini typically generates a constant level of 
activation (tonic activity) during quiet breathing, 
even if the muscle can increase its activity in 
response to respiratory stimuli. The sleep-wake 
system strongly influences the neural drive to the 
genioglossus and the tensor veli palatini. Indeed, 
there are critical sleep-dependent changes in pha-
ryngeal reflexes and neural control [5].

The nervous stimulus to genioglossus muscle 
progressively decreases from slow-wave sleep to 
N2 and REM sleep. In contrast, the activity of the 
tensor veli palatini decreases significantly during 
the onset of sleep but remains relatively constant 
through the phases of sleep under these condi-
tions. Despite the onset of sleep and the phase- 
dependent changes, the pharyngeal muscles 
increase their activity when they undergo to respi-
ratory stimuli during sleep (changes in pharyn-
geal pressure and CO2). More than one-third of 
people with OSA do not increase the EMG activ-
ity of genioglossus or increase it by only a small 
amount (<0.1% of maximum EMG per- cmH2O) 
before arousal when exposed to narrowing of the 
airways during the sleep. Regardless of the mech-
anisms, weak muscular reactivity during sleep 
combined with an anatomic compromise of the 
upper airways is likely the main cause of OSA in 
these subjects. Muscle efficacy is the effective-
ness to commute upper airway muscles’ neural 
drive to upper airway dilation and increase airflow 
in response to hypopnea or apnea. People with 
OSA who have weak muscle reactivity (an insuf-
ficient increase of the neural drive to narrowing of 
the airways during sleep) also have reduced mus-
cular effectiveness. However, some OSA generate 
significant increases in pharyngeal muscle activ-
ity (good muscle responses) when the airway is 
reduced during sleep. Pharyngeal muscle activity 
can sometimes reach levels of activation far 
beyond those generated during wakefulness, but 
this does not translate into an adequate pharyn-
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geal dilatation and airflow in these individuals 
(i.e., reduced muscular efficacy).

In some cases, a negative dependence on the 
effort may occur when the airflow decreases, 
rather than increases due to a reduction in the size 
of the airways, within a single breath and between 
the breaths, in response to an increase in negative 
intrathoracic pressure. However, the potential 
contribution of activity of the upper airway mus-
cles in mediating the negative effort dependence 
in OSA is not yet clear [6]. The lousy coordina-
tion of the neural drive to the various muscles of 
the upper airway during sleep, the direction of the 
mechanically inefficient muscle fibers (due to 
excess fat or muscle hypertrophy), or change in 
the type of muscle fiber, with higher propensity 
to fatigue, could all be factors that contribute to 
airflow reduction or apnea, resulting in specific 
morphologies of the respiratory flow wave [1].

Muscle effectiveness or dilator movement of 
the upper airway muscles can be assessed indi-
rectly by assessing changes in the airflow by 
gradual reduction of CPAP pressure and by eval-
uating the morphology of the active inspiratory 
phase with the passive expiratory flow shape, or it 
can also be examined directly through direct 
visualization with a camera in the airway. Based 
on this knowledge, in the last 2 years, some stud-
ies have accurately evaluated the upper airway 
behavior during natural sleep conditions trying to 
find a direct relationship between the visual 
assessment of the collapsing anatomical structure 
and the morphology of the airflow shape. In addi-
tion to sleep staging, pharyngeal pressure was 
monitored with a 5-F catheter, while images were 
recorded with a 2.8 mm diameter pediatric bron-
choscope inserted through the nostril. The sub-
jects breathed through a nasal mask connected to 
a pneumotachograph and pressure transducer and 
a modified CPAP device capable of providing 
positive and negative pressures (including 
0  cmH2O). The subjects fell asleep in a supine 
position with the tip of the bronchoscope in the 
nasopharynx and CPAP set to eliminate airflow 
limitation. Once stable NREM sleep was 
obtained, CPAP was removed for 2- to 3-min 
intervals. After observing the airways at zero 
pressure for several falls, a CPAP pressure was 

set to induce a stable airflow restriction. The 
CPAP allowed keeping the airways open so that a 
particular structure involved in the collapse could 
be carefully observed throughout the respiratory 
cycle making a correlation between the site of 
collapse and the airflow shape. The bronchoscope 
was then moved to the oropharynx, and the pro-
cedure was repeated. Thus, many airflow restric-
tion sequences were recorded at each level 
(nasopharynx and oropharynx) throughout the 
night. Since OSA results from the collapse of dif-
ferent pharyngeal structures (soft palate, tongue, 
lateral walls, and epiglottis), it has been assumed 
that this can generate different shapes of inspira-
tory flow between patients reflecting the underly-
ing pharyngeal structure implicated in airway 
collapse [7–9].

The airflow wave analysis can be used as a 
noninvasive tool to determine the pharyngeal 
structure that causes collapse, thus being able to 
influence the success of specific OSA treatments 
for a given collapsing structure. Therefore, an 
inexpensive noninvasive technique to determine 
the structure that causes pharyngeal obstruction 
during natural sleep can improve the treatment of 
OSA allowing more individualized therapies. 
Inspiratory flow limitation is a primary feature of 
pharyngeal collapsibility, and several different 
airflow shapes have been recognized in patients 
with OSA [3]. A key feature of the airflow limita-
tion is the dependence on negative inspiratory 
effort (NED), defined as the reduction of the air-
flow from the peak to the average inspiratory 
point with the increase of the effort in the respira-
tory system.

A particular morphology of the curve charac-
terized by an airflow peak at the beginning and a 
smaller one at the end of the inspiration with a 
significant decrease in the airflow itself indicates 
that the airways initially open in response to the 
respiratory drive but then narrows to return to the 
basal conditions at the beginning of the next 
breath. The late peak is an expression of an 
improvement in the airway patency secondary to 
the downward traction caused by the increase in 
the volume of the lungs. Inspiratory effort can be 
assessed by the difference between airflow peak 
and mid-inspiration flow [10]. The NED is a 
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reflection of the dynamic compliance of the 
structure responsible for the collapse, with 
greater dependence on the effort that involves an 
airway or a more compliant structure and that 
can vary significantly among patients. It is prob-
able that the variability of the NED results from 
the interaction between the oscillations of the 
intra- pharyngeal pressure and the consequent 
dynamic behavior of the pharyngeal structures 
involved in the collapse. It has been hypothe-
sized that the pharyngeal structure implicated in 
the collapse in patients with OSA would deter-
mine the airflow shape [10]. Comparison of the 
video image with the recordings of respiratory 
effort and airflow confirmed that the tongue 
determined the collapse. It would cause a mini-
mum dependence on the effort, while the col-
lapse of the epiglottis or the isolated palate 
would have a greater dependence on the inspira-
tory effort.

In tongue-related obstruction (whether at 
atmospheric pressure or with low CPAP pres-
sure), there is minimal phasic movement of the 
tongue and palate with breathing and a flattened 
airflow limitation pattern, which shows only a 
small amount of increased effort [7] (Fig. 20.1).

In the presence of an isolated palatal col-
lapse, the subjects have a moderate dependence 
on the effort, consistent with the dynamic 
movement of the isolated palate observed by 
endoscopy. When the palate is the only or pre-

dominant collapsing structure, it has a phasic 
collapse and then reopens, which may be due to 
a free palate movement not mechanically cou-
pled to the tongue located anteriorly [7] 
(Fig. 20.2).

The collapse of the lateral pharyngeal wall, a 
structure with high compliance and great dynamic 
wall movements, is similar to isolated palatal col-
lapse associated with moderate NED [7] 
(Fig. 20.3).

Upper airway obstruction caused by the col-
lapse of the epiglottis, either isolated or com-
bined with the obstruction of other pharyngeal 
structures, has particular characteristics and 
above all is tightly dependent on respiratory 
effort. A key feature of epiglottis collapse is 
intermittence; it appears in groups of breaths and 
then disappears, only to be replaced by another 
site of the collapse. A group of authors specifi-
cally investigated epiglottis collapse, demonstrat-
ing that it occurs more often than previously 
described [8]. Indeed, some studies have reported 
that up to 30% of patients have a complete col-
lapse of the epiglottis [11] and when present is 
difficult to treat with conventional therapies, such 
as intraoral devices and even with continuous 
positive airway pressure (CPAP). Therefore, rec-
ognizing whether and how often the upper airway 
collapses to the epiglottis could have important 
treatment implications. The authors also reported 
a link between the extent of inspiratory effort 

Fig. 20.1 From the top traces are snoring, nasal pressure, 
nasal cannula airflow, thoracic effort, abdominal effort, 
oxygen saturation, heart rate, body position, leg move-

ments, and pulse wave. Red arrow highlights flattened 
airflow limitation pattern with a small amount of increased 
inspiratory effort
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dependence, reduced airflow in association with 
increased inspiratory effort, and the presence of 
epiglottis collapse in subjects with OSA.  The 
results of the study have shown that the cardinal 
features of epiglottis collapse are the immediate 
changes in inspiratory flow within the single 
breath or discontinuity (drop of inspiratory flow) 
(Fig.  20.4a). Moreover, the visually evaluated 
inspiratory and expiratory jaggedness, i.e., the 
extent of the deviation of the airflow from the 
inspiratory and expiratory flattening (more unsta-
ble airflow results in a higher jaggedness index), 
is a recognizable hallmark of epiglottis collapse 
(Fig. 20.4b).

The authors’ main conclusion is that epiglottis 
collapse produces airflow shapes that are differ-
ent from the characteristics produced by non- 
epiglottis obstructions. They are easy to quantify 
and can be reliably estimated from nasal pressure 
signals collected during clinical sleep studies [8].

The soft palate, in addition to inspiratory col-
lapse, has been observed to prolapse in the velo-
pharynx during expiration causing a sudden 
reduction in the expiratory flow (EFL) observable 
on the airflow shape [9]. The palatal prolapse pro-
duces distinct and reproducible expiratory flow 
characteristics during sleep that can be identified 
by the drop of expiratory flow so the palatal pro-

Fig. 20.2 From the top traces are snoring, nasal cannula 
airflow, thoracic effort, abdominal effort, oxygen satura-
tion, heart rate, body position, leg movements, and pulse 

wave. The red arrow highlights a moderate peak followed 
by flattened airflow limitation. The green arrow highlights 
high-frequency snoring vibration on nasal cannula

Fig. 20.3 From the top traces are snoring, nasal cannula 
airflow, thoracic effort, abdominal effort, oxygen satura-
tion, heart rate, body position, leg movements, and pulse 
wave. The red arrow highlights a peak followed by 

dynamic pharyngeal wall movements. The green arrow 
highlights the second inspiratory peak due to the reopen-
ing of upper airways secondary to inspiratory lung dawn 
traction on the pharynx
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lapse can be diagnosed during polysomnography 
(PSG) or home polygraphy. The airflow shape is 
labeled as palatal prolapse if the free edge of the 
palate rotated posteriorly or swollen (with a nar-
rowing higher than 50% of the velopharynx due to 
the posterior movement of the palate) in the naso-
pharynx during the expiration. Due to the anatom-
ical relationship between the tongue and the 
palate, tongue-related obstruction was usually 
associated also with palatal obstruction [12]. The 
isolated palatal collapse, which probably must be 
large or elongated and mechanically separated 
from the base of the tongue without any involve-
ment of other airway structures, is more frequent 
in the supine position. Therefore, prolapse/swell-
ing of the soft palate in the nasopharynx during 
expiration is always associated with expiratory 
flow limitation (EFL).

Patients with OSA and palatal prolapse on 
exhalation are more likely to also have a palatal 
collapse (isolated) in inspiration; the characteris-
tic airflow shape produced by the palatal expira-
tory prolapse can be detected with high sensitivity 
and specificity by the nasal pressure signal [9] 
(Fig. 20.5).

The pivotal feature of expiratory flow limita-
tion is an increase in pharyngeal pressure (posi-
tive expiratory pressure developed at the epiglottis 
level without a concomitant increase in expira-
tory flow) and therefore high expiratory resis-
tance (>20 cmH2O/L/s) in the nasal airway.

Through direct observation of the soft palate 
and the uvula, it has been shown that the palate 
can show a valve-like behavior during expiration. 
Shunt airflow through the mouth could lead to a 
transition to oral breathing which, on its own, 
could increase the collapse of the upper airways 
and decrease adherence to CPAP therapy. The 
position of the palate in the nasopharynx, whether 
it is due to an elongated palate, an edematous 
uvula, or excess palatal tissue that moves more 
freely in the airways, can determine a condition 
for a compromised airway at the next inspiration 
because reduced inspiratory times and tidal vol-
umes follow the palatal prolapse. The reason for 
this is that the airway pressure during inhalation 
falls (e.g., −5 cmH2O) to remove the prolapsed 
palate and reopen the airways causing a decrease 
in the inspiratory tidal volume in subsequent 
breaths that could be classified as hypopneas.

Furthermore, the associated increase in EELV 
due to palatal prolapse may decrease inspiratory 
flow, because more negative inspiratory pressures 
are needed to produce inspiratory flow. Changes 
in EELV produced by palatal prolapse may also 
be clinically relevant. It was found that an aver-
age increase of 200–250  mL in EELV during 
EFL can have a stabilizing effect by improving 
airway patency and collapsibility and reducing 
sleep disordered breathing and the level of CPAP 
required to settle airflow limitation in patients 
with OSA [13]. From the clinical point of view, 

ba

Fig. 20.4 From the top traces are snoring, nasal cannula 
airflow, thoracic effort, abdominal effort, oxygen satura-
tion, heart rate, body position, leg movements, and pulse 

wave. (a) The red arrow highlights a discontinuity or sud-
den drop of inspiratory flow. (b) The green arrow high-
lights jaggedness
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fluctuations and tissue movements related to pal-
atal prolapse could independently contribute to 
the appearance of arousal. Therefore, in patients 
with a single predominant collapse mechanism, it 
may be possible to obtain informations on the 
pharyngeal structure that causes collapse. This 
study shows that when a single or predominant 
structure is the cause of pharyngeal airway col-
lapse, it produces a recognizable effect on the 
airflow shape of inspiratory and expiratory flow. 
The relevance of these results is how the careful 
evaluation of the airflow shape is an inexpensive 
and noninvasive way to identify pharyngeal col-
lapse site. NED is associated with the amount of 
phasic movement of the pharyngeal structure 
involved in obstruction and is associated with 
changes in upper airway resistance. Therefore, a 
smaller phasic movement of the pharyngeal 
structure (as observed in the tongue-related 
obstruction) is expected to lead to minor changes 
in upper airway resistance.

A posteriorly localized tongue can stabilize 
the soft palate through surface adhesion forces 
and prevent the phasic narrowing of the velo-
pharynx in response to negative inspiratory 
pressure [11]. In contrast, without close con-
tact with the tongue, the soft palate may exhibit 

more posterior movements in the lumen of the 
airway in response to negative inspiratory pres-
sures (isolated palatal collapse with large 
NED) [7].

Therefore, the analysis of the airflow wave 
shapes can provide valuable information on the 
pharyngeal structure that causes collapse and 
improves personalized therapy of OSA avoiding 
failures. The concentric collapse has been shown 
to decrease the success of airway pacing [14]; 
palatal collapse is independently associated with 
a positive response to mandibular advancement 
therapy, while EFL patients may be less sensitive 
to mandibular advancement devices and upper 
airway stimulation [15]. The multilevel collapse 
was observed in all patients with severe OSA but 
only in 20% of patients with mild OSA. The most 
frequent combination is the collapse of the palate 
and base of the tongue followed by the palate and 
epiglottis [16].

The remarkable message of these studies is 
that using airflow wave shape analysis has a basis 
for noninvasive evaluation of the pharyngeal 
structure that causes collapse.

The identification of the site/structure of pha-
ryngeal collapse in patients with OSA can 
improve the success of OSA therapy.

Fig. 20.5 From the top traces are snoring, nasal cannula 
airflow, thermistor, thoracic effort, abdominal effort, oxy-
gen saturation, heart rate, ECG, body position, and pulse 
wave. The red arrow highlights a moderate peak followed 

by flattened airflow limitation suggestive for inspiratory 
palatal collapse. The green arrow highlights the abrupt 
reduction in expiratory flow suggestive for expiratory 
palatal prolapse
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20.4  Conclusions

The OSA severity is conventionally defined on 
the apnea and hypopnea index. This approach 
leads to ignoring what happens before the event 
or in the absence of respiratory events. The arti-
cles published in recent years have provided a 
new way of analyzing the recordings by high-
lighting the information contained in the mor-
phology of the airflow shapes that allow us to 
understand the possible site of the collapse of the 
upper airways. This model of approach associ-
ated with the phenotyping of the patient with 
sleep disordered breathing based not only on ana-
tomical but above all functional characteristics is 
the key to personalized and successful therapy.

Few research papers have examined the valid-
ity and accuracy of the analysis of airflow shapes 
as a marker of the pharyngeal structure causing 
OSA. The available papers are difficult to com-
pare and have some limitations: few patients 
involved due to the invasiveness of the methods, 
technical difficulties in comparing pneumotacho-
graph airflow with nasal cannula airflow and 
video files, and difficulty in the storage of large 
high-definition video files during endoscopy. 
Further studies with a higher number of patients 
are needed to confirm the effectiveness of the 
interpretations.

The information that can be obtained from the 
sleep study and in particular from the airflow 
shapes recorded by nasal cannulas may allow us 
to identify the pharyngeal structure causing 
collapse.
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21.1  Introduction

Obesity is a complex, multifactorial, and largely 
preventable disease that affects more than a third 
of the world’s population today [1]. If the secular 
trends continue, the predictions show that by the 
year 2030, 38% of the adult population in the 
world would be overweight and 20% obese. In 
the USA, the most frightful predictions based on 

previous trends indicate that by 2030 over 85% of 
adults would be overweight or obese [2].

The prevalence of overweight and obesity, 
together with accompanying health risks, causes 
especially a worldwide public health problem. 
Obesity brings along many medical condition 
risks that may cause morbidity and mortality. It is 
an important risk factor for obesity hypoventila-
tion syndrome (OHS), known as important sleep- 
disordered breathing. Obesity is a defining 
characteristic of the disease, and there is a signifi-
cant relationship between body mass index 
(BMI) and disease prevalence. The recognition of 
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OHS is important due to the possibility of clinical 
exacerbation leading to respiratory failure and a 
high mortality rate in untreated patients. More 
than 90% of OHS cases are accompanied by 
OSA; although obesity is a significant risk factor 
in both, the presence of OSA is not necessary for 
the OHS diagnosis. Since 1999, the American 
Academy of Sleep Medicine has defined diag-
nostic criteria for OHS [3]. To date, many studies 
have been conducted on the epidemiology, clini-
cal presentation, pathophysiology, and treatment 
of OHS.

21.2  Epidemiology

The actual prevalence of OHS in the general pop-
ulation is unknown. It has been reported that 
OHS is present in 10–20% of patients admitted to 
Sleep Disorders Laboratory and in approximately 
50% of in-patients with BMI >50  kg/m2. In a 
meta-analysis, the prevalence of OHS in OSA 
cases was determined as 19%, and the frequency 
of OHS was calculated to be between 1.5 and 3 in 
1000, when compared to the whole population 
[4]. Mokhlesi et al. [5] have analyzed 180 patients 
retrospectively and 410 patients prospectively 
who applied to the sleep laboratory with suspi-
cion of OSA in the USA.  They have demon-
strated that in retrospective and prospective 
samples, of patients diagnosed with OSA, 30% 
and 20% have met the OHS criteria, respectively, 
and these percentages increased as BMI 
increased. Akashiba et al. [6] have directed 611 
patients in Japan to sleep centers for OSA, and 
they have got OHS diagnosis in 9% of these 
patients. In this study, patients with OHS were 
younger and fatter and have more severe OSA 
compared to those without OHS. Nowbar et  al. 
[7], who attempted to determine the prevalence 
and inadequate diagnosis level of OHS, con-
ducted a study that included obese patients who 
applied to internal medicine services for any rea-
son. Of the 29 obese patients with BMI >50 kg/
m2, 14 (48%) were diagnosed with OHS, and in 
the same study, they have shown that 31% of 150 
hospitalized obese patients, despite fulfilling the 
criteria for this diagnosis, did not have OHS diag-
nosis. Mokhlesi [8] has stated that in the event 

that approximately 3% of the general population 
in the USA is seriously obese (BMI >40 kg/m2), 
half of these individuals may have OSA; and 
therefore, according to the prediction that 
10–20% of the severely obese patients with OSA 
would have OHS, he has revealed the OHS preva-
lence as 0.15–0.30% in the general population of 
the USA as a conservative prediction.

Despite all the studies with the prevalence of 
OHS in the general population, the incidence of 
OHS in the world is expected to increase in paral-
lel with the increasing epidemic of obesity.

21.3  Definition and Diagnosis

OHS is included under the heading “sleep-related 
hypoventilation disorders” in the International 
Classification of Sleep Disorders Version 3/
ICSD-3, published by the American Academy of 
Sleep Medicine (AASM). According to this clas-
sification, the diagnostic criteria of OHS are;

 1. Presence of hypoventilation in wakefulness 
(PCO2 >45 mmHg)

 2. Presence of obesity (body mass index (BMI) 
>30 kg/m2)

 3. Hypoventilation that cannot be explained with 
other reasons such as pulmonary parenchymal 
or obstructive diseases, chest wall diseases, 
and neuromuscular diseases

In addition to the above diagnostic criteria, 
the use of calculated serum bicarbonate levels 
greater than 27 mEq/L from arterial blood gas 
and/or calculated base excess greater than 
2 mmol/L is also discussed [9]. The majority of 
OHS patients have symptoms of OSA such as 
snoring, night drowning, witnessed apneas, 
irregular sleep, excessive daytime sleepiness, 
and fatigue. In contrast to patients with only 
OSA, patients with OHS often have complaints 
of dyspnea and be hypoxic and have symptoms 
of cor pulmonale. Patients suspected of having 
OHS may be initially scanned by pulse oxime-
try and the determination of serum levels of 
venous bicarbonate. In OHS, in which border-
line oximetry values are common findings and 
arterial blood gas analysis is done, PaO2 values 
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are rarely >70 mmHg. As a result, the SpO2 val-
ues in the pulse oximetry <93% suggest 
hypoventilation. However, the higher values are 
not eliminative; this explains why it is not a nec-
essary criterion for diagnosis, although it may 
help in scanning. Demonstration of continuous 
hypoxia which is not associated with apnea in 
the night oximeter enhances hypoventilation 
suspicion. In addition, in the studies conducted, 
in the event that in OSA-diagnosed patients’ 
blood gases, the serum bicarbonate level was 
above 27  mEq/L, it was determined to have a 
sensitivity of 92% and a specificity of 50% for 
OHS, and this justifies the use of scans [10]. 
Polysomnography is not required for the diag-
nosis of OHS. However, since individuals with 
OHS are observed to have obstructive events as 
well as lower oxygen saturation values in REM 
sleep, a polysomnography test is recommended 
to treat comorbid sleep apnea and to justify pos-
sible treatments [11].

21.4  Pathophysiology

The absence of hypoventilation in each obese 
patient suggests that the pathogenesis of OHS is 
mixed and multifactorial. The main pathophysi-
ological mechanisms responsible for the devel-
opment of OHS are therefore unknown. Various 
hypotheses have been suggested why some obese 
patients are accompanied by hypoventilation, 
while it is not observed in some patients. It is 
thought that it occurs as a result of complex inter-
action of impaired respiratory mechanics, impair-
ment of central respiratory control, possible 
sleep-disordered breathing (SDB), and neurohor-
monal disorders [12]. Normally, obesity may 
adversely affect respiratory mechanics, respira-
tory muscle strength, pulmonary gas exchange, 
respiratory control, lung function tests, and exer-
cise capacity and may cause undesirable changes. 
In obesity, there is superficial respiration with 
high frequency and low volume. With the effect 
of increased fat tissue, the thoracic expansion is 
decreased and chest wall compliance is signifi-
cantly reduced. Obesity increases the workload 
of the lungs by increasing oxygen consumption 
and carbon dioxide production in the body. In 

simple obesity, it is seen that the work done for 
breathing is 70% more, and the amount of spent 
energy or oxygen is 4 times more than normal. In 
OHS, the work done is 280% more and the energy 
spent is 10 times more than normal [13]. Obesity 
has many negative effects on the respiratory sys-
tem. In central (abdominal) obesity, chest wall 
compliance and respiratory muscle endurance 
decrease due to increased adipose tissue load on 
the chest wall. Adipose tissue in the anterior 
abdominal wall and intra-abdominal organs pre-
vents the movement of the diaphragm. In addi-
tion, the diaphragm itself becomes infiltrated 
with fat tissue. As a result of these interactions, 
the expansion decreases in the basal regions of 
the lung in the inspirium, and collapse occurs in 
the small airways, leading to deterioration of the 
ventilation/perfusion (V/Q) balance and hypox-
emia. Micro-atelectasis resulting from the col-
lapse of airways causes alveolar surface tension 
to increase. As a result, lung compliance is 
reduced. In obese patients, loss of volume in 
basal lung areas causes a decrease in functional 
residual capacity (FRC) and expiratory reserve 
volume (ERV). The reduction in ERV and FRC 
leads to the limitation of airflow in the expiration 
and early closure of the airways in calm breath-
ing. Airflow limitation leads to the development 
of positive pressure at the end of expiration, in 
other words, dynamic hyperinflation. This situa-
tion increases the feeling of dyspnea by increas-
ing respiratory muscle load and respiratory work. 
In obese individuals, shortness of breath, wheez-
ing, and breathing efforts at rest are more com-
mon than those with normal BMI.  Oxygen 
consumption of respiratory muscles increases 
due to increased breathing work. Obese individu-
als spend 25% more oxygen at rest and 90% 
more oxygen in maximal exercise. Production of 
carbon dioxide per kilogram is 40% higher [14]. 
Respiratory muscle strength and endurance in 
obese patients are decreased. In the supine posi-
tion, the excessively tensed diaphragm negatively 
affects the respiratory muscles mechanically and 
reduces the strength and effectiveness of the 
inspiratory muscles. In obese patients, lean 
 muscle mass is reduced, and this leads to impair-
ment in respiratory muscle function. Both inspi-
ratory and expiratory muscle strengths are 
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affected. As a result, impairment in respiratory 
muscle function contributes to increased oxygen 
consumption to maintain ventilation and 
increased dyspnea feeling. Due to increased met-
abolic requirements, a rapid and surface breath-
ing pattern is developed in obese individuals. 
Acapnic obese individuals are in an attempt to 
increase the central respiratory impulse to com-
pensate for the mechanical restriction created by 
obesity, while OHS patients lack in this effort. In 
patients with OHS, central control of the respira-
tion is impaired and the response to hypercapnia 
is decreased [15]. Leptin, produced from adipose 
tissue and suppressing appetite by binding to its 
receptors in the hypothalamus, also stimulates 
the respiratory center. Both obesity-related leptin 
resistance and leptin deficiency result in impaired 
neuromechanical control in the upper respiratory 
tract [16]. In fact, one of the hypotheses for the 
reason for not seeing hypoventilation in every 
individual with obesity is leptin resistance. The 
degree of obesity and the distribution of fat in the 

body are another important factor in the develop-
ment of OHS. The central location of the fat in 
the body (abdominal obesity) makes the develop-
ment of OHS easier [17]. The presence and 
degree of underlying OSA is another factor that 
is argued for contributing to the development of 
OHS. In 90% of the cases with OHS, sleep-disor-
dered breathing is seen which is in the form of 
OSA, and 10% has isolated sleep-associated 
hypoventilation [8]. When apnea-hypopnea 
occurs in sleep, ventilation is reduced, intermit-
tent carbon dioxide retention is seen, and the 
acapnic situation may be maintained by increas-
ing ventilation between apnea periods. If a shorter 
interapneic period than apnea duration is per-
formed, carbon dioxide increases since it is not 
sufficiently eliminated [18]. In conclusion, cor-
recting daytime hypercapnia by effective treat-
ment of the airway which is obstructed in sleep is 
an indicator that upper airway obstruction plays 
an important role in the development of OHS 
(Fig. 21.1) [19].

OBESiTY

Upper airway
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Reduced respiratory center
sensitivity
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Impaired respiratory
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(ERV and FRC)
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ventilator disturbance
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Overload of respiratory
muscles
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Decrease in central
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Fig. 21.1 Pathophysiology of obesity hypoventilation syndrome
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21.5  Treatment

When OHS is not treated, acute, life-threatening 
cardiopulmonary risk and mortality rates 
increase. In addition, the risks of life quality dete-
rioration, pulmonary hypertension, right heart 
failure, angina, and insulin resistance increase. 
Treatment goals in OHS can be summarized as 
the correction of hypercapnia in sleep and wake-
fulness, the prevention of hypoxemia, the preven-
tion of erythrocytosis, pulmonary hypertension, 
and cor pulmonale development.

Generally, treatment can be examined under 
three main headings:

 1. To restore PaCO2 to normal in both wakeful-
ness and sleep and to restore acid-base bal-
ance. For this, correcting the respiratory 
center control, reducing respiratory workload, 
and preventing respiratory muscle fatigue or 
resting muscles

 2. To protect the level of oxyhemoglobin by cor-
recting alveolar ventilation and V/Q ratio and 
by treating OSA if any, thus to prevent cor 
pulmonale formation

 3. To improve the quality of life by correcting 
daytime sleep and to correct sleep structure 
Noninvasive ventilation (NIV) is the most 
effective treatment method, especially if 
respiratory failure developed in OHS in which 
respiratory workload increased and respira-
tory muscle fatigue is addressed. With NIV 
treatment, the patient is provided the neces-
sary tidal volume, micro-atelectasic areas are 
open, thoracic flexibility is improved, lung 
volumes are increased, the workload of inspi-
ratory breathing muscles is reduced, tired 
muscles are rested, and the respiratory cen-
ter’s response to CO2 is improved.

At this point, positive airway pressure (PAP) 
treatment (various modes of CPAP or NIV) and 
weight reduction approaches are essential [20].

NIV in OHS is implemented in two different 
modes:

 1. Continuous positive airway pressure (CPAP)

 2. Noninvasive positive pressure ventilation 
(NPPV)
 (a) Pressure-supported modes (biphasic posi-

tive airway pressure)
• BPAP spontaneous mode (S mode)
• BPAP spontaneous time mode (ST 

mode)
• BPAP time mode (T mode)

 (b) Volume-controlled positive airway 
pressure
• AVAPS ( average volume-assured 

pressure support ) mode

21.6  Continuous Positive Airway 
Pressure (CPAP)

CPAP treatment is a very effective treatment for 
OSA. Most of the patients with OHS have comor-
bid severe OSA [4]. It would, therefore, be rea-
sonable to expect that CPAP may help improve 
the gas exchange in a significant group of patients 
by stabilizing the upper airway. Application of 
CPAP treatment at night on a regular basis pro-
vides a decrease in wakefulness arterial CO2 
pressure (PaCO2). Correction of hypercapnia in 
both wakefulness and sleep by CPAP is achieved 
by correction of respiratory muscle fatigue and 
central ventilatory stimulation [13].

In an observational study, as a result of 3 
months of CPAP treatment in 29 patients with 
OHS and severe OSA who were admitted with 
mild-to-moderate basal nocturnal hypoventila-
tion, daytime PaCO2 was observed to be cor-
rected [21]. In their Pickwick study, Masa et al. 
[22] have compared 2 months of CPAP treatment 
with lifestyle change and have provided a signifi-
cant improvement with CPAP treatment, under 
the control of the polysomnographic measure-
ments and sleep disturbance, compared to the 
control group, and have revealed an improvement 
in the daytime PaCO2. In another study in which 
20 patients with OHS were evaluated retrospec-
tively, Berg et al. [23] have reported a reduction 
in hospitalization and resource use in 2 years 
after starting NIV or CPAP treatment, compared 
to 5 years prior to treatment.
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21.7  Noninvasive Positive 
Pressure Ventilation (NPPV)

Several observational studies have demonstrated 
the medium- and long-term benefits of NIPV 
over different outcomes in OHS. Ventilator sup-
port provides an improvement in gas exchange; 
this results in a significant decrease in PCO2 and 
an increase in arterial oxygen levels in daytime 
wakefulness. With NPPV treatment, symptoms 
such as the measurement of health-related quality 
of life (HRQoL) and sleepiness and dyspnea sig-
nificantly improve. BPAP treatment is quite 
effective in OHS.  It may also compensate for 
leaks from the mask edge; however, since it is 
pressure sensitive if the patient has upper airway 
obstruction or the respiratory system compliance 
of the patient is low, when the target pressure is 
reached, the formed tidal volume may be low and 
may result in hypoventilation. In cases of severe 
upper airway obstruction, both EPAP and IPAP 
should be increased together. In this case, tidal 
volume can be increased by pressure gradient 
while correcting upper airway obstruction. IPAP 
should be increased more when respiratory sys-
tem compliance is reduced. In contrast to the 
long-term observational data of CPAP-treated 
OHS, few studies have been reported on OHS 
treated with NPPV (BPAP) for more than 3 
months. In a randomized controlled trial of 35 
patients with mild OHS, 1-month NPPV treat-
ment was associated with a significant decrease 
in daytime PaCO2 and improvement in sleep dis-
turbance, depending on lifestyle modification 
[24]. In another branch of the Pickwick study, 
this time they have compared the effectiveness of 
NIV with the lifestyle intervention as a control 
group, and it was observed that after 2 months, 
NIV, polysomnography, HRQoL, sleep parame-
ters, and daytime PaCO2 were significantly 
improved in 221 patients with severe OSA. NIV 
also provided a significant improvement in forced 
vital capacity (FVC), forced expiratory volume 
in 1 s (FEV1), and respiratory function in a 6-min 
walk [22]. In a subsequent multicenter random-
ized study comparing CPAP with constant level 
BPAP-ST for 3 months, in each group, although 
there was a faster downward trend in PaCO2 at 

first month with BPAP-ST, there was no differ-
ence in the proportion of participants with a 
3-month course of treatment failure [25]. In the 
same study, similar developments after 1 and 3 
months of treatment in PaCO2 and bicarbonate 
occurred in each group; however, PaCO2 showed 
a faster downward trend in the first month with 
BPAP-ST.  There were no differences between 
groups in other secondary outcomes such as 
sleepiness, HRQoL, cardiovascular risk markers, 
and physical activity.

However, the high rates of prevalence of pul-
monary hypertension and right ventricular dys-
function are reported in patients with OHS, and 
some studies have shown that NIV has potential 
benefits over heart results. In an observational 
study involving 30 patients, NPPV treatment has 
been shown to provide a decrease in pulmonary 
systolic arterial pressure and an improvement in 
6-min walk distance in patients with OHS with 
echocardiographic right ventricular overloading 
[26].

21.8  Volume-Controlled Positive 
Airway Pressure (AVAPS)

Currently, the initiation of CPAP treatment for 
OHS usually consists of CPAP or NIV given at 
constant pressures set during a titration study in a 
sleep laboratory or hospital environment. 
Dynamic respiratory support with different levels 
of PAP in different stages of sleep or body posi-
tions suggests that it leads to better control of 
sleep disturbance in OHS. As home-type ventila-
tor technology improved, the devices are able to 
estimate the pre-set volume, which led to the 
development of algorithms for adjusting the 
inspiratory pressure support provided to reach a 
predetermined target tidal volume. Although 
studies have demonstrated the feasibility of 
volume- targeted pressure support methods to 
effectively control irregular breathing during 
sleep in patients with OHS, it is important to 
carefully consider the setup settings used at the 
start of therapy when evaluating the advantages 
compared to fixed two-level PAP therapy. For 
example, if very high target volumes are deter-
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mined in the treatment, the pressure support 
given will result in better control of night 
hypoventilation. However, then it may cause a 
detrimental effect on sleep quality. In a random-
ized controlled study evaluating the physiologi-
cal and clinical benefits of AVAPS and BPAP-ST 
in patients with OHS, ten cases in which CPAP 
therapy was unsuccessful were randomized to 
one of two devices, and after 6 weeks of treat-
ment, no difference was observed between the 
two devices in terms of sleep quality, health- 
related quality of life parameters, and daytime 
gas exchange [27]. In a randomized controlled 
trial of 50 cases with morbid obesity, after 3 
months of AVAPS and BPAP treatment, it was 
found that the efficiency of the two devices was 
similar in terms of sleep architecture, sleep effi-
ciency, daytime sleepiness level, health-related 
quality of life, gas exchange, lung volumes, night 
oxygenation, and transcutaneous PCO2 [28]. As a 
result, AVAPS can exhibit better treatment com-
pliance since it provides better patient-ventilator 
synchronization and lower median pressure sup-
port. However, in the measurements such as day-

time hypercapnia, nocturnal gas exchange, sleep 
architecture, and quality of life, it is not superior 
to BPAP. Further research is needed to examine 
the long-term outcomes and cost-effectiveness of 
this strategy.

Recommended initial settings in the treatment 
of volume-targeted pressure-supported ventila-
tion (AVAPS) with stable chronic OHS [29] are 
the following.

• EPAP = 4 cmH2O
• IPAPmin = EPAP = 4 cmH2O
• IPAPmax = 25–30 cmH2O
• Initial tidal volume setting 8 mL/kg (accord-

ing to ideal body weight)

The standard PAP titration strategy proposed 
in the light of all this information is shown in 
Fig. 21.2 [22].

NPPV in acute decompensated OHS: OHS 
patients admitted with acute decompensation 
should be hospitalized or taken into intensive 
care, NPPV treatment should be initiated imme-
diately, and the patient should be followed up 

OHS

AHI ≥30

AHI <30

CPAP

NIV

Switch

Maintain
CPAP

• Adequate clinical and
  arterial Adequate clinical
  and arterial blood gases
  control
• No or few hospital
  admissions due to acute-on-
  chronic respiratory failure
  blood gases control

• Inadequate clinical or
  arterial blood gases control
  or
• Hospital admissions due to
  acute-on-chronic respiratory
  failure

Fig. 21.2 OHS management strategy: continuous posi-
tive airway pressure (CPAP) may be the first-line treat-
ment for OHS patients with obstructive sleep apnea 
(OSA). NIPV should be considered as the first-line treat-

ment for OHS patients without OSA or with mild OSA. If 
patients treated initially with CPAP did not positively 
respond to treatment, NIPV therapy should be initiated. 
AHI apnea-hypopnea index
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closely. NPPV is suitable for patients who can be 
cooperative and can maintain the airway and with 
pH >7.20. If patients are not under these condi-
tions or NPPV fails, invasive mechanical ventila-
tion should be administered by performing 
endotracheal intubation. First of all, BIPAP mode 
should be initiated, and if enough alveolar venti-
lation could not be provided with BIPAP, then it 
should be switched to AVAPS mode. Solely 
CPAP should not be used in acute decompen-
sated patients. There is no recommended interna-
tional strategy for initial settings; however, an 
initial approach in this manner can be used for 
initial settings. For BIPAP, it should be started 
with 4 cmH2O IPAP pressure and 4 cmH2O EPAP 
pressure, and IPAP pressure should be increased 
by 2  cmH2O with a few minutes interval until 
patient comfort, tachypnea, tachycardia, oxygen 
saturation, and pH (respiratory rate <30/min, 
oxygen saturation >90%, heart rate <100/min, 
pH >7.30) are corrected. If oxygenation is 
impaired, EPAP should be increased. It should be 
kept in mind that increasing IPAP simultaneously 
with EPAP is important for providing the pres-
sure difference and reducing the respiratory 
workload. The patient should be monitored with 
frequent blood gas follow-up. For AVAPS, venti-
lator mode should be selected, and respiratory 
rate, tidal volume, FiO2, and PEEP values should 
be set. The number of breaths should be adjusted 
to minute ventilation of 6–10 L/min. High inter-
face pressure can cause sleep interruption, intol-
erance, and leakage. In this case, the tidal volume 
should be reduced and the respiratory rate should 
be increased.

Studies have shown that the second most com-
mon indication for the treatment of NPPV in 
patients hospitalized with acute decompensated 
OHS is OHS, after COPD (chronic obstructive 
pulmonary disease). In a prospective study on an 
acute decompensated OHS patient who was 
administered NPPV treatment, late NPPV fail-
ure, PCO2 at discharge, taking back into intensive 
care, and intensive care hospital mortality were 
significantly lower in the OHS group than in the 
COPD group. Again, the 1-year survival rate was 
found to be higher in the OHS group [30]. It was 
reported that NIV failure was 0–40% in patients 

with acute decompensated OHS in different 
series in obese patients, higher PEEP values are 
required in obese patients compared to nonobese 
patients for NIV treatment in acute hypercapnic 
respiratory failure, and more time is needed to 
achieve PCO2 <50 mmHg [31].

NPPV in chronic compensated OHS: 
Patients who have chronic compensated OHS or 
whose acute decompensation is stabilized should 
undergo night polysomnography (PSG). If the 
presence of the accompanying OSA is detected 
with the PSG, the NPPV devices to be used can 
also be adjusted simultaneously. The aim of treat-
ment in patients with OSA is to treat OSA, to 
improve sleep structure and quality, to rest respi-
ratory muscles and to reduce respiratory work-
load at night, and to correct arterial blood gas 
values.

• In patients with OSA and OHS, it should be 
started with CPAP at 4 cmH2O pressure, and 
the pressure should be increased by 2 cmH2O 
until the obstructive event is corrected. If per-
sistent alveolar hypoventilation is present, it 
should be switched to BIPAP treatment. Initial 
IPAP and EPAP values should be similar to 
CPAP pressure. The IPAP pressure should be 
increased by 1–2 cmH2O every 5 min until the 
alveolar hypoventilation is corrected, and an 
appropriate setting should be found [29].

• In patients with only OHS, the initial IPAP 
and EPAP values can be set to 8 and 4 cmH2O, 
respectively. By increasing IPAP by 
1–2  cmH2O in every 5  min, the appropriate 
setting is determined. The maximum IPAP for 
adults is 30 cmH2O. The aim of treatment is to 
correct alveolar hypoventilation.

After the initiation of NIV therapy at night, 
patients should be checked periodically to deter-
mine whether the alveolar hypoventilation and 
the arterial blood gas has corrected. Modification 
of the treatment modality may be appropriate if 
alveolar hypoventilation in patients is persistent 
(night dyspnea, morning headache, and lack of 
improvement in blood gas values). PSG should 
be repeated in these patients. If patients’ blood 
gas values are corrected, PSG can be repeated in 
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order to readjust patient NIV pressures. In the 
study of Berger et  al. [18] on the evaluation of 
NPPV activity in OHS, it was determined that 
14  cmH2O EPAP and 25  cmH2O IPAP are 
required in patients, and IPAP and EPAP mean 
pressures were 18 and 8 cmH2O (respectively). In 
some cases, NPPV treatment may be insufficient 
in 1–3 weeks of follow-up, and after 3 months of 
treatment, it is recommended to evaluate in terms 
of the transition to CPAP.

21.9  Results

21.9.1  Learning Points

NPPV treatment should be applied to all OHS 
patients, and weight loss, lifestyle modification, 
and rehabilitation should be considered as part of 
the treatment. OSA-associated patients should 
first be treated with CPAP, and if alveolar 
hypoventilation continues despite treatment, 
BPAP should be switched in the treatment. In 
patients who do not respond to BPAP therapy, 
AVAPS mode should be tried. If hypoxemia con-
tinues despite NPPV treatment, oxygen therapy 
should be added to the treatment.

21.9.2  Critical Points

If OHS is not treated, concomitant morbidity and 
mortality increase, and the quality of life of 
patients decreases. Selecting appropriate NIV 
therapy is important for patient compliance and 
treatment response. To ensure the use of PAP 
devices, usage should be monitored objectively, 
and the problems encountered during the treat-
ment, the management of side effects, and the 
methods of increasing compliance should be part 
of the close follow-up.

21.9.3  Key Summary

OHS is a clinical entity that is often nondiagnos-
tic and sometimes misdiagnosed. In general, the 
increase in the prevalence of OHS is normal, 

given the increased epidemic of obesity. These 
patients have a poor quality of life, often pro-
longed hospital stays, and worsening comorbidi-
ties and are at high risk of mortality. The high 
sensitivity of clinicians to this condition is impor-
tant because early diagnosis of such patients and 
the application of adequate forms of management 
by referring them to sleep clinics can help to 
change the course of comorbidities.
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Abbreviations

AAP American Academy of Pediatrics
AT Adenotonsillectomy
CF Cystic fibrosis
CM Chiari malformation
CPAP Continuous positive airway pressure
CSA Central sleep apnea
DMD Duchenne muscular dystrophy
DS Down syndrome
EDS Ehlers-Danlos syndrome
GAG Glycosaminoglycan
GH Growth hormone

MPS Mucopolysaccharidoses
NIV Noninvasive ventilation
OSA Obstructive sleep apnea
PRS Pierre-Robin syndrome
PSG Polysomnography
PWS Prader-Willi syndrome
SCD Sickle cell disease
SDB Sleep disordered breathing
SNC Central nervous system

22.1  Introduction

Congenital diseases are a large and heteroge-
neous group of developmental alterations that 
occur during pregnancy. Congenital diseases 
have very different causes that can be classified 
as follows: genetic defects; exposure to infectious 
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agents, chemicals, and drugs with teratogenic 
action; and a combination of genetic and environ-
mental factors [1]. Congenital disease causes 
structural, functional, or metabolic abnormalities 
[2]. Congenital disorders are associated with a 
higher risk of sleep-related respiratory disorders 
(SDB) that occur from the first months of life [1]. 
The various pathophysiological factors involve a 
variable presence of breathing disturbed in sleep 
with obstructive and central manifestations. The 
upper airway (UA) is a collapsible tube and their 
collapsibility increases during sleep. Intrinsic 
factors and extrinsic factors influence this risk of 
collapsibility.

Three external factors have been firmly estab-
lished, craniofacial features, UA fat deposits, and 
hypertrophy of UA tissues in which chronic 
inflammation is a contributor [3], all elements 
that, in different proportions, are found in most 
congenital disorders. Primary care providers 
should have an increased index of suspicion for 
SDB when there is a history of snoring, gasping, 
and pauses in breathing that may result in sudden 
arousals during sleep. However, the children with 
congenital disease, at high risk for SDB, may not 
present with these symptoms and deserve special 
attention as well as a low threshold for a sleep 
study referral [1]. Untreated SDB can lead to a 
worsening of neurocognitive or behavioral mani-
festations, as well as metabolic, cardiovascular 
manifestations, which make the treatment of 
patients with congenital disorders very demand-
ing. Identifying, diagnosing, and treating SDB 
can significantly improve the patient’s quality of 
life, prevent the development of sequelae or 
comorbidities, and prolong survival [2].

22.2  Search Methodology

A PubMed search from 2017 to March 2019 was 
performed on the publications on sleep apnea in 
congenital disorders. The combination of key-
words “congenital disease” and “sleep apnea” 
was used to improve the sensitivity of the search. 
Abstracts and full-text publications were screened 
to fit the search criteria. We have manually ana-
lyzed all the publications and described, for each 

congenital disorder, its relationships with 
SDB. This review critically evaluates the current 
literature on SDB in congenital diseases and also 
explores the impact of these on their evolution 
and treatment. Articles were summarized to 
answer clinically relevant questions on the condi-
tions that predispose to the SDB (Table 22.1). It 
is estimated that at least one-third of genetic dis-
orders are mainly neurological or that it has an 
extensive neurological involvement [2].

22.3  Findings

22.3.1  Congenital Malformations 
and Deformations 
of the Musculoskeletal System

22.3.1.1  Craniosynostosis
Craniosynostosis is the premature fusion of cra-
nial sutures with secondary anomalies of the 

Table 22.1 Congenital disorders included in this 
chapter

Congenital malformations 
and deformations of the 
musculoskeletal system

• Craniosynostosis
• Achondroplasia
• Pycnodysostosis
• Treacher Collins 
syndrome
• Ehlers-Danlos 
syndrome
• Pierre Robin syndrome

Chromosomal 
abnormalities

• Down syndrome
• Prader-Willi syndrome

Congenital malformations 
of the nervous system

• Chiari malformation

Inborn errors of 
metabolism

• Mucopolysaccharidoses
• Cystic fibrosis
• Congenital 
hypothyroidism

Neuromuscular disease • Duchenne muscular 
dystrophy
• Charcot-Marie-Tooth 
disease
• Becker
• Myotonic dystrophy
• Limb dystrophy
• Amyotrophic lateral 
sclerosis
• Myasthenia gravis
• Poliomyelitis
• Muscle-spinal atrophy

Other • Sickle cell disease
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shape of the head and is observed in 1 of 2000 
births. This condition can be classified as non-
syndromic or syndromic craniosynostosis, 
mainly caused by mutations in genes for fibro-
blast growth factor receptors. The most common 
syndromic craniosynostosis includes Apert, 
Crouzon, Pfeiffer (characterized by mandibular 
hypoplasia), Muenke, and Saethre-Chotzen, 
without mandibular hypoplasia. Studies show 
that 40–70% of these children have SDB, particu-
larly obstructive sleep apnea (OSA), caused by a 
combination of anatomical abnormalities of the 
upper airway, as well as a decrease in pharyngeal 
muscle tone during sleep. Airway anomalies 
include choanal stenosis, macroglossia, adeno-
tonsillar hypertrophy, laryngomalacia, tracheo-
malacia, subglottic stenosis, bronchomalacia, 
and laryngeal cleft [4]. Central sleep apnea is 
uncommon, secondary to limited brain growth, 
increased intracranial pressure, and Chiari mal-
formation, reported in more than 70% of patients 
with syndromic craniosynostosis. Sleep apnea 
can lead to neurocognitive impairment, behav-
ioral difficulties, growth failure, pulmonary 
hypertension, congestive heart failure, and sud-
den death. The different treatment options con-
cern adeno-tonsillectomy (AT), support of 
positive nasal pressure, palatal devices, maxillo-
facial surgery such as the advancement of the 
median face, and tracheostomy [5].

22.3.1.2  Achondroplasia
Achondroplasia is the most common inherited 
skeletal dysplasia with a birth incidence of 
1/10,000–30,000 [2]. SDB is a common feature 
in children with achondroplasia. The factors that 
predispose predominantly obstructive respiratory 
disorders are hypoplasia of the median face, 
micrognathia and choanal stenosis, adenotonsil-
lar hypertrophy, macroglossia, ogival palate, 
decreased mobility of the temporomandibular 
joint, and hypotonia of the airway muscles. The 
observation of reduced prevalence of OSA after 
AT is in favor of this type of surgery when pos-
sible. However, OSA correction should be con-
trolled by a PSG after each therapeutic 
intervention [6]; the residual OSA is, in fact, 

common after the surgery [2], also due to obesity, 
challenging to manage because of the low stature 
of the patients [7]. Cervical cord compression at 
the cervical medullary junction may cause cen-
tral sleep apneas (CSA) and may require surgical 
decompression in infancy or early childhood. 
CSA may increase the risk of sudden unexpected 
death in infants, and as children with achondro-
plasia are still at a much higher risk of death com-
pared with the general population, CSA detection 
should be one of the criteria to be taken into 
account in favor of the neurosurgical intervention 
[6]. The American Academy of Pediatrics (AAP) 
recommends performing polysomnographic 
investigations at the time of diagnosis and as a 
systematic evaluation at least until the age of 8 
years.

22.3.1.3  Pycnodysostosis
Pycnodysostosis is a rare autosomal, recessive, 
skeletal dysplasia caused by a mutation in the 
cathepsin k gene. Pycnodysostosis is character-
ized by short stature, characteristic facial appear-
ance (delayed closure of fontanelles and cranial 
sutures, mandibular hypoplasia and angle disor-
der, blue sclera), and acro-osteolysis of the distal 
phalanges. Follow-up of these patients and 
appropriate treatment of upper airway problems 
are essential to achieve an acceptable quality of 
life. AT and positive pressure ventilation, used as 
conservative approaches in treating upper airway 
collapsibility, are effective and could be used 
instead of an aggressive surgery such as tracheos-
tomy or maxillomandibular advancement [8].

22.3.1.4  Treacher Collins Syndrome
Treacher Collins xyndrome is a rare disorder 
(1/50,000 live births) with features that include 
hypoplastic orbitozygomatic complex with 
downward slanting eyes and  maxillary/mandibu-
lar retrusion. Obstructive sleep apnea and trache-
ostomy dependence are common [9, 10].

22.3.1.5  Ehlers-Danlos Syndrome
Patients with connective tissue disorder Ehlers- 
Danlos syndrome (EDS) often suffer from 
fatigue, excessive daytime sleepiness, and 
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impaired quality of life. Obstructive sleep apnea 
may be an underlying cause for these symptoms, 
but its prevalence in this population is unclear. 
The prevalence of OSA is higher in patients with 
EDS than in a matched control group. This is of 
clinical relevance as it is associated with fatigue, 
excessive daytime sleepiness, and impaired qual-
ity of life. Further studies are needed to assess the 
clinical benefit of OSA treatment in patients with 
EDS [11].

22.3.1.6  Pierre Robin Syndrome
Pierre Robin sequence (or syndrome) (PRS) is 
characterized by the triad of micrognathia, 
glossoptosis, and upper airway obstruction. It is 
commonly associated with the secondary cleft 
palate, but other phenotypes have also been 
described that are usually secondary to failure 
of fusion of palate due to mandibular hypopla-
sia and glossoptosis during embryogenesis. It is 
estimated that the PRS affects 1/8500 births. 
The sequence can be isolated or associated with 
other syndromes [12]. High rates of obstructive 
sleep apnea are described (47–80%), compared 
to the general pediatric population, due to the 
craniofacial anomalies of these patients (cho-
anal atresia, a small epiglottis that allows the 
tongue to obstruct the laryngeal opening, laryn-
gomalacia, tracheal stenosis) [13]. CSA and 
nocturnal hypoventilation are less common 
than OSA. Clinical symptoms do not correlate 
clinically with the severity of OSA [12]. The 
severity of the obstruction varies from mild to 
life-threatening requiring immediate intubation 
or tracheostomy (up to 13.4% of cases). Airway 
obstructions can improve with growth in the 
first year of life [14]. There are many treatment 
options for these patients including surgical 
and nonsurgical therapies, but to date, there is 
no consensus in the literature to the best thera-
peutic approach. However, many institutions 
have adopted personalized algorithms to man-
age their patients with PRS. Treatment options 
include prone positioning [nasopharyngeal 
tube insertion, palatal reconstruction, tongue-
lip adhesion, and mandibular distraction 
osteogenesis, which were used to avoid tra-
cheostomy [12].

22.3.2  Chromosomal Abnormalities

22.3.2.1  Down Syndrome
Down syndrome (DS) is due to the presence of an 
additional full or partial copy of chromosome 21 
and affects 1/1000 live births [2]. There is a high 
prevalence of SDB in DS children, of which OSA 
is the most frequent (50–75%) [15]. These 
patients appear to have more central apneas when 
they are infants and young children while the 
obstructive features appear more frequently as 
the children age and with the body mass index. 
Patients with comorbidities such as hypothyroid-
ism or cardiac anomalies may be more likely to 
have severe OSA [2]. The AAP guidelines rec-
ommend that symptoms of OSA such as heavy 
breathing, snoring, restless sleep, uncommon 
sleep positions, night awakenings, and daytime 
sleepiness should be sought at each DS clinic 
evaluation, and obesity should be discussed as a 
risk factor. Because there is a weak correlation 
between parental report and polysomnography 
(PSG) results, referral for a sleep study for all 
children with DS by 4 years of age is recom-
mended, regardless of the presence of symptom 
[15, 16] surveillance for SDB throughout the life 
span of subjects with DS [17]. Upper airway 
obstruction in children with DS is multifactorial. 
The high prevalence of anatomical abnormalities 
of the upper airways, including midfacial and 
mandibular hypoplasia, narrow nasopharynx, 
macroglossia, ogival palate, lingual hypertrophy, 
adenotonsillar hypertrophy (in 42% of cases), 
laryngomalacia, subglottic stenosis, and tracheal 
stenosis, aggravated by generalized hypotonia 
and an immature immune system, with the risk of 
frequent respiratory tract infections, predispose 
these children to upper airway obstruction during 
sleep. The causes of upper airway obstruction in 
DS are age-related. Laryngomalacia is the most 
common cause of upper airway obstruction in 
children with DS under the age of 2 years and is 
eclipsed by other causes such as adenotonsillar 
hypertrophy as the children grow older [18]. 
Since upper airway obstruction (UAO) in chil-
dren with DS is often multifactorial, residual 
upper airway obstruction is common after 
AT. When present, positive airway pressure ther-
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apy is generally the next line of treatment for 
OSA in children with DS [19]. A postoperative 
sleep study should be obtained to assess improve-
ment in severity and assessment of any residual 
disease despite intervention [2]. In such children, 
continuous positive airway pressure (CPAP) or 
noninvasive two-level ventilation (NIV) is often 
the next step [15], although poor compliance is 
described; consequently, additional surgical 
treatment options were used including tonsillec-
tomy, supraglottoplasty, and maxillomandibular 
advancement [19].

22.3.2.2  Prader-Willi Syndrome
Prader-Willi syndrome (PWS) is a genetic dis-
ease that involves chromosome 15, characterized 
by hypothalamic-pituitary abnormalities associ-
ated with severe hypotonia in the neonatal period 
and in the first 2 years of life and the onset of 
hyperphagia which results in the risk of patho-
logical obesity in childhood and adulthood, as 
well as severe behavioral/psychiatric disorders. 
The disease affects 1/25,000 births. Other related 
endocrine abnormalities contribute to a clinical 
picture characterized by short stature and growth 
hormone deficiency. Early diagnosis and growth 
hormone (GH) therapy significantly improved 
the quality of life of these patients. High preva-
lence of SDB is reported among children with 
PWS, including OSA, CSA, and hypoventilation 
syndromes [20]. Factors impacting SDB in 
infants and young children with PWS include 
facial dysmorphism, small nasopharynx, small 
oropharynx, and adenotonsillar hypertrophy; fur-
thermore, due to hypotonia, children with PWS 
have a lower residual functional capacity at rest 
than healthy children, putting them at risk of 
sleep-related hypoventilation, particularly during 
REM sleep. Hypothalamic dysfunction and 
blunted chemoreceptor sensitivity likely contrib-
ute to altered central respiratory control in 
response to hypoxemia and hypercapnia with an 
increase in CSA, particularly in very young chil-
dren PWS [2, 20]. These patients require continu-
ous surveillance with sleep monitoring at 
different ages because [21] central apnea, more 
typical in the newborn, tends to improve with 
age, while obstructive sleep apnea and hypoven-

tilation related to sleep can develop with growth 
[2]. The benefits of GH therapy on improving 
lean muscle mass and its likely positive impact 
on hypotonia have led to the increased therapeu-
tic use of GH in children with PWS [20]. There 
has been some evidence suggesting a worsening 
of upper airway obstruction due to the increase in 
adenotonsillar hypertrophy in patients receiving 
growth hormone therapy. This therapy is however 
recommended, with an indication for close moni-
toring of SDB. AT may be helpful in the reduc-
tion of upper airway obstruction and obstructive 
apnea-hypopnea index in patients with PWS, but, 
in many patients, particularly those with a severe 
OSA, it may not be sufficient, because of tonsil-
lar hypertrophy, tongue base obstruction, airway 
hypotonia, laryngomalacia, pharyngomalacia, 
and obesity. Approximately 17–40% of PWS 
patients require positive airway pressure (PAP) 
initiation or other surgical procedures to treat 
residual OSA, and this rate appears to increase 
with age [2, 22].

22.3.3  Congenital Malformations 
of the Nervous System

22.3.3.1  Chiari Malformation
The Chiari malformation (CM) is a structural 
anomaly of the posterior cranial fossa that is 
characterized by the herniation of the cerebellar 
tonsils through the foramen magnum. This mal-
formation condition can produce symptoms of 
dysfunction affecting some parts of the central 
nervous system, in particular, the cerebellum, 
brainstem, cranial nerves, and spinal cord. There 
may also be an alteration in the circulation of the 
cerebral spinal fluid until the appearance of 
hydrocephalus. Three variants are recognized 
(CM type I, II, III). CM type I (CM-I) has been 
associated with sleep SDB, with a variable preva-
lence in the pediatric population (24–70%) [23]. 
An increased frequency of moderate to severe 
SDB was found to be associated with male sex, 
older age, excess weight, and the presence of 
hydrocephalus [24]. Screening for SDB is sug-
gested in this population as SDB can be an etio-
logical factor for potentially fatal complications 
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and sudden death [23]. SDB in patients with CM 
may be caused by several mechanisms that 
involve direct compression of the central respira-
tory centers and compression of the lower cranial 
nerves (VII, VIII, IX, X, XI, and XII), producing 
central and obstructive respiratory events, respec-
tively. Obstructive respiratory events could be 
related to lesions in the efferent cranial nerves 
(IX, X, XI, and XII), possibly leading to pharyn-
geal collapse due to muscular hypotonia or atro-
phy. Retrognathia, increased neck circumference, 
and macroglossia have been associated with 
small oral cavity and may be involved in the 
pathophysiology of SDB in patients with 
CM. Central respiratory events could be related 
to dysfunction of the central respiratory centers 
due to compression of the brainstem, which com-
promises the ascending reticular activating sys-
tem. Another explanation for the central 
respiratory events in these patients could be the 
potential dysfunction of the afferent inputs from 
the carotid bodies to the brainstem. Hydrocephalus 
was associated with the presence and severity of 
SDB. Several mechanisms may explain the rela-
tionship between hydrocephalus and SDB in 
patients with CM.  It has been postulated that 
increased intracranial pressure, secondary to noc-
turnal hypercapnia and vasodilatation during 
apnea-hypopnea episodes, could be one such 
mechanism. At the same time, hydrocephalus 
may impair certain brain hemisphere functions 
essential to the maintenance of upper airway 
patency during sleep. Nocturnal PSG should be 
regularly conducted on all patients diagnosed 
with CM-1, especially if they present hydroceph-
alus [24]. In symptomatic patients the therapy is 
neurosurgical.

22.3.4  Inborn Errors of Metabolism

22.3.4.1  Mucopolysaccharidoses
The mucopolysaccharidoses (MPS) represent a 
heterogeneous group of lysosomal storage disor-
ders, each one associated with a deficiency in one 
of the enzymes involved in glycosaminoglycan 
(GAG) degradation. There are 1/20,000 live 
births. Sleep disorders are a common manifesta-
tion of all types of MPS [25]. It has been sug-

gested that there is little correlation between the 
symptoms of sleep apnea and the presence of 
OSA on PSG.  Therefore, patients with MPS 
should undergo PSG in the early stages of life 
[14]. The underlying causes are different: they 
include abnormalities of the central nervous sys-
tem (CNS) (hydrocephalus, spinal cord compres-
sion) and, more frequently, obstruction of the 
upper airway and alterations in the respiratory 
mechanics that cause a restrictive pulmonary dis-
ease [25]. The obstruction is often multifactorial 
as the GAG accumulation may affect each level 
of the respiratory tract. Abnormalities frequently 
seen include enlargement of the tongue, ade-
noids, and tonsils and infiltration of the pharyngo- 
laryngeal walls secondary to GAG deposition. 
Bony manifestations such as depressed nasal 
bridge, high epiglottis, and mandibular abnor-
malities limiting jaw opening can increase upper 
airway resistance and contribute to SDB. Other 
skeletal manifestations common in MPS disor-
ders, including kyphosis, kyphoscoliosis, pectus 
carinatum, short stature, or short trunk, cause a 
restrictive pattern to pulmonary function [25]. 
Furthermore, a diaphragmatic weakness second-
ary to spinal cord compression may be present. 
Restrictive abnormalities and diaphragmatic 
weakness can lead to hypoventilation even in the 
absence of obstructive events of the upper respi-
ratory tract, which appears for the first time dur-
ing REM sleep, later during sleep, and eventually 
in wakefulness. When evaluating SDB, it is 
essential to distinguish between OSA and sus-
tained hypoventilation, as these require different 
treatment approaches. OSA can be managed by 
alleviating upper airway obstruction by surgical 
removal of tonsils and/or adenoids if these are 
enlarged, although the recurrence rate in MPS 
patients is high [25]. In patients undergoing AT, 
an increased risk of postoperative bleeding was 
reported. A postoperative sleep study should be 
obtained to assess the need to continue treatment 
of OSA with the application of CPAP or ventila-
tory support systems, up to the tracheostomy. 
New treatment options have been used that 
include enzyme replacement therapy or hemato-
poietic stem cell transplantation; however, the 
effects of these treatments on sleep-related prob-
lems are not known [14, 25].
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22.3.4.2  Cystic Fibrosis
Cystic fibrosis (CF) is a chronic, inherited, and 
systemic disorder affecting the function of chlo-
ride channels. In the respiratory system, CF is 
characterized by inefficient airway mucous clear-
ance leading to recurrent pulmonary infections 
and chronic inflammation. The natural history of 
CF is progressive bronchiectasis and deteriora-
tion in lung function. Children with CF present 
with a spectrum of pulmonary manifestations. 
The prevalence of OSA is higher in children with 
CF, as upper airway obstruction is complicated 
by chronic infections and sino-nasal polyposis. 
Furthermore, children with moderate or severe 
lung disease may present with sleep hypoxemia. 
The main proposed mechanism for this finding is 
atelectasis of the distal airways leading to a 
ventilation- perfusion mismatch. Sleep hypox-
emia in CF may also coexist with OSA; the etiol-
ogy of hypoxemia may represent a combination 
of lung disease and upper airway obstruction 
[26]. PSG in children with CF between 6 months 
and 11 years of age reveals moderate OSA 
(apnea-hypopnea index (AHI) ≥5) in approxi-
mately 46%. Patients with CF who have SDB, as 
compared to those who do not, have more infec-
tive pulmonary exacerbations [27].

22.3.4.3  Congenital Hypothyroidism
The thyroid hormone (TH) plays a prominent 
role in brain development. Congenital hypothy-
roidism facilitates the presence of central sleep 
apnea, predominantly in the neonatal era, with 
decreasing age. It seems that the respiratory 
alterations of sleep in congenital hypothyroid-
ism are linked to the processes of brain matura-
tion in which the thyroid hormones play an 
essential role [28].

22.3.5  Neuromuscular Disease

SDB in neuromuscular disorders is a widely 
developed topic that led to several reviews. SDB 
is a frequent event in neuromuscular pathologies 
with a prevalence exceeding 40%. Noninvasive 
ventilation (NIV) may be the winning weapon for 
resolving SDB, but can, in turn, be a trigger event 
to trigger ventilation-related events (device- 

related sleep disordered breathing events) and in 
some cases may be related to an unfavorable out-
come. There are several pathophysiological con-
ditions during sleep that favor peculiar respiratory 
events of neuromuscular pathologies [29, 30]. 
Duchenne muscular dystrophy (DMD) is the 
most common and severe form of myopathy in 
children affecting 1/3600–6000 male births. 
Respiratory failure is the leading cause of death 
in DMD. Its evolution typically evolves into four 
phases: (1) SDB without hypercapnia, (2) hyper-
capnia and hypoxemia only during the REM 
phase, (3) hypercapnia and hypoxemia also dur-
ing NREM, and finally (4) daytime chronic respi-
ratory failure [31]. SDB in neuromuscular 
disorders is a widely developed topic that led to 
several reviews. Mechanisms of respiratory 
events are as follows:

 – Diaphragmatic weakness: episodes of dia-
phragmatic weakness occur during REM 
sleep with consequent partial falls of the flow 
or hypopneas and sawtooth desaturation; the 
complete fall of the flow resulting from a sig-
nificant diaphragm dysfunction with the loss 
of abdominal and thoracic movements leads 
to pseudo-central events. Diaphragmatic 
events may represent the most common SDB 
in neuromuscular patients and are often 
misunderstood.

 – Nocturnal hypoventilation: this condition may 
initially occur with greater ease in the REM 
phases of sleep, and following a further pro-
gression of the disease when the vital capacity 
will be <40%, there will be persistent hypoven-
tilation during REM and NREM sleep.

 – OSA: the combination of OSA with the other 
events mentioned above occurs in neuromus-
cular patients due to hypotonia of the upper 
airway muscles that may predispose to develop 
obstructive events during sleep with a 
“bimodal” time pattern: a higher susceptibility 
to present obstructive events in the initial 
phase of the disease combined or replaced by 
hypoventilation in the late phase of the 
disease.

 – Pharyngeal neuropathy: typical of patients 
with hereditary sensorimotor neuropathy 
(Charcot-Marie-Tooth disease) resulting 
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from a significant reduction in the median 
nerve conduction velocity. Pharyngeal neu-
ropathy can increase the risk of collapse of the 
upper airway.

 – Chemo-reflexed mediated events, central 
apnea, periodic breathing, and Cheyne-Stokes 
breathing: dilated cardiomyopathy can be 
present in many muscular dystrophies 
(Duchenne, Becker, myotonic dystrophy, 
limb dystrophy). In this condition it is, there-
fore, possible to highlight central-type events 
associated with Cheyne-Stokes’s periodic 
breathing following an instability of breath 
control with a high gain loop; the Cheyne-
Stokes breathing in neuromuscular diseases 
with cardiomyopathies is related to an increase 
in mortality.

 – Bulbar dysfunction: typical of amyotrophic 
lateral sclerosis, myasthenia gravis, polio-
myelitis, and muscle-spinal atrophy; in such 
diseases, the obstructive events seem to be 
rare and very often mistaken for diaphrag-
matic or pseudo-central events due to the 
inability to generate sufficient negative 
pressure.

 – Respiratory events resulting from noninvasive 
ventilation: it is interesting to note that while 
NIV has been shown to prolong survival in 
neuromuscular patients, it is the reason of the 
onset of events closely related to ventilation: 
asynchronisms, central events resulting in 
over-assistance, and central events with asso-
ciated closure of the glottis.

22.3.5.1  Sickle Cell Disease
Sickle cell disease (SCD) is one of the most 
common hereditary hemoglobinopathies. A 
growing body of evidence has shown that sleep 
disordered breathing, and in particular, obstruc-
tive sleep apnea, occurs at high frequency in the 
sickle cell population and that there is significant 
overlap in the underlying pathophysiology of 
these two conditions. Through a variety of mech-
anisms including nocturnal hypoxemia and 
increased oxidative stress, production of pro-
inflammatory cytokines and endothelial dys-
function, sickle cell anemia, and SDB potentiate 
each other’s clinical effects and end-organ com-

plications [32]. There is sound scientific ratio-
nale to assume that SCD with SDB will have 
more severe complications since SDB will con-
tribute to the already compromised pathologic 
states induced by the hypoxia due to microvas-
cular occlusion from vaso- occlusive disease 
[32]. Acute and chronic pulmonary complica-
tions are among the most common causes of 
morbidity and mortality [33]. SDB is more com-
mon in children with SCD compared to the gen-
eral population. They have higher frequencies of 
both adenoidal and tonsillar hypertrophy com-
pared to the general pediatric population. The 
pathophysiologic mechanisms underlying SCD 
include HbS polymerization in the presence of 
hypoxemia, red cell-endothelial cell interac-
tions, hypercoagulability, neutrophil activation, 
and vasoactive factor release. These result in 
hemolysis and vaso-occlusive episodes leading 
to oxidative stress, ischemia, and inflammation. 
Accordingly, local inflammation secondary to 
oxidative stress and ischemia-reperfusion injury 
has been hypothesized as the primary mecha-
nism leading to adenotonsillar hypertrophy in 
SCD patients. Of note, compensatory lymphoid 
tissue growth has also been suggested. Clinically, 
adenotonsillitis occurs more frequently in 
patients with SCD and has been associated with 
increased vaso-occlusive crises. The established 
treatment for OSA in these patients is AT; how-
ever, as with any surgical procedure in SCD, it is 
associated with significant morbidity [34].

22.4  Conclusions

Congenital diseases are commonly encountered 
in general pediatric practice and are associated 
with a higher risk of SDB that may occur from 
the first months of life. The different pathophysi-
ological factors of congenital diseases involve a 
variable recurrence of SDB with obstructive and 
central respiratory events. The underlying causes 
include dysfunction of some portions of the cen-
tral nervous system with a predisposition to cen-
tral events, deficiency of respiratory mechanics, 
diaphragmatic weakness, hypoventilation, and 
craniofacial malformations with anatomical 
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abnormalities of the upper airway predisposing 
to obstructive events during sleep (Fig. 22.1). The 
upper airways are a collapsible tube and their col-
lapse increases during sleep. Among the factors 
affecting the lumen, there are craniofacial fea-
tures, fat deposits in the upper airways, and 
hypertrophy of the upper airway tissues in which 
chronic inflammation is a contributory factor [3], 
elements that, in different proportions, are found 
in most congenital disorders.

From the analysis of every congenital disorder 
with its own structural, pathophysiological, and 
clinical characteristics, common key conclusive 
points emerge (Table 22.2). In children with con-
genital disorders at high risk for SDB, clinical 
symptoms often do not correlate with the severity 
of the disease during sleep and therefore deserve 
special attention and a lower threshold than the 
general population for the sleep study. Screening 
for SDB is helpful in this population as SDB may 
be an etiological factor for potentially fatal com-
plications and sudden death. A gradual approach 
to treatment is recommended in subjects with 
SDB.  Given the multifactorial nature and com-
plexity of SDB in children with congenital dis-

ease, monotherapy is often insufficient. After any 
treatment, a sleep study should be performed to 
assess the efficacy. Within the same congenital 
disorder, during development, different manifes-
tations of SDB can be found, with central and 
obstructive components different in different 
periods of life. This chapter included the 
 congenital diseases most frequently associated 

Cranio-facial dysmorphism

Laryngomalacia

Central nervous system
malformations

Deformations
musculoskeletal system

Immature immune system

Connective abnormalities
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Muscle hypotonia
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Fig. 22.1 Factors predisposing the SDB in congenital diseases

Table 22.2 Key points common to congenital disorders

Children with a congenital disorder, at high risk for 
OSA even without symptoms, deserve special 
attention as well as a low threshold for a sleep study 
referral
Screening for SDB is cautious in this population as 
SDB may be an etiological factor for potentially fatal 
complications and sudden death
Identification and treatment of SDB can improve 
quality of life, avoid the development of symptoms 
and comorbidities, and improve survival
Within the same congenital disorder, during 
development, different manifestations of SDB with a 
central or obstructive component can be found in 
different periods of life
A postoperative sleep study should be obtained 
following any interventions to assess for improvement 
in severity or for residual disease
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with the risk of SDB. Patients with a congenital 
disease are often at risk of other sleep disor-
ders, such as altered intrinsic sleep structure, 
interrupted circadian rhythm, lack of melato-
nin, and other sleep disorders that were not 
included. Untreated sleep disruptions may lead 
to worsening of neurocognitive or behavioral 
manifestations that make the treatment of 
patients with neurogenetic disorders very chal-
lenging. It is important to screen congenital dis-
ease patients for SDB during routine health 
follow-up examinations. Identifying, diagnos-
ing, and treating SDB can significantly improve 
the quality of life of these patients, prevent the 
development of symptoms and comorbidities, 
and extend survival. Treatment of SDB in 
patients with these complex and often multisys-
temic diseases is often best managed by a mul-
tidisciplinary setting.
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Abbreviations

AHI Apnea hypopnea index
ECG Electrocardiogram
HR Heart rate
HRV Heart rate variability
OSA Obstructive sleep apnea
PPG Photoplethysmography

PSG Polysomnography
SDB Sleep-disordered breathing
SE Sleep efficiency
TST Total sleep time

23.1  Search Methodology

A PubMed search was performed with the fol-
lowing keywords: “sleep trackers” OR “smart-
phone applications” AND “sleep” OR 
“sleep-disordered breathing” OR “snoring.” 
 Full- text publications were screened to fit the 
search criteria. For each selected research paper, 

S. Romano (*) · G. Insalaco 
Institute for Biomedical Research and Innovation, 
National Research Council of Italy, Palermo, Italy
e-mail: salvatore.romano@irib.cnr.it

23

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-42998-0_23&domain=pdf
mailto:salvatore.romano@irib.cnr.it


214

the methods and the results obtained were 
reported. This critical review of literature 
explores the experimental validity of the accu-
racy of sleep trackers and smartphone applica-
tions to assess sleep quality, snoring, or SDR.

23.2  Introduction

The influence of sleep on general health is an 
essential aspect of well-being. Many hours of 
sleep are not necessarily associated with a good 
rest condition, when sleep is disturbed, making 
it not restorative. When night rest is not satisfac-
tory, a wide range of disorders is a common 
experience, which influences our organism. The 
feeling of drowsiness during the day, fatigue, 
and nervousness resulting from an inadequate 
rest is frequently reported. While sleeping, a 
series of physical processes occur, slowing all 
body and brain activity and allowing the whole 
organism to rest. The chronic lack of rest, as 
well as interference with the growth and the 
immune system weakness, produces adverse 
effects on concentration, decision-making abil-
ity, and efficiency.

To sleep is essential for our body as eating or 
drinking, and its lack produces damage to our 
body at a physiological and psychological level. 
It is therefore essential to understand what is 
sleep, how it develops during the night, and what 
are the conditions that disturb it, such as prob-
lems that make rest unsatisfactory or even insuf-
ficient for the organism. The knowledge of sleep 
disorders, from snoring to insomnia, gives us the 
possibility of facing and solving them. A sleep 
diary, in which the subject reports what hap-
pened during the night, is a tool for the subjec-
tive evaluation of sleep. Interviews and 
questionnaires are other examples of subjective 
evaluation used to obtain information on sleep 
behaviors. The most commonly used method for 
the objective assessment of sleep is the nocturnal 
polysomnography (PSG). This method usually 
takes place in a sleep laboratory with EEGs 
recording. However, PSG is expensive and has a 
high resource consumption, so other measure-
ment methods are desirable.

An increasing number of consumers are using 
wearable devices (trackers) or smartphones to 
monitor and measure a variety of body functions. 
The trackers usually are worn as a wrist strap. 
They were initially designed to measure move-
ment and physical activity (activity trackers). 
Manufacturers now claim that trackers can also 
measure sleep (sleep trackers). Nearly 1 out of 10 
of American adults over 18 years own an activity 
tracker, and in 2018 a 50-billion-dollar industry 
revenue was estimated [1]. Besides, almost 69% 
of Americans own a smartphone, and more than 
half of them use it as an alarm clock [2].

23.3  Findings

23.3.1  Sleep Trackers

Most trackers have exclusive apps that transmit 
and display data graphically on smartphones to 
provide information on sleep quality. In most 
cases, trackers provide sleeping and waking 
times; others also claim to detect light sleep, 
number and duration of awakenings, and even 
sleep stages.

Most seem to rely on three-axis accelerome-
ters, i.e., electromechanical devices that measure 
the movements from front to back, side to side, 
and up and down motion and convert that data 
into an activity count. Activity counts are 
acquired in 30- or 60-s intervals and, as actigra-
phy, are used to identify whether the subject is 
awake or asleep. However, most of the actigraphy 
used in medicine are provided with validated 
algorithms and provide clinicians with the option 
to choose the optimal algorithm for classifying 
the type of activity in periods of sleep or wake. 
None of the sleep trackers currently available on 
the market provide the characteristics of the algo-
rithm used to detect sleep and wakefulness.

23.3.2  Smartphone Apps

The smartphone alone is used to approach sleep 
monitoring. Smartphones have become part of 
today’s society, including the field of medicine. 
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Beyond mobile communication, smartphones 
allow customers to download third-party applica-
tions. There has been a growing interest to use 
the apps for health and fitness improvements. As 
a result, the number of apps focused on these 
problems has grown exponentially. There are 
over 100,000 health apps combined in the Apple 
mobile App Store and Google Play [3].

A goal for health and fitness app developers is 
sleep hygiene. These apps provide a wealthy 
range of features, including smart alarm, sleep 
aids, sound recording during sleep, and sleep 
quality assessment. Others are developing smart-
phone programs to help healthcare professionals 
in selecting snoring patients or who may have 
obstructive sleep apnea (OSA) [4]. Despite the 
growing use of health apps by the population, the 
medical profession still has limited experience 
with these apps in clinical practice. More and 
more consumers are adopting apps to assess the 
quality of their sleep. Therefore, physicians 
should be aware of the available apps and be able 
to counsel patients appropriately on which app to 
use. The apps used by smartphones to assess 
sleep quality are based on movement detection, 
audio recordings, or questionnaires. Through the 
presence of integrated accelerometers, the smart-
phone can act as an actigraph to detect move-
ments and assess the wake or sleep state. Other 
smartphone apps calculate their sleep ratings 
based on sound and noise analysis in the sleeping 
room. Furthermore, apps for sleep assessment 
can consist of a digital implementation of spe-
cific questionnaires such as Epworth sleepiness 
scale [5], the Berlin Questionnaire [6], the STOP- 
BANG Questionnaire [7], etc. Other apps are 
based on multiple modes (sensors plus question-
naires) and signal processing from a combination 
of external and internal smartphones sensors that 
provide a wider range of physiological signal 
recordings. Such applications can produce more 
complex sleep analysis, including sleep phases. 
The smartphone could represent a radically inno-
vative product, widely accessible, and a low-cost 
sleep monitoring device with the possibility of 
long-term use and large-scale sleep assessment 
[8]. Since the collection of sleep data relies on a 
smartphone placed on the mattress (use of accel-

erometer and smartphone microphone) or the 
bedside table (use of smartphone microphone), 
the movements and the sounds generated by the 
bed partner may interfere with the results. In 
most cases, apps display results in a format simi-
lar to sleep trackers. Some apps are advertised as 
systems to identify the sleep phase and to identify 
the optimal time to awaken the user. However, 
the scientific validity of the sleep analysis pro-
duced by these apps remains an open question. 
The companies that provide these apps, to date, 
do not provide information on the specific algo-
rithms they use to detect if the patient is awake or 
asleep or sleep stage.

Given the interest and potential clinical sig-
nificance, smartphone apps proposed for OSA 
screening and diagnosis came into the market. 
Only recently have studies been performed to 
examine the clinical validity of these devices.

23.4  Studies on the Assessment 
of Sleep Trackers

Few studies have examined the validity and accu-
racy of sleep trackers to assess sleep quality. 
Available studies are difficult to compare; most 
include small samples and use actigraphy or PSG 
as a reference device. Some studies include 
healthy volunteers, while other subjects with 
diagnosed or suspected sleep disorders.

Two sleep tracker devices “Fitbit” (Fitbit Inc., 
San Francisco, CA, USA) [9], “Fitbit Ultra” 
(Fitbit Inc., San Francisco, CA, USA) [10], and 
“Jawbone UP” (Jawbone, San Francisco CA, 
USA) [11–13] were compared with PSG and 
actigraphy in several studies on children and 
adults (Table 1). These devices tended to overes-
timate sleep time, sleep efficiency (SE), and the 
latency to fall asleep. Some studies have noted 
that the differences were more pronounced in 
subjects with sleep disorders. In general, sleep 
trackers effectively detect sleep but are  inaccurate 
in identifying wakefulness. It is recurrent to 
spend time in bed, firm but still awake: sleep 
trackers cannot distinguish such moments from 
when instead we are actually sleeping, ending up 
to indicate both as “sleep” and therefore overesti-
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mating the hours of bedtime effectively slept. 
They are inaccurate in determining sleep param-
eters (total sleep time (TST), SE, waking time 
after falling asleep, and sleep latency) and do not 
distinguish the different sleep stages compared to 
PSG (Table 2).

Almost no validations for these devices are 
available, and questions about their sleep archi-
tecture accuracy remain unanswered [14]. 
Despite the lack of evidence for the effectiveness 
of these devices that are also based on the reflec-
tion photoplethysmography in detecting sleep 
architecture, the physiological link between car-
diac activity and sleep is known. These sensors 
have been shown to measure heart rate (HR) 
accurately. However, there is a second group of 
more advanced sleep trackers that include, in 
addition to accelerometers, heart rate monitors 
based on reflection photoplethysmography 
(PPG). Devices such as “Jawbone UP 3” 
(Jawbone, San Francisco CA, USA) and “Fitbit 
Charge HR” (Fitbit Inc., San Francisco, CA, 
USA) claim, in addition to detecting sleep and 
wakefulness, the ability to describe sleep archi-

tecture. These two trackers showed a good equiv-
alence with the sleep diary TST (effect size = 0.09 
and 0.23, respectively). [15]

The accuracy of “Fitbit Charge 2” was evalu-
ated in 18 men and 17 healthy women aged 
25.11  ±  10.6 years. PurePulse® photoplethys-
mography with reference to three-lead electro-
cardiography (ECG) was used to determine heart 
rate (HR) during sleep. The HRs obtained from 
the “Fitbit” and the electrocardiograph were 
recorded continuously during a single night of 
sleep. The results showed that during sleep, there 
was no significant difference in the mean HR 
(0.09 beats per minute, P  =  0.426) between 
“Fitbit Charge 2” and ECG.  The authors con-
cluded that “Fitbit Charge” adequately evaluates 
HR during sleep in healthy young adults [16].

These sensors can also offer the possibility of 
measuring heart rate variability (HRV)  throughout 
the night. The relationships between HRV, auto-
nomic nervous system, and sleep stages have 
been widely described in the literature [17, 18]. 
Machine learning techniques have successfully 
exploited the relationships between HRV and 

Table 1 Sleep trackers

Sleep 
tracker Reference Comparison methods Population Results
Fitbit  9 PSG and actigraphy 24 Healthy 

adult
Mean age 26.1 
years

Overestimate sleep time, sleep 
efficiency, and the latency to fall asleep

Fitbit 
Ultra

10 PSG and actigraphy 63 Children 
and adolescent
Mean age 9.7 
years

Overestimate sleep time, sleep 
efficiency, and the latency to fall asleep

Jawbone 
UP

11 PSG 65 Healthy 
adolescents
Mean age 15.8 
years

Overestimate sleep time, sleep 
efficiency, and the latency to fall asleep

Jawbone 
UP

12 PSG 28 Midlife 
women
Mean age 50.1 
years

Sensitivity in detecting sleep (0.97) 
and low specificity in detecting wake 
(0.37). Overestimate sleep time and 
sleep efficiency

Jawbone 
UP 3
Fitbit 
Charge

15 Sleep diary for three full 
nights

78 Adults
Mean age 27.6 
years

Equivalence with the sleep diary total 
sleep time for the two apps
Effect size = 0.09 and 0.23, 
respectively

Fitbit 
Charge 2

16 Three-lead 
electrocardiography in 
determining HR during sleep

35 (17 female) 
Healthy adults
Mean age 25.1 
years

There was no significant difference in 
the mean HR (0.09 beats per minute, 
P = 0.426) between “Fitbit Charge 2” 
and ECG
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sleep stages. Several algorithms have been shown 
to automatically identify sleep stages based on 
HRV, typically measured by ECG, often in com-
bination with respiratory effort [19–22]. The 
ability to monitor the HR of these new devices, 
and HRV analysis in combination with body 
movements evaluated by the accelerometers, 
ordinarily available in these devices, may increase 
the ability to detect wakefulness and sleep and 
provide more detailed pieces of information on 
sleep architecture.

Recently, a new approach has been used as 
artificial intelligence to increase the diagnostic 
capabilities of wearable devices that use HR and 
body movements. When we talk in medicine 
about artificial intelligence, we want to realize 

systems that, using large data sets and modern 
computational tools such as deep learning, can 
recognize models like a human being. A new 
deep neural network was presented to predict car-
diovascular risk factors, using wearable devices 
with an HR sensor, a PPG, and an accelerometer. 
The variability of longitudinal HR and patterns of 
activity have been previously associated with 
hypertension, diabetes, and the underdiagnosed 
conditions of OSA.  For the construction of the 
neuronal network of the Cardiogram app for 
“Apple Watch,” 6.115 active users were enrolled. 
HR and step counting were collected for a period 
from 1 to 53 weeks. Data from 70% of partici-
pants were used to train the neural network to 
predict hypertension, sleep apnea, or diabetes. 

Table 2 Smartphone applications

App Reference
Comparison 
methods Population Results

Sleep Time for iPhone 24 PSG 20 Volunteers with no 
previously diagnosed 
sleep disorders (40% 
women, ages ranging 
from age 22 to 57 yrs.)

No correlation between 
PSG and app
•  Sleep efficiency
•  Light sleep
•  Deep sleep
•  Sleep latency

Smartphone 
app + EarlySense contact- 
free sleep monitoring system

25 PSG 63 Subjects: 43 patients 
with indication for 
nocturnal PSG  (mean 
age 45.9 years)
7 Healthy women 
subjects (mean age  
31.2 years)
13 Healthy men
(mean age 40.0 years)
studied at home with a 
portable PSG system

Total sleep time estimates 
with the contact-free 
sleep-monitoring system 
were closely correlated 
with PSG

Sleep on Cue for iPhone 26 PSG 12 Young adult university 
students (10 females)
Mean age 25.1 years.

High correspondence 
between the onset of sleep 
detected by the app and by 
the PSG

SnoreMonitorSleepLab
Quit Snoring
Snore Spectrum

27 ApneaLink 
Plus

1 Healthy subject The tested apps are not 
accurate enough to replace 
the common diagnostic 
standard to detect snoring

MotionX 24/7 28 PSG and 
actigraphy

78 Children and 
adolescents with 
suspected OSA
Mean age 28.4 years

Overestimate sleep time 
and sleep efficiency
Underestimated sleep 
onset latency

Sleep Cycle 29 PSG 25 Children
ages 2–14 years

There was no correlation 
between total sleep time 
and sleep latency between 
the app and PSG
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The performance characteristics of the test were 
estimated using the remaining 30% of the partici-
pants whose diagnosis was known. The neural 
network created by Cardiogram data, 
“DeepHeart,” recognized hypertension and OSA 
from wearable HR sensors with an accuracy of 
82% and 90%, respectively. This new approach 
has just begun, and further clinical research 
undergoing peer review is necessary to confirm 
that screening for the leading health conditions is 
possible with wearable devices [23].

23.5  Assessment of Smartphone 
Apps for the Evaluation 
of Sleep Quality and SDB

23.5.1  Reliability of Detection 
of the Sleep–Wake Cycle 
in Healthy Subjects

The app named “Sleep Time” (Azumio Inc., Palo 
Alto, CA, USA) for sleep–wake detection was 
evaluated in 20 healthy subjects, to evaluate its 
reliability. The volunteers without previously 
diagnosed sleep disorders underwent laboratory 
nocturnal PSG with simultaneous use of the app. 
The parameters reported were compared with 
those obtained from the PSG. The “Sleep Time” 
was designed to provide information on the sleep 
pattern, placing the smartphone in the bed and 
monitoring movements throughout the night. 
There was no correlation between the parameters 
of SE, the percentage of light sleep, the percent-
age of deep sleep, and sleep latency provided by 
the app and those obtained by PSG. The app had 
high sensitivity but little specificity in sleep 
detection (89.9% and 50%, respectively).

This study shows that the absolute parameters 
and the sleep structure reported by the “Sleep 
Time” app for iPhones are poorly correlated with 
those obtained by PSG [24].

Another study [25] evaluated a sleep- 
monitoring system (EarlySense, Ltd., Israel) 
including a piezoelectric sensor placed under the 
mattress and a smartphone application. HR, 
respiratory rate, body movement, and sleep- 
related parameters calculated by the sensor of 

“EarlySense” were compared to data recorded 
simultaneously by PSG. The study evaluated 20 
healthy subjects studied at home with a portable 
PSG system (7 were recorded sleeping alone, 
while 13 were sleeping with the bed partner). 
Compared to PSG, this noncontact system 
showed similar values   for average TST and the 
percentage of awakenings. A linear correlation of 
0.98 (R = 0.87) between the TST measured by the 
sensor and the TST determined by the PSG was 
reported. This system showed good ability to 
detect sleep with improved performance com-
pared to apps with smartphone accelerometer 
alone.

Scott et  al. [26] studied the accuracy of the 
iPhone application “Sleep On Cue” (SOC, by 
MicroSleep, LLC), which uses behavioral 
responses to auditory stimuli to estimate sleep 
onset. The app generates a 1-s low-intensity 
sound stimulus (100 Hz) every 30  s, by earbud 
headphones connected to the iPhone, to which 
the user responds by gently moving the phone 
within 2 s after the beginning of the sound stimu-
lus. When an individual does not respond for two 
consecutive tones, the app judges that the user 
has fallen asleep. Twelve subjects underwent 
PSG recording simultaneously with the use of the 
app. The results showed a high correspondence 
between the onset of sleep detected by the app 
and by the PSG (r = 0.79, P <0.001).

Overall, the results of studies of healthy popu-
lations show that the sleep–wake discrimination 
of sleep apps is similar to that provided by PSG 
and better than those reported by the sleep wrist 
trackers.

23.5.2  Reliability of Snoring 
Detection

The capabilities of three apps 
(SnoreMonitorSleepLab, Quit Snoring, and 
Snore Spectrum) were assessed in distinguishing, 
by smartphone microphone, between snoring 
events and other environmental noises, such as 
road noise, chatter in the bedroom, or even just 
the rustle of sheets and blankets. The study com-
pared the three apps with the ApneaLink Plus 
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(ResMed Germany Inc., Martinsried, 
Deutschland). The results showed a mismatch 
with the ApneaLink Plus screening device, lead-
ing the authors to conclude that their reliability 
and accuracy are insufficient to replace standard 
monitoring tools [27].

23.5.3  Reliability of Sleep–Wake 
Cycle Detection in Subjects 
with Sleep Disorders

In a sample of 78 children and adolescents, with 
suspected sleep disorders, 2 sleep-monitoring 
devices were tested, an accelerometer was worn 
as a bracelet (Jawbone’s UP), and a smartphone 
sleep application “MotionX 24/7” was used. The 
children, during nocturnal PSG and actigraphy 
recording (Actiwatch2), wore the bracelet 
“Jawbone UP” simultaneously and a smartphone 
with the application “MotionX 24/7” activated 
near their right shoulder. Sleep latency time, TST, 
and SE, obtained by PSG and actigraphy, were 
compared with data obtained by the “Jawbone 
UP” bracelet and the application “MotionX 
24/7.” The authors concluded that “Jawbone UP” 
was comparable to “Actiwatch2” and may have 
some clinical utility in children with sleep disor-
ders. Instead, “MotionX 24/7” does not accu-
rately reflect sleep or wake and should be used 
with caution [28].

The “Sleep Cycle” smartphone app was evalu-
ated in 25 subjects aged 2–14 years undergoing 
night PSG.  The phone was placed on the mat-
tress, next to the pillow, and data were recorded 
simultaneously to the PSG.  TST, sleep latency, 
and sleep stages were compared between the app 
and the PSG, and no correlation was found. The 
authors conclude that the “Sleep Cycle” app can 
be valuable in increasing user awareness of sleep 
problems, but it is not accurate enough to be used 
as a clinical tool [29].

The monitoring system “EarlySense” was 
evaluated in 43 patients with PSG indication for 
nocturnal PSG in a sleep laboratory. Sleep stages 
obtained by both systems were compared show-
ing an 83.4% sensitivity for wakefulness and an 
89.7% sensitivity for sleep detection. The detailed 

sensitivities for each sleep state were 40.0% for 
REM sleep, 63.3% for light sleep, and 53.6% for 
slow-wave sleep [25].

From these papers, it can be seen that the 
“Sleep Cycle” and “MotionX 24/7” applications 
for sleep analysis do not significantly detect sleep 
stages with respect to PSG, which may be due to 
the movement algorithms that are not sensitive 
enough to identify sleep stages. On the other 
hand, “EarlySense” showed a good performance 
in discriminating sleep stages by the integration 
of data from multiple signals (HR, respiratory 
rate, and motion detection).

23.5.4  Reliability of the Evaluation 
of Snoring and SDB

A snoring monitoring system has been developed 
consisting of a smartphone to quantify snoring 
and the severity of the OSA. For the development 
of the analysis software, 50 patients underwent 
diagnostic PSG, 10 patients for the development 
of the software, and 40 patients for evaluation. A 
smartphone was attached to the anterior chest 
wall over the sternum. The smartphone acquired 
environmental sounds from the built-in micro-
phone and processed it in real time in an audio 
signal. The results showed a high correlation of 
snoring time measured by the smartphone with 
the snoring time determined by the PSG 
(r = 0.93). The smartphone-estimated respiratory 
disorder index was highly correlated with the 
apnea–hypopnea index (AHI) obtained from 
PSG (r  =  0.94). The diagnostic sensitivity and 
specificity of this system for the diagnosis of 
OSA (AHI ≥  15) were 0.70 and 0.94, respec-
tively. The authors conclude that it is possible to 
use a smartphone to detect snoring and OSA in a 
controlled laboratory environment effectively. 
The use of this technology in a noisy home 
 environment has not been proven, and further 
investigation is needed [4].

For SDB screening and monitoring, the 
“SleepAp” app was developed. “SleepAp” uses 
internal phone sensors to record audio, move-
ments, and body position, an external pulse 
oximeter for oxygen saturation recording, and 
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data from the clinically validated STOP-BANG 
questionnaire. The app classifies subjects as non- 
OSA (healthy or snorer) or OSA (mild, moderate, 
and severe). For the realization of the algorithm, 
used by this app, 856 patients underwent home 
polygraphy, and a database was obtained. The 
data obtained were used as input of a support vec-
tor machine (SVM) classifier. The SVM was 
trained on 735 patients and tested on 121 patients. 
The algorithm had an accuracy of 92.2% when 
classifying subjects for moderate or severe OSA 
compared to healthy or snoring subjects. The sig-
nal processing and machine learning algorithms 
have been integrated into the “SleepAp.” The 
authors concluded that “SleepAp” is the first step 
toward a clinically validated automatic sleep 
screening system, which could provide a new, 
easy-to-use, low-cost, and widely available 
method for OSA screening. So far, no appraisal 
of this app has been reported [8].

23.6  Conclusions

Sleep trackers and smartphone apps based only 
on accelerometers overestimated TST and SE 
and underestimated wake time after sleep onset. 
However, they could be used to check a short 
sleep time, while sleep data from tracking devices 
in patients with sleep disorders are less reliable. 
About sleep staging, smartphone apps with exter-
nal sensor devices showed a good performance 
by the integration of data from multiple signals. 
The technology applied to wearable systems is 
continuously evolving. It began with the use of 
accelerometers alone, for the detection of the 
movement. Later, these devices were integrated 
with photoplethysmography and sensors to mea-
sure HR. Finally, the research is being addressed 
to use these devices together with algorithms 
derived from techniques of artificial intelligence, 
improving the app’s ability to provide accurate 
sleep–wake and SDB detection.

Few research papers have examined the valid-
ity and accuracy of current sleep trackers and 
smartphone apps for measuring sleep, snoring, or 
SDB. The available papers are difficult to com-

pare; they applied different methods to validate 
(actigraphy, sleep diary, or PSG). Most studies 
have a small sample that included healthy volun-
teers, sleep-disordered subjects, and confirmed 
OSA.

An increasing number of consumers are using 
wearable devices (trackers) or smartphone apps 
to monitor and measure a variety of body func-
tions. Many people now report sleep quality data 
from these devices to their doctor. The purpose of 
this review was to verify the evidence of reliabil-
ity and validity of these devices. A PubMed 
review of the literature was performed to explore 
the experimental validity and accuracy of sleep 
trackers and smartphone applications to assess 
sleep quality, snoring, or SDB.  The review has 
shown that these devices, when applied in non- 
healthy subjects, have serious shortcomings and 
limited usefulness. In healthy subjects, instead, 
they can be a useful tool to improve sleep. Multi- 
signal systems have shown better performance 
for detection of sleep–wake state or SDB.

The use of multi-signal systems together with 
algorithms derived from artificial intelligence 
techniques, based on large databases, can offer 
best performances. So far, no assessment of this 
approach has been reported.
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IH Intermittent hypoxia
LV Left ventricular
LVEF Left ventricular ejection fraction
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OSA Obstructive sleep apnea
PCI Percutaneous coronary intervention
PVI Pulmonary vein isolation
QOL Quality of life
RCT Randomized controlled trial
SDB Sleep-disordered breathing
SNA Sympathetic nerve activity
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24.1  Introduction

Sleep is regarded as a restorative period for the 
human body and an important resting phase, 
especially for the cardiovascular system that has 
to work persistently. Therefore, sleep plays an 
important role in the development and progres-
sion of cardiovascular disease (CVD). 
Furthermore, patients with CVD generally sleep 
less than the general population and frequently 
have sleep disorders, such as insomnia or sleep- 
disordered breathing (SDB), which have adverse 
prognostic effects. There are two types of SDB: 
one caused by obstructive sleep apnea (OSA) by 
sleep-related upper airway (UA) collapse or 
obstruction and the other one is due to central 
sleep apnea (CSA) by instability of the respira-
tory control system. OSA is characterized by 
repeated pharyngeal collapse during sleep lead-
ing to intermittent hypoxia (IH). OSA is a com-
mon chronic condition, which is observed in 
5–10% of the general population, although it is 
more prevalent in patients with CVD (up to 
50%) [1].

Relationships between OSA and CVD, such 
as hypertension, coronary artery disease (CAD), 
heart failure (HF), and cardiac arrythmias, have 
been reported. Epidemiological studies sug-
gested that patients with OSA have high risks of 
CVD development and progression. Thus, OSA 
is a significant factor in cardiovascular morbidity 
and mortality. Moreover, in the relationship 
between OSA and CVD, obesity may act as a 

confounder. However, because OSA has been 
reported to have adverse effects on the cardiovas-
cular system, such as enhanced intrathoracic 
negative pressure, sympathetic nerve overactiv-
ity, and increased oxidative stress and inflamma-
tory response, direct relationships between OSA 
and CVD, independent of obesity, is possible. In 
this chapter, we describe the pathophysiological 
mechanisms linking OSA and CVD and the clini-
cal importance of OSA in CVD.

24.2  Cardiovascular Effects 
of OSA (Fig. 24.1)

24.2.1  Negative Intrathoracic 
Pressure

Enhanced negative intrathoracic pressure during 
futile inspiratory efforts against the occluded 
pharynx that is associated with OSA has direct 
effects on hemodynamics. Enhanced negative 
intrathoracic pressure increases venous return, 
thereby augmenting right ventricular preload, 
and OSA-induced hypoxic pulmonary vasocon-
striction increases right ventricular afterload, 
consequent right ventricular distension, and left-
ward septal displacement during diastole impair 
left ventricular (LV) filling. In addition, enhanced 
negative intrathoracic pressure increases LV 
transmural pressure, which is a key element of 
LV afterload. The combination of increased LV 
afterload and diminished LV preload during 
obstructive apneas causes a progressive reduction 
in stroke volume. Stroke volume reduction is 
more pronounced in patients with LV systolic 
dysfunction than in those with normal LV func-
tion [2].

24.2.2  Sympathetic Nerve Activity

The sympathetic nervous system is activated 
simultaneously by cycles of apnea-induced 
hypoxia and CO2 retention, which stimulate both 
central and peripheral chemoreceptors and result 
in apnea-induced cessation of pulmonary stretch 
receptor-mediated inhibition of central sympa-
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thetic outflow and silencing of sympathoinhibi-
tory input from carotid sinus baroreceptors by 
reductions in stroke volume during obstructive 
apneas, as mentioned previously. When apnea is 
interrupted by arousal from sleep, the latter pro-
cess simultaneously augments sympathetic nerve 
activity (SNA) and reduces cardiac vagal activity, 
thereby resulting in a postapneic surge in both 
blood pressure (BP) and heart rate (HR). Cardiac 
vagal withdrawal increases HR and reduces HR 
variability at high frequencies; the latter is a 
marker of adverse outcomes, such as malignant 
arrhythmias. Hence, sympathetic overactivation 
could increase HR, which is itself an adverse 
effect, albeit a nonspecific prognostic signal, and 
could worsen the prognosis of patients with CVD 
specifically by causing cardiac β-adrenoreceptor 
desensitization, arrhythmias, myocyte injury and 
necrosis, and peripheral vasoconstriction and 
consequently increased afterload and BP.

These acute adverse effects of OSA on the 
autonomic nervous system are not limited during 

sleep. In dogs exposed chronically to experimen-
tal OSA, BP elevation during sleep was sustained 
into wakefulness. Patients with OSA and HF 
have elevated SNA and depressed cardiac vagal 
activity when awake. Mechanisms for such day-
time carryover effects remain unclear, although it 
could be related to the adaptation of chemorecep-
tor reflexes or central processes governing auto-
nomic outflow. Furthermore, OSA suppression 
by continuous positive airway pressure (CPAP) 
lowers SNA and increases cardiac vagal modula-
tion of high-frequency HR variability not only at 
night but also during wakefulness.

24.2.3  Oxidative Stress

OSA induces IH and reoxygenation, and frequent 
episodes of hypoxia/reoxygenation could result 
in oxidative stress that produces reactive oxygen 
species that could impair vascular endothelial 
function and promote atherogenesis [3]. IH could 

Intermittent hypoxiaOSA

Abnormal glucose metabolism
Diabetes mellitusSympathetic nerve activity�

Negative intrathoracic pressure
Transmural pressure�

Hypertension Atherosclerosis

Arrhythmias
AF

Coronary artery disease

Heart failure

Fig. 24.1 Relationship between OSA and CVD. AF atrial fibrillation
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also activate nuclear transcriptional factors, 
including nuclear factor κ-B, which stimulates 
the production of inflammatory mediators and 
intracellular and vascular cell adhesion mole-
cules, thereby facilitating endothelial damage 
and promoting atherogenesis. In addition, accom-
panying high cholesterol levels in the blood-
stream may further facilitate atherosclerotic 
process [4].

Moreover, patients with OSA show more 
signs of early atherosclerosis, including increased 
carotid intima–media thickness and increased 
arterial stiffness, compared with control subjects 
[5]. In a randomized controlled trial (RCT) 
involving patients with OSA, CPAP reduced both 
carotid intima–media thickness and arterial stiff-
ness, thereby supporting a causal relationship 
between OSA and atherosclerosis [6]. However, 
several other RCTs failed to show the beneficial 
effects of CPAP on signs of early atherosclerosis 
[7, 8]. Thus, effects of CPAP therapy on signs of 
early atherosclerosis remain controversial.

24.3  Diabetes and OSA

Recently, the relationship between OSA and dia-
betes has been reported. Several prospective 
cross-sectional studies have suggested an inde-
pendent association between OSA severity and 
insulin resistance in individuals without type 2 
diabetes [9, 10]. The features of OSA, such as 
sleep restriction, sleep fragmentation, and IH, 
could lead to glucose metabolism dysregulation. 
Thus, chronic IH could result in several meta-
bolic alterations, including higher fasting glucose 
and insulin levels, insulin resistance, glucose 
intolerance, and possibly β-cell dysfunction. 
However, the pathophysiological and causal links 
between OSA and glucose metabolism dysregu-
lation are not fully elucidated. Nevertheless, 
sympathetic hyperactivity is considered a signifi-
cant factor because most endocrine organs are 
inhibited by sympathetic tone elevations and 
incretin hormone secretion, such as glucagon- 
like peptide-1 and glucose-dependent insulino-
tropic polypeptide, is linked to autonomic 
nervous system activity [11]. Furthermore, recent 

studies have demonstrated β-cell dysfunction or 
β-cell death after exposure to IH [12].

Hence, OSA treatment may help prevent the 
severe consequences of diabetes. However, the 
effect of CPAP treatment on metabolic outcomes 
remains uncertain. Although several RCTs 
including mainly morbidly obese patients have 
been performed, discrepancies in treatment dura-
tion or challenges with CPAP compliance were 
noted; thus, the results vary [13–15]. Moreover, 
treatment seems to be more beneficial to glyce-
mic health in nonobese subjects, and improve-
ment in insulin resistance with CPAP in obese 
subjects is unlikely to be expected without con-
comitant weight loss. Therefore, OSA may 
worsen metabolic abnormalities, and OSA treat-
ment with sufficient adherence to CPAP therapy 
could play a protective role, especially when con-
comitant lifestyle interventions and weight loss 
are implemented.

24.4  Hypertension and OSA

Approximately 50% of patients with OSA have 
hypertension, which is a common comorbidity. A 
population-based study has shown that the likeli-
hood of developing hypertension is 2.89 greater 
in subjects with moderate to severe OSA, which 
is defined as apnea hypoxia index (AHI) >15, 
than in those with an AHI of 0 [16]. However, 
other studies showed that the relationship 
between OSA and incident hypertension attenu-
ated when the effects of body mass index were 
taken into account [1]. In patients who have 
already developed hypertension, the OSA preva-
lence is about 35% [17], and in patients with 
drug-resistant hypertension (DRH), the OSA 
prevalence is 65–80% [18, 19].

One mechanism linking OSA and hyperten-
sion is sympathetic nerve activation. As previ-
ously mentioned, the sympathetic nervous system 
is activated simultaneously by cycles of respira-
tory events. Investigations using dogs exposed 
chronically to experimental OSA revealed that 
elevations in sleep BP are sustained into wakeful-
ness [20]; moreover, in 12 healthy subjects 
exposed to periods of IH, BP and muscle 
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 sympathetic nerve activity were significantly 
increased after the exposure, and such elevation 
in BP was sustained throughout the waking hours 
[21]. In addition, patients with OSA have a high 
muscle sympathetic nerve activity when awake 
compared with controls, which corresponds to 
increased BP while awake.

Another important mechanism linking OSA 
and hypertension, particularly DRH, is the acti-
vation of renin-angiotensin-aldosterone system. 
A recent meta-analysis showed that blood levels 
of angiotensin II are increased in OSA patients 
compared with those of controls and that OSA 
patients with hypertension have increased blood 
levels of aldosterone compared with those with-
out hypertension [22]. Moreover, a recent experi-
mental study clearly showed that in rats, renal 
sympathetic nerve activation due to chronic IH 
could cause RAS activation, oxidative stress, 
endothelial dysfunction, and BP elevation, which 
were all reversible by renal sympathetic nerve 
denervation; this suggests that renal sympathetic 
nerve activation, possibly with RAS activation, 
may contribute to the development of hyperten-
sion [23]. Furthermore, frequent episodes of IH 
and reoxygenation also play a role in the develop-
ment of hypertension and drug resistance. As pre-
viously mentioned, hypoxia/reoxygenation could 
induce free oxygen radical generation and 
increase oxidative stress and activation of inflam-
matory mediators [3]. Reactive oxygen species 
and inflammation reduce nitric oxide levels and 
impair endothelium-dependent vasodilatation, 
which may contribute to increased BP indepen-
dent of sympathetic activation.

OSA suppression by CPAP acutely reduces 
nocturnal SNA and BP [1]. The effects of chronic 
CPAP treatment have been assessed in several 
small-scale RCTs, and most meta-analyses found 
that CPAP significantly reduces BP but in a mod-
est effect size [1]. In trials in which most subjects 
had uncontrolled hypertension, OSA treatment 
by CPAP reduced BP particularly in patients with 
high BP levels at baseline and more severe OSA 
accompanied by hypersomnolence [1]. In patients 
with DRH, two RCTs suggested that CPAP could 
significantly reduce BP in a relatively short term 
(3–6 months) [24, 25]. In the Sleep Apnea 

Cardiovascular Endpoints (SAVE) study, which 
is a large-scale RCT, the effects of CPAP on car-
diovascular morbidity and mortality in OSA 
patients with coronary artery disease and/or cere-
brovascular disease were investigated; approxi-
mately 80% of the participants had hypertension, 
and patients receiving CPAP tended to have 
reduced diastolic BP [26]. Another RCT evalu-
ated the effects of CPAP on BP in non-sleepy, 
hypertensive patients with OSA (defined as an 
Epworth Sleepiness Scale (ESS) score <11); a 
significant diastolic BP reduction was observed 
in the CPAP group. When the analysis was subdi-
vided according to CPAP compliance, BP reduc-
tion was only observed in the CPAP-compliant 
group (>5.6  h per night) [27]. In a multicenter 
RCT, the effects of CPAP on cardiovascular mor-
tality and morbidity, including incident hyperten-
sion, in non-sleepy patients with OSA (defined as 
an ESS score <11) were investigated; although 
changes in BP during the study period were not 
specifically mentioned, more hypertensive 
patients were compliant to CPAP, and patients 
compliant to CPAP (i.e., nightly usage ≥4 h) had 
better outcomes than less-compliant patients 
[28]. Thus, CPAP compliance could be associ-
ated with BP changes, and improved cardiovas-
cular outcomes may be derived from BP reduction 
associated with CPAP compliance.

24.5  Coronary Artery Disease 
and OSA

A prospective observational study involving a 
sleep clinic patient population showed that 
patients with untreated severe OSA have a sig-
nificantly increased risk of fatal and nonfatal car-
diovascular events (odds ratio 2.87 and 3.17, 
respectively) compared with those without OSA 
[29]. Several US community-based cohort stud-
ies demonstrated significant relationships 
between OSA and cardiovascular morbidity and 
mortality, suggesting that OSA is a risk factor for 
CAD and is important in the aspect of primary 
prevention of CAD [1]. Moreover, the prevalence 
of sleep-disordered breathing (SDB), mainly 
OSA, in patients who already have CAD is 
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reported to be 30–57%, which is much greater 
than that in the general population (i.e., 5–10%) 
[30]. A recent meta-analysis revealed that SDB 
appears to increase the risk of cardiovascular 
events, including cardiac death, myocardial 
infarction (MI), and coronary revascularization, 
in patients with CAD even following percutane-
ous coronary intervention (PCI) [31]. In addition, 
our group recently reported that of 539 patients 
who underwent PCI, 296 (54.9%) had SDB 
which was assessed by frequency of IH and were 
at a significantly higher risk of adverse cardiac 
and/or cerebrovascular event (hazard ratio 2.26; 
95% confidence interval (CI) 1.05–5.4, p = 0.036) 
compared to patients without SDB [32]. These 
findings suggest that SDB, especially OSA, plays 
significant roles in the secondary prevention of 
CAD and SDB could be determined using simple 
screening tools such as pulse oximetry.

OSA could cause or worsen CAD. As previ-
ously mentioned, SDB causes hypertension and 
could indirectly develop CAD through systemic 
atherosclerosis. OSA possibly has direct influ-
ence on coronary atherosclerosis through 
increased oxidative stress, inflammation, and 
sympathetic nerve activity. Using intravascular 
ultrasound in 289 patients with CAD who 
underwent PCI, Wada et al. showed that patients 
with SDB have a larger total atheroma plaque 
volume of the culprit lesion in the coronary 
artery than those without SDB [33]. Other stud-
ies showed that moderate to severe OSA 
increases the risk of acute coronary syndrome 
and repeated PCI due to progression of coronary 
atherosclerotic lesions [34].

Determining whether treatment by CPAP 
could improve the clinical outcome in patients 
with OSA (i.e., primary prevention) or in OSA 
patients with CAD (i.e., secondary prevention) 
remains a major challenge. Barbe et al. performed 
a multicenter RCT in which the effects of CPAP 
(i.e., primary prevention) on cardiovascular mor-
tality and morbidity, including incident hyperten-
sion, in non-sleepy patients with OSA (defined as 
an ESS score <11) were investigated. In their 
study, although the primary endpoints showed no 
statistically significant difference, patients with 
CPAP seemed to have better outcomes. In the 

subgroup analysis, patients compliant to CPAP 
(nightly usage ≥4 h) had significantly better out-
comes than controls [28]. Moreover, Casser et al. 
conducted an observational study and reported 
that OSA patients with CAD treated with CPAP 
(i.e., secondary prevention) following PCI have 
significantly less cardiovascular death (p = 0.027) 
and insignificant tendency to have less all-cause 
mortality (p  =  0.058) compared with untreated 
OSA patients with CAD [35].

Recently, Huang et al. performed a RCT in a 
sleep clinic cohort and investigated non-sleepy or 
mildly sleepy patients (i.e., ESS <15) with moder-
ate to severe OSA and concomitant hypertension 
and CAD at baseline. They randomly assigned 
patients to either the CPAP (n = 42) or no-CPAP 
(n = 41) group and followed them for a median of 
36 months. The CPAP group showed no signifi-
cant reduction in the incidence of the primary 
composite outcome (i.e., a composite of new-
onset acute MI, hospitalization for HF, coronary 
revascularization, stroke, and death associated 
with cardiovascular and cerebrovascular disease); 
one event was noted in the CPAP group and five 
events in the no-CPAP group [36]. Possible expla-
nations for the neutral results include the small 
sample size and limited number of the composite 
endpoints. In a recent large- scale RCT (the SAVE 
study), the effects of CPAP on cardiovascular 
morbidity and mortality among OSA patients 
with CAD and/or cerebrovascular disease were 
investigated; CPAP failed to show beneficial 
effects on cardiovascular outcome although it 
improved sleepiness and quality of life (QOL) 
[26]. Moreover, in the SAVE study, subjects with 
sleepiness and severe hypoxia, who could receive 
maximum benefits from CPAP treatment, were 
excluded, and as less symptomatic patients were 
enrolled and a number of patients enrolled were 
from China where CPAP is not in clinical use, 
compliance to CPAP was poor (mean nightly 
usage was 3.5 h). Matched comparisons between 
compliant patients and controls suggested that 
CPAP reduces incident cerebrovascular disease 
[26]. Furthermore, in the Randomized Intervention 
with CPAP in Coronary Artery Disease and Sleep 
Apnea study, non- sleepy (ESS <10) OSA (AHI 
≥15) patients  following PCI were randomized to 
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auto-titrating CPAP (n  =  122) or no-CPAP 
(n = 122) group and were followed for a median 
of 57 months. The incidence of the primary com-
posite cardiovascular endpoint (new revascular-
ization, MI, stroke, or cardiovascular mortality) 
did not differ between the two groups. However, 
adjusted on- treatment analysis demonstrated a 
significant risk reduction in those who used CPAP 
for at least 4 h/night (adjusted hazard ratio 0.29; 
95% CI 0.10–0.86) [37]. Hence, no RCTs showed 
that CPAP improves cardiovascular outcome in 
OSA patients with and without CAD. Nonetheless, 
physicians should keep in mind that CPAP may be 
effective in improving cardiovascular outcomes if 
patients are compliant with CPAP therapy.

24.6  Heart Failure and OSA

A community-based cohort study in the USA 
demonstrated significant relationships between 
OSA and incident HF, suggesting that OSA is a 
risk factor for HF [1]. Cross-sectional data from 
the Sleep Heart Health Study (SHHS) showed 
that OSA with AHI ≥11 is associated with a 2.38 
relative increase in the likelihood of having HF, 
independent of confounding factors [38]. OSA 
prevalence in patients with HF has been reported 
to range from 12% to 53%, which is greater than 
that in the general population [39, 40]. This high 
OSA prevalence in patients with HF may be 
explained by fluid retention and fluid shift. 
Distension of neck veins or edema of the peripha-
ryngeal soft tissue could increase tissue pressure 
around the upper airway, thereby predisposing an 
individual to OSA. Moreover, a Canadian group 
demonstrated that in response to a 5-min applica-
tion of lower-body positive pressure, the neck 
circumference increased, pharyngeal cross- 
sectional area decreased, and pharyngeal resis-
tance and collapsibility increased simultaneously 
with a reduction in leg fluid volume in healthy 
subjects. Such rapid changes in neck circumfer-
ence and upper airway properties could only be 
caused by a change in fluid volume within the 
peripharyngeal area [1]. Redolfi et al. identified 
direct relationships between the volume of fluid 
displaced gravitationally from the legs overnight, 

and both the overnight increase in neck circum-
ference and OSA severity, as assessed by AHI, in 
23 otherwise healthy nonobese men [41]. These 
findings were replicated in men with HF.

A unique feature of SDB in patients with HF 
is the coexistence of CSA with OSA. While OSA 
and CSA interrupt breathing by different mecha-
nisms, they may result in qualitatively similar 
autonomic, chemical, and inflammatory burdens 
on the heart and circulation. However, the 
mechanical burden may be different between 
OSA and CSA; OSA may have adverse mechani-
cal effects on the heart and circulation through 
enhanced negative intrathoracic pressure, which 
is not observed in CSA. In patients who are diag-
nosed as having HF, OSA has an influence on the 
underlying HF.  In the observational study by 
Wang et al., untreated OSA with AHI ≥15 in HF 
patients was associated with increased mortality 
compared with that with an AHI <15, even after 
adjustment for confounding risk factors [42]. In 
terms of pathophysiology, negative intrathoracic 
pressure during futile inspiratory efforts against 
the occluded pharynx directly affects hemody-
namics even in patients with HF; acutely raises 
arterial, ventricular, and aortic wall tension; and 
draws venous blood into the right heart. This 
abrupt generation of negative intrathoracic pres-
sure is a cardiac afterload and remodeling force. 
The consequent septal shift could compromise 
the stroke volume by reducing left ventricular 
diastolic filling. All these mechanisms in patients 
with HF could in turn cause decompensated HF, 
poor left ventricular dysfunction, and poor prog-
nosis. Additional mechanisms by which OSA 
may worsen outcomes in patients with HF include 
systemic hypertension exacerbation, increased 
risk of arrhythmias including sudden cardiac 
death, and elevated risk of coronary events.

As fluid retention and overnight rostral fluid 
shift contribute to the pathogenesis of OSA [43], 
medical therapy should be optimized in patients 
with HF.  Data from a nonrandomized trial in 
which the administration of furosemide and spi-
ronolactone resulted in an increase in upper air-
way caliber and a modest reduction in AHI 
among patients with diastolic HF and severe 
OSA support this approach [44]. In addition, 
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when patients with HF and OSA are treated with 
CPAP, negative intrathoracic pressure swings are 
attenuated, and left ventricular afterload, BP, and 
HR are all reduced [45]. Several short-term RCTs 
of CPAP involving HF patients with OSA have 
evaluated the effects of OSA treatment with 
CPAP on cardiovascular variables. Particularly, 
Kaneko et al. showed that after 1 month of CPAP 
treatment, daytime systolic BP and HR decreased, 
and left ventricular ejection fraction (LVEF) 
increased by 9% [46]. Expansion of their trial 
demonstrated that such reduction in systolic BP 
was accompanied by a reduction in sympathetic 
vasoconstrictor nerve discharge [47], suggesting 
that the sympathoexcitation of OSA is superim-
posed on the background sympathoexcitation of 
HF [48]. In another randomized trial with a dura-
tion of 3 months involving patients with less 
severe HF and milder OSA, Mansfield et  al. 
showed that LVEF increased by 5% [49] and that 
urinary norepinephrine excretion decreased sig-
nificantly despite no reduction in daytime 
BP. Egea et  al. reported that in 50 HF patients, 
CPAP improved LVEF after 3 months [50] but 
did not improve ESS scores and QOL. By con-
trast, Smith et al. [51] found no improvement in 
LVEF in HF patients with OSA by CPAP; unlike 
the other three RCTs, they used auto-titrating 
CPAP but did not confirm whether it eliminated 
OSA. Hence, fixed-pressure CPAP could increase 
LVEF and decrease SNA, and increases in LVEF 
and reductions in BP were more obvious in RCTs 
involving patients with lower LVEF and higher 
AHIs. Although no RCTs have identified the 
effects of CPAP on morbidity and mortality in 
OSA patients with HF, observational studies 
comparing patients with and those without CPAP 
treatment have been conducted. In a study from 
Canada, Wang et  al. reported a trend toward a 
lower mortality rate in CPAP-treated patients 
over a mean follow-up period of 2.9 years 
(p  =  0.07). In a study from Japan, Kasai et  al. 
found that CPAP-treated patients have signifi-
cantly greater hospitalization-free survival after a 
mean follow-up of 2.1 years. No studies sug-
gested potential harmfulness of CPAP in OSA 
patients with HF. Nevertheless, large-scale RCTs 
remain warranted.

24.7  Arrhythmias and OSA

In patients with OSA, the prevalence of atrial 
fibrillation (AF) is up to 5%, and notably, the 
OSA prevalence in patients was diagnosed as hav-
ing AF is 32–39%. A significant independent 
association between the two disorders exists even 
after controlling for confounding conditions, such 
as systemic hypertension, obesity, and HF [52]. In 
the cross-sectional analysis of the Sleep Heart 
Health Study, the subjects with OSA were five 
times as likely to have AF as those without OSA 
[53]. Furthermore, observational studies showed 
that OSA could predict a greater risk of new-onset 
AF or AF recurrence following cardioversion to 
sinus rhythm or catheter ablation [1]. Recent 
meta-analyses showed that patients with OSA 
have a 25% greater risk of AF recurrence after 
catheter ablation than those without OSA [54], 
and the prevalence of non-sustained ventricular 
tachycardia was also significantly higher in 
patients with severe OSA than in controls (5.3% 
versus 1.2%, respectively; p = 0.004) [53]. In a 
study involving 283 patients who were followed 
for 54 months after implantation of an implant-
able cardioverter defibrillator in conjunction with 
biventricular pacing, the discharge risk doubled, 
and the time to first appropriate discharge was 17 
months earlier in patients with OSA compared 
with those who did not have SDB [55]. Another 
observational study showed that the risk of sud-
den cardiac death was increased in patients with 
severe OSA [56]. Several mechanisms elicited by 
OSA could initiate atrial or ventricular arryth-
mias: wall stretch in the atrium and ventricle sec-
ondary to abrupt decreases in intrathoracic 
pressure, with attenuation over time of normal 
cell-to-cell communication through remodeling, 
and myocardial ischemia secondary to apnea-
induced cardiac inflammatory pathways. In dogs, 
pacing of the right atrium with upper airway 
occlusion increased the autonomic activity of the 
right pulmonary arterial ganglionated plexi and 
could more readily induce AF compared with that 
without upper airway occlusion [57]. After block-
ade of the ganglionated plexi, either pharmaco-
logically or by neural ablation, AF induction 
during upper airway occlusion was inhibited, sug-
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gesting a causative link between OSA and AF 
mediated by autonomic neural factors.

Although cross-sectional studies have not 
demonstrated an increased prevalence of brady-
arrhythmias in OSA [53], apnea-induced hypoxia 
could provoke parasympathetically mediated 
atrioventricular block that is reversible with 
CPAP [58]. Thus, bradyarrhythmias especially 
during sleep may be a consequence of 
OSA. Moreover, OSA is highly prevalent (>80%) 
in patients with AF recurrence following pulmo-
nary vein isolation (PVI) [59]. Thus, OSA may 
play a role in AF recurrence following AF treat-
ment. An observational study showed that the 
recurrence rate of AF 1 year after cardioversion is 
significantly lower in patients with CPAP-treated 
OSA than in those with untreated OSA (42% ver-
sus 82%, respectively) [60]. In addition, recent 
meta-analyses showed that patients with OSA 
have a 25% greater risk of AF recurrence after 
PVI compared with those without OSA [1]. The 
effects of OSA treatment with CPAP on ventricu-
lar arrhythmia have also been investigated. In a 
small, 1-month randomized trial involving HF 
patients with OSA and frequent ventricular 
ectopy during sleep, a significant reduction in 
ectopic frequency in those treated with CPAP 
was observed [61]. In terms of bradyarrhythmias, 
several observational studies and case series sug-
gested that sinus pause and atrioventricular block 
are reversible with CPAP [58]. Data suggesting 
the influence of CPAP therapy on the improve-
ment of arrhythmias in patients with OSA are 
limited. Thus, further studies are necessary given 
the small size and the predominantly observa-
tional nature of the existing trials.

24.8  Conclusion

Mechanistic investigations showed that OSA 
contributes to the incidence and progression of 
CVD by stimulating the sympathetic nerve sys-
tem and RAS, by altering hemodynamics and 
increasing cardiac load that is associated with 
increased intrathoracic negative pressure, and by 
increasing oxidative stress and inflammation and 
impairing endothelial function.

Population-based studies and short-term 
RCTs strongly suggest that OSA is a common 
and treatable risk factor for hypertension and 
CVD. Observational studies report an association 
between OSA and CVD, such as CAD, HF, or 
cardiac arrhythmias. In addition, observational 
studies suggest that among patients with pre- 
existing CAD, HF, or cardiac arrhythmias, OSA 
treatment with CPAP is associated with a lower 
risk of cardiovascular events.

However, the following two important ques-
tions regarding the clinical significance of OSA 
for CVD remain unresolved: (1) Does OSA cause 
CVD independent of coexisting cardiovascular 
risk factors? (2) Does treating OSA reduce the 
risk of developing and/or worsening CVD? The 
most important approach to answer one or both 
of these questions is to conduct a large-scale, 
long-term randomized trial to assess the effects 
of OSA treatment on cardiovascular morbidity 
and mortality, taking compliance with CPAP 
therapy and enrollment of subjects who have a 
greater potential to receive benefits from CPAP 
into consideration. Several important clinical tri-
als that involve OSA patients with CVD and 
include cardiovascular morbidity and mortality 
evaluation are presently underway.
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25.1  Introduction

Obstructive sleep apnea (OSA) is a sleep-related 
breathing disorder characterized by repeated epi-
sodes of upper airway obstruction during sleep, 
consequent chronic intermittent hypoxia, and 
sleep fragmentation. These episodes last from 10 
to 30 s but may also persist for more than 1 min 
and cause a reduction in blood oxygen desatura-
tion and brief arousal from sleep [1]. OSA diag-
nosis comprises both a clinical assessment and an 
objective demonstration of impaired breathing 
during sleep. Typical features of this disorder are 
nonrestorative sleep and sleep disruption caused 
by the occurrence of upper airway obstruction. 
These nocturnal deficits can result in daytime 
impairments, in particular, OSA patients fre-
quently report daytime sleepiness, tiredness, 
insomnia, anxiety, stress-related disorder, and 
mood swings [2]. OSA prevalence is strictly 
associated with the gravity of the disorder. 
Accordingly, at ≥5 events/h apnea–hypopnea 
index (AHI), it ranges from 9% to 38% in the 
general population. At AHI ≥15, the overall prev-
alence is lower, ranging from 6% to 17%, with 
higher rates in men and increasing with age [3].

OSA has detrimental effect on the structure 
and function of blood vessels, culminating in 
increased mortality and morbidity, and a strong 
association with vascular diseases. Negative 
effects are observed also in cognitive domains, 
brain structures, and functioning. These impair-
ments may lead to deleterious daytime conse-
quences in occupational and educational 
functioning as well as road safety. Furthermore, a 
link between OSA and neurodegenerative disease 
has been proposed [4].

The mainstay for the treatment of this disorder 
is continuous positive airway pressure (CPAP). 
CPAP is usually delivered throughout a nasal 
mask that provides continuous air pressure to the 
upper airways. This therapy reduces the fre-
quency of respiratory events during sleep, sleep 
fragmentation, and sleepiness and improves day-
time functioning. Of note, it is reported that sev-
eral studies showed beneficial effects on 
neuropsychological impairment and brain func-
tioning [5].

In this chapter, we will discuss the effect of 
CPAP treatment in OSA patients on neurocogni-
tive domains and on the structure and functional-
ity of the brain.

25.2  Effect of CPAP on Cognition

OSA patients exhibit several neuropsychological 
impairments mainly caused by decreased level of 
vigilance, with body mass index (BMI), age, and 
disrupted sleep that predict the decrement in per-
formances. A recent meta-analysis reported that 
psychomotor speed and executive function are 
strongly impaired, whereas memory functions, 
motor control, attention, and speed of processing 
abilities are affected to a lesser degree [6]. The 
causal relationship between OSA and cognitive 
impairment is not yet understood; however, it has 
been hypothesized that structural brain damages 
resulting from the intermittent hypoxia observed 
during sleep act as a stressor affecting the blood–
brain barrier [7]. Another, important factor is rep-
resented by excessive daytime sleepiness (EDS). 
EDS is a common symptom in OSA patients that 
may severely affect quality of life and diurnal 
functionality. Despite being frequently reported, 
some patients with severe OSA do not exhibit 
EDS. Several studies reported that EDS in these 
patients could be related to AHI index, sleep frag-
mentation, nocturnal oxygenation, and hypox-
emia, but some other factors such as age, sex, 
obesity, and depression may play a role, indicat-
ing that its pathogenesis is multifactorial [8]. 
Sleepiness is frequently associated to sleep depri-
vation and fragmentation, which specifically con-
tribute to impairment in attention and memory. 
Furthermore, hypoxia affects both hippocampal 
and cortical region. In particular, the prefrontal 
cortex is specifically sensitive to sleep depriva-
tion and blood gas anomalies that, in turn, may 
disrupt the restorative process accountable to this 
region that is of particular importance for execu-
tive functioning.

The presence of cognitive impairments in 
OSA patients can lead to dramatic consequences; 
however, it is of utmost importance to investigate 
whether standard treatment technique, as CPAP 
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therapy, is able to improve these deficits. This 
treatment decreases arousals and sleep fragmen-
tation, limits nocturnal hypoxia, and improves 
sleep architecture leading to clinical improve-
ment of symptoms commonly attributed to 
OSA. In particular, a significant improvement in 
subjective EDS is reported in OSA patients even 
after short-term treatment. Of note, improvement 
in EDS is associated with CPAP therapy 
adherence.

Several studies evaluated the effect of CPAP 
on cognitive function in OSA patients. Canessa 
and coworkers [9] aimed to investigate cognitive 
deficts and corresponding brain morphological 
changes after a 3-month CPAP treatment in 17 
never treated severe OSA patients using com-
bined comprehensive neuropsychological evalu-
ation and magnetic resonance imaging (MRI). At 
the baseline, patients exhibited decreased perfor-
mances in all the investigated cognitive areas 
(executive functions, short and long-term mem-
ory), as well as impaired mood and the presence 
of daytime sleepiness in comparison to a group of 
healthy controls. Furthermore, neuropsychologi-
cal impairments were associated with reductions 
of gray matter volume in the left hippocampus 
(entorhinal cortex), left posterior parietal cortex, 
and right superior frontal gyrus. After treatment, 
significant improvement was found in all cogni-
tive domains that were related to increase in gray 
matter volume in the hippocampus, the medial 
orbitofrontal cortex, and the rostral portion of the 
right superior frontal gyrus, indicating that nega-
tive effects observed before therapy are consis-
tently recovered throughout treatment [9]. 
However, a meta-analysis conducted on 13 stud-
ies comprising 554 OSA patients in order to 
quantify the effect of CPAP treatment on a large 
number of cognitive domains reported different 
results [10]. Despite a significant effect on both 
subjective and objective sleepiness as well as on 
mood, the authors found that CPAP showed only 
a small improvement in cognitive functioning, 
therefore challenging the optimistic idea that this 
treatment is effective in restoring cognition in 
OSA. In particular, significant improvement was 
found only in the domain of executive function 
but with some specific consideration. Of note, 

only attention domain showed significant 
improvement, whereas verbal fluency and work-
ing memory did not increase with the treatment. 
In line with these results, a recent randomized 
controlled trial specifically evaluated the effect of 
CPAP therapy on memory processes in OSA 
patients. A total of 36 patients were randomly 
divided into groups that received CPAP or sham 
CPAP for 6 weeks. Despite a significant amelio-
ration of sleep apnea, no improvement in mnestic 
functioning was found. It is plausible that this 
lack of effect may be ascribable to irreversible 
brain damages resulting from hypoxia [11].

Jackson and coworker [12] evaluated the neu-
ropsychological functioning of more than 100 
OSA patients in comparison to a community 
dwelling group asymptomatic for OSA. Results 
showed that patients have more EDS, both objec-
tively and subjectively, and have impaired quality 
of life, mood, working memory, and psychomo-
tor function but were not impaired in verbal flu-
ency, verbal memory, set shifting, or information 
processing speed. After adequate CPAP treat-
ment for 3 months, patients showed significant 
ameliorations in subjective sleepiness, mood, and 
most neuropsychological domains in comparison 
to baseline. Despite some neurocognitive func-
tion return to the level of the healthy participants, 
some neurocognitive functions did not normalize 
after therapy, such as vigilance and working 
memory. This difference in the improvement 
between different cognitive domains may be 
explained by several factors, for example, the 
temporal difference in restoration of cognitive 
function with treatment or improvements in the 
structure or functionality of brain regions associ-
ated with performance on these tasks or that a 
3-month therapy is not sufficient to resolve cog-
nitive impairment. Another important issue for 
the evaluation of the cognitive improvement after 
treatment is represented by EDS.  Although 
reported among diurnal symptoms, it is not uni-
versally present in all OSA patients. However, it 
has been reported as a reliable predictor for CPAP 
compliance. Furthermore, CPAP therapy is 
 effective in significantly reducing EDS and can 
partially reverse neuropsychological functions in 
OSA patients with sleepiness but fails to improve 
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cognitive dysfunctions in patients without EDS 
[13]. Patients’ age is another important issue, 
since deficits that remain, despite sufficient CPAP 
therapy, may be secondary to irreversible, long- 
term hypoxic neural effects (which could be more 
evident in elderly patients).

An increasing number of evidences reported 
an association between OSA and cognitive 
decline in the elderly. A study by Yaffe and 
coworkers in 2011 [14] assessed the relationship 
between sleep-disordered breathing and cogni-
tive impairment. In this prospective study, 298 
women without dementia were recruited and 
underwent a sleep and cognitive evaluation. The 
105 women with sleep-disordered breathing had 
an increased risk to develop mild cognitive 
impairment or dementia in comparison to 193 
women without sleep-disordered breathing. 
Specifically, elevated oxygen desaturation index 
and high percentage of total sleep time in apnea 
or hypopnea were associated with cognitive 
decline, whereas sleep fragmentation or duration 
had no significant association. Accordingly, a 
study with the Alzheimer’s Disease Neuroimaging 
Initiative (ADNI) cohort [15] found that patients 
with sleep-disordered breathing had mild cogni-
tive impairment or Alzheimer’s dementia onset at 
a younger age in comparison to those without 
breathing disorders. Therefore, the evaluation of 
CPAP effectiveness in reducing or slowing the 
onset of dementia and cognitive impairment 
might be crucial. Osorio and coworkers [15] 
found that CPAP treatment is able to delay the 
onset of mild cognitive impairment. More 
recently, Richards and coworkers [16] tried to 
determine if CPAP treatment adherence (defined 
as the use of CPAP for 4 h or more per night over 
1 year) was able to predict cognitive function in 
older adults with mild cognitive impairment. The 
authors found that 1 year of CPAP adherence in 
OSA patients significantly improved cognition 
and slowed the trajectory of cognitive decline in 
comparison to nonadherent patients. Moreover, it 
has also been reported that the usage of CPAP 
intervention in the early stage of dementia may 
slow down the progression of the disease, under-
lying the importance of a timely assessment and 
intervention in demented patients [17].

In conclusion, OSA patients reported a variety 
of cognitive impairments that range from basic 
functions, such as vigilance, to higher domains, 
such as executive function, with some inconsis-
tencies across studies. These deficits might be 
caused by sleep fragmentation, hypoxia, and 
their negative effects on hippocampal and corti-
cal regions. However, several other factors, such 
as EDS and age, contribute to the presence and 
the type of impairment. CPAP therapy is effective 
in decreasing arousals and sleep fragmentation, 
limits nocturnal hypoxia, and improves sleep 
architecture, but its efficacy on cognitive function 
is not universally reported in all studies and is 
particularly limited in those patients without 
EDS or with severe brain damages. However, 
usage of CPAP in the early stage of dementia 
seems to slow down the progression of the cogni-
tive deterioration.

25.3  OSA Brain Before and After 
CPAP Treatment: 
The Contribution 
of Neuroimaging

There are at least three important reasons for 
questioning how obstructive sleep apnea (OSA) 
affects the human brain. First, from a pathoge-
netic point of view, it is necessary to assess the 
neurobiological correlate underlying brain abnor-
malities to better characterize OSA brain pathol-
ogy. Second, from a clinical point of view, it is 
important to investigate if and what brain altera-
tions are strictly associated with neurocognitive 
impairment including alterations of domains of 
attention/vigilance, verbal and visual delayed 
long-term memory, visuospatial/constructional 
abilities, and executive dysfunction. Third, from 
a therapeutic point of view, it is crucial to know 
whether brain alterations occurring in OSA may 
revert after the treatment.

In the past three decades, the contribution of 
neuroimaging in OSA is become increasingly 
emerging and relevant for the possibility to 
answer to these questions. Indeed, sophisticated 
techniques have allowed to investigate not only to 
the brain regions involved in OSA but also the 
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mechanisms underlying the pathogenesis of the 
brain damage -related to OSA.  Of importance, 
imaging has proved to be also crucial to demon-
strate the reversible nature of the brain damage 
after CPAP treatment. Focusing on neuroimaging 
studies, in this section we will describe the impact 
of OSA on human brain keeping in mind (1) 
brain damage occurring in OSA, (2) relationship 
between specific damaged brain regions and cog-
nition, (3) reversibility of brain damage after 
CPAP-treatment.

In this prospective, neuroimaging represents a 
great opportunity since it opens a new interesting 
horizon on the importance of the CPAP treatment 
and its adherence.

25.4  Brain Damage in OSA

A consistent number of neuroimaging studies 
have well-documented that human OSA brain 
may be characterized by several tissue damages 
including alterations of white matter (WM) integ-
rity, free water content, brain metabolites, and 
regional gray matter (GM) volume changes. 
Indeed, structural and functional alterations have 
been widely reported in cortical and subcortical 
structures such as frontal regions and hippocam-
pus. Frontal lobes are a primary site of neurocog-
nitive dysfunctions in patients with OSA, and 
hippocampus plays a crucial role in the cognitive 
and autonomic control [18]. Of great interest, 
however, is not only to identify the location of the 
brain abnormalities occurring in OSA patients 
but specially to define the nature of these OSA- 
related alterations. Neuroimaging studies had 
tried to approach these goals to move closer to 
these goals.

Cerebral small vassal disease (SVD) includ-
ing white matter lesions and lacunar infarcts 
plays a crucial role in the pathogenesis of vascu-
lar diseases including vascular parkinsonism and 
dementia. This condition usually is associated 
with the presence of one or more vascular risk 
factors such as hypertension, smoking, diabetes 
mellitus, obesity, hyperlipidemia, and heart dis-
ease (coronary artery disease, atrial fibrillation, 
arrhythmias). Interestingly, the risk factors for 

developing cerebral SVD are the same for 
OSA. Moreover, OSA may be considered itself a 
nontraditional vascular risk factor suggesting a 
strict relationship between these two diseases. 
Thus, it not surprising that brain damage occur-
ring in OSA patients is a vasculopathy involving 
cerebral SDV through two main mechanisms 
triggered by the recurrent episodes of intermit-
tent hypoxia (IH): first, an increase in endothelin, 
a potent vasoconstrictor with sustained hyperten-
sive effects, second, endothelial dysfunction with 
consequent lack of repair’s vassal mechanisms 
[19]. The involvement of cerebral SVD com-
monly results in changes in subcortical WM and 
deep GM nuclei appearing as areas of increase 
signal intensity (hyperintensities) on MRI scan.

Several diffusion tensor imaging (DTI) stud-
ies, a tool able to assess the integrity of WM 
architecture, have contributed to detect the WM 
microstructural subcortical damage in OSA 
patients also demonstrating a relationship 
between severity of hyperintensities and level of 
hypoxemia [20]. In addition, Del Brutto et  al. 
recently found that individuals with moderate-to- 
severe OSA are almost four times more likely to 
have diffuse subcortical damage of vascular ori-
gin than those with none-to-mild OSA, indepen-
dent of demographics and cardiovascular risk 
factors, thus suggesting a relationship between 
severity of vascular damage and severity of OSA.

It remains, however, until debated whether 
OSA is the cause or the consequence of subcorti-
cal vascular damage. In this prospective, disrup-
tion of periventricular fibers which are part of the 
breathing control pathways might be the media-
tor of the apneic episodes [21]. Further studies in 
a large cohort of OSA patients are need to answer 
to this complex question.

25.5  Brain Damage and Cognition

The cognitive abilities that are especially sus-
ceptible to OSA brain damage are memory and 
attention associated to mood symptoms. Indeed, 
OSA patients commonly exhibit impaired mem-
ory and depressive symptoms. Interestingly, 
both these functions are strictly related with the 
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hippocampus. Animal models have well- 
demonstrated that intermittent hypoxia (IH), 
one OSA characteristic, may cause different 
patterns of low-grade neuroinflammation in the 
hippocampus of mice, including early but tran-
sient cytokine elevations, delayed but long-term 
microglial changes, and cytokine response alter-
ations to lipopolysaccharide inflammatory chal-
lenge. These changes may contribute to 
IH-induced cognitive impairment and patholog-
ical brain aging making it essential to detect and 
treat [22]. This is not surprising, considering 
that animal hippocampal neurons show an 
increased sensitivity to low-O2 conditions and 
repetitive IH reduces neuronal excitability in 
specific hippocampal subfield as CA1 [23]. In 
addition, recent neuropathological investiga-
tions performed on human OSA brain tissue 
have demonstrated that the thickness and 
myelination of the hippocampus and entorhinal 
cortex (EC) are compromised and vary as a 
function of OSA severity [24].

The emerging theory as OSA damages the 
hippocampus is actually supported by substantial 
neuroimaging studies allowing the direct exami-
nation of structure and function of the hippocam-
pus. A recent meta-analysis [25] of structural and 
functional MRI studies has reported that hippo-
campal functional alterations may be the key rea-
son of memory deficits and that structural 
changes could just be a result or inducement in 
OSA patients. Structural hippocampal damage, 
however, may be dual. Indeed, neuronal death 
may result in volume loss, whereas glial responses 
to IH-related OSA may increases tissue volume 
as a model of hippocampal neurogenesis strictly 
related to the age. On this basis, MRI volumetric 
studies have reported both increases and 
decreases in hippocampal volume in patients 
with OSA. By contrast, the relationship between 
hippocampal damage and impaired cognitive 
function, especially verbal memory, is unique. 
Autotypic data demonstrated that the regions of 
hippocampus involved in the decreased thickness 
and demyelination are locations of memory path-
ways, thus explaining the impairments observed 
in episodic, semantic, and spatial memory in 
people with OSA [23]. Patterns of altered activity 

within the structures as hippocampus and basal 
ganglia have been seen by functional neuroimag-
ing studies. Hippocampal–cortical functional 
connectivity is compromised in OSA and might 
underlie depression and anxious mood levels in 
these patients, whereas the impairment of cau-
date–cortical functional connectivity might indi-
cate deficits in reward processing and cognition 
[26]. These functional imaging findings provide 
insights into the neural mechanisms underlying 
the comorbidity of mood and cognitive deficits in 
OSA [26]. Finally, a combined neuropsychologi-
cal and brain imaging study performed in OSA 
patients showed metabolic right-lateralized 
changes in several structures including hippo-
campus [27] despite the presence of minor mem-
ory deficits. These findings also suggest that in 
OSA patients without notable cognitive impair-
ments, brain pathology probably starts many 
years before the onset of neuropsychological 
symptoms. On this basis, imaging may be more 
sensitive when it comes to detecting the impact of 
subclinical OSA on brain morphology and func-
tion [27].

On the other hand, hippocampal degeneration 
and consequent memory deficit are two hallmark 
features of Alzheimer’s disease (AD). It is well- 
documented that AD patients show mainly a 
reduced volume of subfield CA1 when compared 
to healthy elderly controls. Interestingly, hippo-
campal CA1 is the most susceptible subfield to 
IH OSA damage in animal and human models 
[23, 24], thus suggesting something more than a 
simple link between these two pathologies.

25.6  Reversible Brain Damage 
After CPAP Treatment

The most interesting prospective of this section 
concerns the reversibility of OSA-related brain 
after CPAP treatment. There is convergence that, 
in addition to clinical resolution, CPAP treatment 
may exhibit multiple effects on OSA brain with 
restoration to the initial brain configuration.

A clear neuroimaging picture is emerging and 
demonstrates that not only that the tissue brain 
damage may be reversible but also that the neuro-
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cognitive impairment related to brain alterations 
may revert after CPAP treatment. More in detail, 
several imaging evidences have demonstrated 
that GM structural alterations, such as focal vol-
ume reductions in the basal ganglia, thalamus, 
basal ganglia, and hippocampus, may be revers-
ible after treatment.

Of note, a GM volume increase related to 
improvement of cognitive functions has been 
also reported in OSA after CPAP treatment. 
Additionally, metabolite changes in crucial struc-
tures such as hippocampus of OSA patients have 
been also detected in OSA as partially reversal 
after treatment. Below are some main neuroim-
aging applications in post-CPAP treatment study 
in patients with OSA.

Among the wide range of neuroimaging tools, 
it should be mentioned DTI since it was proven 
useful in detecting both brain damage and long- 
term CPAP treatment-induced changes in patients 
with OSA. Pioneers were Castronovo et al. [28] 
from which subsequently some neuroimaging 
studies started. In the pretreatment, OSA patients 
showed reduced DTI parameters such as frac-
tional anisotropy (FA) and mean diffusivity (MD) 
reflecting a diffuse reduction of white matter 
(WM) fiber integrity in multiple brain areas. 
Limited changes of WM were found after 
3-month CPAP treatment. In addition, significant 
improvements involving multiple cognitive 
domains as memory, attention, and executive 
functioning-paralleled WM changes after 
12-month treatment were also found in OSA 
patients. These findings were consistent with the 
presence of a reversible structural neural injury in 
OSA patients [28]. After about 10 years, similar 
reductions of FA suggestive of decreased axonal 
degeneration and decreased demyelination have 
been reported in a prospective OSA study [29] 
after CPAP treatment, thus supporting the 
hypothesis of a reversibility of the brain 
damage.

To investigate the relationship between sever-
ity of OSA and effects of long-term CPAP treat-
ment was a further turning point. This was 
possible using MRI morphometry, a tool able to 
measure local volume brain changes. Analysis of 
MRI scans before and after clearly showed brain 

volume increase in the areas including hippo-
campal dentate gyrus and the cerebellar dentate 
nucleus and prefrontal initially seen atrophic. 
Moreover, higher impairment of working mem-
ory in patients prior to treatment correlated with 
prefrontal volume increase after treatment in 
OSA, thus providing additional neuroimaging 
evidences on the positive effects of long-term 
CPAP [30]. A promising tool able to investigate 
tissue brain changes in OSA patients has been the 
proton magnetic resonance spectroscopy (MRS). 
MRS measures tissue concentrations of brain 
metabolites considered as a neural density 
marker, a membrane marker, and an intracellular 
neurotransmitter marker. Cerebral metabolite 
changes in frontal lobe white matter and in the 
hippocampus of untreated severe OSA patients 
have been reported in OSA patients, whereas 
frontal, but not hippocampal, changes persisted 
after 6 months of treatment with CPAP.

Moreover, metabolite concentrations were 
significantly correlated with the severity of OSA 
[31]. Overall, these evidences obtained with dif-
ferent MRI techniques demonstrate a cessation 
on the brain damage occurrence after CPAP treat-
ment in patients with OSA.

The theory of the reversibility of brain damage 
has been recently supported by neuropathologi-
cal investigations on brain tissue of CPAP-treated 
OSA patients. Indeed, OSA patients known to 
have used CPAP treatment showed no significant 
reductions in thickness of hippocampus of the 
hippocampus and EC when compared with con-
trols, thus suggesting that CPAP had a protective 
effect [24]. The reversibility of OSA brain tissue 
damage after CPAP treatment, however, raises 
important questions on the nature of injury itself. 
Whether the OSA pathology was responsible for 
a permanent structural or functional brain dam-
age, CPAP treatment would not be able to par-
tially return the brain structures to the initial 
configuration. Thus, it is possible to speculate 
that structural changes observed in OSA may be 
not all permanent, but there is a combination of 
irreversible changes leading to neuronal death 
mixed to adaptive and/or reactive changes related 
to the brain’s repair mechanisms. These last alter-
ations could explain the increase of hippocampal 
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and prefrontal volume after treatment and could 
represent the therapeutic target of the CPAP 
treatment.

25.7  Conclusion

OSA is a sleep-related breathing disorder charac-
terized by repeated episodes of upper airway 
obstruction during sleep, consequent chronic 
intermittent hypoxia, and sleep fragmentation. 
OSA diagnosis comprises a clinical assessment 
and an objective demonstration of impaired 
breathing during sleep throughout a polysomnog-
raphy assessment. These nocturnal deficits result 
in daytime impairments such as EDS, tiredness, 
insomnia, anxiety, stress-related disorder, and 
mood swings. CPAP is the first-choice treatment 
for these patients since it reduces the frequency 
of respiratory events during sleep, sleep fragmen-
tation, and sleepiness and improves daytime 
functioning.

Negative effects of this disorder are observed 
at different levels in cognitive domains, brain 
structures, and functioning. OSA patients fre-
quently reported impaired psychomotor speed 
and executive function, whereas memory func-
tions, motor control, attention, and speed of pro-
cessing abilities are affected to a lesser degree. 
Evidence suggests that CPAP treatment is effec-
tive in restoring cognitive function but with 
results that are not consistent across studies. 
This may be due to variability in study design 
and sampling methodology. However, it has 
been reported that the usage of CPAP in the 
early stage of dementia may slow down the pro-
gression of the disease. Therefore, a timely 
diagnosis and treatment in these cases might be 
crucial.

Up to now, it is well established that OSA pat-
ents’ brain is characterized by several tissue dam-
ages including alterations of WM integrity, free 
water content, brain metabolites, and regional 
GM volume changes. Moreover, structural and 
functional alterations have been widely reported 
in cortical and subcortical structures such as 
frontal regions and hippocampus.

In conclusion, MRI studies have substantially 
contributed to identify the mechanisms underly-
ing OSA pathogenesis and demonstrate the 
reversible nature of brain damage after CPAP 
treatment. A further important contribution of 
neuroimaging is the possibility to early detect 
brain alterations in a subclinical condition, when 
neuropsychological symptoms are not yet mani-
fest. Intervening in this temporal window with 
adequate CPAP treatment really is a great thera-
peutic opportunity. Nevertheless, future research 
should be performed on longitudinal studies and 
in larger OSA populations in order to better cor-
relate clinical data and neuroimaging evidences 
as result of CPAP treatment.
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Abbreviations

AASM American Academy of Sleep Medicine
AHI Apnea–hypopnea index
APAP Automatic positive airway pressure
ASV Adaptive servo-ventilation
BNP Brain natriuretic peptide
BPAP Bilevel positive airway pressure
CAD Coronary artery disease
CHF Congestive heart failure
CKD Chronic kidney disease
CMT Conservative medical therapy
COPD Chronic obstructive pulmonary 

disease
CPAP Continuous positive airway pressure
CSA Central sleep apnea
EF Ejection fraction
EPAP Expiratory positive airway pressure
mIBG I-metaiodobenzylguanidine
NIV Noninvasive ventilation
OHS Obesity hypoventilation syndrome
OSA Obstructive sleep apnea
PAP Positive airway pressure
PSG Polysomnogram

SDB Sleep-disordered breathing
T2D Type 2 diabetes mellitus
VAPS Volume-assured pressure support

26.1  Introduction

Positive airway pressure (PAP) devices have been 
commonly used for the treatment of sleep- 
disordered breathing (SDB) since the 1980s. 
Continuous positive airway pressure (CPAP) has 
been the treatment of choice for the most com-
mon type of SDB—obstructive sleep apnea 
(OSA). With the evolution and improvement of 
technology, newer modalities of portable devices 
such as automatic positive airway pressure 
(APAP) and various modalities of noninvasive 
ventilation (NIV) (e.g., bilevel, adaptive servo- 
ventilation, and volume-assured pressure sup-
port) have emerged to better treat various forms 
of sleep-disordered breathing (Fig.  26.1). The 
goal of this article is to discuss the recent updates 
in the use of PAP and the various NIV therapies 
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Fig. 26.1 Positive airway pressure and noninvasive ventilation modalities used for varied sleep disorders
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in the treatment of SDB particularly with regard 
to cardiovascular and respiratory comorbidities. 
The focus will be on controlled trials and meta- 
analyses. This paper will be structured based on 
device modalities. Table 26.1 summarizes the key 
clinical trials over the last 2 years.

26.2  Methodology

We searched PubMeb for articles written in English 
and published between January 2017 and March 
2019. We searched for different PAP and NIV 
modalities by name, different sleep disorders by 

Table 26.1 Summary of Important Clinical Trials

Association of Positive Airway Pressure With Cardiovascular Events and Death in Adults With Sleep Apnea: 
A Systematic Review and Meta- analysis [8]
  A systematic review and meta-analysis was performed to evaluate the incidence of acute coronary syndrome, 

stroke, vascular death, and death among pts on CPAP and ASV. 10 trials were included (9 of CPAP, 1 of ASV). 
There were 356 major cardiovascular events and 613 deaths.  CPAP/ASV use did not decrease major adverse 
cardiovascular events, cardiovascular death, stroke, acute coronary syndrome, heart failure, or death from any 
cause.

Association of Positive Airway Pressure Prescription With Mortality in Patients With Obesity and Severe 
Obstructive Sleep Apnea: The Sleep Heart Health Study [9]
  In a population based cohort study following obese patients with severe OSA for a mean of 11.1 years, the 

hazard ratio of all cause mortality for PAP therapy was 0.58 after propensity matching. This difference in 
mortality appears 6–7 years after initiation of PAP.

Autoadjusted versus Fixed CPAP for Obstructive Sleep Apnoea: a Multicentre, Randomised Equivalence 
Trial [13]
  In a multicenter equivalence trial, patients were randomized to APAP or CPAP to evaluate changes in subjective 

and objective sleepiness from baseline to 2 years after treatment initiation.  Reduction in sleepiness and blood 
pressure were similar between the two groups.

Fixed But Not Autoadjusting Positive Airway Pressure Attenuates the Time-dependent Decline in 
Glomerular Filtration Rate in Patients With OSA [14]
  Knowing that patients with OSA have time- dependent decline in glomerular filtration rate, this study compared 

patients not on treatment, those with CPAP, and those with APAP.  The  decline in GFR was attenuated or absent 
only in the subgroup on fixed CPAP but not with APAP.

A Randomised Controlled Trial of CPAP versus Noninvasive Ventilation for Initial Treatment of Obesity 
Hypoventilation Syndrome [16]
  A multicenter, parallel, double-blind trial for initial treatment of OHS with patients randomized to BPAP or 

CPAP for 3 months with primary outcome being frequency of treatment failure. 60 patients were randomized and 
57 completed follow up. No difference in treatment failure was found between groups (hospital admission, 
persistent ventilatory failure, non-adherence). Adherence and morning PaCO2 were similar at 3 months as were 
health related quality of life and sleepiness.

Long-term Clinical Effectiveness of Continuous Positive Airway Pressure Therapy versus Noninvasive 
Ventilation Therapy in Patients with Obesity Hypoventilation Syndrome: a Multicentre, Open-label, 
Randomised Controlled Trial [18]
  In this multicenter open-label randomized controlled trial, patients with OHS and severe OSA were randomized 

to NIV or CPAP. Both modalities were found to have similar long term effectiveness at decreasing the number of 
hospitalization days per year.

Cardiovascular Outcomes With Minute Ventilation-Targeted Adaptive Servo-Ventilation Therapy in Heart 
Failure: The CAT-HF Trial [23]
  The CAT-HF trial investigated whether ASV improved cardiovascular outcomes in hospitalized heart failure 

patients with moderate to severe OSA. 126 of 215 planned patients were randomized but enrollments stopped 
early after SERVE-HF resulted. Primary endpoints (death, cardiovascular hospitalization, and changes in 6-min 
walk distance) were unchanged at 6 months.

A review of the most impactful clinical trials and systematic reviews. APAP Automatic positive airway pressure, ASV 
Adaptive servo-ventilation, BPAP Bilevel positive airway pressure, CPAP Continuous positive airway pressure, NIV 
Noninvasive ventilation, OHS Obesity hypoventilation syndrome, OSA Obstructive sleep apnea, PAP Positive airway 
pressure
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name, and combinations of each modality and dis-
order (e.g., CPAP, OSA, and CPAP + OSA). Based 
on this search, we recovered 3110 papers. We also 
reviewed the most recent society sleep guidelines 
with regard to positive pressure therapy for sleep 
disorders. We excluded papers that were not clini-
cal trials or meta-analyses. Further articles which 
did not meet the stated criteria were included if 
they provided pivotal updates to the use of cur-
rently available NIV methodologies in sleep disor-
ders or newer technologies not explicitly discussed 
in the clinical trials or guidelines.

26.3  Findings

26.3.1  Continuous Positive Airway 
Pressure (CPAP) 
and Automatic Positive 
Airway Pressure (APAP)

Continuous positive airway pressure provides a 
constant pressure during the entire breathing 
cycle, which acts as a pneumatic splint to main-
tain patency of the upper airway during sleep. 
APAP uses a proprietary algorithm to provide the 
lowest pressure needed to achieve patency of the 
upper airway within a pressure range prescribed 
by the treating physician. The American Academy 
of Sleep Medicine (AASM) recommends both 
CPAP and APAP for the initial treatment of OSA 
[1]. While CPAP was the initial mainstay therapy 
for OSA, many patients are now treated with 
APAP as first-line therapy. Since 2006 the AASM 
has published guidelines recommending the use 
of PAP for the treatment OSA in adults with 
excessive daytime sleepiness, impaired sleep- 
related quality of life, or comorbid hypertension 
[1]. The guidelines have since been updated to 
discuss the use of other treatment modalities such 
APAP, but the recommendation for PAP therapy 
over no therapy in individuals with 
 moderate-to- severe obstructive sleep apnea 
remains constant based on published data. 
Treatment with CPAP and APAP results in a 
modest reduction in blood pressure and signifi-
cantly improves sleepiness and quality of life in 
OSA patients. While there is strong data linking 

moderate-to-severe OSA to cardiovascular dis-
ease and metabolic disorders, to date, only obser-
vational data has shown an improvement in these 
disease outcomes with the use of PAP. Controlled 
randomized data showing an improvement in car-
diovascular and metabolic disease outcomes in 
these patients is lacking, and additional large ran-
domized studies are needed. Recent data has also 
elucidated the role of CPAP in the role of treating 
obesity hypoventilation syndrome (OHS).

26.3.2  Obstructive Sleep Apnea

26.3.2.1  Continuous Positive Airway 
Pressure for OSA

Hypertension and diastolic dysfunction are com-
mon among patients with sleep apnea, and the 
effect of CPAP on cardiovascular risk reduction 
has been a topic of significant investigation. One 
recent investigation randomized 244 patients 
with coronary artery disease (CAD) and non- 
sleepy OSA [defined as Apnea–Hypopnea Index 
(AHI) >15, and Epworth Sleepiness Scale (ESS) 
<10] to therapy with CPAP versus no CPAP and 
obtained echocardiograms at 3 and 12 months 
following randomization. In the 171 patients 
included in the final analysis, CPAP had no effect 
on echocardiographic parameters of diastolic 
dysfunction. However, a post hoc analysis did 
show significant association between CPAP 
usage >4  h/night and improvement in diastolic 
relaxation velocity at 12-month follow-up [2]. 
This suggests that nonadherence may be a factor 
in the negative outcome of the study. Hypertension 
and PAP therapy have also been evaluated at a 
more basic level. A study of 117 patients with 
OSA and resistant hypertension who were ran-
domized to CPAP versus no CPAP showed that 
baseline aldosterone was higher in severe OSA 
than moderate OSA. After CPAP therapy, there 
was a trend toward reduction in aldosterone, 
which did not meet statistical significance [3]. A 
smaller study evaluated the effect of CPAP on 
brain natriuretic peptide (BNP) and troponin 
 levels in 28 patients with moderate-to-severe 
OSA and/or significant nighttime hypoxemia. 
Subjects were randomized to CPAP or sham 
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CPAP for 8 weeks, each in a crossover design, 
with a 1-month washout period. Sleep studies 
were performed at the end of each 8-week treat-
ment period, and blood samples were collected at 
8PM, 3AM, and 8AM over the course of the 
sleep study. The authors found that CPAP low-
ered N-Terminal- pro-BNP significantly over the 
course of 8 weeks of therapy but a nonsignificant 
trend for lower Troponin-T levels as compared to 
sham CPAP was noted [4]. These studies con-
tinue to confirm that there is a strong physiologi-
cal basis to argue that PAP therapy should have 
cardiovascular benefits; however, clinically sig-
nificant outcomes are difficult to achieve in part 
because of difficulty with treatment adherence.

Type 2 diabetes mellitus (T2D) is also a com-
mon comorbid disorder among patients with 
OSA and is another avenue of investigation into 
the benefits of PAP therapy. Lam et al. random-
ized 64 diabetic patients with a new diagnosis of 
OSA to CPAP or no CPAP for 3 months. At the 
end of 3 months, there was no significant change 
in glycosylated hemoglobin, but there was a sig-
nificant reduction in systolic and diastolic blood 
pressure in the CPAP group [5]. Another study 
evaluated 23 patients with OSA and T2D who 
were assigned to either CPAP or sham CPAP for 
30 days. Adherence was similar in both groups, 
and they found that serum fructosamine (measure 
of glycemia over a 30-day period) decreased with 
active but not sham CPAP. Though mean serum 
blood glucose as measured by a continuous glu-
cose monitor did not improve with active CPAP 
therapy, sham CPAP was associated with an 
increase in mean blood glucose [6].

There has also been an effort to evaluate the 
efficacy of PAP therapy in improving overall 
quality of life. Zhao et al. looked at the effects of 
CPAP use on health-related quality of life in indi-
viduals with high risk for cardiovascular disease 
and moderate-to-severe OSA by performing a 
parallel group randomized controlled trial of 169 
participants assigned to conservative medical 
therapy (CMT) alone, CMT plus CPAP, CMT 
plus sham CPAP, and CMT plus CPAP plus moti-
vational enhancement. The mixed effects linear 
regression analysis of the data showed that CPAP 
improved several domains of health-related qual-

ity of life including bodily pain, general health, 
physical functioning, and physical health sum-
mary score over 6–12 months follow-up. It also 
resulted in less daytime sleepiness [7].

Cardiovascular and all-cause mortality remain 
important topics of research in treatment of 
OSA.  In 2017, a systematic review and meta- 
analysis were performed to evaluate the incidence 
of acute coronary syndrome, stroke, vascular 
death, and death among patients on CPAP and 
adaptive servo-ventilation (ASV). Ten trials were 
included (nine of CPAP, one of ASV). There were 
356 major cardiovascular events and 613 deaths, 
but there was no significant reduction in major 
adverse cardiovascular events, cardiovascular 
death, or all-cause death with CPAP use. The 
authors also found that the same is true for stroke, 
acute coronary syndrome, and heart failure, con-
cluding that PAP does not decrease the likelihood 
of death as compared to no treatment or sham 
treatment [8]. A recently published population- 
based cohort study evaluating the all- cause mor-
tality of 392 patients with obesity and severe OSA 
showed conflicting results. In a recent analysis of 
the Sleep Heart Health Study, patients were fol-
lowed for a mean of 11.1 years, and the hazard 
ratio of all-cause mortality for those on PAP ther-
apy (81/392) was 0.58 after propensity matching. 
This difference in mortality appears 6–7 years 
after initiation of PAP [9]. This data differs from 
the aforementioned meta- analysis as only indi-
viduals with severe OSA were included in this 
analysis and the length of follow-up exceeds that 
seen in randomized studies.

Acknowledging that women are often under-
represented in trials of OSA and PAP therapy 
(80.6% of participants were male in the Sleep 
Heart Health Study, for instance), a multicenter 
randomized controlled clinical trial looking at 
307 women diagnosed with moderate-to-severe 
OSA was performed. In this study subjects were 
randomized to CPAP or conservative treatment 
for 12 weeks. As compared to the conservative 
treatment group, women on CPAP had signifi-
cantly greater decrease in diastolic blood pres-
sure but a nonsignificant decrease in systolic and 
mean blood pressure. There was no difference in 
lipid profiles or blood sugar between groups [10].
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PAP compliance remains the Achilles’ heel of 
treatment of OSA, and additional work is needed 
to understand patterns of use within divergent 
groups of patients. Luyster et  al. analyzed data 
from the RICCADSA trial and found that ongo-
ing use of CPAP at 2 years was greater in patients 
with moderate-to-severe OSA who were sleepy 
(OSA and ESS>/= 10) when compared to those 
that were not sleepy (ESS < 10). The percentage 
of sleepy patients remaining on CPAP at 2 years 
was 77% when compared to 60% in the non- 
sleepy [11].

Based on the current published data on bene-
fits and limitations of PAP therapy in treating 
OSA, the European Respiratory Society con-
vened an ad hoc committee to review the chal-
lenges in treating OSA.  The committee 
recommended that going forward, it will be 
important to further differentiate clinical and 
pathophysiologic phenotypes of OSA to tailor 
treatment. They suggested that severity thresh-
olds should be revised given the discrepancy of 
events measured between polysomnogram (PSG) 
and home sleep apnea testing. They also stated 
that as AHI does not correlate well with out-
comes, measures other than AHI should be con-
sidered in stratifying patients that would take into 
account the various clinical and pathophysiologic 
phenotypes [12].

26.3.2.2  Automatic Positive Airway 
Pressure vs. Continued 
Positive Airway Pressure 
for OSA

In a multicenter equivalence trial, 208 patients 
were randomized to APAP or CPAP to evaluate 
changes in subjective and objective sleepiness 
from baseline to 2 years after initiating treatment. 
In an intention-to-treat analysis, reduction in 
sleepiness and reduction in blood pressure were 
similar between both groups [13]. Another study 
looked at the effects of CPAP and APAP on GFR 
as patients with OSA experience a time- 
dependent decline in GFR. The study compared 
patients not on treatment, those using CPAP, and 
those using APAP. The decline in GFR was atten-
uated or absent only in the subgroup on fixed 
CPAP [14]. This study raises the question if 

APAP and fixed CPAP are equivalent in modulat-
ing OSA outcomes and will require additional 
investigation.
APAP has also recently been compared with 
CPAP in regard to efficacy of therapy in reducing 
obstructive events and in regard to sleep disrup-
tion. In a double-blind, randomized, crossover 
study, 61 patients with moderate-to-severe OSA 
underwent 2 full-night attended PSGs in random 
order with manually titrated CPAP or APAP (spe-
cifically the System One RemStar Auto A-Flex; 
ResMed, Australia). Fifty-one participants com-
pleted a titration PSG followed by 1 night of 
APAP therapy and 1 night of fixed CPAP in ran-
dom order. The authors found that APAP therapy 
had similar efficacy to CPAP at a pressure deter-
mined by titration PSG at decreasing obstructive 
events during sleep, that the pressure adjustments 
made by the APAP machine had no negative effect 
on sleep architecture, and that the residual AHI 
measured by the APAP machine correlated well 
with the residual AHI measured by a PSG [15].

26.3.3  Hypoventilation

26.3.3.1  Continuous Positive Airway 
Pressure vs. Noninvasive 
Ventilation for Nocturnal 
Hypoventilation

Data regarding the efficacy of NIV compared 
with CPAP in nocturnal hypoventilation has been 
eagerly anticipated and recently published. Over 
the last 2 years, there have been several studies 
published which evaluated the use of PAP, as 
opposed to NIV, in patients with nocturnal 
hypoventilation syndromes such as OHS.  One 
multicenter, parallel, double-blind trial random-
ized 60 subjects with newly diagnosed OHS to 
bilevel positive airway pressure (BPAP) or CPAP 
for 3 months and evaluated frequency of treat-
ment failure defined as hospital admission, per-
sistent ventilatory failure, or nonadherence. In 
the 57 subjects who completed follow-up, there 
was no difference in treatment failure rates 
between the two groups. Adherence to prescribed 
therapy and morning PaCO2 levels was similar 
between the two groups at 3 months follow-up, 
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and there were no significant differences in 
health-related quality of life or sleepiness 
between the groups [16]. However, a secondary 
analysis of the Pickwick Project looked at echo-
cardiographic changes over 2 months in 221 
OHS patients randomized to NIV (volume- 
assured pressure support), CPAP, or lifestyle 
modification alone. They found that treatment 
with NIV but not CPAP lowered systolic pulmo-
nary artery pressure and only NIV therapy 
decreased left ventricular hypertrophy and led to 
improvement in a 6-min walk distance [17].
Patients with combined OHS and OSA have also 
been evaluated with regard to the efficacy of 
CPAP vs. NIV (volume assured pressure sup-
port). A multicenter, open-label, randomized 
controlled trial evaluated 215 patients with both 
OHS and severe OSA. Over median follow-up of 
5.4 years, the authors found that patients on NIV 
or CPAP had similar rates of hospitalization and 
no significant differences between groups in 
regard to secondary outcomes such as blood gas 
changes, pulmonary function changes, and 
changes in quality of life [18]. The authors con-
cluded that CPAP may be a better first choice 
therapy for OHS/OSA patients given the lower 
complexity and cost of CPAP compared with 
NIV. Another, much smaller prospective study, of 
15 stable patients with OHS with moderate-to-
severe concomitant OSA on NIV for at least 2 
months showed no difference in diurnal blood 
gases, nocturnal oximetry and capnometry, mean 
compliance, AHI, measures of quality of life, and 
sleep after switching to CPAP for more than a 
month. Furthermore, 80% of subjects preferred 
CPAP over NIV [19].

26.3.4  Adaptive Servo-Ventilation 
(ASV)

26.3.4.1  Adaptive Servo-Ventilation 
and Heart Failure

ASV is a form of positive airway ventilation that 
monitors the patient’s respiratory cycle and pro-
vides positive airway pressure to treat obstructive 
sleep apnea as well as pressure support and a 
backup rate to treat central sleep apneas. This 

modality is used to treat central sleep apnea 
(CSA) disorders such as CSA, complex sleep 
apnea, and periodic breathing. ASV has been the 
subject of scrutiny since the SERVE-HF trial 
(September 2015, The New England Journal of 
Medicine) concluded all-cause and cardiovascu-
lar mortality were higher among patients with 
CSA in the setting of congestive heart failure and 
with reduced ejection fraction (EF) who were 
treated with ASV therapy. In response to these 
findings, the AASM updated the guidelines for 
treatment of CSA in 2016. The guidelines now 
recommend the use of ASV targeted to normalize 
AHI for the treatment of CSA related to conges-
tive heart failure (CHF) only if left ventricular 
ejection fraction is greater than 45% [20]. The 
reason for the increased all-cause mortality in the 
SERVE-HF study remains unclear. Knitter et al. 
sought to investigate the mechanisms by which 
ASV therapy may have increased all-cause mor-
tality by comparing four different ASV devices 
(including the S7 device; Resmed, Australia, 
used during SERVE-HF trial). In this study 14 
patients underwent PSG 4 nights in a row, once 
with each device. Nightly AHI was not different 
among devices, but the S7 device resulted in 
greater minute ventilation, especially while indi-
viduals were awake. The authors postulate that 
hypocapnia resulting from the increased minute 
ventilation may have led to hypokalemia from 
intracellular shifts which may have led to a pro-
longed QT and a higher incidence of potentially 
fatal arrhythmias [21]. An on-treatment analysis 
of the SERVE-HF cohort was also performed to 
better understand the increased all-cause mortal-
ity in the intervention (ASV) group. This study 
found that patients randomized to ASV who 
crossed over to the control group (optimal medi-
cal therapy for heart failure) were at higher risk 
of cardiovascular death than controls, while con-
trol patients who crossed over to ASV therapy 
showed a trend toward lower risk of cardiovascu-
lar death than those randomized to 
ASV.  Cardiovascular risk did not increase as 
ASV usage increased. Overall, the on-treatment 
analysis corroborated the intention-to-treat 
 analysis which showed increased all-cause and 
cardiovascular mortality in those using ASV 
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[22]. The CAT-HF trial was contemporary with 
the SERVE-HF trial and investigated whether 
ASV improved cardiovascular outcomes in hos-
pitalized heart failure patients (preserved or 
reduced EF) with moderate-to-severe sleep 
apnea. Subjects were randomized to optimal 
medical therapy alone or optimal medical ther-
apy plus ASV therapy, and 126 of 215 planned 
patients were randomized before enrollment 
stopped early after SERVE-HF resulted. AHI 
decreased significantly in the treatment group. 
The primary endpoints (death, cardiovascular 
hospitalization, and percentage changes in 6-min 
walk distance) were not significantly different 
between the two groups at 6 months [23].

Despite the concerns about the potential mor-
tality with ASV use in this patient population, a 
number of studies showed that ASV continues to 
have some benefits. One retrospective study of 44 
patients with severe heart failure initiated on 
ASV compared the hospitalization frequency of 
these patients in the 12 months before and 12 
months after ASV initiation. They found a sig-
nificant decrease in the number of hospitaliza-
tions after initiation of ASV [24]. A small (35 
patients) prospective sub-study of the CAT-HF 
trial randomized patients with sleep apnea and 
pacemakers or implanted defibrillators to either 
optimal medical therapy or optimal medical ther-
apy plus ASV. They found that ASV reduced the 
incidence of atrial fibrillation, ventricular fibrilla-
tion, and ventricular tachycardia as compared to 
optimal medical therapy alone [25]. Another 
analysis of the CAT-HF trial looked at a group of 
patients who underwent echocardiography at 
baseline and on follow-up 6 months later. Of the 
126 enrolled, 95 subjects had echocardiograms 
available for analysis. This analysis found that 
left ventricle remodeling was seen equally in 
both the control group and the ASV group but 
that there were reductions in left atrial volume in 
the ASV group suggesting it may help with dia-
stolic function [26]. In response to the SERVE-HF 
trial, a prospective observational study to evalu-
ate tolerance of ASV discontinuation was per-
formed. Fourteen patients with ejection fraction 
less than 45% with median 68 months of ASV 
machine use were asked to stop ASV treatment. 
In this group, AHI increased significantly, and 

quality of life decreased. The authors found no 
change in NYHA functional class, but patients 
reported increased dyspnea, reduced concentra-
tion, and reduced memory after discontinuation. 
There were no objective changes in ejection frac-
tion, heart rhythm data, or physical capacity [27]. 
In another study, 35 patients with frequent hospi-
talization for congestive heart failure were initi-
ated on ASV treatment for 12 months to evaluate 
the cost-effectiveness of the therapy. The authors 
found significant decreases in NYHA class, BNP, 
left atrial size, and mitral regurgitation after 12 
months of ASV therapy. Hospitalization fre-
quency and medical cost per patient both 
decreased [28]. D’Elia looked at the effect of 
ASV therapy on ten patients admitted for acute 
heart failure exacerbation with a history of 
SDB. Half of the patients received standard care, 
and half received standard care plus ASV ther-
apy. The authors found that patients on ASV ther-
apy had a reduced AHI, improved diastolic 
function, improved RV function, and decreased 
BNP levels [29]. These studies should be inter-
preted with caution since there were many 
smaller studies prior to the SERVE-HF trial 
showing benefits for ASV in quality-of-life mea-
sures and surrogate markers.

Additional studies have evaluated patients for 
functional and sympathetic changes after ASV 
therapy. Tokuda et al. performed extensive eval-
uation on nine heart failure patients both before 
and 6 months after starting ASV treatment 
including BNP levels, echocardiogram, 
C-hydroxyephedrine positron emission tomog-
raphy (HED/PET) (a marker of presynaptic 
function), and I-metaiodobenzylguanidine 
(mIBG) scan (a means of evaluating cardiac 
sympathetic nerve function). Data analysis 
showed reduced AHI and lower BNP concentra-
tions after 6 months of ASV therapy. Based on 
HED/PET and mIBG, ASV might improve car-
diac sympathetic nervous function as well [30]. 
Another study evaluated 31 patients with 
Cheyne–Stokes respirations or CSA in patients 
with an ejection fraction of less than or equal to 
40%. Subjects were randomized to either ASV 
or conservative therapy for 6 months. mIBG and 
Tc-Sestamibi scans were performed to assess 
cardiac sympathetic nerve activity and cardiac 
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function. The ASV group had improved AHI, 
improved cardiac sympathetic nerve activity 
(based off of mIBG data), increased ejection 
fraction, and decreased  functional limitations 
after 6 months of ASV therapy as compared to 
the control group [31].
Further work has been done to assess what fac-
tors make ASV more versus less effective. 
Potential predictors of ASV effectiveness were 
evaluated using data from ASV titrations as well 
as compliance downloads. Markers of reduced 
ASV clinical efficacy were (1) an arousal index 
which markedly exceeded the respiratory event 
index during positive pressure titration; (2) per-
sistent pressure cycling (i.e., changing pressure 
support rather than stable levels of pressure sup-
port) during long-term ASV therapy; (3) the 
ASV-associated pressure cycling induced arous-
als, sleep fragmentation, and blood pressure 
surges; and (4) elevated ratios of 95th percentile 
to median tidal volume, minute ventilation, and 
respiratory rate were associated with pressure 
cycling [32]. This provides some insight as to 
why some patients do not have a good clinical 
response to ASV therapy.

26.3.5  Bilevel Positive Airway 
Pressure (BPAP)

AASM guidelines recommend BPAP as an option 
for treatment in both OSA and CSA related to 
CHF in patients who do not respond to other 
modalities (CPAP, ASV, oxygen therapy) [1, 20]. 
The latest AASM guidelines on treatment of 
chronic alveolar hypoventilation syndromes (cen-
tral respiratory control disturbances, restrictive 
thoracic disorders, neuromuscular disorders, and 
obesity hypoventilation syndrome) were pub-
lished in 2010 and recommend the use of NIV to 
prevent worsening hypoventilation during sleep 
[33]. BPAP is the most common type of NIV pre-
scribed for this indication. In September 2018, a 
systematic review was published which evaluated 
the efficacy of BPAP for treatment of OHS versus 
lifestyle counseling, CPAP therapy, and average 
volume-assured pressure support (VAPS) therapy. 
BPAP was superior to lifestyle counseling in 
improving PaCO2, PaO2, HCO3, percentage of 

total sleep time, ESS, and Functional Outcomes 
of Sleep Questionnaire but performed similarly to 
both CPAP and VAPS [34].

26.3.6  Volume-Assured Pressure 
Support (VAPS)

VAPS is a mode of bilevel positive pressure ven-
tilation which seeks to target a designated tidal 
volume with each breath by changing the inspira-
tory positive airway pressure based on the tidal 
volume generated by the previous breaths. In a 
recent meta-analysis of 8 trials (64 patients with 
chronic obstructive pulmonary disease (COPD) 
and 61 patients with OHS), VAPS was compared 
to BPAP with regard to parameters of gas 
exchange, efficiency of sleep, and compliance. 
The authors found that there was no difference 
between the two modalities in blood gas mea-
surements of PaCO2 and PaO2, sleep efficiency 
defined as the percentage of time in bed spent 
sleeping, or compliance as measured on a scale 
from 0 (lack of symptoms and best comfort) to 
100 (worst symptoms and lack of comfort) in 
patients with chronic respiratory failure [35].

26.3.7  Emerging Technologies 
in Noninvasive Ventilation

Newer modes of NIV therapy have been devel-
oped as well, one being auto-trilevel ventilation 
which allows for adjustments in expiratory posi-
tive airway pressure (EPAP) (Prisma25ST, 
Weinmann Inc., Germany). In one randomized, 
double-blind, crossover study of 25 patients 
with chronic hypoventilation and OSA, VAPS 
with fixed EPAP was compared to VAPS with 
auto- adjusting EPAP to ensure upper airway 
patency (AutoEPAP) over 2 nights of attended 
PSG. The study showed AutoEPAP was nonin-
ferior to fixed EPAP at improving AHI [36]. A 
different trilevel mode of ventilation has 
recently been explored. In this instance there are 
two EPAP pressures with a lower pressure at the 
beginning of exhalation to facilitate CO2 
removal and a higher EPAP and the end of expi-
ration to better stabilize the airway. In one study, 
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such an auto-trilevel  ventilation was compared 
to BPAP in patients with combined OHS and 
moderate-to-severe OSA. Twenty-three patients 
used three different modes of ventilation over 
the course of 3 days—BPAP with EPAP set at a 
level which stopped snoring (mode 1), BPAP 
with EPAP set 3  cmH2O higher than the first 
group (mode 2), and BPAP with auto-adjusting 
EPAP to ensure upper airway patency (mode 3, 
auto-trilevel ventilation). All modalities 
improved oxygenation and sleep efficiency. 
Auto-trilevel ventilation resulted in the lowest 
arousal index, lowest ESS, and highest sleep 
efficiency. It also resulted in a significantly 
lower PaCO2 as compared to mode 2 [37]. 
Another study evaluated the efficacy of auto- 
trilevel PAP in patients with both OSA and 
COPD with hypercapnia. Thirty-two patients 
with overlap OSA and hypercapnia were evalu-
ated using the same 3 modes of ventilation 
described in the previous trial with a 2-night 
washout period in between. The results were 
similar to those among patients with combined 
OHS and OSA.  Auto- trilevel PAP resulted in 
the lowest arousal index, daytime ESS, and 
highest sleep efficiency. AHI was lower and 
SpO2 higher in both modes 2 and 3. There was 
no difference in morning PaCO2 [38].

26.4  Final Conclusions

Table 26.2 summarizes conclusions and future 
perspectives of this paper.

Learning Points
 1. CPAP therapy for OSA may have clinical 

benefits beyond reduction of daytime sleepi-
ness and improvement in quality of life. It 
may also help with cardiovascular risk, 
improvement in metabolic disease, and pre-
vention of kidney disease progression in 
some populations.

 2. CPAP therapy for OSA has been shown to 
improve health parameters such as bodily 
pain, general health quality of life, and physi-
cal functioning as compared to conservative 
medical therapy.

 3. For patients with obesity hypoventilation or 
mixed obesity hypoventilation and OSA, 
CPAP therapy may be of similar clinical effi-
cacy to BPAP.

 4. In patients with obesity and severe OSA, PAP 
therapy significantly decreased all-cause mor-
tality, and the effect appears between 6 and 7 
years after initiation of therapy in an observa-
tional study.

Table 26.2 Conclusions and Future Perspectives

Main Conclusions
•  PAP therapy for sleep apnea may have benefits beyond improvement in daytime sleepiness.  It may be helpful to 

prevent or treat cardiovascular disease, metabolic disorders and renal disease and may decrease mortality in obese 
patients.

•  CPAP may be used as first line of therapy in patients with obesity hypoventilation or mixed obesity 
hypoventilation and OSA as it may be of similar efficacy to BPAP.

•  New technologies continue to develop and offer new modalities of ventilation that may improve compliance.
Future perspective
•  Further research is necessary to elucidate the utility of NIV in patients with heart failure with reduced EF and 

central sleep apnea.
•  Large prospective randomized trials to evaluate the benefits of PAP and NIV for the treatment or prevention of 

co-morbid conditions in patients with SDB are necessary.
•  Large trials evaluating emerging modalities for treatment of OSA and hypoventilation need to be evaluated for 

efficacy in comparison to currently available modalities.

Main conclusions and future perspectives for NIV in the treatment of sleep disorders. ASV Adaptive servo- ventilation, 
BPAP Bilevel positive airway pressure, CPAP Continuous positive airway pressure, NIV Noninvasive ventilation, OSA 
Obstructive sleep apnea, PAP Positive airway pressure, SDB Sleep disordered breathing
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Critical Points
 1. The reason that ASV increased mortality 

among patients with heart failure and SDB 
remains unclear, though it may be related to 
increased minute ventilation associated with 
the particular device used during the 
SERVE- HF study.

 2. Discontinuation of ASV in patients with SDB 
and heart failure is associated with subjec-
tively decreased quality of life but no 
 worsening in objective measures of physical 
capacity or echocardiographic parameters.

 3. In meta-analyses, CPAP and ASV did not 
decrease the incidence of cardiovascular 
events, cardiovascular death, stroke, heart 
failure, or death from any cause.

 4. Auto-trilevel ventilation is a new ventilation 
modality with two EPAP pressures—a lower 
pressure at the beginning of exhalation to 
facilitate CO2 removal and a higher EPAP 
and the end of expiration to better stabilize 
the airway. This modality shows promise of 
improving nighttime sleep and daytime 
sleepiness.

26.5  Summary

Recent research in the treatment of sleep disor-
ders with PAP and NIV has looked at the benefits 
of therapy beyond the treatment of daytime 
sleepiness. While observational data suggests 
decreased all-cause mortality in patient with 
severe OSA treated with PAP, randomized con-
trolled data is still lacking. The jury remains out 
on the effect of PAP on cardiovascular risk and 
metabolic disorders in patients with OSA, and 
large randomized studies are needed. Recent data 
suggests that PAP is as beneficial as NIV for the 
treatment of OHS with or without OSA. In light 
of the results of the SERVE-HF trial in 2015, a 
great deal of research is ongoing to elucidate the 
role of NIV in patients with concomitant heart 
failure and central sleep apnea. As well, new 
modes of ventilation offer promise for improved 
sleep parameters and compliance.
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27.1  Introduction

Central breathing disorders (CBD) are a complex 
entity that present as central sleep apnoeas (CSA) 
and hypopnoeas, periodic breathing with apnoea 
or irregular breathing. Central sleep apnoea is 
defined by a cessation or decrease of airflow 
without respiratory effort, in contrast with 
obstructive sleep apnoea (OSA). The condition 
can be primary (idiopathic CSA) or secondary. 
Secondary CSA can arise, for example, in asso-
ciation with medical disorders (such as heart fail-
ure (HF), stroke, end-stage renal disease 
(ESRD)), drug/substance usage or high altitude. 
Furthermore, it can also appear in patients under 
positive airway pressure treatment.

Pathophysiology of CSA is complex and 
incompletely understood. There is growing evi-
dence that CSA can be related to unstable breath-
ing, caused by high loop gain or decreased output 
from central neurons leading to hyperventilatory 
or hypoventilatory disturbances, respectively. For 
instance, Cheyne–Stokes respiration (CSR) is a 
form of periodic breathing commonly observed 
in patients with chronic heart failure (CHF). It is 
characterized by oscillations of ventilation 
between central apnoeas and hyperpnoea with a 
crescendo–decrescendo pattern. It remains 
unclear if CSR-CSA is simply a manifestation of 
worsening CHF, a cause of HF progression or a 
compensatory mechanism to maintain stroke vol-
ume (SV) in severe HF.  Some characteristics, 
such as the cycle length and pattern (positive or 
negative—if end-expiratory lung volume (EELV) 
is above or below the functional residual capacity 
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(FRC), respectively) may have some prognosis 
implications in CHF [1].

Full polysomnography (PSG) with oesopha-
geal pressure measurement is the gold standard 
to diagnose CSA. However, because it is an inva-
sive measure, different surrogates of respiration 
and/or respiratory effort are used in routine prac-
tice, including flow, thoracoabdominal move-
ment, pulse transit time (PTT), electromyography 
(EMG) of the diaphragmatic muscle, supraster-
nal pressure, jaw movement and forehead venous 
pressure. To assess hypoventilation during rou-
tine PSG, transcutaneous carbon dioxide or end- 
tidal carbon dioxide is used.

Untreated CSA disrupts sleep which may lead 
to daytime symptoms that include excessive 
sleepiness, lack of concentration, morning head-
aches and increased risk of accidents. The goals 
of therapy for patients with CSA are to normalize 
sleep-related breathing patterns and oxygen 
desaturation, thereby improving symptoms and 
quality of sleep.

Most studies regarding treatment were con-
ducted in HF patients, and the results were poste-
riorly extrapolated for the other causes of 
CSA.  There are many treatment strategies 
described, such as optimizing the underlying 
condition for CSA or removal of the offending 
medication/substance, positive airway pressure 
treatment, supplemental oxygen or respiration 
stimulants. Regarding positive airway pressure 
(PAP), there have been two major clinical trials in 
the last years that have marked the course of 
treatment of CSA: CanPAP (Canadian Positive 
Airway Pressure for Heart failure and Sleep 
apnoea) [2] for continuous positive airway pres-
sure (CPAP) therapy and SERVE-HF (Treatment 
of Sleep-Disordered Breathing with Predominant 
Central Sleep Apnea by Adaptive Servo- 
Ventilation in Patients with Heart Failure) [3] for 
adaptive servo-ventilation (ASV). In CanPAP, 
patients with CSA associated with heart failure—
mean apnoea–hypopnoea index (AHI) of 40 
events per hour and mean left ventricular ejection 
fraction (LVEF) of 24%—were randomly 
assigned to receive treatment with CPAP and 
without CPAP and followed for 2 years. The 
group of patients treated with CPAP had superior 

improvement in the AHI, LVEF, mean nocturnal 
oxygen saturation and exercise capacity. 
However, there were no differences in quality of 
life, transplant-free survival or number of hospi-
talizations [2]. Additionally, the increased cau-
tion raised when considering the use of ASV in 
patients with heart failure is based on results of 
SERVE-HF, a multicentre, open-label trial that 
randomly assigned patients with moderate-to- 
severe predominant CSA and symptomatic heart 
failure to ASV plus standard medical therapy or 
medical therapy alone. However, it showed a sig-
nificant increase in all-cause and cardiovascular 
mortality in the ASV group [3].

Despite the intense research in CBD field, 
many questions remain open, and treatment is 
still suboptimal, perhaps owing due to its etio-
logical and pathophysiological heterogeneity. 
Consequently, we aimed to review recent evi-
dence regarding patient selection and treatment 
options in CSA (Table 27.1).

27.2  Methods

The literature research was performed in the elec-
tronic data sources MEDLINE/PubMed, PubMed 
Central® (PMC), through a combination of 
descriptors from January 2016 to March 2019. 
The descriptors chosen to use together were 
“central sleep apnoea” or “sleep disordered 
breathing” or “central breathing disturbances” or 
“central disordered breathing” or “central 
apnoea” and “treatment”. Articles from hand 
search of relevant papers and screening of refer-
ences were included.

The main inclusion criteria were articles pub-
lished in English; data on human subjects; sub-
jects older than 18 years old; not being letters, 
guidelines or case reports; and individuals with 
confirmed diagnosis of central sleep apnoea.

Two independent researchers read the titles 
and abstracts of each preselected articles, sepa-
rately identifying the ones that met the inclusion 
and exclusion criteria. After this stage, each 
researcher read the complete articles that 
respected the criteria and selected only those 
compatible with the aim of the review.
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The authors followed the recommendations of 
Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) [16].

27.3  Results

27.3.1  When to Treat Central Sleep 
Apnoea?

According to International Classification of Sleep 
Disorders, 3rd edition (ICSD-3) [17], CSA diag-
nosis needs the presence of symptoms (sleepi-
ness, difficulty in initiating or maintaining sleep, 
frequent awakenings or nonrestorative sleep, 
awakening with short of breath, snoring or wit-
nessed apnoeas) and a PSG revealing five or 
more central apnoeas and/or central hypopnoeas 
per hour of sleep, and the number of central 
apnoeas and/or central hypopnoeas has to be 
superior to 50% of the total number of apnoeas 
and hypopnoeas. However, many authors in the 
literature choose to initiate treatment if AHI 
≥15  events/h with predominance of central 
events, as in the recent statement published by 
the European Respiratory Society (ERS) Task 
Force [18]. This choice arises mainly from previ-
ous prognostic studies in heart failure which have 
demonstrated that patients with heart failure with 
reduced ejection fraction (HFrEF) and CSA have 
an increased mortality risk. Furthermore, this risk 
was more significant in CSA with AHI superior 
to 22.5  events/h [19]. It is important to under-
stand if CSA is a marker of disease severity or 
progression in heart failure in order to improve 
the offered treatment.

27.3.2  How to Treat Central Sleep 
Apnoea?

27.3.2.1  Chronic Heart Failure (CHF)
CSA is highly prevalent not only in patients with 
stable congestive heart failure with reduced ejec-
tion fraction (HFrEF) but also in those with pre-
served ejection fraction (HFpEF). Therefore, 
most studies regarding treatment of CSA were 
conducted in these populations.

Heart Failure Medication and Devices
No recent controlled randomized trials were 
found regarding the effect of medication, medical 
devices or cardiac transplant in CSA.

Previous studies have shown that treatments 
of heart failure that increase LVEF can alleviate 
or abolish CSA (e.g. medical management, mitral 
valvuloplasty, cardiac resynchronization therapy 
or left ventricular assist device and cardiac trans-
plantation). Mainly, such interventions do not 
lead to complete resolution of the abnormal 
breathing pattern [11], for example, normaliza-
tion of LVEF by cardiac transplantation is associ-
ated with a resolution of CSA in 50% of cases 
[18, 20].

Recently, in a randomised controlled trial, it 
was evaluated the impact of intravenous glyceryl 
trinitrate (GTN) in CSA/CSR. The authors veri-
fied an acute improvement of pulmonary conges-
tion glyceryl trinitrate; however, it had no 
immediate impact on CSA/CSR severity [12].

The ENTRESTO-SAS trial is including 
patients to evaluate the role of sacubitril–valsar-
tan in the outcome of SDB, including CSA in 
CHF patients (ClinicalTrials.gov Identifier: 
NCT02916160) [21].

Continuous Positive Airway Pressure (CPAP)
The rationale for CPAP as first-line therapy is 
based on results of a limited number of small 
randomized trials which have consistently dem-
onstrated that CPAP decreases the frequency of 
central apnoeas in patients with CSA associated 
with heart failure. As mentioned before, the 
largest study about CSA and CPAP use was 
CanPAP [2].

A post hoc analysis of CanPAP has indicated 
that patients whose AHI was suppressed below 
15  events/h had a significant improvement in 
LVEF and transplant-free survival. However, 
despite CPAP treatment if CSA persisted, the 
mortality was increased [22].

No recent controlled randomized trials were 
found regarding the effect of CPAP in CSA.

Adaptive Servo-Ventilation
Adaptive servo-ventilation (ASV) was designed 
to address several aspects of the respiratory 
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 disturbance associated with CSA, including ven-
tilatory overshoot and undershoot. Similar to 
CPAP, an expiratory pressure is applied to facili-
tate the maintenance of upper airway patency. 
Additionally, a variable inspiratory pressure sup-
port and a backup rate are applied. The device is 
equipped with a feedback circuit that allows it to 
measure the respiratory output (either in the form 
of peak flow or minute ventilation) to individu-
ally regulate delivered pressure support. The 
devices attempt to maintain a target minute venti-
lation/flow just below the long-term average ven-
tilation of the patient to prevent the decrease of 
CO2 below the apnoea threshold. Some ASV 
devices have auto-titrating technology capable of 
regulating expiratory pressure, and its use is 
being evaluated in clinical trials.

According to the literature, ASV seems to 
suppress central apnoea and hypopnoea more 
efficiently than oxygen, CPAP or BPAP in heart 
failure [18].

However, as previously stated, the SERVE-HF 
[3] was a multicentre, open-label trial that ran-
domly assigned 1325 patients with moderate-to- 
severe predominant CSA (AHI ≥15, central 
apnoea index >10) and symptomatic heart failure 
to ASV plus standard medical therapy or medical 
therapy alone. Compared with controls, patients 
assigned to ASV had significantly higher all- 
cause mortality and cardiovascular mortality. 
Based on the results of this trial, most medical 
societies recommend against the use of ASV in 
heart failure patients with reduced ejection frac-
tion (LVEF <45%).

The mechanism whereby ASV led to an 
increase in mortality in this trial is unknown. One 
possibility is that ASV could lead to a decrease in 
cardiac output and stroke volume in susceptible 
patients, such as those with low preload. Some 
authors have proposed ASV-induced alkalosis 
with subsequent hypokalaemia to potentially 
explain sudden cardiac death associated with 
ASV use, lowering the threshold for malignant 
arrhythmias. Another option is that Cheyne–
Stokes respiration serves as a compensatory 
function in heart failure and that ASV proved det-

rimental by diminishing this compensatory respi-
ratory pattern. In the SERVE-HF trial, a subgroup 
analysis found a positive association between the 
proportion of Cheyne–Stokes breathing and the 
risk of cardiovascular mortality [3].

Other possibility raised in the literature by Xie 
J. et  al. was the impact of periodic limb move-
ments (PLMS) in CSA due to heart failure treated 
with ASV [23]. The authors reported that PLMS 
may rise in HF patients after suppression of CSA 
by ASV. Nevertheless, the clinical significance of 
augmented post-ASV PLMS in HF prognosis 
needs to be determined, as well as if these 
increases may contribute to worsening outcomes 
in HF patients with CSA treated with ASV.

Additionally, one aspect to take in consider-
ation was the poor adherence to ASV therapy in 
SERVE-HF trial (an average usage of 3.7 h/night 
overall) which may limit the interpretation of the 
results [3].

After the SERVE-HF trial, research with ASV 
diminished. Still, some subanalysis of the 
SERVE-HF population was made in order to try 
to justify the increased mortality findings. 
Woehrle H. et  al. performed a time-dependent 
on-treatment analyses (unadjusted and adjusted 
for predictive covariates) and verified an ampli-
fied cardiovascular death hazard ratio during 
ASV usage periods, slightly lower than those in 
the SERVE-HF intention-to-treat analysis [5]. 
However, the cardiovascular risk did not rise as 
nightly ASV usage increased. Additionally, 
Cowie M. et  al. analyzed 312 patients with 
HFrEF and CSA from the SERVE-HF [6]. No 
statistically significant difference on cardiac 
structure or function, cardiac biomarkers, renal 
function and systemic inflammation was found 
between de ASV group or the control group dur-
ing the 12 months follow-up. In addition to that 
positive airway, pressure therapy has recently 
been shown not to affect other organs like the 
lung function [7].

In contrast to the results of SERVE-HF trial, 
the Bad Oeynhausen registry data did not docu-
ment an increase in mortality during long-term 
ASV treatment for predominant CSA in HFrEF 
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patients [4]. As in the SERVE-HF, ASV therapy 
did effectively control nocturnal respiratory 
events, whilst adherence to therapy was larger in 
the registry. The authors verified improvements 
in HF symptoms, but ASV did not seem to 
improve objective measures of exercise capacity, 
LVEF or N-terminal pro B-type natriuretic pep-
tide (NT-proBNP) plasma levels.

In the literature exists some conflicting evi-
dence regarding the effect of ASV in HF symp-
toms, exercise capacity and LVEF in patients with 
HFrEF. Some authors have reported improvement 
of this variables with ASV therapy, and others 
have stating no significant difference [18].

Regarding the treatment of CSA in hospital-
ized patients with CHF, the CAT-HF 
(Cardiovascular Improvements with Minute 
Ventilation-targeted Adaptive Servo-Ventilation 
Therapy in Heart Failure) trial, which was inter-
rupted due to SERVE-HF results, included 126 
hospitalized heart failure patients with predomi-
nant CSA (81% with HFrEF) and randomized 
patients to receive ASV plus optimal medical 
therapy or medical therapy alone [10]. Whilst the 
trial showed no difference in the primary out-
come of death, cardiovascular hospitalizations 
and timed walk distance, the confidence intervals 
were wide, and there was a suggestion of 
increased harm in the ASV group. Though pre-
specified subgroup analysis suggested a positive 
effect of ASV in patients with HF with preserved 
ejection fraction, this study had some limitations, 
such as the limited sample and the fact that adher-
ence to ASV therapy was below the recom-
mended level.

A subanalysis of the CAT-HF trial was per-
formed evaluating the impact of treatment of 
CSA in cardiac remodelling of heart failure 
patients [9]. A significant reverse left ventricular 
remodelling was seen amongst HFrEF patients 
with sleep-disordered breathing (SDB) regard-
less of treatment. Substantial reductions in left 
atrial volume amongst HFrEF and HFpEF 
patients receiving ASV suggested that ASV treat-
ment may also improve diastolic function.

No prospective trials were found regarding 
ASV in HFpEF.  One recent retrospective study 
confirmed the impact of ASV in reducing AHI, 
arousal index and sleep architecture (increase 
stage N3 e rapid eye movement (REM) sleep) [8].

At the moment, the Effect of ASV on Survival 
and Hospital Admissions in HF (ADVENT-HF) 
study (ClinicalTrials.gov identifier, NCT01128816) 
is examining a type of ASV therapy with an algo-
rithm that should maintain lower pressures [24]. It 
is enrolling both OSA and CSA patients with a 
HFrEF and may give some additional knowledge 
about the treatment of CSA.

Supplemental Nocturnal Oxygen
No recent controlled randomized trials were 
found regarding the effect of oxygen therapy in 
CSA. In previous studies including patients with 
CHF and CSA, nocturnal oxygen supplementa-
tion has been shown to improve O2 saturation, 
AHI and LVEF.  The Chronic Heart Failure—
Home Oxygen Therapy (CHF-HOT) studies 
were randomized, open-label, multicentre trials 
designed to determine efficacy of nocturnal oxy-
gen in patients with CHF and CSA. One recent 
post hoc analysis, that considered the short-term 
(12 weeks) and the long-term (52 weeks) CHF- 
HOT studies confirmed the previous results and 
described a decrease in the number of hourly epi-
sodes of ventricular arrhythmia by 12 weeks of 
home oxygen therapy in patients with marked 
elevation in AHI and severe ventricular dysfunc-
tion [25].

There are small studies aiming to evaluate the 
role of high-flow nasal oxygen in HFrEF associ-
ated CSA (ClinicalTrials.gov Identifier, 
NCT03085641).

Bilevel Positive Airway Pressure (BPAP)
No recent controlled randomized trials were 
found regarding the effect of bilevel positive 
pressure in CSA due to heart failure.

Trials of BPAP are typically reserved for those 
who have failed or not tolerated trials of oxygen, 
CPAP or ASV.  However, if we extrapolate the 
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results regarding ASV, the use of BPAP in patients 
with CSA due to HFrEF should be approached 
with caution and on a case-by-case basis [18].

There is a paucity of data regarding the effects 
of BPAP in patients with other hyperventilation- 
related CSA.

Respiratory Stimulants
Respiratory stimulants, such as theophylline, acet-
azolamide and carbon dioxide, augment  ventilation 
in HFrEF with normocapnic or hypocapnic 
CSA.  These agents can alter respiratory control 
instability, decrease the likelihood of crossing the 
apnoea threshold and diminish the propensity for 
central apnoeas and hypopnoeas [18].

Transvenous Neurostimulation
Despite the association between CSA and mor-
tality in HF, some patients do not tolerate modifi-
cations of heart failure medication or positive 
airway pressure. Therefore, a novel treatment 
method has been recently studied: unilateral 
phrenic nerve stimulation by the Remedē® 
System, a transvenously implantable neurostimu-
lation device. In a multicentre randomized con-
trolled trial, Constanzo M.R. et al. demonstrated 
that transvenous neurostimulation resulted in sig-
nificant reductions in the severity of central sleep 
apnoea as well as improvements in the arousal 
index, self-reported sleepiness, REM sleep and 
quality-of-life measures at 6 months [14]. No 
major differences in safety or tolerability were 
reported during the follow-up. Additionally, sus-
tained benefits were verified in sleep parameters, 
sleep symptoms and quality of life over a 
12-month period [13, 15].

27.3.2.2  Stroke
Several studies have reported an association 
between stroke and CSA.  After the stroke, the 
number of central apnoeas decreases over time, 
unless the cause of CSA is another condition 
such as heart failure. One single centre retrospec-
tive study in patients with CSA in post-acute 
ischaemic stroke patients without concomitant 
CHF reported that ASV improved AHI, after a 
trial of CPAP or bilevel positive pressure with 

unsatisfactory results [26]. Furthermore, other 
studies raised concerns about the low CPAP tol-
erability in these post-stroke patients [18, 27].

Literature is scant regarding the pathophysiol-
ogy, the role of CSB in the recovery or if treatment 
should be offered—no recent controlled trials were 
found regarding the treatment of CSA in stroke.

27.3.2.3  End-Stage Renal Disease
Sleep-disordered breathing (SDB) is increasingly 
recognized amongst patients with end-stage renal 
disease (ESRD). OSA is the most commonly 
reported disorder, followed by CSA. Nevertheless, 
the pathogenesis of sleep apnoea in ESRD 
remains unclear. Previous work on features of 
sleep apnoea in ESRD patients suggested that 
fluid retention seems to play a central role and its 
pathogenesis may be related to both upper airway 
occlusion and destabilization of central respira-
tory control.

Concerning CSA, there are a few studies in 
the literature addressing therapy aspects. 
Nocturnal haemodialysis seems to be superior in 
reducing CSA over conventional haemodialysis 
during daytime. Regarding subjective sleep 
assessments, improved sleep quality was found 
in the prospective pre–post intervention studies 
and cohort studies, whilst no significant improve-
ments were found in the randomized controlled 
trials. Oxygen therapy, CPAP and ASV have 
proven efficacious in reducing central events in 
ESRD [28].

No structured studies were found evaluating 
the effect of renal transplant in CSA.

27.3.2.4  High Altitude
CSA that appears with altitude is named high- 
altitude periodic breathing (HABP). Previous 
studies could be divided in two groups: evaluat-
ing the effect of high altitude in healthy subjects 
and in patients with pre-existing breathing dis-
orders. Few studies suggested that acetazol-
amide, dexamethasone or nocturnal oxygen may 
reduce HABP in healthy subjects. Furthermore, 
studies evaluating patients with a pre-existing 
sleeping disorder were performed mainly in 
OSA.
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No recent controlled randomized trials were 
found regarding the effect of bilevel positive 
pressure in CSA.  In a small prospective study, 
18 healthy subjects were brought from sea level 
to 3800 m and underwent polysomnography on 
3 consecutive nights [29]. Each night the ran-
domized received no treatment, supplemental 
oxygen or ASV.  The authors did not observe 
consistent efficacy in the use of ASV for treat-
ment of CSA due to high-altitude periodic 
breathing in nonacclimatized individuals. In 
contrast, oxygen was efficacious during sleep in 
preventing sleep apnoea, oxygen desaturation 
and arousal index. Taking in consideration the 
major limitation of these studies, the authors 
stated that adjustment in the ASV algorithm 
may improve efficacy and ASV may have utility 
in acclimatized persons or with previous sleep 
breathing disorder.

27.3.2.5  Opioids/Substance Usage
No recent controlled randomized trials were 
found regarding the treatment of CSA related to 
opioids/substances usage.

Literature support a dose-response relation-
ship between opioid daily dose and severity of 
CBD; therefore, the first approach should be, if 
possible, to diminish the opioid dosage. Secondly, 
medications that may contribute for SDB should 
be excluded, such as benzodiazepines [18].

About PAP therapy, there is scant direct evi-
dence upon which to base treatment recommen-
dations in patients chronically using opioids [30]. 
Still, most data suggested that both ASV thera-
pies are superior to conventional CPAP for elimi-
nation of opioid-associated CSA [18, 31].

27.3.2.6  Treatment-Emergent/
Treatment-Persistent CSA

Recently, an ERS task force reported that the 
term treatment-emergent CSA should be used for 
patients with CSA newly developed under treat-
ment with PAP that disappear under continuous 
use and the term treatment-persistent for CSA 
that persists under continuous use of PAP therapy 
[18]. No other cause should explain these events 

(e.g. underlying cardiovascular, renal or neuro-
logical diseases or pre-existing CSA prior to ini-
tiation of PAP). The authors also stated the 
importance of confirming the previous diagnosis 
by reviewing the initial PSG and excluding avoid-
able causes of CSA under PAP, for example 
excessive titration, post-hyperventilation apnoea, 
post-arousal apnoea, overestimation due to split- 
night error and misclassification of central 
hypopnoeas.

Studies revealed conflicting definitions of 
treatment-emergent CSA which makes it impos-
sible to extrapolate therapy results regarding this 
condition. Recently, Liu D. et al. identified differ-
ent trajectories during CPAP therapy (transient, 
emerging, persistent CSA) using a US positive 
airway pressure (PAP) device telemonitoring 
database. In this study, older patients, higher 
residual AHI and leak appear to be risk factors 
for emergent CSA during CPAP [32].

Despite these definition issues, literature 
stated that CPAP and ASV have improved effec-
tively treatment-emergent/treatment-persistent 
CSA; however, ASV seems to be superior than 
the other PAP therapies.

27.3.2.7  Idiopathic CSA
Idiopathic central sleep apnoea is a rare disease 
of unknown prevalence that typically presents as 
hypocapnic CSA.  Concerning its treatment, no 
recent trials were found, and there is very limited 
data, mainly about the use of zolpidem, acetazol-
amide or PAP (CPAP or ASV) [18].

27.3.2.8  Other Diseases Related 
to CSA

Certain endocrine, neurological or pulmonary 
diseases have been reported to be associated with 
CSA, such as acromegaly, diabetes mellitus, 
Parkinson’s disease, Alzheimer’s disease, inter-
stitial lung disease and pulmonary hypertension. 
However, limited scientific evidence regarding 
treatment is available. Therefore, treatment deci-
sions must be individualized based on disease 
and symptom severity and patient willingness to 
accept therapy.
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27.4  Conclusions

In CSA, many doubts remain about which patients 
should be treated. Some authors started treatment 
with PAP if AHI ≥15/h, others if AHI ≥5/h with 
symptoms. Furthermore, studies have demon-
strated that the detrimental effects of CSA 
increase with the higher number of CSA events 
and in one study was observed an augmented 
mortality risk when AHI was superior to 22.5/h 
[19]. Hence, trials are needed to evaluate long- 
term prognostic relevance of CSA and to try to 
define clearer indications for treatment initiation.

In terms of treatment in clinical practice, a 
recent algorithm was published by an ERS task 
force [18]. Firstly, as previously stated, most 
cases of CSA are secondary to an underlying 
medical condition, such as heart failure or stroke, 
high altitude or opioids/substance usage. In such 
cases, treatment of the underlying condition or 
removal of the offending medication/substance 
may result in improvement in the CSA.

Because CSA often persists despite treatment of 
the underlying cause, targeted treatment with posi-
tive airway pressure must be considered. CPAP is 
the preferred first-line therapy for symptomatic 
patients with hyperventilation-related CSA. In the 
algorithm, the authors proposed that if AHI remains 
superior to 15/h despite CPAP usage or in case of 
poor tolerance, treatment with ASV should be tried, 
except if LVEF ≤45%. However, for other authors, 
the definition of CPAP “failure” can be the presence 
of AHI ≥5/h, with >50% of residual central events.

If possible, patients should undergo titration 
for PAP in a sleep laboratory setting, which offers 
an opportunity to adjust parameters to correct all 
breathing events and verify interfaces or other 
problems related to PAP.

Unlike CPAP or ASV, nocturnal oxygen ther-
apy is not effective in eliminating upper airway 
obstruction that may accompany central apnoeas. 
Given these findings, its use is likely best reserved 
for those patients whose pressure support thera-
pies are found to be insufficient or are poorly 
tolerated.

Regarding medication in CSA, potential 
adverse effects of theophylline and acetazol-
amide limit its use in clinical practice in CHF, at 
least until studies can demonstrate its long-term 
safety and efficacy. Acetazolamide may have a 
role in CSA associated with high altitude since it 
seems to reduce central events in health subjects. 
Additionally, it appears to prevent central events 
and to improve oxygen saturation in combination 
with automatic continuous positive pressure 
(APAP) in OSA patients.

Furthermore, phrenic nerve stimulation also 
may offer a promising new way to treat CSA in 
HF. The therapy was found to be well tolerated, 
and therapeutic efficacy was maintained at 
12-month follow-up. However, this device has 
not yet been compared with CPAP or other thera-
pies for CSA, and further studies are needed to 
help define optimal patient selection and long- 
term safety.

Research advances in the last years have 
allowed to improve our understanding about 
pathophysiology and aetiology of central breath-
ing disorders. Still, several questions related to 
pathophysiology and treatment remain open, 
mainly indications for treatment and long-term 
efficacy and safety of the different therapies used 
in CSA (Fig. 27.1). Active research in CSA treat-
ment is currently ongoing and will be presenting 
results in a recent future (ADVENT-HF, phrenic 
nerve stimulation).
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28.1  Introduction

Obstructive sleep apnea syndrome (OSAS) is 
repeated obstruction of the upper airway which 
results in cessation of airflow, with disturbance in 
saturation followed by arousals from sleep [1]. 
Although protective by nature, this mechanism 
leads to fragmented, poor-quality sleep. Untreated 
OSA is a common condition in patients with cor-
onary artery disease (CAD), causing episodic 
hypoxemia and nocturnal sympathetic nervous 
system activation, elevated blood pressure and 
markers of oxidative stress, inflammation, and 
hypercoagulation [2]. OSA can also result in 
undesirable physiological, behavioral, and cogni-
tive squeal, excessive daytime sleepiness (EDS), 
hyperactivity, and behavioral disturbances, learn-
ing and memory deficits, increased risk-taking 
and injury risk and have impacts impact on daily 
life with sleep deprivation, which may result in 

altered mood, impaired cognition, and decreased 
energy [3].

Cardinal symptoms of OSA are loud snoring, 
witnessed apnea, and excessive daytime sleepi-
ness. Sometimes daytime symptoms (excessive 
daytime sleepiness), depression, and impaired 
quality of life may be the presenting symptoms of 
OSA rather than cardinal symptoms [4]. OSA 
patients with excessive daytime sleepiness may 
have reduced health-related quality of life 
(HRQoL) compared to the general population [3].

First-line treatment in OSA is positive airway 
pressure (PAP), which eliminated apneas and hypop-
neas. PAP treatment in OSA is known to be benefi-
cial, if usage of the device is at least 4 h per night 
70% of all nights, which means 2.8 h/night adjusted 
usage. In this section the association between quality 
of life, excessive daytime, and depression with OSA 
will be discussed; moreover, response to PAP treat-
ment will be evaluated (Fig. 28.1).

2747 studies identified through PubMed
Search between January 2009 to April 2019

2747 screened by title
      1. Quality of life and obstructive sleep apnea
      2. Depression and obstructive sleep apnea
      3. Excessive daytime sleepiness and obstructive sleep apnea

714 duplicates were removed

2033 studies were reviewed for inclusion and exclusion

1974 studies excluded
Reason for exclusion:
a. Not evaluated effect of PAP
    treatment in OSA
b. Pediatric patient
c. Non-RCT, non-observational
    study
d. Low number of participants

59 included in evidence base for recommendations

30 studies included in the chapter

Fig. 28.1 Screening 
procedure for studies 
included in this chapter

B. Balcan



275

28.2  Excessive Daytime 
Sleepiness, Quality of Life 
and Depression

28.2.1  Excessive Daytime Sleepiness

Excessive daytime sleepiness (EDS) is a com-
mon problem which is mostly a self-reported 
symptom of OSA.  Uncontrolled need of sleep 
and falling asleep during daytime are the charac-
teristics of EDS [5]. EDS is a serious condition 
which leads to problems such as poor work per-
formance, motor vehicle accidents, and work 
injuries. Quality-of-life outcomes are affected 
negatively, and people with EDS may have poor 
cognitive function and depressive mood [5]. EDS 
may be the only symptom of impaired quality of 
life, observed in sleep-related breathing disorder, 
and may also be related with chronic pain, noc-
turnal angina, chronic pulmonary symptoms, uri-
nary dysfunction, psychological disorders, and 
the effects of the medications [5].

Excessive daytime sleepiness is a usually 
self- reported, questionnaire-based condition, 
and the mostly used questionnaire is Epworth 
Sleepiness Scale (ESS). Dozing of the question-
naire are 0 = would never doze, 1 = slight chance 
of dozing, 2 = moderate change of dozing, and 
3 = high chance of dozing. There are eight ques-
tions that evaluate the situation of chance of doz-
ing: (1) sitting and reading; (2) watching TV; (3) 
situation sitting, inactive in a public place (e.g., a 
theater or a meeting); (4) as a passenger in a car 
for an hour without a break; (5) lying down to 
rest in the afternoon when circumstances permit; 
(6) sitting and talking to someone; (7) sitting 
quietly after a lunch without alcohol, and (8) in a 
car, while stopped for a few minutes in the traf-
fic. Total score over 10 is mostly accepted as 
sleepy.

Other questionnaires used for evaluation of 
sleepiness is the Stanford Sleepiness Scale (SSS). 
This questionnaire is more complicated than 
ESS, and also the results are not as homogeneous 
as ESS; therefore, it is not preferred to evaluate 
the condition of sleepiness anymore.

28.2.2  Quality of Life

In recent years, there has been an increased inter-
est in evaluation of quality of life (QoL) in 
patients with chronic illnesses [6]. OSA has been 
shown to be associated with cardiovascular and 
other chronic diseases as well as motor vehicle 
accidents; moreover, it has also be reported that 
there is a relationship between OSA and QoL [6]. 
Excessive daytime sleepiness, loud snoring, and 
witnessed apnea are the cardinal symptoms of 
OSA.  Beside these cardinal symptoms, fatigue 
and social or emotional difficulties, which affect 
life negatively, may be the presentation of OSA 
in some patients. Evaluation of QoL based on 
questionnaires such as Short Form of the Medical 
Outcomes Survey (SF-36) that contains eight 
domains (physical function, role-physical, bodily 
pain, general health, energy/vitality, role- 
emotional, social function, and mental health), 
and two composite scores (mental component 
score [MCS] and physical component score 
[PCS]), Functional Outcomes of Sleep 
Questionnaire (FOSQ), Quebec Sleep 
Questionnaire (QSQ), and the Calgary Sleep 
Apnea Quality of Life Index (SAQLI), etc. 
Although results have varied, most of the studies 
has shown significant association between OSA 
and quality of life [7].

28.2.3  Depressive Mood

The prevalence of depression is high in patients 
with OSA; it was reported that in community- 
based studies, its rates were estimated as 17%, and 
in studies from sleep cohorts, it was observed as 
high as 40% [8]. It was also reported that depres-
sion may be a risk factor of OSA; on the other 
hand, depression may be caused by OSA. In the 
sleep-EVAL study, a population-based telephone 
interviews with 18,980 patients, it was reported 
that prevalence of major depression in OSA 
patients according to Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV) criteria 
was 17% and 4.3% for the whole population [9]. 
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Wandeputte et  al. reported the prevalence of 
depression as 41%, and Wahner-loedler et  al. 
reported depression 38% for women and 26% for 
men in sleep clinic cohorts [10, 11].

28.3  Positive Airway Pressure 
Treatment

Continuous positive airway pressure (CPAP) 
therapy, which has a stable pressure through the 
whole respiration (inspiration and expiration) to 
secure the airway, is used commonly in 
OSA. Bi-level PAP, the other option used in treat-
ment of OSA, supplies different levels of pres-
sure in inspiration (IPAP) and expiration (EPAP). 
Flow sensors, built in recently developed CPAP 
(called auto-adjusting PAP [APAP]) devices, has 
the capability of detection of respiratory events; 
thus they can increase the pressure when respira-
tory events sensed and decrease the support when 
respiratory events does not occur. Auto-adjusting 
procedures were also developed for BiPAP 
devices, and they are called auto-BiPAP.

Adherence to PAP therapy is very important 
for the success of the OSA treatment. Minimum 
accepted compliance is 4  h per night; besides, 
there are many studies that recommended the 
success of dose response relationship of the PAP 
therapy [12, 13]. Therefore, it is suggested to use 
the device as much as possible, preferably the 
whole sleep period. In order to promote the com-
pliance, it is essential to favor the comfort of the 
patient. Different choices of masks, oronasal, 
nasal, and nasal pillows, provide options to 
patients to feel comfortable and reduce the leak. 
Furthermore, humidifiers used in the PAP devices 
promote heated system and defend against dry-
ness. Most of the new-generation PAP devices 
include SD cards or online connection systems 
which provide physicians the chance to evaluate 
the compliance of the patients in follow-ups after 
initiation of OSA treatment.

PICO Questions
PICO (patient, population or problem, interven-
tion, comparison, and outcomes) questions were 
developed in order to evaluate the effectiveness 

of PAP treatment in OSA patients. As summa-
rized in Table 28.1, PICO questions consist of 11 
items. Nine of 11 questions excluding second and 
third evaluate quality of life, and eight questions 
excluding second, third, and tenth evaluate day-
time sleepiness (Table 28.1).

28.3.1  Impact of Positive Airway 
Pressure Treatment 
on Sleepiness

Evaluation of sleepiness is done subjectively by 
self-reported questionnaires and mostly used one 
is ESS. When previous literature especially ran-
domized controlled trials (RCT) is analyzed, it is 
observed that PAP treatment significantly 
improves excessive daytime sleepiness [7, 14, 
15]. Significant improvement in excessive day-
time sleepiness is observed in both sleepy and 
non-sleepy populations; however, improvement 
in sleepy ones was more compared to non-sleepy 
patients [7]. In a randomized controlled trial, 
McMillian et  al. evaluated benefits of CPAP in 
moderate-to-severe OSA in elderly 
(age ≥65 years) 278 participants. They reported 
that CPAP treatment reduces ESS scores signifi-
cantly at third and twelfth months; moreover, 
they observed greater decline in ESS scores in 
patients with higher levels of ESS scores at base-
line [14]. They recommend CPAP treatment in 
moderate-to-severe OSA subjects in elderly pop-
ulation with excessive daytime sleepiness. In 
another randomized controlled trial, Campos 
Rodriguez and colleagues evaluated daytime 
sleepiness, mood, and quality of life in 307 
females with diagnosis of moderate-to-severe 
OSA (AHI ≥ 15 events/h). At the end of twelfth 
week, they observed a significant improvement in 
daytime sleepiness in CPAP group compared to 
conservative therapy [15]. In an observational 
study Weaver et al. evaluated dose–response rela-
tionship for improvement of daytime sleepiness 
in 149 patients, and they have reported that CPAP 
usage should be at least 4 h for significant decline 
in ESS scores [13]. Most of the studies in the lit-
erature suggest that excessive daytime sleepiness 
improves with satisfactory CPAP usage; however 

B. Balcan



277

in some studies, residual daytime sleepiness was 
reported even if the participants used their devices 
at least 4 h. Foster et al. observed residual day-
time sleepiness in OSA patients who underwent 
CPAP treatment. Twenty-nine OSA patients 
receiving CPAP therapy were included in this 
study; they evaluated daytime sleepiness with 
ESS subjectively and by multiple sleep latency 
test (MSLT) objectively. They suggested that 
there is a different phenotype of OSA which may 
be associated with persistent excessive daytime 
sleepiness despite appropriate treatment received 
OSA [16]. Impact of CPAP treatment on daytime 
sleepiness was summarized in Table 28.2.

28.3.2  Impact of Positive Airway 
Pressure on Quality of Life

As it was mentioned above, there are many stud-
ies that suggested significant association between 
OSA and quality of life. Evaluation of quality of 

life is based on subjective questionnaires such as 
Short Form of the Medical Outcomes Survey (SF 
36), Functional Outcomes of Sleep Questionnaire 
(FOSQ), Calgary Sleep Apnea Quality of Life 
Index (SAQLI), etc. As described in Table 28.2, 
there are many studies (most of them RCTs) that 
favor the effectiveness of PAP treatment in 
improvement in quality of life [14, 15, 17, 18]; on 
the other hand, in some studies no benefit of PAP 
treatment was observed for improvement of qual-
ity of life [19–21]. In some randomized  controlled 
trials evaluating quality of life with SF-36 ques-
tionnaires, no significant improvement with PAP 
treatment in OSA patients was observed in physi-
cal component summary, mental component 
summary, and vitality score. In this chapter, some 
of those RCTs in which association of quality of 
life and PAP therapy in OSA will be discussed.

Campos Rodriguez and colleagues evaluated 
307 (randomized to CPAP [n = 151] and conser-
vative treatment [n  =  156]) women who had 
moderate- to-severe OSA.  They used short-form 

Table 28.1 PICO questions

1.  In adult patients with OSA, does CPAP versus no treatment improve AHI/RDI/REI, daytime sleepiness, 
neurocognitive function, quality of life, sleep quality, mood, and motor vehicle crashes?

2.  In adult patients with OSA, does PAP versus no therapy improve left ventricular ejection fraction, blood pressure 
control, and glucose control (hemoglobin A1c; fasting glucose)?

3.  In adult patients with OSA, does PAP versus no therapy reduce cardiovascular event rates (incident hypertension, 
myocardial infarction, coronary revascularization procedures, stroke, atrial fibrillation, sudden death, 
hospitalization for heart failure, and cardiovascular mortality), all-cause hospitalization, and all-cause mortality?

4.  In adult patients with OSA, does initiation of PAP based on an in-laboratory versus ambulatory APAP-based 
strategy improve AHI/RDI, adherence to PAP therapy, sleepiness, and quality of life?

5.  In adult patients with OSA, does APAP versus CPAP improve AHI/RDI, adherence, sleepiness, neurocognitive 
function, and quality of life and reduce side effects?

6.  In adult patients with OSA, does BPAP or auto-BPAP versus CPAP improve AHI/RDI, adherence to PAP 
therapy, sleepiness, neurocognitive function, and quality of life and reduce side effects?

7.  In adult patients with OSA, does the addition of modified pressure profile PAP to PAP therapy improve 
adherence to PAP therapy, sleepiness, and quality of life and reduce side effects?

8.  In adult patients with OSA, does oral CPAP versus nasal (nasal mask versus intranasal) CPAP versus oronasal 
CPAP improve AHI/RDI, adherence to PAP therapy, sleepiness, and quality of life and reduce side effects?

9.  In adult patients with OSA, does humidified PAP versus standard PAP improve adherence to PAP therapy, 
sleepiness, quality of life and reduce side effects?

10.  In adult patients with OSA, do educational or behavioral interventions versus no intervention prior to or during 
PAP treatment improve adherence to PAP therapy, sleepiness, and quality of life?

11.  In adult patients with OSA, do interventions guided by monitoring of OSA and PAP parameters during PAP 
treatment versus no monitoring improve adherence to PAP therapy, sleepiness, and quality of life, and reduce 
side effects?

AHI apnea–hypopnea index, APAP auto-adjusting positive airway pressure, BPAP bilevel positive airway pressure, 
CPAP continuous positive airway pressure, OSA obstructive sleep apnea, PAP positive airway pressure, PICO patient, 
population or problem, intervention, comparison, and outcomes, RDI respiratory disturbance index, REI respiratory 
event index
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health survey (SF-12) in order to evaluate the 
quality of life. After 12 weeks of follow-ups, they 
have demonstrated that there was a significant 
improvement in each domain of quality-of-life 
measurements compared to no-CPAP group. They 
reported this improvement in both moderate and 
severe OSA; moreover, they suggested that 
improvement was more with increased CPAP 
adherence [15]. In another randomized controlled 
trial, McMillan et  al. evaluated 278 elderly 
(Age ≥65 years) participants, who were random-
ized to CPAP (n = 140) and no CPAP (n = 138). 
Quality of life was evaluated by SF-36 question-

naire in this study. At baseline there was no sig-
nificant difference between the groups regarding 
the quality-of-life evaluation; after 3 and 
12  months, they observed an improvement in 
vitality and energy domains of SF-36  in CPAP 
group [14]. Another randomized controlled trial 
which evaluated quality-of-life change after 
CPAP treatment in OSA patients evaluated 169 
patients (CPAP group [n = 83], controls [n = 86]). 
They reported improvement at sixth and twelfth 
months in vitality, general health, physical func-
tioning, bodily pain, and physical health summary 
score domains of SF-36 [18]. HEARTBEAT 

Table 28.2 Summary of articles addressing impact of CPAP treatment on excessive daytime sleepiness, impaired qual-
ity of life, and depressive mood

First author, year Questionnaire OSA
Sample 
size Main finding Study design

Excessive daytime sleepiness
T. E. Weaver, 2007 ESS AHI ≥ 15 149 CPAP improves EDS Observational

A. McMillan, 2014 ESS ODI ≥ 7.5 278 CPAP improves EDS RCT

Campos-F. Rodriges, 2016 ESS AHI ≥ 15 307 CPAP improves EDS RCT

S. N. Foster, 2019 ESS AHI ≥ 5 29 CPAP does not improve 
EDS

Quality of life
A. McMillan, 2014 SF-36 ODI ≥ 7.5 278 CPAP improves QOL RCT

Campos-F. Rodriges, 2016 QSQ AHI ≥ 15 307 CPAP improves QOL RCT

E. F. Lewis, 2017 SF-36 AHI ≥ 15 318 CPAP improves QOL RCT

Y. Y. Zhao, 2017 SF-36 AHI ≥ 15 169 CPAP improves QOL RCT

F. Barbe, 2001 FOSQ AHI ≥ 30 55 CPAP does not improve 
QOL

RCT

M. Barnes, 2002 FOSQ AHI ≥ 5 114 CPAP does not improve 
QOL

RCT

C. L. Phillips, 2011 FOSQ AHI ≥ 30 38 CPAP does not improve 
QOL

RCT

Depression
Campos-F. Rodriges, 2016 HADS AHI ≥ 15 307 CPAP improves depression RCT

S. Redline, 1998 POMS AHI ≥ 5 111 CPAP improves depression RCT

B. Balcan, 2019 ZDS AHI ≥ 15 244 CPAP improves depression RCT

El Sherbini, 2011 HDRS AHI ≥ 15 37 CPAP improves depression Observational

A. Haensel, 2007 POMS AHI ≥ 15 50 CPAP improves depression Observational

C. Diamanti, 2013 CES-D AHI ≥ 15 41 CPAP improves depression Observational

M. Barnes, 2002 BDI AHI ≥ 5 114 CPAP does not improve 
depression

RCT

F. Gagnadoux, 2014 Pichot AHI ≥ 30 300 CPAP does not improve 
depression

Observational

AH apnea–hypopnea index, CES-D Center for Epidemiologic Studies Depression Scale, CPAP continuous positive 
airway pressure, EDS excessive daytime sleepiness, ESS Epworth Sleepiness Scale, FOSQ Functional Outcomes of 
Sleep Questionnaire, HADS Hospital Anxiety and Depression Scale, HDRS Hamilton Depression Rating Scale, ODI 
oxygen desaturation index, POMS Profile of Mood States, QSQ Quebec Sleep Questionnaire, SF-36 Short Form of the 
Medical Outcomes Survey, ZDS Zung Self-rating Depression Scale
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study is the other randomized controlled trial that 
used SF-36 for evaluation of impact of CPAP on 
health-related quality of life. They evaluated OSA 
patients with coronary heart disease, and they 
observed improvement in vitality and mental sta-
tus domains in CPAP group regarding health-
related quality of life; moreover, they reported 
participants with higher ESS scores had better 
improvement in quality-of-life measures [17].

In a few studies, benefit of CPAP treatment 
was not observed on quality of life in OSA 
patients [19–21]. Arandomized controlled trial 
by Barbe and colleagues evaluated 54 sleepy 
(ESS ≥  11), severe (AHI ≥  30  events/h) OSA 
subjects and compared 29 cases with 25 controls, 
and they did not report a significant improvement 
in quality of life at the end of 6 weeks [19]. In 
another randomized controlled, trial no improve-
ment was observed in mild and moderate OSA 
participants after CPAP therapy. Phillips et  al. 
and Barns et al. also did not report improvement 
in quality of life after CPAP treatment in OSA 
patients [21]. Impact of CPAP treatment on qual-
ity of life was summarized in Table 28.2.

28.3.3  Impact of Positive Airway 
Pressure on Depression

Association between OSA and depression has 
been recognized and evaluated for 40 years [22]. 
Although association between depressive mood 
and OSA had been established many times, 
mechanism between this relationship is unclear. 
Evaluation of depression is done by measures 
such as Beck Depression Inventory (BDI), 
Montgomery–Asberg Depression Rating Scale 
(MADRS), Hospital Anxiety and Depression 
Scale (HADS), Hamilton Depression Rating 
Scale (HAM-D), and Zung Self-rating Depression 
Scale. Previously it was demonstrated that there 
is a connection between depressive mood, quality 
of life, and excessive daytime sleepiness and 
OSA.  The best improvement in depression and 
excessive daytime sleepiness is observed after 
3 months of CPAP therapy in OSA [22]. There 
are studies addressing the benefits of CPAP on 
depression in OSA [15, 23–26]; on the other 

hand, in some studies, no effect of CPAP on 
depression has been observed in sleep clinic 
cohorts [27–29].

Campos Rodriguez and colleagues conducted 
a multicenter randomized controlled trial with 
307 women. They evaluated daytime sleepiness, 
quality of life, as well as depressive mood in 
moderate-to-severe OSA participants. 
Assessment of mood and depression was done by 
Hospital Anxiety and Depression (HADS) ques-
tionnaire and Abbreviated Profile of Mood States 
(POMS). They reevaluated participants after 
3  months of CPAP therapy, and they reported 
improvement in mood state and depression 
besides the improvement of quality of life and 
daytime sleepiness in both moderate and severe 
OSA [15]. In another randomized controlled 
trial, Redline et al. assessed the effect of CPAP 
treatment versus conservative treatment on 
depression in 111 mild-to-moderate OSA partici-
pants. They measured depressive mood with 
POMS; 50% of the CPAP group and 25% of the 
controls had shown improvement in depressive 
mood after 8 weeks of follow-ups. Improvement 
in CPAP group was significantly better compared 
to conventional therapy group [26]. Another ran-
domized controlled trial conducted by Balcan 
and colleagues evaluated 244 coronary artery dis-
ease patients with non-sleepy (ESS  <  10) 
OSA.  Assessment of depression was done by 
Zung Self-rating Depression Scale score ques-
tionnaire. In the follow-ups, they reported a sig-
nificant decline in depression scores; however in 
no-CPAP group, scores remained unchanged at 3 
and 12  months; moreover, they observed that 
improvement in depressive mood was better by 
increased CPAP adherence [30]. El Sherbini et al. 
evaluated 37 OSA adults with mean 
AHI  =  27.7  events/h prospectively; they per-
formed Hamilton Depression Rating Scale 
(HDRS) for assessment of depression and reeval-
uated them after 2  months of CPAP treatment. 
Nearly 60% of the participants diagnosed as 
depressive clinically; they reported significant 
correlation between depression and OSA param-
eters such as AHI and ODI; moreover, they 
observed significant improvement in depression 
after CPAP treatment [23]. Haensel and 
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 colleagues designed a double-blinded placebo 
controlled study with OSA (AHI ≥ 15 events/h) 
patients; after 2 weeks of treatment (CPAP and 
sham-CPAP [a device that gives pressure in 
untherapeutic dose]), they evaluated mood. They 
used POMS for assessment of depression, and 
they observed improvement after treatment; how-
ever, there was decline in depression scores in 
both groups, and there was no difference between 
group analysis [24]. In another observational 
study, Diamanti et al. evaluated 41 OSA patients; 
they assessed depression with the Center for 
Epidemiologic Studies Depression Scale (CES- 
D); finally after 6  months of treatment, they 
reported a significant decrease in depressive 
mood in the participants [25].

In some sleep clinic cohorts, no significant cor-
relation was demonstrated between CPAP treat-
ment and improvement in depressive mood. In a 
randomized controlled trial, the efficacy of CPAP 
treatment on depressive mood in mild-to- 
moderate OSA was evaluated. One hundred and 
fourteen participants were recruited for 3 months 
of CPAP therapy, a mandibular advancement 
splint, and a placebo tablet. Sleep parameters 
(AHI, ODI, etc.), as well as quality-of-life mea-
sures, were improved at the end of the follow-ups 
in treatment groups; however, improvement in 
depressive measures in treatment groups was not 
significantly better than control group [29]. 
Gagnadoux et  al. evaluated 300 OSA patients 
with depressive mood diagnosed by 13-item, self-
rated Pichot Depression Scale [QD2A]7 question-
naire. After 1  year of CPAP treatment, they 
assessed persistent depressive symptoms and 
reported that there was no resolution in depressive 
symptoms after CPAP therapy; moreover, there 
was a strong association with persistent depres-
sion and excessive daytime sleepiness [27].

28.4  Conclusion

Loud snoring and witnessed apnea are the most 
decisive symptoms of OSA, but these symptoms 
cannot be self-reported. Quality of life, excessive 
daytime sleepiness, and depressive mood are the 
associates and are the self-reported symptoms of 
OSA.  Clinic may be presented by only with 

impaired quality of life or together with exces-
sive daytime sleepiness and depressive mood. 
The definite treatment option is PAP in OSA; 
apneas, hypopneas, and desaturations can be 
healed by positive pressure. But beside the nature 
of the disease, it is also important to heal the pre-
senting symptoms of the patients. There are many 
studies which evaluated progress in quality-of- 
life depression and daytime sleepiness in OSA 
populations. Most of the studies favor CPAP 
treatment for improvement of those symptoms in 
OSA patients. Very few of the studies had 
reported no improvement in daily symptoms after 
CPAP treatment. Effectiveness of CPAP therapy 
depends on some factors: compliance, duration 
of devise usage, and comfortable mask. Fort an 
effective treatment in quality of life and daily 
symptoms, PAP device should be used at least 4 h 
per night with a comfortable mask, and probable 
improvement can usually be observed after 
3 months of PAP treatment.
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Abbreviations

6MWT 6-min walk tests
A mode Assist mode
A/C mode Assist–control mode
AHI Apnea–hypopnea index
AHRF  Acute hypercapnic respiratory 

failure
ARF Acute respiratory failure
ASV Adaptive servo ventilation
AVAPS  Average volume-assured pressure 

support
BPAP Bilevel positive airway pressure
Bpm Breaths per minute
C mode Control mode
CHF Congestive heart failure
COPD  Chronic obstructive pulmonary 

disease
CPAP Continue positive airway pressure
CSAS Central sleep apnea syndrome
EAdi Electrical activity of the diaphragm
EPAP Expiratory positive airway pressure
FA Flow assist
FiO2  Fractional inspired oxygen 

concentration
HF Heart failure
I/E ratio Inspiratory/expiratory ratio
IBW Ideal body weight
ICU Intensive care unit
IPAP Inspiratory positive airway pressure
LVEF Left ventricular ejection fraction
n Number of patients
NAVA Neurally adjusted ventilator assist
NIV Noninvasive mechanical ventilation
NPPV  Noninvasive positive pressure 

ventilation
OHS Obesity hypoventilation syndrome
OSA Obstructive sleep apnea

PaCO2 Partial pressure of carbon dioxide
PaO2 Partial pressure of oxygen
PAP Positive airway pressure
PAV Proportional assist ventilation
Paw Airway pressure
PEEP Positive end-expiratory pressure
PS Pressure support
PSV Pressure support ventilation
PTM Pressure-targeted mode
QoL Quality of life
RCT Randomized control trial
S mode Spontaneous mode
SBT Spontaneous breathing trial
SMC Standard medical care
T mode Timed mode
V/Q Ventilation/perfusion
VA Volume assist
Vt Tidal volume
VTM Volume-targeted mode

29.1  Introduction

Noninvasive mechanical ventilation (NIV) is a 
ventilator support which provides ventilation via 
the patient’s nose, mouth, or both without the use 
of an artificial airway (endotracheal tube, trache-
ostomy). NIV has been increasingly used in the 
acute care setting for acute respiratory failure 
(ARF) and plays an important role in these 
patients. NIV decreases work of breathing and 
improves gas exchange and lung compliance. 
The use of NIV reduces need for intubation. 
That’s why it is decreased in the incidence of 
complications of positive pressure ventilation 
such as ventilatory-associated pneumonia, baro-
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trauma, and volutrauma. Besides, NIV preserves 
airway defense mechanisms and allows patients 
to speak, eat, drink, and expectorate secretions. 
This chapter will mainly focus on the classic and 
new NIV modes and their settings.

29.2  Terms Used in NIV

It is important to understand the terminology 
used in NIV.

 1. Positive end-expiratory pressure (PEEP): 
PEEP is a positive airway pressure at end- 
expiratory phase. There are mechanical 
breaths.

 2. Expiratory positive airway pressure 
(EPAP): EPAP controls end-expiratory pres-
sure. It is used as continuous positive airway 
pressure (CPAP) when inspiratory positive 
airway pressure (IPAP) = EPAP. Moreover, it 
is used as PEEP when IPAP > EPAP.

 3. IPAP: IPAP controls peak inspiratory pres-
sure during inspiration. IPAP  =  Pressure 
Support (PS) + PEEP or PS + EPAP.

 4. CPAP: CPAP provides positive airway pres-
sure during spontaneous breaths. There are no 
mechanical breaths. CPAP is active when 
IPAP = EPAP.

 5. Bilevel positive airway pressure (BPAP): 
BPAP provides IPAP and EPAP.  CPAP is 
active when IPAP = EPAP.

29.3  How Is Inspiratory 
and Expiration Determined 
in the Ventilator During NIV?

Either the patient or the ventilator can control 
both the onset (e.g., triggering) and the end of 
inspiration (e.g., cycling into expiration).

29.3.1  Spontaneous Mode (S Mode)

This mode only can be used in pressure-targeted 
mode (PTM) and is also called pressure support 

ventilation (PSV) [1]. The initiation and end of 
inspiration are controlled by the patient. The 
patient triggers the ventilator and inspiration 
starts. During the low-level expiratory pressure 
(EPAP), the patient’s inspiratory effort modifies 
the pressure and flow into the circuit, starting the 
change to the higher inspiratory pressure (IPAP). 
The pressure is maintained so long as a minimal 
preset inspiratory flow is occurring. Inspiratory 
flow reaches a predetermined percentage of peak 
inspiratory flow, and the pressure in the circuit 
reverses to EPAP, and then inspiration finishes. 
The levels of ventilatory support, trigger sensitiv-
ity, and peak flow are the main variables deter-
mining the patient’s work of breathing. In some 
ventilators, the clinician can select a targeted 
inspiratory pressure, inspiratory trigger sensitiv-
ity, fractional inspired oxygen concentration 
(FiO2), and a percentage threshold of peak flow 
for cycling to expiration. However, in other ven-
tilators, only the inspiratory pressure can be set.

29.3.2  Assist Mode (A Mode)

When using A mode, in mechanical ventilator 
settings, FiO2, inspiratory trigger sensitivity, 
inspiratory time or inspiratory: expiratory ratio 
(I:E), a target pressure or volume are set. The 
patient controls the initiation of inspiration, and 
the clinician regulates the inspiratory length.

29.3.3  Assist–Control Mode  
(A/C Mode)

In this mode the patient triggers the ventilator, 
and the inspiration begins with the patient’s 
effort. However, if the patient doesn’t initiate 
breathing in the predefined time interval, the ven-
tilator starts the inspiration. In this mode, the 
backup respiratory rate is selected which is dif-
ferent from the A mode. If the patient’s spontane-
ous respiratory rate is lower than the preset 
ventilatory backup respiratory rate, the ventilator 
moves to control mode. This situation prevents 
apnea and related complications.
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29.3.4  Control Mode (C Mode)

In some ventilators, this mode is also called 
“Timed (T) mode” and is seldom used [1]. There 
is a predefined automatic cycle based on time. In 
this mode, only the ventilator initiates and ends 
inspiration. All of the work of breathing is per-
formed by the ventilator. The clinician selects 
FiO2, a respiratory rate, inspiratory and expira-
tory times or I/E ratio, a targeted pressure, or 
volume.

29.4  The Ventilatory Cycle

Appropriate settings of NIV are vital to provide 
optimal patient–ventilator synchrony and an 
appropriate tolerance by the patient. Hence, we 
must know how a ventilator acts and how patient–
ventilator synchronize and must analyze the dif-
ferent phases of a typical positive pressure 
ventilatory cycle.

29.4.1  Triggering

The initiation of inspiration can be triggered by 
patient effort or time. As the patient begins to 
inhale, the ventilator detects a change in flow or 
pressure, which triggers the ventilator change 
from expiratory to inspiratory pressure. NIV 
devices have two types of triggers which are 
pressure-based trigger or flow-based trigger. The 
pressure-based trigger is based on a fall in proxi-
mal airway pressure and needs a closed circuit. 
Older NIV ventilators have it. The flow-based 
trigger is based on detection of an inspiratory 
flow in the presence of a continuous flow wash-
ing out the circuit during expiration, and new 
NIV devices have it.

Asynchrony during the inspiratory phase is 
quite common during sleep in patients under 
NIV.  It may affect sleep quality and ventilatory 
efficacy. It is affected by trigger sensitivity, delay 
duration, and pre-inspiratory effort. The inspira-
tory trigger should have a short delay of response. 

Even in the presence of leaks, inspiratory trigger 
should be sensitive enough to permit the patient 
to trigger easily. It should be <100 ms [1]. If it is 
high value, the work of breathing increases, and 
asynchrony develops. This situation causes NIV 
failure.

Triggering depends on the circuit type used, 
the intrinsic PEEP level, the presence of the 
leaks, and the patient profile. Leaks may cause a 
pressure or flow drop resulting in auto-triggering. 
They may also contribute to ineffective inspira-
tory effort by preventing the detection of the 
patients inspiratory effort. Some ventilators 
enable the clinicians to set the trigger sensitivity 
in order to overcome these issues.

29.4.2  Pressurization

The pressurization for patient is vital to decrease 
inspiratory effort and improve synchronization. 
Inspiratory flow should be sufficient to meet 
inspiratory demand. Situations affecting pressur-
ization are the inspiratory effort of patient, com-
pliance, and resistance of the respiratory system, 
the rise time, and the level of ventilatory support.

Rise time is the time taken to reach IPAP after 
the onset of the inspiratory phase and is also 
called pressurization slope. COPD patients tend 
to prefer relatively rapid rise time (0.05–0.1  s), 
whereas patients with neuromuscular diseases 
prefer a slower one (0.3–0.4 s) [1]. If there is a 
high ventilatory demand of patient, short rise 
time should be set. For example, patients with 
COPD need a shorter inspiratory and a longer 
expiratory time. In patients with a slower respira-
tory rate, increasing rise time can improve com-
fort. A long rise time can result in a decrease in 
the effective tidal volume (Vt) delivered to the 
patient. The actual rise time achieved is affected 
by lung compliance, leaks, and patient breathing 
patterns.

Fall time is the time taken for the inspiratory 
pressure to fall after the ventilator cycles into 
expiration [2]. Some ventilators enable the clini-
cians to set the fall time.
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29.4.3  IPAP

IPAP is the pressure delivered by the ventilator as 
the patient is inhaling. This establishes the PS 
(IPAP minus EPAP) that provides assistance to 
inspiration and decreases the work of breathing 
by leading to increased Vt and minute ventila-
tion, unloading respiratory muscles and improv-
ing gas exchange.

29.4.4  EPAP

PEEP is an above-atmospheric (positive) pres-
sure applied during expiration. When positive 
pressure is applied during machine breaths, it is 
called PEEP.  When the positive pressure is 
applied during spontaneous breathing, the term 
CPAP is used. PEEP is called EPAP in bilevel 
devices. PEEP during NIV provides many advan-
tages. It flushes dead space CO2, prevents 
rebreathing, and reduces dynamic hyperinflation. 
So, PEEP reduces inspiratory work required to 
trigger assisted inspiration. PEEP assists with the 
maintenance of upper airway patency during 
sleep in patients with unstable upper airway, 
helps to recruit and maintain lung volume, and 
improves oxygenation. Since inspiratory pres-
sure must be increased in parallel if inspiratory 
assistance is to be maintained, which can lead to 
intolerance and favor leaks [1], the PEEP setting 
may interfere with either PS or IPAP levels. The 
application of a high level of PEEP may result in 
hemodynamic impairment.

29.4.5  Volume

Vt or minute volume can be set in some 
ventilators.

29.4.6  Backup Rate

A backup rate can be set by the clinician to ensure 
a minimum ventilation level for the patient in 
some modes. When the patient’s spontaneous 

breathing rate falls below the backup rate level, 
the ventilator delivers timed breaths. This situa-
tion is crucial to patients with impaired central 
respiratory drive during sleep.

29.4.7  Cycling

Respiratory cycling is the length of one complete 
breathing cycle. Switching from inspiration to 
expiration can be flow cycled or time cycled. If 
the ventilators use a time criteria set by the clini-
cian, it is called time-cycled mode. In the flow- 
cycled mode, cycling occurs as inspiratory flow 
decreases to a preadjusted percentage of the peak 
inspiratory flow, which is supposed to indicate 
the end of inspiratory effort [1]. Ideally, cycling 
should coincide with the end of patient effort. 
Patient–ventilator asynchrony may occur if the 
flow at which the ventilator cycles to exhalation 
does not coincide with the termination of neural 
inspiration. Leaks can affect cycling, as though 
the leak flow is greater than the ventilator’s flow 
cycle criteria, the inspiratory phase will continue. 
In some modes, cycling can occur after a preset 
time through the setting of inspiratory time lim-
its, as described earlier [2].

29.4.8  Inspiratory Time Limits

Some ventilators enable the clinician to set an 
inspiratory time. It ensures that the ventilator 
delivers the inspiratory pressure for a set time 
only, regardless of the patient’s spontaneous 
breathing pattern. Another ventilator mode may 
require parameters such as minimum and maxi-
mum inspiratory time for inspiratory time to be 
set. Inspiratory time limits aim to avoid the prob-
lems of premature and late cycling. Premature 
cycling is simply when the ventilator terminates 
the breath while the patient requires a longer 
inspiratory period. That is, the inspiratory time is 
too short for adequate respiratory support. 
Inspiratory muscles continue to contract, causing 
the mechanical ventilator to sense a second effort 
and possibly resulting in a second breath, com-
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monly referred to as double triggering. 
Asynchrony may causes decreased Vt, increased 
inspiratory load, and inaccurate display respira-
tion of respiratory rate. Often as a result of circuit 
leaks, inspiratory time may be too long; it causes 
insufficient time for expiration and leads to the 
development of intrinsic PEEP.  This situation 
means late cycling.

29.5  Effect of the Ventilatory 
Mode

NIV can be delivered using the same modes used 
for invasive mechanical ventilation. Basically, 
the Vt can be given either as a volume target or as 
a pressure target. Additionally, hybrid modalities 
can be used for NIV.

29.5.1  Volume-Targeted Mode (VTM)

The ventilator delivers a fixed Vt throughout a 
given time, and the pressure is variable to 
achieve the fixed volume. Pressure in the air-
ways (Paw) results from the interaction between 
spontaneous inspiratory efforts, compliance and 
resistance of the respiratory system, and ventila-
tory settings. VTM is also called the flow-lim-
ited mode.

29.5.2  Pressure-Targeted Mode (PTM)

PTM is also called the pressure-limited mode 
[1]. The ventilator in the PTM mode is set to 
deliver air flow via generating a predefined posi-
tive pressure in the airways for a given time. The 
airflow is set so as to establish and maintain a 
constant Paw according to the preset pressure. 
Constant analysis of the flow rate and airway 
pressure determines the flow variations which 
are necessary to maintain square wave pressure. 
Flow is active at the beginning of inspiration 
when the gradient between the circuit pressure 
and the pressure target is great. As the gradient 

narrows, the flow decelerates until driving pres-
sure no longer exists and flow ceases. The vol-
ume delivered to the patient during PTM 
depends on the interaction between the preset 
pressure, inspiratory time, the patient’s inspira-
tory effort, compliance, and resistance of respi-
ratory system of the patient. Therefore, the 
volume delivered to the patient during PTM is 
not constant.

PTM ventilators may use circuits with or 
without an expiratory valve. Simple-circuit PTM 
ventilators without an expiratory valve are used 
the most for NIV.  These devices are provided 
with a calibrated leak and cycle between IPAP 
and EPAP. The levels of IPAP and EPAP are set 
independently. An important advantage of PTM 
is the ability to compensate for mild–moderate 
leaks.

29.5.3  Which Will We Select: Volume 
or Pressure-Targeted Mode?

VTM and PTM have been commonly used with 
great success. However, both of them have 
advantages and disadvantages. Initially, the 
majority were ventilated successfully using 
volume- targeted ventilators. Currently, most 
patients are ventilated using pressure-targeted 
ventilators, since the PTM setting is better toler-
ated by the patient. Clear data showing benefits 
for PTM in high-impact endpoints such as 
improvements in gas exchange or sleep quality, 
in health-related quality of life (QoL), and mor-
tality are not available [2]. Even so, due to the 
higher comfort, PTM has become the mode 
most frequently used in surveys and scientific 
studies [2]. With the rapid development of tech-
nology, the advantages of volume and pressure 
mode have been combined in one mode (hybrid 
mode).

An individualized approach is usually neces-
sary to apply the best mode and setting for the 
patient. First of all, the pathology causing respi-
ratory failure and the presence of sleep-related 
breathing disorders should be investigated. The 
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ventilator modes and settings should be targeted 
with respect to this information.

29.5.4  Volume-Targeting Pressure 
Mode

PTM has an disadvantage that cannot guarantee a 
Vt delivered to the patient [1]. Volume targeting 
is a feature available in some bilevel ventilators 
that can allow overweighting of this limitation. 
Volume-targeting pressure mode is a hybrid 
mode which combines the advantages of the 
pressure and volume modes. During this mode, 
the ventilator estimates the delivered tidal vol-
ume and adjusts parameters to achieve a target 
Vt. Some ventilators adjust a target volume; each 
breath starts as a pressure-limited breath, and the 
breath converts to a flow-cycled mode by pro-
longing the inspiratory time if the preset Vt is not 
reached. The PS should be determined to provide 
a Vt as close as possible to the set target volume.

29.6  Classic Modes and Settings 
for NIV

29.6.1  CPAP

CPAP is a spontaneous breathing mode. Patients 
are required to start all of their breaths; no man-
datory breaths are delivered. When the CPAP is 
adjusted, the airflow is introduced into the air-
ways to maintain a pressure to continuously stent 
the airways open, in people who are breathing 
spontaneously. PEEP is the pressure in the alve-
oli that is above atmospheric pressure at the end 
of expiration. CPAP, a way of delivering PEEP, 
also maintains the set pressure during both inspi-
ration and expiration unlike PEEP.  It is recom-
mended to set the flow triggering when using 
CPAP. Because while in flow triggering, ventila-
tor performance is better than pressure triggering. 
CPAP can increase functional residual capacity, 
decrease atelectasis, increase the surface area of 
the alveoli, improve ventilation/perfusion (V/Q) 

matching, reduce work of breathing, and, thus, 
improve oxygenation.

CPAP is suggested for patients with ARF due 
to cardiogenic pulmonary edema in the prehospi-
tal setting, early for immunocompromised 
patients with ARF and for patients with postop-
erative ARF and for chest trauma patients with 
ARF [3]. The patients with obesity hypoventila-
tion syndrome (OHS) have coexisting obstructive 
sleep apnea (OSA). CPAP during sleep is the 
first-line treatment mode used in this patients [4]. 
In OSA, CPAP affects mainly the maintenance of 
upper airway patency. So, it prevents obstructive 
and hypopneic events. For fixed CPAP, the opti-
mal settings are obtained during an attended lab-
oratory polysomnogram with the patient wearing 
their device. CPAP starting level as 4 cm H2O is 
recommended. Until upper airway obstruction is 
eliminated, the CPAP level is increased by 
1–2  cm  H2O with at least 5-min intervals. The 
recommended maximum level of CPAP is 
20 cm H2O for adults. If the upper airway obstruc-
tion continues at 20 cm H2O, transition to BPAP 
should be considered.

Lynch et al. studied QoL in youth with OSA 
syndrome treated with CPAP therapy. They found 
that CPAP adherence appears to be associated 
with positive changes in OSA syndrome-specific 
QoL domains [5].

29.6.2  BPAP

BPAP is a pressure-cycled mode used during 
NIV.  It delivers both a preset IPAP and 
EPAP.  IPAP and EPAP are independently 
titrated and set. The Vt correlates with the dif-
ference between the IPAP and the EPAP. A sen-
sor in the airflow circuit detects a pressure 
change through the electronic transducer when 
the patient starts inspiration or expiration. It 
automatically switches between IPAP and EPAP 
settings. There is a continuous flow of air in the 
breathing circuit to facilitate the patient’s 
breathing. When the patient starts to inhale, a 
decrease in current in the breathing circuit is 
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detected. The system thus supports ventilation 
in such a way that the amount of airflow in the 
circuit increases to the IPAP pressure level. The 
desired Vt is reached. The system supports 
breathing to at the EPAP level at the end of 
inspiration. When the inspiratory flow is 
reduced, the pressure in the circuit is rapidly 
decreased to the baseline level, and expiration 
of the patient is provided. EPAP prevents airway 
collapse. As an example, the Vt is greater using 
an IPAP of 14 cm H2O and an EPAP of 5 cm H2O 
(difference or delta of 9 cm H2O), than an IPAP 
of 10 cm H2O and an EPAP of 5 cm H2O (differ-
ence or delta of 5 cm H2O). Alveolar ventilation 
is enhanced by a larger Vt, assuming that the 
respiratory rate is constant. Most BPAP devices 
also allow a backup respiratory rate to be set.

Bilevel NIV is recommended NIV for patients 
with ARF leading to acute or acute-on-chronic 
respiratory acidosis (pH ≤  7.35) due to COPD 
exacerbation and for patients with ARF due to 
cardiogenic pulmonary oedema [3]. Bilevel NIV 
is suggested for patients with ARF due to cardio-
genic pulmonary edema in the prehospital set-
ting, early for immunocompromised patients 
with ARF, for patients with postoperative ARF, 
for terminal cancer patients with ARF, for chest 
trauma patients with ARF, and to prevent post- 
extubation respiratory failure for high-risk 
patients post-extubation [3]. The patients with 
OHS, who fail CPAP, should be treated with 
BPAP.  EPAP is set to overcome upper airway 
occlusion. IPAP is increased to augment ventila-
tion further. Initial IPAP and EPAP are usually 
started at 8 cm H2O and 4 cm H2O, respectively. 
Their levels are increased until airway obstruc-
tion is resolved and hypoventilation is eliminated 
(maximum IPAP is typically 20–30 cm H2O for 
adults). Increased IPAP in 1–2  cm  H2O incre-
ments provide more ventilatory assistance and 
larger Vt. Increased EPAP in 1–2 cm H2O incre-
ments improve oxygenation or to relieve upper 
airway obstruction.

BPAP levels are started with low initial pres-
sures, and thus tolerance of NIV is better. Initially 
IPAP and EPAP are 8–10  cm  H2O and 
4–5 cm H2O, respectively, for the patients with 
neuromuscular and chest wall disease. Inspiratory 

PS (IPAP minus EPAP) is 4–6 cm H2O. Backup 
rate is set 2 bpm below resting respiratory rate.

For nocturnal ventilatory support in stable 
patients with COPD, the clinicians typically start 
with EPAP of 5 cm H2O and IPAP of 10 cm H2O, 
and level of IPAP and EPAP can gradually be 
increased. The maximum IPAP is 12–20 cm H2O.

There are many studies about BPAP modes. 
Vasquez and coworkers performed a retrospec-
tive analysis of administrative claims data of hos-
pitalizations in patients with COPD who received 
or did not receive positive airway pressure (PAP) 
therapy—CPAP, BPAP, and NIV using a home 
ventilator [6]. Prescription of BPAP (1.5%), 
CPAP (5.6%), and NIV (<1%) in patients with 
COPD demonstrated geographic, sex, and age- 
related variability. After adjusting for confound-
ers and propensity score, NIV, BPAP, and CPAP 
were individually associated with lower hospital-
ization risk in the 6 months posttreatment when 
compared with the 6 months pretreatment but not 
when compared with the baseline period between 
12 and 6 months prior to treatment initiation. The 
analysis suggested that comorbid sleep- 
disordered breathing, chronic respiratory failure, 
heart failure (HF), and age <65 years were asso-
ciated with greater benefits from PAP therapy. 
They concluded that initiation of PAP therapy 
was associated with reduction in hospitalization 
among patients with COPD.

Elgebaly investigated whether BPAP improves 
the outcome of ARF after open-heart surgery. 
This study showed superiority of invasive over 
noninvasive mode of ventilator support. However, 
NIV was proven to be a safe method [7].

Neto et al. investigated the effects of NIV with 
BPAP exercise tolerance and dyspnea in HF 
patients [8]. The patients with New York Heart 
Association class I/II/III HF were randomly 
assigned either to a NIV group (n = 20) or control 
group (n = 20). All patients underwent two 6-min 
walk tests (6MWT), with a 30-min interval 
between them. In the NIV group, the patients per-
formed BPAP with an IPAP of 12 cm H2O and 
EPAP of 6 cm H2O for 30 min. The NIV group 
showed a significant improvement in the 6MWT 
distance and dyspnea compared with the control 
group. They concluded that BPAP showed bene-
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ficial effects on exercise tolerance and dyspnea. 
They thought that it was safe and well tolerated 
by HF patients. They suggested that it should be 
considered for inclusion in cardiac rehabilitation 
programs.

29.7  New Modalities and Settings 
for NIV

29.7.1  Proportional Assist 
Ventilation (PAV)

PAV is a new mode of ventilation being devel-
oped to improve patient–ventilator interaction. 
During PAV, the ventilator instantaneously deliv-
ers positive pressure throughout inspiration in 
proportion to patient-generated flow (flow assist, 
units cm  H2O/L/s) and volume (volume assist, 
units cm H2O/L) [9]. PAV generates pressure in 
proportion to the patient’s effort by amplifying 
the patient’s inspiratory effort without a prese-
lected pressure or volume target. PAV requires a 
spontaneously breathing patient. By varying the 
pressure generated from breath to breath, PAV 
preserves respiratory variability during breath-
ing. PAV provides automatic synchrony between 
the patient and the ventilatory cycle. Thus, one of 
the most important causes of NIV failure is 
prevented.

There are several studies in which PAV is used 
as NIV and compared with other modes. Gay 
et al. compared noninvasive PAV with PSV [10]. 
With ARF, 44 patients (21 PAV and 23 PSV) 
were enrolled in the study. Firstly, patients were 
fitted with a standard nasal mask. PAV settings 
included flow assist (FA), the integrated flow sig-
nal (volume assist, VA), and a proportional 
adjustment of both signals. Standard initial set-
tings (FA 2 cm H2O/L/s, VA 5 cm H2O/L, propor-
tional assist 100%, and end-expiratory pressure 
of 4 cm H2O) were used for all patients receiving 
PAV therapy. PSV was begun at an inspiratory 
pressure of 10 cm H2O and an expiratory pressure 
of 4  cm  H2O.  Settings were gradually adjusted 
upward as tolerated in both modes. FiO2 was 
adjusted to maintain O2 saturation ≥88%. 
Mortality and intubation rates were similar, but 

refusal rate was lower, reduction in respiratory 
rate was more rapid, and there were fewer com-
plications in the PAV group. They concluded that 
the use of the PAV mode was feasible for nonin-
vasive therapy of ARF. They found that compared 
with PSV, PAV is associated with more rapid 
improvements in some physiologic variables and 
is better tolerated. This study is the first random-
ized, prospectively designed study to demon-
strate the feasibility of using PAV to deliver 
NPPV, administered using a practical initiation 
strategy based on simple clinical indices.

Fernández-Vivas et al. compared the effects of 
PSV and PAV during NIV in the treatment of 
ARF [11]. This prospective randomized study 
included 117 adult patients with ARF (59 PSV 
and 58 PAV). No significant differences were 
observed between PSV and PAV in the frequency 
of intubation, mortality rate, and mean length of 
stay. Subjective comfort (0–10 visual analog 
scale) was rated higher, and intolerance occurred 
less frequently (3.4% vs. 15%, p < 0.05) in the 
PAV than in the PSV mode. They thought that no 
major differences exist in terms of physiological 
improvement or in terms of outcomes when com-
paring PSV and PAV, although PAV seems more 
comfortable, and intolerance occurred less 
frequently.

Rusterholtz and coworkers found that PAV 
was not superior to CPAP for NIV in severe car-
diogenic pulmonary edema with regard to either 
efficacy and tolerance [12].

In a study, Tawfeek and Elnabtity evaluated 
the effectiveness of noninvasive PAV as a method 
of weaning in patients who could not tolerate 
spontaneous breathing trial (SBT). They con-
cluded that noninvasive PAV could be added 
safely and effectively in the mechanical ventila-
tion weaning protocol for patients who meet sim-
ple weaning criteria but failed SBT and have no 
contraindications to NIV [13].

Vijayaraghavan et al. studied about evidence 
supporting clinical use of PAV [14]. They found 
that of the four trials evaluating noninvasive 
applications, all evaluated PAV as an initial sup-
port strategy to avoid intubation. They concluded 
that current evidence did not support the use of 
noninvasive PAV in critically ill adults.

29 NIV Modes and Settings
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29.7.2  Neurally Adjusted Ventilator 
Assist (NAVA)

NAVA is a novel ventilatory mode of ventilation 
that uses the electrical activity of the diaphragm 
(EAdi) to control the ventilator [15]. The EAdi 
represents the neural effort, both with respect to 
timing and amplitude, and is pneumatically inde-
pendent. NAVA is associated with a better 
patient–ventilator synchrony compared to PSV 
during NIV for ARF.

Beck et al. have become the first researchers 
to use noninvasive NAVA in rabbits with acute 
lung injury [16]. In the study, they have found 
that NAVA can be effective in delivering NIV 
even when the interface with the patient is exces-
sively leaky and can unload the respiratory mus-
cles while maintaining synchrony with the 
subject’s demand.

The study, researched by Cammarato et  al., 
compared neurally controlled PS with pneumati-
cally controlled PS and NAVA, delivered through 
two different helmets, in hypoxemic patients 
receiving NIV for prevention of extubation fail-
ure [17]. They have found that neurally controlled 
PS improves comfort and patient–ventilator 
interactions.

Seghal et al. performed a systematic review of 
studies comparing the two modes of NIV [18]. 
Their search yielded nine studies investigating 
the use of PSV versus NAVA during NIV for 
ARF.  The results of this study have suggested 
that PSV during NIV for ARF is associated with 
a significantly higher asynchrony index and a 
3.4% times higher risk of severe asynchrony in 
comparison to NAVA.  They suggested that the 
results highlight a paucity of clinical data on the 
use of NAVA during NIV in the management of 
ARF.

Longhini et al. compared neurally controlled 
PS with PS during NIV using a facial mask, with 
respect to patient comfort, gas exchange, and 
patient–ventilator interaction and synchrony 
[19]. They found that neurally controlled PS 
improved comfort and patient–ventilator interac-
tion during NIV by facial mask and also 
improved synchrony, as opposed to pressure 
support only.

29.7.3  Average Volume-Assured 
Pressure Support (AVAPS)

Some mechanical ventilators have hybrid modes, 
the advantages of pressure and volume settings 
have combined in these modes. During the use of 
AVAPS, target Vt is initially determined. Then, 
maximum IPAP, minimum IPAP, and EPAP are 
selected. The values of ventilation variables are 
not certain. If the target Vt is not achieved, IPAP 
value increases to the set maximum IPAP to reach 
the target Vt. Otherwise, if the patient’s respira-
tory effort increases and the target Vt value is 
exceeded, IPAP value decreases to minimum 
IPAP. These changes occur gradually in minutes 
to ensure comfort and adaptation of patient.

AVAPS mode is often used in patients with 
COPD and OHS. There are many studies on the 
use of AVAPS mode. Briones Claudett et  al. 
reported the first case-control study with benefits 
in 11 patients with COPD and hypercapnic 
encephalopathy [20]. Ciftci et  al., in a study, 
determined factors that affected AVAPS’s use in 
106 patients with COPD and acute hypercapnic 
respiratory failure (AHRF) and assessed the fea-
sibility of AVAPS [21]. The ventilatory parame-
ters were initially programmed in the AVAPS 
with IPAP minimum value of 12 cm H2O, IPAP 
maximum value of 26 cm H2O, and EPAP value 
of 5 cm H2O. The initial Vt was at 8–10 mL/kg of 
ideal body weight (IBW) and then adjusted 
according to patient tolerance and clinical out-
come. They found that the use of AVAPS mode 
was successful in 81 (76.4%) patients. They have 
suggested that NIV with AVAPS should be insti-
tuted early, before severe respiratory acidosis 
develops in patients with COPD-associated 
AHRF.

A study in patients with acute or acute-on- 
chronic hypercapnic respiratory failure compared 
PS (bilevel pressure ventilation/BiPAP-S) and 
AVAPS modes [22]. Additionally, short-term 
effects of body position and obesity within both 
modes were analyzed. The decrease in the PaCO2 
levels in the AVAPS mode per session was 
remarkably high. However, the course was simi-
lar in both modes. Obesity and body positioning 
had no important effect on the PaCO2 response 
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and ventilator mechanics in the study. Moreover, 
its sample size was not adequate to detect a sig-
nificant difference between the modes.

AVAPS mode is also used in patients with de 
novo hypoxemic respiratory failure. Briones- 
Claudett and coworkers have studied the use of 
the BiPAP S/T-AVAPS ventilatory strategy in 
patients with mild to moderate de novo hypox-
emic respiratory failure in a nonrandomized 
single- center prospective pilot study [23]. They 
have found that the BiPAP S/T-AVAPS ventila-
tory mode can be used in subjects with de novo 
hypoxemic respiratory failure. They have 
 suggested that high inspiratory pressures and 
high exhaled tidal volumes could serve as guides 
in no-responders in order to avoid delays in intu-
bation and higher mortality.

Huang and coworkers investigated a study 
which compared the effects and compliance 
between volume-assured and PS NIV in patients 
with chronic respiratory failure [24]. They 
found that there was no significant difference in 
clinical outcomes in spite of theoretical and 
demonstrable differences in performance. Yet, 
they have suggested that in clinical practice, 
individual patients’ characteristics and their 
responses to alternative modes of ventilation 
differ.

29.7.4  Adaptive Servo-Ventilation (ASV)

ASV is a bilevel device that alternates between 
an inspiratory pressure and expiratory pressure 
(constant or variable). The difference between 
the expiratory and inspiratory pressure varies 
from breath to breath. The greater the difference 
in PS, the Vt is delivered the greater. The device 
is equipped with a feedback circuit which allows 
it to measure the respiratory output from the 
patient to individually regulate delivered PS. So, 
if the patien’s respiratory effort increases, the 
machine’s support decreases. The opposite is 
also true.

ASV targeted to normalize the apnea–hypop-
nea index (AHI) which can be used for the treat-
ment of central sleep apnea syndrome (CSAS) 
related to congestive heart failure (CHF) in adults 

with an ejection fraction >45% or mild CHF- 
related CSAS.  ASV targeted to normalize the 
AHI should not be used for the treatment of 
CSAS related to CHF in adults with an ejection 
fraction ≤45% and moderate or severe CSA pre-
dominant, sleep-disordered breathing. The rec-
ommendation against using ASV is based on 
evidence for increased risk of death in CHF 
patients with left ventricular ejection fraction 
(LVEF) ≤45%.

In periods of central apnea, the device alter-
nates between expiratory and inspiratory pres-
sure with a physician preset or automatic backup 
rate. ASV does not perform well when mask leak 
is high. In the ASV titrations, assuring good mask 
fit is especially important. Settings for expiratory 
pressure, PS, and a backup rate need to be set 
manually before titration. If the pressure needed 
to overcome airway obstruction is not known, or 
no obstructive apnea is present, the EPAP is initi-
ated at the lowest setting (4–5  cm  H2O). If the 
pressure needed to overcome airway obstruction 
is not known, or no obstructive apnea is present, 
the EPAP is initiated at the lowest setting 
(4–5  cm  H2O). Then, EPAP is then gradually 
increased, typically in 1 cm H2O increments, to 
eliminate obstructive apneas (with 20-min inter-
vals at each pressure level). The clinicians set 
EPAP at the level of CPAP pressure that con-
trolled obstruction or set EPAP on ASV device 
2 cm H2O below the CPAP level known to control 
obstructive apneas.

The level of PS is uncertain, and there is no 
agreement among experts [25]. Some experts 
support all breaths by setting a minimal PS in the 
2–3 cm H2O range. Maximal PS is set between 8 
and 15 cm H2O. Other experts limit the PS range 
to 5 cm H2O [25]. The issue of supporting every 
breath when applying ASV is controversial. 
Because if PS is continued while hyperpnea is 
present, hypocapnia may be aggravated, which 
may increase central apnea. Hypocapnia can also 
damage cardiovascular function. For this reason, 
some experts can adjust the minimal PS to 
0 cm H2O.

There are many studies about NIV modes. 
Table  29.1 summarizes an important part of 
recent studies on classical and new NIV modes.
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Table 29.1 Summaries of recent studies on classical and new NIV modes

Study ID Study
Nava et al. [26] NIV to prevent respiratory failure after extubation in high-risk patients

Multicenter RCT
PSV (n = 48) versus standard medical treatment (n = 49)
NIV group had a lower rate of reintubation and a lower ICU mortality

Rusterholtz et al. [12] CPAP versus PAV for NIV in acute cardiogenic pulmonary edema
Prospective multicenter randomized study
CPAP (n = 19) versus PAV (n = 17)
Failure was observed in 7 (37%) CPAP and 7 (41%) PAV patients
4 (21%) CPAP and 5 (29%) PAV patients required endotracheal intubation
Changes in physiological parameters were similar
Myocardial infarction and ICU mortality rates were strictly similar
PAV was not superior to CPAP for NIV in severe cardiogenic pulmonary edema with regard 
to either efficacy or tolerance

Bertrand et al. [27] NAVA versus PSV for NIV during ARF
Prospective, crossover study
NAVA (n = 13) versus PSV (n = 13)
Significantly fewer asynchrony events during NAVA than during PSV
Ineffective efforts and delayed cycling were significantly less with NAVA
No significant differences in arterial blood gases or patient discomfort under PSV and 
NAVA

Cowie et al. [28] ASV for central sleep apnea in systolic heart failure
Multicenter, randomized, parallel- group, event-driven study
1325 Patients with a LVEF of 45% or less
ASV (n = 666) versus guideline-based medical treatment (n = 659)
All-cause mortality and cardiovascular mortality were significantly higher in the ASV 
group than in the control group

Pagano et al. [29] PSV versus CPAP for treating of acute cardiogenic pulmonary edema: A pilot study
Multicenter observational pilot study
PSV (n = 65) versus CPAP (n = 88)
No significant differences regarding mortality in the two groups
PSV group had a significant lower rate of endotracheal intubation and a higher 
improvement of blood gas analyses parameters

Huang et al. [24] Comparing the effects and compliance between volume-assured and PS
NIV in patients with chronic respiratory failure
Meta-analysis
No significant difference was observed between AVAPS and PS-NIV groups to compare 
PaCO2 and PaO2

No significant difference between the two groups with sleep efficiency and visual analog 
scale

Berbenetz et al. [30] Noninvasive positive pressure ventilation (CPAP or bilevel NPPV) for cardiogenic 
pulmonary edema
Systematic review and meta-analysis
Compared with standard medical care (SMC), NPPV may reduce hospital mortality
NPPV probably reduces endotracheal intubation rates
Adverse events were generally similar between NPPV and SMC groups

CPAP continuous positive airway pressure, PAV proportional assist ventilation, n number of patients, NIV noninvasive 
mechanical ventilation, ICU intensive care unit, ARF acute respiratory failure, NAVA neurally adjusted ventilator assist, 
PSV pressure support ventilation, RCT randomized control trial, ASV adaptive servo-ventilation, LVEF left ventricular 
ejection fraction, PS pressure support, AVAPS average volume-assured pressure support, PaCO2 partial pressure of 
carbon dioxide, PaO2 partial pressure of oxygen, NPPV noninvasive positive pressure ventilation, SMC standard medi-
cal care
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29.8  NIV Settings

When NIV is indicated for patients, the NIV 
mode and settings must be performed care-
fully. The NIV algorithm is shown in Fig. 29.1. 
The settings of other modes are described 
above.

29.9  Final Conclusion

The main conclusions of NIV modes and settings 
are summarized in Table 29.2.

Learning Points
 1. Select the appropriate ventilator and ventilator 

mode.

Patients with noninvasive mechanical
ventilation indication

Initial procedures
1. Monitoring*
2. The procedure should be explained to the patient.
3. Patient in bed/chair at >30-degree angle
4. Select interface
5. Select ventilator and ventilator mode
6. Set parameters of ventilator
7. Connect interface to ventilator tubing and turn on ventilator
8. Initially, the interface is held on between hand of clinician and the
    face of the patient for several minutes.
9. Apply headgear; avoid excessive strap tension
    (1-2 fingers under strap)
10. FiO2 should be adjusted to maintain O2 saturation ≥90%.
      (patients with COPD, ≥88%)
11. Titrate (CPAP, IPAP, EPAP, PEEP, Vt, inspiration time, rise time)
      as needed
12. Add humidifier as indicated

CPAP

• CPAP:4 cm H2O
• Gradually increase CPAP 1 to
  2 cm H2O increments as
  needed, at least 5 minutes
  intervals
• Maximum level of CPAP 20 cm
  H2O

• IPAP: 8‐10 cm H2O
• EPAP:4‐5 cm H2O
• Backup rate: 2 bpm below
  resting respiratory rate
• Gradually increase IPAP/EPAP
  1 to 2 cm H2O increments as
  needed
• Maximum level of IPAP 20 cm
  H2O

• Vt: 6‐10 mL/kg IBW
• PEEP: 4‐5 cm H2O
• Gradually increase Vt by
  25 to 50 mL increments
  as needed

Volume‐Targeted ModePressure‐Targeted Mode

Fig. 29.1 Noninvasive mechanical ventilation algorithm. 
FiO2 fractional inspired oxygen concentration, O2 oxygen, 
COPD chronic obstructive pulmonary disease, CPAP con-
tinuous positive airway pressure, IBW ideal body weight, 
IPAP inspiratory positive airway pressure, EPAP expira-
tory positive airway pressure, PEEP positive end- 

expiratory pressure, Vt Tidal volume, bpm breaths per 
minute. ∗ The patient comfort, level of dyspnea, vital 
signs, O2 saturation, accessory muscle use, patient–venti-
latory synchrony, mask leak, and arterial blood gas should 
be monitored. Be alert to NIV failure symptoms

Table 29.2 Main conclusions of NIV modes and 
settings

1.  NIV is a ventilator support without the use of an 
artificial airway

2.  The patient or the ventilator may control both the 
onset and the end of inspiration

3.  Settings of NIV are important to provide optimal 
patient ventilatory synchrony

4. NIV may be pressure-targeted or volume-targeted
5.  New modalities are able to combine features of both 

pressure-targeted and volume-targeted ventilator
6.  NIV is usually used in the PTM that is better 

tolerated by the patients
7.  Patient tolerance and pathology causing respiratory 

failure should be considered and settings of 
pressures must be titrated individually for patients

8.  NIV is associated with reduction in morbidity and 
mortality compared with endotracheal intubation

NIV noninvasive mechanical ventilation, PTM pressure- 
targeted mode
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 2. Start the IPAP at 8–10 cm H2O and the EPAP 
4–5 cm H2O.

 3. Gradually increase the IPAP and the EPAP 
1–2 cm H2O increments as needed.

 4. Monitor the patient for risk of developing NIV 
failure.

Critical Points
 1. The inspiratory and expiratory determiners of 

the ventilator during NIV should be well 
known.

 2. Patient–ventilator synchronization should 
always be given importance to prevent NIV 
failure.

 3. Effect of ventilator mode should be well 
known.

 4. The appropriate indication of NIV, the correct 
NIV mode, and the settings reduce morbidity 
and mortality.

Key Summary
More current studies are needed on NIV modes 
and settings. There should be better definition of 
patient’s clinical characteristics to be assisted by 
NIV.  Appropriate criteria should be established 
when NIV will start and when NIV will stop. The 
better modes and interfaces should be developed 
to ensure maximum patient–ventilator 
synchrony.
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30.1  Introduction

Noninvasive ventilation (NIV) has been used for 
decades in the ICU to treat acute and chronic 
respiratory failure from many causes [1]. Multiple 
randomized, controlled trials have proven the ben-
efits of bi-level noninvasive positive pressure ven-
tilation in patients with hypercapnic respiratory 
failure from an acute exacerbation of chronic 
obstructive pulmonary disease (COPD) and in 
patients with cardiogenic pulmonary edema [2]. In 

acute hypoxemic respiratory failure from pneumo-
nia and sepsis, bi-level has been shown to improve 
respiratory status [3]. NIV has also been shown to 
improve reintubation outcomes in the transition 
time from invasive ventilation to spontaneous 
breathing in patients with COPD [4, 5]. The clini-
cian caring for these acutely ill patients on nonin-
vasive ventilation needs to have parameters to 
measure improvement of respiratory status. This 
will enable the safe use of noninvasive ventilation 
for acute respiratory failure and allow the operator 
to escalate to invasive ventilation when appropri-
ate. In this chapter, we will review these measures 
of improvement for different types of acute respi-
ratory failure: hypercapnia from COPD, respira-
tory failure associated with left ventricular 
dysfunction, and noninvasive positive pressure 
ventilation for respiratory failure due to 
pneumonia.
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30.2  NIV in Patients 
with Hypercapnic 
Respiratory Failure

• Improvement should occur within 1–2 h.
• Measures of improvement include pH, pCO2, 

oxygenation, and neurologic status.

It is important to monitor for improvement in 
a patient receiving noninvasive ventilation (NIV) 
because there may be harm through inappropri-
ate treatment. Failure of NIV can lead to intuba-
tion and mechanical ventilation, while prolonged 
failing NIV can increase the risk of aspiration, 
pneumonia, and life-threatening respiratory fail-
ure. NIV is a temporizing measure in patients 
with abnormal gas exchange. Timely and accu-
rate predictors of success can improve outcomes 
and better distribute respiratory resources. 
Fortunately, there are models for predicting clin-
ical success in noninvasive ventilation for hyper-
capnia [6–8].

When assessing the success of NIV, it is 
important to assess relevant parameters over an 
appropriate time period. Elevated serum levels of 
carbon dioxide, pH, and level of consciousness 
all contribute to the decision to try noninvasive 
ventilation in the hypercapnic patient. Avoiding 
mechanical ventilation and survival while on 
NIV is a measure of success.

Most studies rely on arterial blood gas mea-
surements and vital signs as measures of suc-
cess. PaCO2, PaO2, pH, respiratory rate, and 
heart rate should also be followed closely. Serial 
measurements should be taken between 1 and 
4  h after initiation of NIV.  Delays beyond an 
hour may expose the patient to higher risk of 
aspiration from positive pressure ventilation 
with a diminished level of consciousness. It also 
exposes the patient to the risks of worsening aci-
dosis and hypercarbia such as right ventricular 
failure, hypotension, and shock. An increase in 
pH and a decrease in PaCO2 after 1 h were much 
more common in patients successfully treated 
than those who failed [9]. Improvements in pH 
and PaCO2 can continue for hours; however, a 
lack of improvement at 1  h is associated with 
treatment failure. Increases in pH of 0.04–0.07 

are predictors of success along with reductions 
in pCO2 by 8–13 mmHg. A reduction of respira-
tory rate was not consistently found to be a pre-
dictor of success. Lower initial respiratory rate 
and PaCO2, higher starting pH, and fewer comor-
bidities were associated with higher rates of 
success.

There are standardized methods of assessing 
level of consciousness in critically ill patients. 
One such method, the Kelly–Matthay score, can 
be used to judge patient’s success with NIV [10, 
11]. A score of 1 indicates an awake patient fol-
lowing commands, while a score of 6 indicates 
coma with signs of brainstem dysfunction. 
Patients with lower scores have more success 
with noninvasive ventilation. Patients with a 
Kelly score greater than 3 (lethargic but arous-
able and follows simple commands) had a 45% 
chance of failure with NIV for hypercapnic respi-
ratory failure [12]. More than half of patients 
with very altered levels of consciousness still had 
success with NIV: close monitoring of success 
and improvement in neurologic function over 
hours can allow continued successful NIV in 
patients with an altered level of consciousness 
while identifying those who would benefit from 
intubation and mechanical ventilation.

Another indicator of likely success is the 
patient’s previous functional status. Ability to 
complete activities of daily living was a strong 
predictor of NIV success in an Indian study [8, 
13]. Inability to complete two or more ADLs was 
associated with a hazard ratio of 60 for NIV fail-
ure compared to independent patients.

Noninvasive ventilation requires patient com-
pliance with the tight-fitting mask and adequate 
consciousness to manage secretions and avoid 
aspiration. Patients with hypercapnic respiratory 
failure due to obstructive airway disease benefit 
from noninvasive ventilation by improving venti-
lation and acidosis and avoiding mechanical ven-
tilation and its myriad complications. 
Improvements in pH, pCO2, and level of 
 consciousness should be apparent at 1 h of ther-
apy. Failure to improve at 1 h is strongly associ-
ated in multiple studies with treatment failure and 
should lead the clinician to alternate therapy 
including mechanical ventilation.
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30.3  NIV for Patients 
with Respiratory Failure 
Due to Cardiogenic 
Pulmonary Edema

• Look for improvement early.
• Achieving normal SpO2 and pH above 7.20 is 

an indicator of success.

Noninvasive ventilation is a safe and effective 
treatment for cardiogenic pulmonary edema [14]. 
It provides positive pressure, favorably affecting 
the relationship between pulmonary capillary and 
alveolar pressures while reducing cardiac preload 
and afterload. Both bi-level noninvasive ventila-
tion and continuous positive airway pressure are 
effective in treating cardiogenic pulmonary 
edema [15, 16].

While the principles through which NIV 
works in obstructive airway disease and cardio-
genic pulmonary edema are different, their pre-
dictors of success are not. Initial patient selection 
is important, with decreased level of conscious-
ness associated with poor outcomes [17]. Ability 
to maintain normal oxygen saturation while using 
NIV is also a predictor of success [18].

Patients with cardiogenic shock leading to 
pulmonary edema, severely reduced left ventric-
ular ejection fraction (less than 30%), and severe 
acidosis (pH < 7.20) have lower rates of success 
with NIV than patients without such severe dis-
ease [19]. It may be difficult or undesirable to do 
repeat arterial blood gas sampling. Venous blood 
gases can sometimes be drawn from an existing 
venous access and are generally easier to draw 
and less painful for the patient. Venous gases pro-
cessed in a timely manner can approximate arte-
rial pH, PaCO2, and bicarbonate in patients with 
acute heart failure [13].

Selecting appropriate patients for NIV and 
monitoring for clinical and laboratory improve-
ments are equally important. Patients on the 
extreme ends of the spectrum of illness may not 
be appropriate for NIV because they are too 
well (not hypoxemic despite pulmonary edema) 
or too ill (hypotensive, dyspneic, and hypox-
emic). Inappropriate use of NIV in these patients 
and failure to monitor for improvement may 

lead to worse clinical outcomes as more inva-
sive, but more effective therapies are delayed or 
avoided.

30.4  Noninvasive Positive 
Pressure Ventilation 
for Respiratory Failure 
Due to Pneumonia

• Improvement in oxygenation
• Improved symptoms in work of breathing
• Caution with secretions

In patients with a clinical diagnosis of pneu-
monia with dyspnea, pulmonary infiltrates, fever, 
and a deterioration in pulmonary gas exchange 
can be considered for NIV if they do not have 
hemodynamic instability, a deterioration in neu-
rological status, more than two new organ fail-
ures, or facial deformities. These patients should 
be monitored in a continuous pulse oximetry set-
ting. They should also have a baseline arterial 
blood gas and a follow-up blood gas after an hour 
on the NIV. Mental status should also be closely 
monitored, and any deterioration in mental status 
should be a relative contraindication for continu-
ation of NIV [20]. The rate of administration of 
oxygen should be adjusted to achieve a level of 
arterial oxygen saturation above 90%. The head 
of the bed should be kept elevated at a 45-degree 
angle to prevent aspiration. Ventilator settings 
should be adjusted on the basis of continuous 
monitoring of arterial oxygen saturation, clinical 
data, and measurements of arterial blood gases. 
Pressure support should be incrementally 
increased to achieve an exhaled tidal volume of 
8–10  mL/kg. Continuous positive airway pres-
sure should be increased by 2–3  cm of H2O 
repeatedly, up to 10  cm of H2O, until the FiO2 
requirement is 0.6 or less.

Indicators of improvement in terms of gas 
exchange can be defined on the basis of the ability 
to increase the PaO2/FiO2 to more than 200 or to a 
value that is more than 100 above the baseline 
value [21]. Gas exchange should be evaluated prior 
to initiating NIV support and an hour or 2 after 
starting NIV. This will allow evaluation of any ini-
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tial improvement and over time to detect sustained 
improvement. A sustained improvement in gas 
exchange is the ability to maintain the improve-
ment in PaO2/FiO2 until ventilation is discontinued 
[22]. Other indicators are a respiratory rate of fewer 
than 25  breaths/min, the disappearance of acces-
sory muscle activity, and patient comfort. 
Noninvasive support should be discontinued if the 
patient can maintain a respiratory rate lower than 
30 breaths/min and a PaO2 greater than 75 mmHg 
with a FiO2 of 0.5, without ventilatory support [23].

In patients needing NIV, noninvasive support 
for pneumonia intubation should be considered 
when there is a failure to maintain a PaO2/FiO2 of 
more than 85, the development of severe enceph-
alopathy with a score on the Glasgow Coma 
Scale of 8 or less; the development of copious 
tracheal secretions requiring frequent suctioning; 
an increase in the partial pressure of arterial car-
bon dioxide accompanied by a pH of 7.30 or less; 
agitation requiring increasing sedation; severe 
hemodynamic instability, defined as a systolic 
blood pressure of less than 70 mmHg or evidence 
on electrocardiography of ischemia or clinically 
significant ventricular arrhythmias; and an inabil-
ity to tolerate the face mask [24].

30.5  Conclusions

NIV ventilation is a respiratory treatment that 
can successfully be used to treat acute respira-
tory failure from hypercapnia, heart failure, and 
pneumonia successfully if used in the appropri-
ate patient using the appropriate precautions 
(Table  30.1). If left unmonitored it places the 
patient at high risk for failure, aspiration, and 
worsening hypercapnia. NIV ventilation should 
not be used with static settings; frequent ABG 
monitoring should be done with titration of set-
tings. Caution should be taken with patients 
who have copious secretions or alteration of 
mental status. Monitoring oxygen saturation, 
pH, and PCO2 are the hallmarks of success in all 
of these patients. NIV is well tolerated and can 
save patients from intubation in many 
circumstances.
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Abbreviations

ARF Acute respiratory failure
ATS American Thoracic Society
CPAP Continuous positive airway pressure
ECMO Extracorporeal membrane 

oxygenation
ERS European Respiratory Society
FIO2 Inspired fraction of oxygen
GCS Glasgow Coma Scale
HFNC High-flow nasal cannula
ICU Intensive care unit
MV Mechanical ventilation

NIPPV Noninvasive positive pressure 
ventilation

NIV Noninvasive ventilation
PaCO2 Arterial partial pressure of carbon 

dioxide
PaO2 Arterial partial pressure of oxygen
PEEP Positive end-expiratory pressure

31.1  Introduction

Noninvasive ventilation (NIV) is an effective and 
safe method to support lung function in case of 
acute or chronic respiratory impairment as well as 
in perioperative care. It may prevent intubation or 
re-intubation and reduce the risks associated with 
invasive mechanical ventilation. In contrast, NIV 
may also hide a respiratory deterioration and delay 
a necessary therapy escalation. Although it is evi-
dent that this deterioration should be diagnosed 
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and treated immediately, there is no clear evidence 
about the time point and steps of therapy escala-
tion. This chapter aims to summarize the recent 
clinical trials on NIV escalation.

31.2  Methodology

NIV can be performed successfully to treat respi-
ratory impairment of different causes, unless con-
traindications or signs of NIV failure become 
present. Indicators of NIV failure are summarized 
in Chap. 35. In case of respiratory deterioration or 
absent improvement under NIV, the ventilatory 
therapy should be escalated. To evaluate the cur-
rent scientific evidence of options and steps that 
represent an escalation of NIV, a systematic litera-
ture search was conducted focusing on clinical tri-
als published between January 2017 and March 
2019 in the English and Spanish language using 
combinations and synonyms of the following key 
words: “noninvasive ventilation,” “escalation,” 
“therapy escalation,” “re-intubation,” “respiratory 
failure,” and “withdrawal.” As a result of the 
review of literature published in this time frame, 
no clinical trial about the therapy escalation of 
NIV could be identified. In contrast, eight studies 
[1–8] which address different related research 
questions were found (see Table 31.1). Although 
some of them focus on the implementation of 
NIV protocols, escalation strategies have not been 
described in detail. However, some facts of these 
trials can be highlighted in this chapter.

31.3  Steps of Escalation

NIV describes a wide range of methods of venti-
latory support. The term includes every ventila-
tion therapy without using an invasive airway, 
e.g., from the simple application of continuous 
positive airway pressure (CPAP) with varying 
pressures and fractions of inspired oxygen (FIO2), 
to oxygen delivered via high-flow nasal cannula 
(HFNC) with gas flows of up to 70 L/min, and to 
the application of noninvasive intermittent posi-
tive pressure ventilation (NIPPV), e.g., noninva-
sive bilevel ventilation. Therewith, possible steps 

of escalation may theoretically include increasing 
FIO2, CPAP, positive end-expiratory airway pres-
sure (PEEP), inspiratory pressure support, and the 
time on NIV when used intermittently. Along 
with adjusting sedation to decrease the oxygen 
consumption and to reduce a possible subject ven-
tilator asynchrony, exchanging the patient ventila-
tor interface may represent some of the possible 
steps of NIV escalation, e.g., from an oronasal 
mask to a helmet. Finally, endotracheal intubation 
and initiation of invasive mechanical ventilation 
represent the most important steps of NIV escala-
tion. As an ultima ratio, extracorporeal lung assist 
techniques may be applied in case of further car-
diorespiratory deterioration. Interestingly, case 
reports of successful awake extracorporeal mem-
brane oxygenation (ECMO) in non-intubated 
patients being have been reported years ago [9].

If intensification of NIV in terms of changing 
the NIV mode represents a useful step of escala-
tion, it may be indirectly answered by one of the 
clinical trials identified in the literature search 
which compared CPAP to NIPPV in 114 patients 
with cardiopulmonary edema admitted to the 
ICU [5]. Patients were randomized to receive 
CPAP or noninvasive bilevel ventilation via an 
oronasal mask, and end-expiratory pressures 
were increased until respiratory improvement 
was noticed in both modes. Patients treated with 
NIPPV showed a faster improvement of oxygen-
ation within the first 60  min. However, effects 
were similar afterwards, and neither the intuba-
tion rate as the primary endpoint nor secondary 
outcomes, e.g. length of ICU and hospital stay, 
length of ventilation, and mortality, differed 
between CPAP and NIPPV.  The number of 
recorded complications was similar between both 
groups. In conclusion, there was no clinical ben-
efit from the use of NIPPV over CPAP. Applied 
to the escalation of NIV, switching from CPAP to 
NIPPV can be considered but may not be benefi-
cial and may delay a necessary intubation.

Oxygen insufflation via HFNC is a relatively 
new mode of NIV, and since its clinical imple-
mentation, the question about its significance was 
risen. One post hoc analysis of a former random-
ized controlled trial [10] published in the relevant 
period was performed to test the hypothesis that 
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postoperative HFNC is superior compared to 
NIV in obese cardiothoracic surgery patients [1]. 
In this trial, patients were randomized to receive 
either continuous HFNC or intermittent noninva-
sive pressure ventilation. This analysis revealed 
no difference regarding the rate of treatment fail-
ure and time to treatment failure, as well as simi-
lar re-intubation rates. In this specific population, 
there was no major clinical benefit of 
HFNC. Therewith, the value of HFNC regarding 
escalation of NIV cannot be judged. For further 
studies about HFNC, see Chap. 10.

Initiation of invasive mechanical ventilation 
with endotracheal intubation is the most relevant 
major step of therapy escalation. It provides pat-
ent airways, gas exchange, and unloading of 
respiratory muscles. The literature search 
revealed an observational, multicentered clinical 
trial on 219 patients with cardiogenic shock, 
which was aimed to analyze the real-life use of 
different ventilatory therapies in this specific 
patient population. Patients were classified 
according to the following types of respiratory 
support: room air, supplementary oxygen, NIV, 
or invasive ventilation. The different ventilation 
strategies were chosen by the attending physician 
according to “common indications and contrain-
dications” [6]. As the primary endpoint, all-cause 
90-day mortality did not differ between patients 
ventilated noninvasively and invasively after 
adjustment for severity of disease. Further results 
included a higher blood pressure in the NIV 
group, higher utilization of vasoactive medica-
tion in the invasive ventilation group, and a 
shorter duration of ventilation with NIV. However, 
the length of stay in ICU and hospital did not dif-
fer. Despite the finding that patients with less 
severe diseases can be handled safely with NIV 
while those with more severe impairments need 
invasive ventilation, unfortunately, no conclusion 
about escalation from NIV to invasive ventilation 
can be drawn from this trial. However, the authors 
emphasize in the discussion that an indicated 
intubation should not be delayed by NIV.

In preparation for endotracheal intubation, 
sufficient preoxygenation is necessary. Years ago, 
a clinical trial revealed that using NIV for pre-
oxygenation is superior in preventing desatura-

tion compared to the standard method with 
bag-valve-mask in hypoxemic patients [11]. 
Now, the same author aimed to investigate if pre-
oxygenation with NIV affects organ failure in 
critically ill patients who need endotracheal intu-
bation [8]. In a prospective, multicentered trial, 
201 patients were randomized to receive either 
pressure support ventilation or ventilation with a 
bag-valve-mask prior to intubation. As the pri-
mary endpoint, the median Sequential Organ 
Failure Assessment values did not differ between 
the groups. The type of preoxygenation did not 
affect the length of ICU stay, number of ventila-
tion free-days, and mortality. However, only in 
the standard preoxygenation group, preoxygen-
ation failure requiring immediate intubation 
occurred in five patients. Interestingly, the num-
ber of adverse events was similar on both groups, 
but adverse events were more frequent in patients 
who have been treated with NIV before but who 
have been randomized to standard preoxygen-
ation. In conclusion, the preoxygenation strategy 
did not affect organ function, but this trial empha-
sizes that NIV should not be stopped prior to 
endotracheal intubation. In already noninvasively 
ventilated patients requiring therapy escalation, 
NIV should be continued with 100% inspired 
fraction of oxygen for preoxygenation.

If escalation to invasive ventilation was neces-
sary and the critical phase has been overcome, 
the invasiveness of ventilation should be 
decreased as soon as possible, and weaning 
should be started early. This aims to reduce the 
need of deep sedation and vasopressors, as well 
as to reduce the risk of nosocomial infections, 
ventilator-induced diaphragmatic dysfunction, 
and prolonged ventilator dependence. 
Prophylactic use of NIV after planned extubation 
can decrease the risk of post-extubation respira-
tory failure and prevent re-intubation. Especially 
patients with chronic respiratory diseases are at 
risk. One prospective, multicentered clinical trial, 
which was published in the relevant time frame, 
investigated the effects of early NIV after extuba-
tion in this specific cohort [2]. In this study, 144 
patients were randomized to receive intermittent 
noninvasive pressure support with PEEP (or 
bilevel ventilation) or standard oxygen 
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 insufflation after their extubation. Early prophy-
lactic NIV via face mask for 1 h every 3 h/day 
reduced the frequency of post-extubation respira-
tory failure and re-intubations compared to the 
control group. There was no difference regarding 
mortality. In contrast, a propensity-matched anal-
ysis of an observational clinical trial about the 
effects of prophylactic NIV after planned extuba-
tion in 176 elderly patients revealed lower rates 
of re- intubation and lower in-hospital mortality 
when patients received NIV after extubation [3]. 
Therewith, prophylactic NIV after extubation 
should be considered, especially in patients at 
high risk of post-extubation respiratory failure. 
This is in line with the current ERS/ATS guide-
line for NIV [12]. For further information about 
NIV after planned extubation, see Chap. 48.

Usual extubations allow careful anticipatory 
planning of the procedure itself and the follow-
ing steps. However, unplanned extubations on 
ICUs have an incidence of up to 35% and repre-
sent an emergency. Kudela and colleagues per-
formed a single-center retrospective analysis of 
clinical records of 121 patients with 131 
unplanned extubations, to test the effect of NIV 
in these situations [4]. Due to the retrospective 
design, NIV was not protocolized but performed 
by the physician’s individual choice. The trial 
revealed re- intubation rates of 64.3% when NIV 
was performed as rescue strategy due to symp-
toms of acute respiratory distress, 10% when 
NIV was used prophylactically in absence of 
such clinical signs, and 25.8% when NIV was 
not instituted after unplanned extubation. 
Patients who received NIV after unplanned extu-
bation but have been subsequently intubated had 
a significantly longer time to intubation than 
those who were not ventilated noninvasively. 
Interestingly, the application of NIV after 
unplanned extubation did not reduce the intuba-
tion rate; in contrast, their time on ventilation 
and length of ICU stay were significantly longer. 
There was no difference regarding mortality. 
This small retrospective study suggests that after 
unplanned extubation, quick escalation is neces-
sary, because both prophylactic and rescue NIV 
did not reduce the intubation rate but may delay 
an indicated intubation. According to this trial, 

especially rescue NIV in case of symptoms of 
respiratory distress should be avoided.

31.4  NIV Protocols

Using NIV according to the physician’s discre-
tion may be unstructured, and procedures may 
differ due to the fluctuating personnel on duty. 
Structured NIV protocols should include stan-
dard operating procedures including specified 
criteria for initiation and withdrawal, as well as 
steps for escalation of NIV. The literature search 
did not identify any clinical trials comparing dif-
ferent NIV protocols. In one observational trial, 
NIV was performed at the physician’s discretion, 
and no certain protocol was described [6].

A very small prospective randomized con-
trolled trial investigated the effects of implement-
ing a protocol to standardize NIV initiation and 
discontinuation [7]. Forty-seven children with 
acute respiratory failure caused by acute lower 
respiratory infection were randomized to be 
treated with either NIV according to usual medi-
cal criteria or to a protocol-based NIV treatment. 
The protocol, in brief, included repeated assess-
ments at intervals to record the Modified Wood 
Scale [13, 14] and respiratory variables. In case 
of respiratory deterioration, e.g., increasing 
Modified Wood Scale values, NIV was adjusted. 
However, steps of escalation were not described. 
In this trial, the protocol was successfully imple-
mented, but it did not improve outcomes. There 
were no differences in the duration of hospital 
stay, the duration of NIV, and the duration of oxy-
gen after NIV discontinuation. Furthermore, 
intubation rates were similar in both groups.

In one clinical trial emphasizing the useful-
ness of structured NIV protocols [2], 144 patients 
with chronic respiratory disorders were random-
ized to receive NIV or standard care after extuba-
tion. In this trial, prespecified criteria for therapy 
escalation, i.e., re-intubation, were used. Criteria 
were classified as major and minor criteria. 
Re-intubation was indicated if one of the major 
criteria or at least two of the minor criteria were 
met. Similarly, in two other clinical trials, major 
and minor criteria were specified to guide 
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 escalation of NIV to invasive ventilation [1, 3]. 
Major and minor criteria for intubation in these 
two trials are summarized in Table 31.2. A differ-
ent approach was described in another clinical 
trial about the comparison of NIV with CPAP in 
110 patients with cardiopulmonary edema, where 
criteria for intubation were not classified into 
major and minor [5]. These criteria included 
absence of improvement in gas exchange or dys-
pnea, intolerance of CPAP or NIV, onset of ven-
tricular arrhythmias, deteriorating level of 
consciousness (Glasgow Coma Scale, GCS < 10), 
respiratory or cardiac arrest, or evolution toward 
cardiogenic shock. However, it was not described 
how many of the stated criteria have to be met by 
the patient.

Although all of these criteria stated above 
have not been evaluated in these trials as end-
points, they have been used successfully and may 
be adopted to clinical use. As an expert opinion, 
these criteria appear reasonable to guide escala-
tion of NIV. However, it would be interesting to 
conduct a clinical trial to compare different NIV 
escalation protocols and criteria.

31.5  Time Point of Escalation

As it is clear that an indicated intubation should 
not be delayed by trying NIV, the time point of 
therapy escalation is crucial. Unfortunately, the 
literature search did not reveal clinical studies 

Table 31.2 Major and minor criteria for re-intubation in patients with NIV

Stéphan et al. [1] Vargas et al. [2] Duan et al. [3]
Major 
criteria (at 
least one 
positive)

Respiratory arrest Respiratory arrest Respiratory arrest
Respiratory pauses 
with loss of 
consciousness or 
gasping respiration

Cardiac arrest Loss of consciousness

Encephalopathy Persistent severe hypoxemia (PaO2/
FIO2 < 130 mmHg) despite NIV

Inability to correct dyspnea

Cardiovascular 
instability

Hemodynamic instability with systolic blood 
pressure ≤85 mmHg despite adequate 
vascular filling

Conditions necessitating 
intubation to protect the 
airway (coma or seizure 
disorders)

– Severe cardiac arrhythmia Copious tracheal secretions 
requiring management

– – PaO2/FIO2 < 100 mmHg
Minor 
criteria (at 
least two 
positive)

>20% increase in 
respiratory rate or 
PaCO2

Ineffective ventilation due to agitation and/or 
major air leaks under NIV

Respiratory rate 
≥35 breaths/min

>20% decrease in 
PaO2 compared with 
baseline

Clinical signs of severe ARF with tachypnea 
<35/min and/or pH < 7.20

pH < 7.35 for hypoxemic 
patients and <7.30 for 
hypercapnic patients

Unmanageable 
secretions

Occurrence, persistence, or worsening of 
ARF under NIV (tachypnea, sweats, 
cyanosis, involvement of accessory 
respiratory muscles, paradoxical abdominal 
motion, and/or respiratory acidosis 
impairment)

Persistent tachycardia

Clinical signs of 
exhaustion

Consciousness deterioration or respiratory 
encephalopathy score worsening (>3) under 
NIV

Persistent activation of 
accessory respiratory 
muscles

Refractory hypoxemia Bronchial hypersecretion under NIV PaO2/FIO2 < 150 mmHg
Respiratory acidosis Development of other organ failure –

According to [1–3]
NIV noninvasive ventilation, PaCO2 arterial partial pressure of carbon dioxide, PaO2 arterial partial pressure of oxygen, 
FIO2, inspired fraction of oxygen, ARF acute respiratory failure
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published in the last 2 years about the time point 
if NIV escalation. Despite this, respiratory condi-
tions, e.g., arterial carbon dioxide tension as well 
as ratio of arterial tension and inspired fraction of 
oxygen, showed the largest increase within the 
first 60 min after initiation of NIV and CPAP in 
one of the aforementioned trials [5]. This time 
frame may represent a threshold where escalation 
may be considered if no improvement or even 
deterioration is recognized. However, in another 
study, 50% of NIV failures occurred within the 
first 24 h after admission [6]. In the discussion, 
the authors state that patients should be intubated 
promptly if there is no improvement, while there 
is no definition of time frames. Therewith, the 
time point of NIV escalation stays at the physi-
cian’s discretion and depends on close monitor-
ing of the patient’s condition.

31.6  Final Conclusions

Within the reviewed timeframe of January 2017 
to March 2019, no clinical trial focusing on the 
escalation of respiratory support has been pub-
lished. However, the following key messages can 
be stated:

• The most relevant escalation of NIV is the 
endotracheal intubation with subsequent inva-
sive ventilation.

• Prespecified clinical criteria and standardized 
NIV protocols may help to guide the initia-
tion, withdrawal, and escalation of NIV.

• Clinical criteria for re-intubation as used in 
some larger trials appear to be reasonable and 
may be applied for clinical routine. However, 
their predictive value, safety, and efficacy may 
need further investigation.

• Early recognition of NIV failure is essential to 
prevent delayed escalation.

Possible steps of escalation are summarized in 
Fig. 31.1.

Due to the lack of evidence in the reviewed 
time frame, decisions for or against escalation of 
NIV are based on former trials, expert opinions, 
and/or personal experiences. Even the current 

ERS/ATS guideline on NIV does not provide cer-
tain information about escalation of NIV, despite 
the important information that NIV may delay a 
necessary intubation [12]. As a future perspec-
tive, randomized controlled clinical trials com-
paring different protocols and criteria for 
escalation of NIV are needed. Additionally, the 
possible escalation steps and their timing should 
be investigated regarding safety and efficacy.

References

 1. Stéphan F, Bérard L, Rézaiguia-Delclaux S, Amaru P, 
BiPOP Study Group. High-flow nasal cannula therapy 
versus intermittent noninvasive ventilation in obese 
subjects after cardiothoracic surgery. Respir Care. 
2017;62:1193–202.

 2. Vargas F, Clavel M, Sanchez-Verlan P, Garnier S, 
Boyer A, Bui H-N, et  al. Intermittent noninvasive 
ventilation after extubation in patients with chronic 
respiratory disorders: a multicenter randomized 
controlled trial (VHYPER). Intensive Care Med. 
2017;43:1626–36.

Clinical signs of NIV failure or
no improvement under NIV

Re-evaluation

Adjust NIV mode, ventilation parameters,
and patient interface.

Use prespecified criteria for escalation.
Do not delay an indicated intubation!

Endotracheal intubation and invasive ventilation

Re‐evaluation

Early de‐escalation and weaning.
Consider early NIV after planned extubation, but
quick escalation in case of unplanned extubation.

Fig. 31.1 Escalation of noninvasive ventilation (NIV)

31 Escalation of Therapy from NIV



314

 3. Duan J, Bai L, Zhou L, Han X, Huang S. Decreasing 
re-intubation using prophylactic noninvasive ventila-
tion in elderly patients: a propensity-matched study. J 
Crit Care. 2019;50:77–81.

 4. Kudela A, Millereux M, Gouezel C, Prat D, Jacobs 
F, Hamzaoui O, et  al. Effect of noninvasive ven-
tilation after unplanned extubation. Respir Care. 
2019;64:248–54.

 5. Belenguer-Muncharaz A, Mateu-Campos L, 
González-Luís R, Vidal-Tegedor B, Ferrándiz-Sellés 
A, Árguedas-Cervera J, et al. Non-invasive mechanical 
ventilation versus continuous positive airway pressure 
relating to cardiogenic pulmonary edema in an inten-
sive care unit. Arch Bronconeumol. 2017;53:561–7.

 6. Hongisto M, Lassus J, Tarvasmaki T, Sionis A, 
Tolppanen H, Lindholm MG, et al. Use of noninvasive 
and invasive mechanical ventilation in cardiogenic 
shock: a prospective multicenter study. Int J Cardiol. 
2017;230:191–7.

 7. Jalil Y, Damiani F, Astudillo C, Villarroel G, Barañao 
P, Bustos E, et al. Impact of a noninvasive ventilation 
protocol in hospitalized children with acute respira-
tory failure. Respir Care. 2017;62:1533–9.

 8. Baillard C, Prat G, Jung B, Futier E, Lefrant JY, 
Vincent F, et al. Effect of preoxygenation using non- 
invasive ventilation before intubation on subsequent 
organ failures in hypoxaemic patients: a randomised 
clinical trial. Br J Anaesth. 2018;120:361–7.

 9. Yeo HJ, Cho WH, Kim D.  Awake extracorporeal 
membrane oxygenation in patients with severe post-
operative acute respiratory distress syndrome. J 
Thorac Dis. 2016;8:37–42.

 10. Stéphan F, Barrucand B, Petit P, Rézaiguia-Delclaux 
S, Médard A, Delannoy B, et  al. High-flow nasal 
oxygen vs noninvasive positive airway pressure in 
hypoxemic patients after cardiothoracic surgery: a 
randomized clinical trial. JAMA. 2015;313:2331–9.

 11. Baillard C, Fosse J-P, Sebbane M, Chanques G, 
Vincent F, Courouble P, et  al. Noninvasive ventila-
tion improves preoxygenation before intubation 
of hypoxic patients. Am J Respir Crit Care Med. 
2006;174:171–7.

 12. Rochwerg B, Brochard L, Elliott MW, Hess D, Hill 
NS, Nava S, et al. Official ERS/ATS clinical practice 
guidelines: noninvasive ventilation for acute respira-
tory failure. Eur Respir J. 2017;50:1602426.

 13. Wood DW, Downes JJ, Lecks HI.  A clinical scor-
ing system for the diagnosis of respiratory failure. 
Preliminary report on childhood status asthmaticus. 
Am J Dis Child. 1972;123:227–8.

 14. Duarte-Dorado DM, Madero-Orostegui DS, 
Rodriguez-Martinez CE, Nino G. Validation of a scale 
to assess the severity of bronchiolitis in a population 
of hospitalized infants. J Asthma Off J Assoc Care 
Asthma. 2013;50:1056–61.

M. Scharffenberg



315© Springer Nature Switzerland AG 2020 
A. M. Esquinas et al. (eds.), Noninvasive Ventilation in Sleep Medicine and Pulmonary Critical 
Care, https://doi.org/10.1007/978-3-030-42998-0_32

NPPV vs. HFNC for Acute 
Respiratory Failure

Daniel Zapata, David Wisa, Bushra Mina, 
and Maciej Walczyszyn

Contents
32.1  Introduction   315

32.2  NIV in Hypercapnic ARF   316
32.2.1  NIV in COPD Hypercapnic ARF   316
32.2.2  NIV Post-extubation ARF   317

32.3  NIV in Hypoxic ARF   318
32.3.1  NIV in Cardiac Disease Hypoxic ARF   318
32.3.2  NIV in Asthma Hypoxic ARF   318
32.3.3  NIV in Immunocompromised Hypoxic ARF   319
32.3.4  NIV in De Novo ARF   319
32.3.5  NIV Use in Post-extubation Hypoxic ARF   319
32.3.6  NIV in Post-op ARF   320

32.4  Conclusions   320

 References   322

32.1  Introduction

Acute respiratory failure (ARF) in adults is a 
common complication of many diseases fre-
quently encountered in both the emergency room 
and critical care settings. It accounts for up to 
30% of intensive care unit (ICU) admissions 
where approximately 60% of patients require 

endotracheal intubation with invasive mechanical 
ventilation (IMV) [1].

IMV doesn’t come without risk; it is associ-
ated with a range of complications and mortality 
as high as 30% [1]. Early complications include 
esophageal intubation, vocal cord injury/paraly-
sis, sedative side effects, and acute traumatic 
injury that can lead to laryngeal or tracheal injury. 
Prolonged IMV can result in delayed complica-
tions that arise as a sequela of sedation and  ven-
tilator-induced diaphragmatic dysfunction [2]. 
Infections, specifically ventilator- associated 
pneumonia, are the most common of the delayed 
complications and have been correlated with 
increased ICU length of stay (LOS), duration of 
ventilation, and mortality [3].

D. Zapata (*) · D. Wisa · M. Walczyszyn
Department of Pulmonary and Critical Care Medicine, 
Flushing Hospital Medical Center, Queens, NY, USA 

B. Mina 
Department of Pulmonary and Critical Care 
Medicine, Hofstra Northwell School of Medicine, 
Lenox Hill Hospital, New York, NY, USA 

32

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-42998-0_32&domain=pdf


316

As a result, there has been an increased inter-
est in the utilization of noninvasive modalities for 
the prevention and management of ARF to avoid 
complications associated with IMV. Noninvasive 
positive pressure ventilation (NIPPV) includes 
noninvasive variable positive airway pressure or 
“bilevel” devices (BiPAP) which consist of a 
higher inspiratory positive airway pressure and a 
lower expiratory pressure applied through an 
arguably comfortable facial interface, i.e., hel-
met, facial mask, nasal prongs, etc. [4]. 
Historically NIPPV has been shown to be benefi-
cial in select set of disease processes, specifically 
acute COPD exacerbation [5], acute cardiogenic 
pulmonary edema [6], hypoxic ARF in the immu-
nocompromised [7], and post-extubation of high- 
risk patients with prior cardiac and/or pulmonary 
disease [8]. In these patients, there was a signifi-
cant reduction in the need for airway intubation 
[9] avoiding the well-known complications of 
IMV. Furthermore, use of NIPPV leads to addi-
tional benefits. NIPPV utilizes more cautious use 
of sedation as the patient has to maintain coop-
erativeness requiring relative consciousness for 
appropriate use, and often no sedation is needed 
at all as the patient interface is more tolerable 
than an endotracheal tube. NIPPV is also associ-
ated with lower risk of nosocomial infections 
[10–12] and allows patients to speak as well as 
eat during NIPPV breaks. Unfortunately, outside 
of the immunocompromised patient population, 
NIPPV has shown little benefit in hypoxic ARF 
and even has been associated with higher rates of 
failure leading to increased mortality [13]. 
Additionally, NIPPV comes with its own set of 
drawbacks including skin damage at the interface 
site, eye irritation, interface intolerance, and diet 
and expectoration interruption [14].

Consequently, high-flow nasal cannula 
(HFNC) has grown in popularity as yet another 
noninvasive option and a possible alternative to 
NIPPV. HFNC allows the clinician to set an oxy-
gen flow rate of up to 60 liters per minute (L/min) 
in which the heated and humidified air is deliv-
ered at a designated inspired oxygen (FiO2) from 
21% up to 100% [15]. In addition to improving 
oxygenation, HFNC has been noted to help 

decrease dead space by continuously washing out 
upper airway carbon dioxide (CO2) as well as 
decrease ventilation-perfusion mismatch by 
recruiting atelectatic lung via pressurizing the 
oropharynx and hypopharynx with each sponta-
neous breath [16]. This positive end-expiratory 
pressure (PEEP) effect is estimated to be as high 
as 1 cm H2O for every 10 L/min of flow when the 
patient’s mouth is closed [17]. Although HFNC 
possesses innate physiological benefits, most of 
the data to support its use are from observational 
studies or randomized trials studying heteroge-
nous populations with multiple arms for compar-
ison, leading to mixed results when pooling the 
data in regard to intubation rate and mortality 
benefit [1, 18]. Despite these limitations, HFNC 
is frequently used in patients with severe hypoxic 
respiratory failure [19]. As a result, the purpose 
of this review is to explore and compare noninva-
sive ventilation (NIV) modalities, mainly HFNC 
and NIPPV, and their application in different 
types of ARF in adults.

32.2  NIV in Hypercapnic ARF

Hypercapnia results from the inability of the 
respiratory muscles to achieve adequate alveolar 
ventilation to remove CO2, the byproduct of oxi-
dative metabolism. Hypoventilation etiologies 
range from central nervous system diseases 
(“won’t breathe”) such as ischemic strokes to 
pulmonary diseases (“can’t breathe”) such as 
chronic obstructive pulmonary disease (COPD).

32.2.1  NIV in COPD Hypercapnic ARF

During COPD exacerbations, approximately 20% 
of patients develop hypercapnia [20]. This is a 
result of poor alveolar function with hyperinfla-
tion leading to a rapid shallow breathing pattern 
characterized by increased respiratory rate with 
small tidal volumes consequently causing respira-
tory muscle fatigue and increase in CO2 with 
acute respiratory acidosis. If left untreated, this 
pathophysiologic process can lead to respiratory 
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failure, arrest, and death. NIPPV has been consid-
ered in COPD patients with exacerbations in three 
main clinical settings: prevention of acute respira-
tory acidosis, prevention of endotracheal intuba-
tion with IMV, and as an alternative to IMV.

Most recent ATS/ERS 2017 guidelines recom-
mend against using NIPPV in preventing acute 
respiratory acidosis in COPD patients with an 
exacerbation. This specifically refers to COPD 
patients without an acute elevation in CO2, thus 
having a normal pH range of 7.35–7.45 including 
patients who may have a chronic compensated 
hypercapnia. In this patient population, there is no 
evidence showing a reduction in mortality or need 
for intubation; therefore, the anticipated undesir-
able effects of NIPPV should be avoided [4]. On 
the contrary, in patients with acute elevation in 
CO2 levels resulting in a pH ≤  7.35 during an 
acute or acute on chronic COPD exacerbation 
(i.e., hypercapnic ARF), there is a strong recom-
mendation for the application of NIPPV, includ-
ing those patients who are being considered for 
endotracheal intubation and IMV. Multiple stud-
ies have confirmed that in patients with a COPD 
exacerbation in hypercapnic ARF, NIPPV 
decreases mortality, the need for intubation, as 
well as nosocomial pneumonia. This effect is 
most prominent in patients considered as mild to 
moderate COPD exacerbation defined by a pH of 
7.25–7.35 in the absence of metabolic causes for 
the acidosis. In severe disease where the pH <7.25 
the evidence for utilization is less compelling. In 
these patients NIPPV can be tried, however, with 
very close monitoring. A good predictor of suc-
cessful outcomes with NIPPV is an improvement 
in either pH or respiratory rate, or preferably both, 
within the first 1–4 h of  treatment [4].

32.2.2  NIV Post-extubation ARF

NIPPV was also considered in patients undergo-
ing IMV weaning and planned extubation as a 
possible strategy to prevent recurrent ARF and 
need for reintubation. Patients defined as high 
risk, by age over 65 and prior underlying cardiac 
or respiratory diseases, seemed to benefit most, 

especially those who developed hypercapnia dur-
ing spontaneous breathing trials (SBT) [4]. These 
patients had decreased mortality as well as lower 
need for reintubation. On the other hand, patients 
who failed planned extubation by developing 
overt respiratory distress or ARF did worse over-
all when NIPPV was attempted as treatment. It 
was found that NIPPV in these patients often 
leads to delay in reintubation. Thus, ERS/ATS 
does not recommend NIPPV use as rescue ther-
apy after ARF post-extubation. It is important to 
note that the studies investigating NIPPV imple-
mentation as treatment of ARF after planned extu-
bation had a number of limitations. Firstly, the 
studies included very few COPD patients who 
often benefit the most. Some centers also had lim-
ited overall enrollment as well as possible lack of 
experience with NIPPV. Furthermore, NIPPV did 
have higher success rates in ARF post-planned 
extubation in those patients who received it as an 
initial treatment prior to intubation [4].

Theoretically, HFNC may be able to wash out 
CO2 filling the nasopharyngeal cavity as well as 
provide some clearance through gaseous mixing 
in more distal airways, especially with high flow 
rates [21]; however, to date, clinical data for its 
application specifically in hypercapnic ARF as 
prevention or treatment is limited. Most studies 
concentrate on the application of HFNC in 
patients with hypoxic ARF [22] reviewed later.

A small single-center retrospective pilot study 
by Kim et al. looked at the application of HFNC 
in patients admitted to MICU with ARF and 
 concurrent hypercapnia. In the 33 patients 
enrolled, 33% with history of COPD in acute 
exacerbation, HFNC reduced CO2 while main-
taining adequate oxygenation [23] irrespective of 
whether chronic hypercapnia was present or not. 
Most beneficial effects were seen within the first 
hour of HFNC use. This data is quite interesting; 
however, clearly larger studies are needed before 
more definitive recommendations can be con-
cluded. Another study is currently investigating 
the application of HFNC to reduce the duration 
of NIPPV therapy in hypercapnic ARF [24]. Its 
results can be useful in optimizing this patient 
population management.
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32.3  NIV in Hypoxic ARF

There are five main mechanisms that can cause 
hypoxic ARF.  The first is simply decreased 
inspired oxygen pressure as occurs in high alti-
tudes. The remaining four are usually the end 
result of advanced disease processes which 
include alveolar hypoventilation (i.e., drug over-
dose, neuromuscular disorders, chest wall restric-
tion, airway obstruction), impaired diffusion (i.e., 
interstitial lung disease, acute respiratory distress 
syndrome), ventilation-perfusion mismatch (i.e., 
asthma, COPD, pulmonary embolism, pulmo-
nary edema), and shunting (i.e., pulmonary arte-
riovenous malformations, hepatopulmonary 
syndrome, atelectasis, pneumonia, intracardiac 
communications). These disease processes result 
in hypoxia by interfering with more than one of 
these mechanisms simultaneously.

32.3.1  NIV in Cardiac Disease 
Hypoxic ARF

Hypoxic ARF is often the initial presentation of 
cardiac disease. Due to its prevalence, numerous 
studies have investigated the benefits of NIPPV 
in ARF due to cardiogenic pulmonary edema. 
Hypoxic ARF in pulmonary edema is a result of 
decreased respiratory system compliance and 
alveolar flooding in the setting of high capillary 
pressures. In these patients, NIPPV (both BiPAP 
and CPAP) decreases the negative pressure 
swings during spontaneous breathing improving 
respiratory mechanics and optimizing left ven-
tricular work by decreasing afterload. NIPPV 
application in this patient population has shown a 
reduction in mortality as well as the need for 
intubation. Comparable benefits were observed 
in studies performed on similar groups of patients 
pre-hospitalization. Due to the heterogeneity of 
trial designs, the supporting evidence is less 
strong here. It is important to note that patients 
with cardiogenic shock were excluded from most 
of these studies. Although a concern for increased 
myocardial infarction was raised with use of 
NIPPV, given the low certainty of evidence, the 
desirable effects offset this apprehension [4].

There is some evidence that suggests improved 
cardiovascular dynamics with the application of 
HFNC in patients with stable chronic heart failure 
(CHF), but we did not find any clinically applica-
ble data to support the use of HFNC in decompen-
sated CHF with pulmonary edema [25].

32.3.2  NIV in Asthma Hypoxic ARF

Asthma is another commonly encountered dis-
ease process that often causes hypoxic ARF. The 
main feature of an acute asthma exacerbation is 
the sudden episode of bronchoconstriction. This 
leads to increased airway resistance and mechan-
ical load generating hyperinflation requiring 
additional respiratory muscle effort with reduced 
efficiency, leading to fatigue and culminating in 
hypercapnia. In addition to conventional pharma-
cological treatment, NIPPV was investigated 
with the aim to off-load respiratory muscle work 
to improve ventilation and reduce the sensation 
of dyspnea, with the hope to avoid intubation and 
IMV. Unfortunately, no consensus can be reached 
on recommendations regarding the application of 
NIPPV in acute asthma exacerbations with ARF 
as studies have not shown any significant benefi-
cial effect on clinically relevant outcomes com-
pared to conventional treatment including 
intubation with IMV [4]. Part of the reason for 
this recommendation is the lack of evidence 
because episodes of severe acute asthma 
 exacerbations requiring ICU admission are 
uncommon [4]. Additionally, a subset of asthmat-
ics with COPD overlap (i.e., fixed airway obstruc-
tion) may show benefit from NIPPV.

The application of HFNC in asthma exacerba-
tions is limited; however, optimistic data is found 
mainly in children. A pilot clinical trial by 
Ballestero et al. randomly allocated 62 children 
with moderate to severe asthma exacerbation 
refractory to first-line treatment to receive either 
HFNC or standard oxygen therapy. HFNC 
resulted in a notable improvement in pulmonary 
scores after 2 h of therapy. There were no differ-
ences in disposition, LOS, or need for additional 
therapies. Importantly, there was no side effects 
reported [26].
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32.3.3  NIV in Immunocompromised 
Hypoxic ARF

NIPPV has also been successfully implemented 
in the immunosuppressed patients of various eti-
ologies with mild to moderate hypoxemic 
ARF.  Compared to conventional treatment, i.e., 
nasal cannula oxygen supplementation and intu-
bation with IMV, NIPPV was found to decrease 
mortality, the need for intubation, as well as rates 
of nosocomial pneumonia [4].

Due to the notable positive promising out-
comes in the application of HFNC in hypoxic 
ARF, Lemiale et al. performed a post hoc analysis 
of a randomized controlled trial of noninvasive 
ventilation in critically ill immunocompromised 
patients with hypoxic ARF to assess treatment 
outcomes in 29 ICUs in France and Belgium. 
HFNC when compared to standard oxygen did 
not reduce intubation or survival rates [27].

32.3.4  NIV in De Novo ARF

De novo ARF refers to respiratory failure occur-
ring in patients without prior chronic respiratory 
disease. Most of these patients had hypoxic ARF 
in the setting of pneumonia and/or ARDS. Thus, 
patients with COPD, cardiogenic pulmonary 
edema, or postoperative respiratory distress were 
not considered. NIPPV was applied in attempt to 
improve oxygenation and augment ventilation to 
decrease the work of breathing as well as the 
need for intubation with all its complications.

One of the limitations of NIPPV in hypoxemic 
de novo ARF is the need for higher pressures to 
achieve adequate work of breathing reduction. 
These high pressures often lead to high tidal vol-
umes which both of which have been shown to 
increase lung injury, thus perpetuating ARF espe-
cially in ARDS. Some of the other undue conse-
quences of NIPPV high inspiratory pressures 
include increased air leaks, gastric insufflation, 
and patient intolerance. Decisively the main risk 
of NIPPV in de novo ARF is the potential delay 
in intubation. In fact, patients with hypoxic de 
novo ARF who fail NIPPV requiring intubation 
had more complications and higher risk for mor-

tality [4]. ERS/ATS guidelines note that a trial of 
NIPPV can be considered in this patient popula-
tion under direct supervision of experienced clin-
ical team, care patient selection, as well as close 
ICU monitoring with reassessment for intubation 
need early after NIPPV initiation.

One of the first randomized controlled trials 
that investigated the utility of HFNC in the de 
novo ARF patient population compared HFNC to 
standard oxygen therapy and NIPPV.  The pri-
mary outcome of endotracheal intubation was not 
statistically different between the groups [19]. 
When a post hoc adjusted analysis was done 
using a lower PaO2/FiO2 ratio ≤200  mmHg 
instead of the original ≤300 mmHg, a significant 
reduction in the need for intubation rates was 
found in the HFNC group. Furthermore, HFNC 
increased ventilator-free days, reduced 90-day 
mortality, and was associated with improved 
comfort as well as dyspnea severity [21]. It is 
important to note that this was a very specific 
group of patients that excluded COPD exacerba-
tions, other hypercapnia causes, acute cardiac 
pulmonary edema, severe neutropenia, other 
organ failures, hemodynamic instability, or those 
on vasopressors. Other critiques of this study are 
the short NIPPV use time during treatment, high 
NIPPV tidal volumes (i.e., inspiratory pressures) 
with low expiratory pressures perpetuating lung 
injury, and lack of NIPPV facial interface options 
which could have contributed to higher discom-
fort levels.

32.3.5  NIV Use in Post-extubation 
Hypoxic ARF

Physicians who care for critically ill patients on 
IMV often have to balance the benefits of pro-
longing IMV to allow for further recovery against 
the well-known risks of the treatment. Failure 
occurs in approximately 20% of planned extuba-
tions and is associated with increased morbidity 
and mortality. Identifying the appropriate patients 
for weaning and investigating measures to aug-
ment or supplement safe and successful IMV 
weaning to extubation are vital to improve patient 
care and outcomes.
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As mentioned previously regarding post- 
extubation patients, NIPPV seemed to help pre-
vent reintubation only in older patients with prior 
history of cardiac and/or pulmonary disease. A 
randomized control trial by Maggiore et  al. 
looked at patients with ARF due to pneumonia 
and trauma, who required IMV more than 5 days. 
After planned extubation, patients were random-
ized for 48 h of either HFNC or convention oxy-
gen supplementation via Venturi mask. HFNC 
was associated with significantly better comfort, 
oxygenation, and more importantly lower reintu-
bation rates, 4% compared to 21% [21]. Patient 
characteristics suggested no prior cardiovascular 
and/or pulmonary disease; less than 6% of 
patients in this study had cardiogenic pulmonary 
edema, and all had normal carbon dioxide levels 
upon inclusion [28]. Thus one can deduce that 
HFNC is a reasonable if not preferred choice for 
oxygen supplementation post-extubation in low- 
risk patients. These results were reinforced by 
Hernandez et al. in a multicenter randomized trial 
which fortified the use of HFNC to prevent rein-
tubation after planned extubation for low-risk 
patients [21].

Moreover, NIPPV has benefits in preventing 
reintubation post-planned extubation of high-risk 
patients with previously known cardiac and/or 
pulmonary disease especially those with hyper-
capnia. NIPPV has not been shown to help pre-
vent reintubation or treat post-extubation hypoxic 
ARF.  Fernandez et  al. randomized non- 
hypercapnic patients considered high risk of 
extubation failure to HFNC and conventional 
oxygen therapy. The investigators stopped the 
trial after 18 months due to low recruitment. Of 
the 155 patients included, there were no signifi-
cant differences in outcomes [29].

32.3.6  NIV in Post-op ARF

Surgery, including the associated anesthesia and 
postoperative pain, can often have unfavorable 
effects on the respiratory system. Sedatives and 
pain contribute to diminished breaths resulting in 
decreased lung volumes as well as atelectasis 
often leading to hypoxia. This effect has been 

found to be exaggerated as the surgical site 
approaches the diaphragm. Studies have found 
benefits of NIPPV implementation in patients 
after lung resection surgery, cardiothoracic sur-
gery, abdominal surgery, solid organ transplant 
(mainly liver), and even chest trauma patients. 
Overall NIPPV demonstrated a decrease in mor-
tality, need for intubation and IMV, and incidence 
of nosocomial pneumonia [4]. ERS/ATS 2017 
guidelines suggest NIPPV use in patients with 
ARF postoperatively; however, this recommen-
dation is conditional on the fact that surgical 
complications such as anastomotic leak or intra- 
abdominal sepsis are appropriately addressed, 
and there are no other contraindications to NIPPV 
such as patients’ uncooperativeness or inability 
to protect their airway [4].

Investigations in nonobese post-cardiotho-
racic surgery patients that are considered low risk 
for extubation failure have found similar HFNC 
benefits compared to conventional oxygen 
therapy.

32.4  Conclusions

NIV ventilation (i.e., HFNC or NIPPV) is being 
utilized in different clinical settings that cause 
ARF, and Table 32.1 summarizes the positive and 
negative connotations of these noninvasive 
modalities based on the current literature review. 
Understanding predictors of outcome of NIV 
ventilation, as seen in Table 32.2, risks and ben-
efits are important in order to optimize therapy 
and avoid catastrophe in ARF patients. Between 
the two modalities, there is clear evidence to sup-
port the use of NIPPV for the treatment of ARF in 
COPD, cardiogenic pulmonary edema, and 
immunocompromised patients, postoperatively, 
and has also shown benefits in preventing ARF 
after planned extubation of high-risk patients. On 
the other hand, HFNC has shown clear benefits in 
the treatment of de novo ARF where NIPPV has 
fallen short. Similar to NIPPV, HFNC can be 
used to treat ARF in postoperative patients and is 
also the preferred preventative measure for low- 
risk patients after planned extubation. There is 
promising data in the use of HFNC in asthmatics 
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and highly anticipated upcoming trial of combin-
ing the use of HFNC with NIPPV in patients with 
COPD.  It is difficult to definitely segregate 
hypercapnic ARF from hypoxic ARF as many 

disease processes have overlapping mechanisms; 
however, more and more data seems to favor the 
use of NIPPV in hypercapnia while supporting 
the use if HFNC in hypoxia (Table 32.3).

Table 32.1 NIPPV vs. HFNC in ARF of varying etiologies

Decreased 
mortality

Decreased 
intubation

Decreased 
pneumonia Notes

Hypercapnic ARF
Chronic obstructive pulmonary disease (COPD)
NIPPV + + + Most studied with clear benefits
HFNC IC IC 0 Small studies that mainly show PaCO2 decrease
Prevent reintubation in low-risk patient
NIPPV − 0 0 Low risk: age < 65, no underlying cardiac and/or 

pulmonary disease, not obese
HFNC 0 + 0 Increased comfort and better oxygenation
Prevent reintubation in high-risk patients
NIPPV + + 0 High-risk patient: age > 65 with underlying cardiac 

and/or lung disease
HFNC 0 IC 0 Low recruitment number of patients

High-risk patients: age > 65, CHF, non-hypercapnic 
COPD, APACHE II > 12, BMI > 30, weak cough, 
copious secretions, >1SBT failure, IMV > 7 days

Hypoxic ARF
Cardiogenic pulmonary edema
NIPPV + + 0 Excluded ACS and cardiogenic shock
HFNC 0 0 0 No data
Asthma
NIPPV IC IC 0 May benefit COPD/asthma overlap syndrome
HFNC ∗ ∗ 0 Small studies mainly in children

Immunocompromised
NIPPV + + +
HFNC / / 0 Minimal data
De novo (without prior chronic respiratory disease)—excluding COPD, cardiac pulmonary edema, neutropenia, 
MOSF, shock
NIPPV − − 0 Negative outcomes attributed to delay in intubation; if 

NIPPV started should be monitored closely with low 
threshold for intubation

HFNC + + 0 Other benefits: increased VFD and comfort
Post-op—cardiothoracic, thoracic, and abdominal surgeries including solid organ transplant
NIPPV + + + Treat post-op complications appropriately
HFNC + + + Good alternative
Key Abbreviations
0 data lacking ARF Acute respiratory failure

∗ possible benefit NIPPV Noninvasive positive pressure ventilation

+ definite benefit/
recommended use

HFNC High-flow nasal cannula

/ no added benefit MOSF Multiorgan system failure

− negative effect/not 
recommended use

VFD Ventilator-free days

IC inconclusive LOS Length of stay
SBT Spontaneous breathing trial
IMV Invasive mechanical ventilation
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AMI Acute myocardial infarction
ARDS Acute respiratory distress syndrome
ARF Acute respiratory failure
ATS American Thoracic Society
BiPAP Bi-level positive airway pressure
cm H2O Centimeters of water

CO2 Carbon dioxide
COPD   Chronic obstructive pulmonary 

disease
COT Conventional oxygen therapy
CPAP Continuous positive airway pressure
CPE Cardiogenic pulmonary edema
EPAP Expiratory positive airway pressure
ERS European Respiratory Society
FIO2 Fraction of inspired oxygen
HFNC High-flow nasal cannula
HRF Hypoxemic respiratory failure
ICU Intensive care unit
IMV Invasive mechanical ventilation
IPAP Inspiratory positive airway pressure
L Liters
LOS Length of stay
min Minute
mL Milliliters
NIV Noninvasive ventilation
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PaO2 Partial pressure of oxygen
PEEP Positive end expiratory pressure
RCTs Randomized control trials
SOFA Sequential organ failure assessment

33.1  Introduction

HRF is a leading cause of intensive care admis-
sions and contributes to significant acute and late 
mortality [1, 2]. Common causes include ARDS, 
pneumonia, asthma, pulmonary edema, and 
immunosuppression. While NIV has been 
increasingly used in HRF, evidence for its use is 
still somewhat controversial. In this chapter, we 
review literature pertaining to the use of NIV in 
HRF, as well as growing data for HFNC in HRF 
within the last 2 years.

33.2  Methods

Electronic database PubMed was searched with 
index words “noninvasive ventilation” and “acute 
respiratory failure” including articles published 
between January 2017 to March 2019 in the field 
of Title/Abstract. An initial screening of the title, 
abstract, and keywords of every record identified 
was performed. The next step was to retrieve the 
full text of potentially relevant studies. Only 
studies in English and those addressing adult age 
groups were considered.

33.3  Results

After applying the above search terms, we got 
102 articles, out of which 89 were excluded due 
to various reasons (Fig. 33.1). The remaining 13 
articles were analyzed for the preparation of this 
chapter (Table 33.1).

33.4  Discussion

HRF is typically treated by an escalation therapy 
that starts with supplemental oxygen and etio-
logical treatment. Patients in severe respiratory 

distress may require intubation, mechanical ven-
tilation, and even extracorporeal membrane oxy-
genation in extreme cases. Between the two 
extremes lies the use of NIV. The rationale for its 
use lies in its ability to supplement oxygen and 
reduce the work of breathing among other physi-
ological effects. However, because there is a 
large variation in the etiology and thus patho-
physiology of hypoxemic respiratory failure, rec-
ommendation for NIV use largely depends on the 
underlying disease. This is illustrated in recent 
guidelines such as the 2017 European Respiratory 
Society (ERS)/American Thoracic Society (ATS) 
clinical practice guidelines [3]. To understand 
which NIV method is optimal for which scenario, 
we must first discuss the physiology associated 
with each modality.

Noninvasive positive pressure ventilation sup-
plies positive pressure air with up to 100% 
inspired oxygen via a range of applicators includ-
ing helmets and facial or nasal masks. Pressure 
can be supplied by continuous positive airway 
pressure (CPAP) where the pressure remains the 
same throughout the respiratory cycle, via inspi-
ratory pressure support alone, or by bi-level 

Total 102
studies 

13 studies
included 

89 studies
excluded 

70 not
relevent to this

topic

11 articles
discussing
non-adults 

8 hypercapnic
respiratory

failure 

Fig. 33.1 Summary of searched articles from PubMed
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 positive airway pressure (BiPAP) where different 
levels are set for inspiratory and expiratory 
pressures.

CPAP delivers continuous positive pressure 
throughout the respiratory cycle and does not 
assist with inspiration. Due to this, it can only be 
tolerated by patients that initiate spontaneous 
inspiration. During the expiratory phase of respi-
ration, the continuous pressure applied by CPAP 
is physiologically analogous to the expiratory 
positive airway pressure (EPAP) supplied by 
BiPAP in that it supplies a positive end expiratory 
pressure (PEEP). This pressure helps to open or 
“recruit” alveoli that have collapsed or are filled 
with fluid and maintain their patency throughout 
the respiratory cycle. When the alveoli are col-
lapsed, blood with low oxygen content from the 
right heart passes to the left heart without oxygen 
diffusion occurring, resulting in a shunt. 
Increasing the EPAP/CPAP pressure recruits 
more alveoli and decreases this intrapulmonary 
shunt. The positive pressure also has the effect of 

increasing lung compliance and functional resid-
ual capacity (FRC) while decreasing hypoxemia 
and the work of breathing [4].

BiPAP provides in increased inspiratory posi-
tive airway pressure (IPAP). The higher pressures 
supplied during inspiration help to overcome the 
difference in pressures during inspiration and 
expiration. It creates a larger change in the size of 
the alveoli throughout the ventilatory cycle 
reflecting an increase in the tidal volume. 
Increasing the difference of the IPAP and the 
EPAP will increase ventilation and thus helps to 
decrease hypercarbia. The increased pressures 
during inspiration with BiPAP also reduce the 
work of breathing to a greater extent than is 
achieved with CPAP [4].

Positive airway pressures also have significant 
effects on the hemodynamics of the heart. 
Positive pressures applied to the thoracic cavity 
increase the pressure within the thoracic cavity, 
placing higher pressures on the venous return to 
the heart and decreasing ventricular preload. The 

Table 33.1 Summary of articles discussed in this chapter

Authors, year Summarization
Rochwerg et al., 
2017 [3]

ERS/ATS recommendations for use of NIV based on pooled data from multiple studies

Bello et al.,  
2018 [7]

Discussion of NIPPV interfaces, modes of delivery, recent studies, and overview of indications

David-João 
et al., 2019 [9]

Systematic review of NIV for HRF. NIV showed protective effect for immunocompromised 
patients and patients with acute pulmonary edema/community-acquired pneumonia

Dumas et al.,  
2018 [10]

Investigated how initial oxygen management influenced the need for intubation for 
immunocompromised patients. Ventilation/oxygenation management had no impact on the 
probability of intubation on the coming day

Sklar et al., 2018 
[13]

Systematic review and meta-analysis for HFNC use in immunocompromised patients. HFNC 
decreased mortality and IMV compared to controls

Belenguer- 
Muncharaz 
et al., 2017 [15]

Prospective RTC comparing CPAP to BiPAP for ARF from CPE. No significant difference was 
seen for duration of ventilation, ICU, and hospital LOS

Bellani et al.,  
2017 [18]

NIV use with ARDS patients with severity based on Berlin criteria. NIV is associated with 
higher ICU mortality in patients with PaO2/FiO2 lower than 150 mmHg

Xu et al.  
2018 [20]

Systematic review and meta-analysis for HFNC used in adults with ARF and after extubation. 
HFNC was superior to COT in reducing treatment failure, HFNC reduced intubation rate 
compared to NIV when used as initial support

García-de- Acilu 
et al., 2019 [21]

Discussion of recent studies for NIV and HFNC for patients with de novo respiratory failure 
and strategies for treatment

Stéphan et al., 
2017 [23]

Compared HFNC to NIV in obese subjects after cardiothoracic surgery. HFNC did not result in 
a worse rate of treatment failure

Beng et al.,  
2019 [25]

Systematic review of RTCs for NIV vs. HFNC in ARF. Results varied by study, but ICU 
mortality and patient tolerability favored HFNC

Tu et al., 2017 
 [28]

Compared HFNC vs. NIV for patients with ARF who received renal transplants. HFNC was 
associated with increased number of ventilator- free days and fewer complications
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positive pressure also increases intrathoracic 
pressure which decreases transmural pressures. 
This lowers the pressure that is needed to be gen-
erated by the ventricle during systole to achieve 
forward flow, resulting in a reduction in after-
load. The combined reduction in preload and 
afterload helps to decrease myocardial oxygen 
demand without augmenting cardiac output for 
this population [5].

High-flow nasal cannula (HFNC) works via a 
different mechanism than NIPPV.  HFNC sup-
plies heated and humidified oxygen and air via 
wide bore nasal prongs. Rates can be achieved of 
up to 60  liters (L)/minute (min) of inspired air 
with up to 100% oxygen, though the percentage 
of oxygen that enters the patient’s airway is 
widely variable due to the open system by which 
it is supplied resulting in oxygen dilution. The 
high rate of flow associated with HFNC helps to 
wash out carbon dioxide (CO2) from anatomic 
dead space or the portion of the upper airways 
where inspired air does not take part in gas 
exchange. This high flow also increases ventila-
tion of the alveoli independent of minute ventila-
tion. It also facilitates a reduction in the resistance 
of the upper airways, improves lung compliance, 
and decreases work of breathing. Additionally, 
when the mouth is closed, a PEEP of 7.4 centi-
meters of water (cm H2O) can be achieved [6], 
but these pressures are generally less than 
4  cm  H2O [7]. This allows for alveolar recruit-
ment and prevention of atelectasis similar to the 
mechanism of CPAP/EPAP.  This positive pres-
sure effect additionally augments cardiac func-
tion by modulating preload and afterload as 
discussed above. Finally, the effect of humidified 
and heated air is not only much better tolerated, it 
also helps to facilitate mucociliary clearance of 
secretions, avoid bronchospasm, and decrease 
irritation that can occur with administration of 
non-humidified air [6].

There are four main types of interfaces used to 
apply positive pressure support. The first is via a 
nasal mask which is a conical device that rests 
over the nose on a soft cushion that is held in 
place by a strap that fits around the head. The 
nasal mask is often used by individuals who 
require chronic noninvasive ventilation such as 

those with obstructive sleep apnea or obesity 
hypoventilation syndrome. This option is usually 
better tolerated than the oronasal mask but can 
still cause skin breakdown, irritation, erythema, 
ulceration, and even necrosis with prolonged use. 
Additionally, major air leaks can occur if the 
mouth is opened [7].

The second interface is the oronasal mask 
which is currently the most commonly used 
interface in the setting of acute respiratory fail-
ure. The mask is larger than the nasal mask and 
fits over both the nose and the mouth, thus pre-
venting air leak from mouth opening. This is pre-
ferred in acute settings as individuals with 
respiratory distress instinctually open their 
mouths to assist with air flow. This interface has 
a high risk of air leaks due to improperly sized 
masks or due to variability in facial structures. It 
also prevents the wearer from talking, eating, or 
taking medication by mouth and has a risk of 
aspiration in the event of emesis. It can cause 
anxiety in individuals who have claustrophobia 
and causes the skin symptoms mentioned above 
with prolonged use. The third interface is the full 
facial mask. This is a larger mask that encom-
passes the entire face and is designed to be more 
comfortable to wear to increase compliance [7].

The fourth interface is the helmet. This is 
made of a transparent hood that fits over the 
entire head and rests on a soft collar at the neck 
and shoulders that creates a seal. Pressure is 
maintained by straps that wrap under the axilla. 
This interface is more comfortable to wear, is 
better tolerated, and allows individuals to talk 
while receiving pressure support. The pressure 
from the helmet is transferred around the neck 
and produces less skin lesions and irritation, as 
well as reduced air leak. The helmet, as well as 
all of the aforementioned interfaces, can also 
accommodate nasogastric tubes [7]. Due to its 
size, one of the largest concerns with helmet use 
is that the added volume increases dead space 
and can potentially increase rebreathing of CO2 
and exacerbate hypercapnic respiratory failure. 
Helmet volumes can range widely from 110 to 
10,000  milliliters (mL), but computational flow 
models suggest the actual dead space is only 
increased by 110–370 mL. The washout of CO2 
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from the helmet is also affected by ventilator set-
tings. The pressure generated by CPAP does not 
proportionally change the partial pressure of CO2 
within the helmet. The difference in pressure 
achieved with BiPAP is more effective at clearing 
CO2 than CPAP and can reduce it to insignificant 
levels. Additionally, when flow rate is increased 
to between 45 and 60 L/min, CO2 is effectively 
washed out and has little effect [7].

33.4.1  Noninvasive Ventilation 
Modes and Settings

There are multiple modes that can be used to 
administer positive pressure ventilation. Pressure 
support ventilation provides a preset pressure 
when triggered by the patient. The pressure will 
continue to be applied until the flow rate decreases 
to a preset limit. This mode does not offer any 
expiratory support, and the respiration rate as 
well as inspiratory time and expiratory times are 
set by the patient. Proportional assist ventilation 
senses and adjusts flow and pressure needs to 
match that of the patient. Since the patient is trig-
gering the start and duration of inspiration and 
expiration for both of these modes, greater syn-
chrony with the ventilator is achieved [8].

Pressure control ventilation can be adminis-
tered either by CPAP or BiPAP.  As described 
before, CPAP applies continuous pressure and 
does not assist with inspiration and therefore has 
no inspiration triggers or settings. BiPAP applies 
separate preset pressures for inspiration and expi-
ration. Additionally, it supplies inspiratory pres-
sure over a preset inspiratory time. The patient can 
trigger the inspiration, but after the preset time, it 
will trigger the expiratory pressure. This is the 
most commonly used mode in the acute setting as 
it supplies a PEEP, and the IPAP allows augmenta-
tion of ventilation [8]. Volume control mode also 
exists, but this is used much less commonly. It 
applies pressure until a preset volume is reached. 
This can be useful in settings of obesity or chest 
wall restrictions when high pressures may be 
needed to achieve desired tidal volumes [7].

Initial ventilatory settings for pressure control 
ventilation are started at lower pressures and 

uptitrated as needed and as tolerated by the 
patient. CPAP or EPAP should be set between 3 
and 5  cm  H2O, and IPAP should be set 
8–12  cm  H2O above the EPAP.  These values 
should be uptitrated to improve symptoms of 
dyspnea, decrease respiratory rate, and achieve 
adequate exhaled tidal volumes of 6–8 mL/kg for 
predicted body weight. Fraction of inspired oxy-
gen (FIO2) should be titrated to oxygen saturation 
above 92% or between 85% and 90% for patients 
at risk for hypercapnic respiratory failure [7]. 
EPAP can be increased by small increments as 
needed to help recruit alveoli and increase oxy-
gen saturation to the desired level, along with a 
proportional increase in IPAP. Higher differences 
between EPAP and IPAP can assist with ventila-
tion of CO2 if patients have hypercapnic respira-
tory failure [4].

33.4.2  Etiologies

33.4.2.1  Immunocompromised
For the immunocompromised population, acute 
hypoxemic respiratory failure is the most com-
mon cause of critical illness and admission to the 
intensive care unit (ICU) [1]. NIPPV offers sev-
eral advantages to immunocompromised patients 
as it can potentially avoid complications associ-
ated with invasive mechanical ventilation (IMV) 
such as heavy sedation, the need for vasopressors, 
airway trauma, and ventilator-associated pneumo-
nias. The current ERS/ATS guidelines advise 
NIV, both BiPAP and CPAP, for immunocompro-
mised patients with mild to moderate acute respi-
ratory failure to prevent intubation and decrease 
mortality with a moderate certainty of evidence 
[3], though recent studies continue to show mixed 
result. The majority of patients included in recent 
studies had a diagnosis of hematological malig-
nancies, solid tumors, systemic diseases, and 
transplantation, with the most common cause of 
AHRF being pneumonia [9–14].

A recent systematic review of nine randomized 
control trials (RTCs) from 1995 to 2018 found that 
NIPPV had a protective effect for intubation for 
immunocompromised patients with AHRF.  A 
decreased risk for intubation was seen in 23% of 
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cases with relatively low heterogeneity (I2 = 47.5%, 
p  =  0.168), though they note that the RTC that 
showed significantly better results was conducted 
nearly 20 years ago. This study did not show a pro-
tection for mortality [9]. Conversely, a large multi-
center post hoc analysis by Dumas et al. compared 
the effect of NIV vs. conventional oxygen therapy 
(COT) administered via nasal cannula or Venturi 
mask, on the probability of next day intubation in 
immunocompromised patients with AHRF.  This 
study found that there was no significant differ-
ence in cumulative incidence of IMV between the 
two study groups observed (p  =  0.44) nor was 
there a difference in the mortality rates in mechan-
ically vented patients. These results suggest NIV 
vs. COT had no impact on the probability of intu-
bation the following day [10].

A recent single-center retrospective cohort 
with a large patient population (n = 1614) com-
pared the outcomes in immunocompromised 
individuals who received NIPPV vs. IMV for 
first-line therapy. The severity of illness for each 
individual was assessed with the sequential organ 
failure assessment (SOFA) score. The median 
and mean SOFA scores were highest in the IMV- 
only group (10; 10.8  ±  4.5), followed by the 
NIPPV failure group (9; 9.7  ±  4.5), and the 
NIPPV success group (7; 7.5 ± 3.5; p < 0.0001). 
Those who failed NIPPV had the greatest hospi-
tal length of stay (LOS), ICU LOS, ICU mortal-
ity (71.3%), and hospital mortality (79.5%) 
compared to those who did not fail NIPPV or 
received first-line IMV (p < 0.0001). This means 
that despite having lower SOFA scores, the 
NIPPV failure group fared worse than the first- 
line IMV group. The factors associated with 
NIPPV failure were younger age (OR, 0.99; 95% 
CI 0.98–0.99; p  =  0.031), non-Caucasian race 
(OR, 1.61; 95% CI 1.14–2.26; p = 0.006), pres-
ence of a hematologic malignancy (OR, 1.87; 
95% CI 1.33–2.64; p  =  0.0003), and higher 
sequential organ failure assessment score (OR, 
1.12; 95% CI 1.08–1.17; p < 0.0001). An impor-
tant finding was that there was no significant dif-
ference in those who received early versus (vs.) 
late intubation (less than or greater than 24 or 
48 h) for the NIPPV failure group [11].

Recent studies have additionally sought to 
compare HFNC vs. NIV and COT to determine 
its efficacy in preventing IMV and mortality. A 
large multinational observational prospective 
cohort published in 2017 by Azoulay et al. with 
more than 1600 patients found that HFNC, but 
not NIV, had an effect on decreasing the rate of 
IMV (HR = 0.77, 95% CI 0.59–1.00, p = 0.05). 
The factors associated with IMV were age 
(HR  =  0.92/year, 95% CI 0.86–0.99), day-1 
SOFA score (1.09/point, 1.06–1.13), day-1 
partial pressure of oxygen (PaO2)/FiO2 (1.47, 
1.05–2.07), and respiratory failure etiology 
including Pneumocystis jirovecii pneumonia 
(2.11, 1.42–3.14), invasive pulmonary asper-
gillosis (1.85, 1.21–2.85), and undetermined 
cause (1.46, 1.09–1.98). The factors that were 
associated with mortality were age (OR = 1.18/
year, 1.09–1.27), direct admission to ICU 
(0.69, 0.54–0.87), day-1 SOFA excluding 
respiratory score (1.12/point, 1.08–1.16), 
PaO2/FiO2 < 100 (1.60, 1.03–2.48), and unde-
termined ARF etiology (1.43, 1.04–1.97). The 
highest risk for mortality with IMV was seen 
in the groups who failed HFNC, followed by 
COT and NIV. This study also found that the 
initial oxygen strategy used did not have an 
impact on decreasing mortality rates. It stressed 
the need in determining the underlying etiol-
ogy of the ARF as patients with an undeter-
mined cause were at increased risk for IMV 
and mortality [12].

A recent systematic review with nearly 2000 
subjects and including multiple RCTs showed 
that mortality at the longest available follow-up 
was lower with HFNC compared to NIV or COT 
in seven out of 13 studies (1429 subjects; relative 
risk 0.72, 95% CI 0.56–0.93, p  =  0.01). 
Additionally, eight out of the 13 studies showed a 
lower rate of IMV with HFNC vs. NIV or COT 
(1529 subjects, relative risk 0.81, 95% CI 0.67–
0.96, p = 0.02) [13]. Although HFNC may be a 
promising treatment of choice to prevent both 
IMV and mortality, the heterogeneity of study 
results as well as the  ERS/ATS current guidelines 
state that more high- quality studies are required 
to make any recommendations [3].
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33.4.2.2  Cardiogenic Pulmonary 
Edema

Cardiac dysfunction from multiple etiologies can 
lead to cardiogenic pulmonary edema (CPE) and 
HRF. A drastic increase in pulmonary capillary 
hydrostatic pressure and trans-vascular fluid fil-
tration forces fluid into the alveoli and interstitial 
space. This results in rapid accumulation and 
impairment of alveolar gas exchange, decrease in 
pulmonary compliance, decrease in lung volume, 
and ultimately cases a transpulmonary shunt. 
These combined factors cause an increased WOB 
and, if allowed to progress, can cause AHRF and 
cardiorespiratory collapse. As described above, 
the positive pressure from NIV can help clear 
alveolar and interstitial edema, recruit alveoli to 
mitigate the right-to-left intrapulmonary shunt, 
and decrease WOB. It also decreases LV preload 
and afterload without significantly altering car-
diac output [5].

The use of NIV for the treatment of ARF in 
the setting of CPE has been extensively studied in 
several trials over the last 30 years. The ERS/ATS 
guidelines strongly recommend either BiPAP or 
CPAP for patients with ARF due to CPE with a 
moderate certainty of evidence. This was based 
on a pooled analysis of multiple studies that 
showed NIV decreased mortality (RR 0.80, 95% 
CI 0.66–0.96) and the need for intubation (RR 
0.60, 95% CI 0.44–0.80) in this population. This 
recommendation excludes patients with acute 
cardiac syndrome and cardiogenic shock as these 
conditions were excluded from most trials and 
there was insufficient evidence to make a recom-
mendation. The largest multicenter trial was pub-
lished in 2008 and included 1069 patients with 
ARF due to CPE who were randomized into 
receiving COT, CPAP, or BiPAP.  This study 
showed that groups treated with NIV had earlier 
resolution of dyspnea, respiratory distress, and 
metabolic alterations than COT but noted no dif-
ference in rates of mortality or ETI. The guide-
lines also recommend CPAP or BiPAP prior to 
hospitalization to prevent deterioration in this 
patient population. This recommendation is 
based off of six single-center RCTs whose pooled 
analysis showed a decrease in mortality and need 
for intubation but noted this recommendation has 

a low certainty of evidence due to heterogeneity 
of data [3].

The ERS/ATS guidelines make no recommen-
dations between using CPAP and BiPAP for 
CPE-induced ARF. It does note that in some stud-
ies, BiPAP was associated with a possible 
increase in the rates of acute myocardial infarc-
tion (AMI) but stated this was based on a very 
low level of evidence (OR 1.18, 95% CI 0.95–
1.48) [3]. This finding was initially based on two 
studies. The first study compared BiPAP to CPAP 
for ARF from CPE and was stopped after recruit-
ing only 27 patients because the rate of AMI was 
significantly higher in the BiPAP group. It is 
noted that this may have been caused by a recruit-
ment bias as the majority of patients had chest 
pain at presentation. The second study compared 
treatment with BiPAP to treatment with nitrates 
and found that the BiPAP group had significantly 
higher rates of AMI (55% vs. 10%) and IMV 
(80% vs. 20%) [5]. The reason for this may have 
been that the BiPAP group received less IV treat-
ment and had very strict ventilation parameters 
that may have limited treatment efficacy. Further 
trials did not reproduce this effect [3].

Two recent studies have been published com-
paring treatment of ARF from CPE with COT or 
CPAP vs. BiPAP. One large multicenter prospec-
tive observational study conducted in Italy 
included over 1200 patients. The causes for acute 
CPE were hypertensive crisis, acute cardiac syn-
drome, arrhythmia, and valvular disease. The ini-
tial treatment groups were COT (n = 273, 21%), 
CPAP (n  =  788, 61%), and BiPAP (n  =  232, 
18%). There was no significant difference in rates 
of mortality within 24  h (3%, 3%, and 3%, 
respectively; p = 0.760) or mortality during hos-
pitalization (10%, 8%, and 10%, respectively; 
p = 0.330). There was a significant difference in 
IMV rates which were 1% for COT, 2% for 
CPAP, and 6% for BiPAP (p < 0.05), though the 
authors note that the higher rate of IMV for 
BiPAP may be due to a higher severity of illness 
in this group. This study also noted that 25% of 
patients initially treated with COT failed initial 
treatment and were changed to BiPAP without 
treatment failure. The odds ratio for COT failure 
was 3.365 (95% CI 2.55–5.23, p < 0.001) [14]. 
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Another single-center RCT compared treatment 
with BiPAP to CPAP for this population. This 
study found that both groups had similar clinical 
improvement but noted the BiPAP group had a 
higher PaO2/FiO2 ratio (205  ±  112  in NIV vs. 
150 ± 84 in CPAP, p = 0.02). There was no differ-
ence in the rate of IMV (9% in NIV vs. 9% in 
CPAP, p  =  1.0). There were also no significant 
differences in duration of ventilation or ICU and 
hospital LOS.  There was also no difference in 
ICU, hospital, and 28-day mortality [15]. These 
findings suggest that the choice between using 
CPAP and BiPAP for this patient population can 
be made based on provider experience and patient 
comfort, though BiPAP will provide more venti-
lation support to assist with CO2 clearance [4].

Few studies have been published that compare 
HFNC to NIV for treatment of ARF from 
CPE.  Only one RCT has been published by 
Makdee et  al. that was conducted in a single- 
center emergency department in Thailand. This 
study randomized patients with CPE to treatment 
with COT or HFNC with a flow rate of 35–60 L/
min. The results showed that HFNC decreased 
respiratory rate at 15-, 30-, and 60-min intervals 
compared to COT, but the decrease was too small 
to have clinical significance as the mean differ-
ence at the 60-min interval was a reduction in 
3.3 breaths/min (95% CI 1.9–4.6). No significant 
differences were found in the admission rate, ED 
and hospital lengths of stay, rate of intubation, or 
mortality [16]. Finally, a retrospective analysis 
for treatment of AHRF with HFNC was pub-
lished in 2015 by Hyun et al. This study found 
that for the CPE population, IMV was prevented 
for 81.3% of patients, which was significantly 
higher than patients with other conditions (OR 
13.33; 95% CI 1.746–101.882, p = 0.013) [17]. 
Though the data appears promising, more large 
RTCs are needed to make conclusive evidence 
regarding using HFNC for ARF in CPE [3].

33.4.2.3  De Novo
De novo respiratory failure is defined as respira-
tory failure that occurs without underlying 
chronic cardiopulmonary disease. De novo respi-
ratory failure usually results in HRF and is 
defined as significant hypoxemia (PaO2/

FiO2 ≤  200), tachypnea (RR  >  30–35  breaths/
min), and a diagnosis that does not include 
chronic obstructive pulmonary disease (COPD). 
The most common etiologies are pneumonia and 
ARDS. This definition does not include patients 
with CPE or postsurgical respiratory failure as 
the underlying mechanism and efficacy of treat-
ments are different [3].

The goal for utilizing NIV for de novo respira-
tory failure is to improve oxygenation and venti-
lation, decrease WOB, and prevent IMV to 
minimize its associated complications. The ERS/
ATS 2017 guidelines pooled data on patients 
with ARF from ARDS and pneumonia was 
unable to provide a recommendation based on the 
uncertainty of evidence. The pooled data showed 
that NIV decreased mortality (RR 0.83, 95% CI 
0.65–1.05) and the need for intubation (RR 0.75, 
95% CI 0.63–0.89), though this is based on a low 
certainty of evidence [3].

There are many aspects of NIV that poten-
tially limit its efficacy in this patient population. 
One issue is that the positive pressure needed to 
reduce inspiratory effort may result in large trans-
pulmonary pressures and tidal volumes that can 
cause damage to the lung over time in a manner 
similar to ventilator-associated lung injury. These 
high pressures can also cause air leaks and gastric 
insufflation, resulting in patient intolerance. 
Additionally, interruptions in NIV cause a loss of 
alveolar recruitment and an immediate return in 
hypoxia and increased WOB, though this effect 
can be augmented by the application of 
HFNC.  Furthermore, NIPPV could potentially 
improve a patient’s respiratory symptoms and 
mask progression of the underlying pathology, 
thus delaying intubation and increasing mortality 
risk [3].

A recent publication by Bellani et  al. called 
the LUNG SAFE study applied NIV to patients 
with ARDS regardless of the degree of hypox-
emia. This study showed that as patients’ severity 
of ARDS increased based on PaO2/FiO2 ratio, the 
rate of NIV failure increased (22.2%, 45.4%, and 
47.1% for mild, moderate, and severe ARDS, 
respectively). NIV use was independently associ-
ated with increased ICU mortality (HR, 1.446; 
95% CI 1.159–1.805) and was associated with a 
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higher mortality compared to those treated with 
IMV for patients with PaO2/FiO2 ratio lower than 
150 mmHg. No difference was seen in hospital 
mortality [18].

Two recent systematic reviews and meta- 
analyses published in 2017 showed promising 
results for NIV in this population. Both of these 
reviews compared NIV to COT for treatment of 
AHRF, excluding those caused by CPE and 
COPD.  The first involved 1691 patients and 
found that NIV lowered both the short-term mor-
tality and rate of IMV compared with COT [19]. 
The second by Xu et al. included 1480 patients 
and found that NIV significantly reduced the rate 
of IMV (risk ratio, 0.59; 95% CI 0.44–0.79; 
p  =  0.0004) and hospital mortality (risk ratio, 
0.46; 95% CI 0.24–0.87; p = 0.02). A subgroup 
analysis showed that BiPAP was associated with 
a reduction in ICU mortality (p = 0.007) and the 
helmet interface could reduce hospital mortality 
(p = 0.0004), whereas the face/nasal mask could 
not [20]. This last study illustrates the limitations 
of the oronasal and face mask interface for 
NIV.  Compared to the helmet, these interfaces 
are associated with substantial mask leak, patient 
discomfort, and asynchronies and can generate 
potentially high tidal volumes that can cause lung 
injury [7].

Multiple recent studies sought to see the effect 
different interfaces had on NIV success in this 
population. These studies have shown that the 
helmet offered enhanced PEEP titration with 
reduced air leaks, lower respiratory rates, lower 
rate of IMV, fewer ventilator-free days, lower 
hospital and 90-day mortality and found a low 
incidence of adverse events when compared to 
NIPPV via face mask. One follow-up study also 
showed the patients were more likely to be dis-
charged home, be functionally independent at 
discharge, and had lower 1-year mortality. 
Because there are only a small number of studies 
available for use in these analyses, more large 
rigorous RTCs are needed before these findings 
can be confirmed [22].

Defining the role of HFNC in the treatment of 
de novo respiratory failure can be difficult to 
assess. According to the Berlin criteria, ARDS is 
defined as hypoxemia that persists after the appli-

cation of a PEEP of 5 cm H2O or more, and this 
level of PEEP may not be attained with HFNC. A 
recent study comparing lung inflammatory bio-
markers found similar patterns in ARDS patients 
treated with ETI and similar patients treated with 
HFNC. This suggests that these patients would 
have met the Berlin criteria and can be consid-
ered similar to ARDS patients. In the last 2 years, 
ten meta-analyses evaluated the use of HFNC in 
ARDS. These reviews showed mixed results with 
five studies showing HFNC reduces rates of ETI 
compared with COT, two studies showing no dif-
ference in rates of ETI from NIV, one showing a 
reduction in short-term mortality and another 
showing reduction in ICU mortality. The other 
studies showed HFNC had no different outcomes 
from COT in these measures, and one study 
reported the data was too heterogenous to make 
any conclusions. The majority of these studies 
agree that more larger RTCs are needed to make 
any recommendations for the use of HFNC in 
ARDS [21].

33.4.2.4  Postsurgical
Surgical procedures, especially those that 
encroach upon the diaphragm, can cause 
AHRF.  Anesthesia can suppress the respiratory 
drive and diaphragmatic dysfunction, and pain 
with inspiration can lead to atelectasis, all of 
which can lead to hypoxia and cause respiratory 
failure that can potentially last up to 7 days. Both 
CPAP and BiPAP are frequently used in these 
situations and have been shown to decrease atel-
ectasis and increase lung aeration and arterial 
oxygenation without having adverse hemody-
namic effects during the post-op period following 
extubation [3].

The ERS/ATS 2017 guidelines recommend 
using NIV for patients who develop postoperative 
ARF with a moderate certainty of evidence. 
Pooled analysis shows NIV reduces mortality 
(RR 0.28, 95% CI 0.09–0.84), the need for 
 intubation (RR 0.27, 95% CI 0.12–0.61), and the 
incidence of nosocomial pneumonia (RR 0.20, 
95% CI 0.04–0.88) in this postoperative popula-
tion but states the last two effects have low and 
very low certainty of evidence respectively. This 
recommendation applies to both sub- and supra-
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diaphragmatic surgeries. It states that before initi-
ating NIV, patients should be assessed for surgical 
complications and intra-abdominal sepsis, as well 
as their ability to protect their airway [3].

Two recent studies have been published 
regarding the use of HFNC in this population. 
One study is a meta-analysis comparing HFNC 
to COT for patients following cardiothoracic sur-
gery. Over 600 patients were included, and com-
pared to COT, a significant reduction was found 
for the patients treated with HFNC in escalation 
of respiratory support (OR = 0.44, 95% CI 0.29–
0.66, p  <  0.001) and pulmonary complications 
(OR  =  0.28, 95% CI 0.13–0.6, p  =  0.001). No 
significant difference was seen in the re- 
intubation rate and ICU or hospital LOS [22]. 
The second is a post hoc analysis of RTC for 
obese patients undergoing cardiothoracic surgery 
who developed ARF in the post-op period. In this 
study, no significant difference was found for 
treatment with HFNC vs. NIV for treatment fail-
ure (15.4% vs. 13.3%, p = 0.62) or ICU mortality 
(2.2% vs. 5.9%, p = 0.22) [23]. Although no offi-
cial recommendations were made for HNFC in 
the ERS/ATS guidelines, the data appears prom-
ising that it may be more efficacious that it may 
present a more comfortable and tolerable alterna-
tive to NIV for this population.

33.4.3  HFNC vs. Noninvasive Positive 
Pressure Ventilation

Literature comparing traditional modalities of 
NIPPV (BiPAP/CPAP) and HFNC are still being 
published. Within the last 2  years, publications 
have been limited to meta-analyses, systematic 
reviews, and retrospective reviews for specific 
patient populations. While clinical applicability 
is limited by the lack of prospective randomized 
trials, it is worth reviewing these to serve as a 
framework for how we utilize each modality in 
practice.

Leeies et  al. published a systematic review 
and meta-analysis in October of 2017 to compare 
the efficacy and safety of HFNC compared to 
NIV [24]. They reviewed recent RCTs from 2014 
to 2016, with the primary outcome measure of 

mortality incidence at longest duration of follow-
 up. Endotracheal intubation, patient tolerability, 
and dyspnea rating, as well as physiologic vari-
ables (PaO2:FiO2 ratio, PaCO2, pH), were mea-
sured as secondary outcomes. Safety was 
measured by rates of cardiorespiratory arrest, 
delirium, and skin breakdown. Each outcome 
was measured at the longest duration of study 
follow-up. They identified seven studies that 
were included in the analysis, of which five were 
conducted in European centers, one in Thailand, 
and one in New Zealand. All included trials were 
designed as parallel group RCTs, with one 
designed as a non-inferiority trial. One limitation 
of these studies, as is with most studies that com-
pare NIPPV and HFNC, is the lack of ability to 
blind the studiers and patients. Settings included 
the emergency department, medical, surgical, 
and cardiac surgical ICUs. This encompassed 
patients who had HRF of various etiologies.

While the group concluded that mortality 
between HFNC and NIV or standard nasal can-
nula oxygen was not different, they graded the 
evidence as low. Examining the studies that were 
discussed, there is marked heterogeneity in the 
modality of ventilation and oxygenation used 
within each study. This combined with the low 
number of studies included severely limits our 
applicability of this information to our practice. 
This also applies to the reported secondary out-
comes as well, where the group concluded that it 
cannot be systematically concluded based on the 
examined studies. A similar review was done 
recently by Beng et al., which concluded similar 
results of limited applicability after they had 
examined five randomized trials [25].

One particular topic that has been compared 
between HFNC and NIPPV is their ability to pre-
vent re-intubations. Within the last 2 years, this 
has also been examined primarily by meta- 
analyses and systematic reviews. In 2017, 
 Yue- Nan Ni et  al. examined eight trials from 
2013 to 2017 to compare re-intubation rates, ICU 
mortality, and ICU LOS, between conventional 
oxygen therapy, NIPPV, and HFNC [26]. Notably 
of the eight, only two studies that were included 
directly compared NIPPV and HFNC.  One of 
these two studies was also included in the Leeies 
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article discussed above. Yue-Nan Ni’s group con-
cluded that re-intubation rates were comparable 
between NIPPV and HFNC. However, this was 
statistically not significant owing to the lack of 
included studies and can only be seen as a trend. 
Secondary outcomes of ICU LOS and ICU mor-
tality were also not different between these 
groups.

In a larger more recent study, Zhihen Xu et al. 
analyzed 18 RCTs and concluded that HFNC sta-
tistically significantly reduced intubation rates 
compared to NIV, when used as an initial modal-
ity of respiratory support [27]. However, this 
study was limited by the heterogeneity and 
reportability of the degree of hypoxia for the 
patients included. Thus we cannot apply their 
conclusion to HRF patients.

Non-systematic reviews and meta-analyses 
comparing HFNC and NIPPV remain limited to 
specific patient populations such as post-renal 
transplant patients and after cardiothoracic sur-
gery [23, 28]. While these studies support the 
non-inferiority of HFNC compared to NIPPV, the 
retrospective and post hoc nature of the study 
with the specificity of patient population also 
limit its generalizability.

33.5  Conclusion

NIPPV and HFNC continue to be a popular 
method of oxygenation support for patients in 
HRF who do not improve with conventional oxy-
gen supplementation. Its benefits for particular 
conditions mentioned within this chapter have 
been shown by prospective data and explained 
physiologically. However, its applicability out-
side of these indications and data on mortality 
and failure rate/intubation rate remain limited. 
Part of this can be attributed by the patient-to- 
patient variability that we clinically encounter. To 
further guide the appropriateness of patients for 
NIPPV or HFNC, there have been proposed bed-
side scoring systems. One such system is the 
HACOR score, which is based off of vital signs 
and laboratory studies readily available at bed-
side [29]. While clinical judgment based off of 
these parameters is already being used to tailor 

NIV therapy, systems like HACOR will add 
another objective criterion to properly select 
patients. In concert with more prospective studies 
on NIPPV and HFNC, we hope to see an even 
more refined use of NIV for hypoxemic respira-
tory failure.
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Abbreviations

APACHE-II  
scoring system  Acute Physiology and Chronic 

Health Evaluation II scoring 
system

BiPAP  Bi-level positive airway 
pressure

COPD  Chronic obstructive pulmonary 
disease

CPAP  Continuous positive airway 
pressure

EPAP  Expiratory positive airway 
pressure

FiO2 Fraction of inspired oxygen
HFNC High-flow nasal cannula
ICU Intensive care unit
IPAP  Inspiratory positive airway 

pressure
NIPPV  Noninvasive positive pressure 

ventilation
OHS  Obesity hypoventilation 

syndrome
OSA Obstructive sleep apnea
PaCO2  Partial pressure of carbon 

dioxide
PAV proportional assist ventilation
PEEP  Positive end expiratory 

pressure
SAPS  Simplified Acute Physiology 

Score
VCV Volume-control ventilation

34.1  Etiology and Morbidity/
Mortality of Hypercapnic 
Respiratory Failure

Acute respiratory failure can present as acute-
on- chronic respiratory failure in patients with 
preexisting pulmonary or cardiac disease or de 
novo respiratory failure secondary to acute dis-
ease states [1]. Patients with underlying lung 
disease are at risk of acute exacerbations that 
may require endotracheal intubation and 

mechanical ventilation. Hypercapnia in acute 
respiratory failure results from factors that 
increase the partial pressure of arterial carbon 
dioxide in the bloodstream. These factors 
include pathologies that increase carbon dioxide 
production, increase lung dead space, or 
decrease minute ventilation as determined by 
tidal volume and respiratory rate. Hypercapnic 
respiratory failure is associated with significant 
mortality and morbidity, including increased 
need for ICU admission, endotracheal intuba-
tions, and increased length of hospitalization 
[2]. In-hospital mortality due to acute hypercap-
nic respiratory failure varies widely and has 
been reported between 15% and 68% [3, 4]. The 
use of noninvasive ventilation is therefore of 
interest to decrease the risks associated with 
mechanical ventilation and improve patient 
outcomes.

34.2  Traditional Standard Medical 
Treatment for Hypercapnic 
Respiratory Failure

Standard medical therapy for acute hypercapnic 
respiratory failure has traditionally ranged from 
oxygen delivery by nasal cannula to maintain 
SpO2 between 90% and 92% to the use of endo-
tracheal intubation and mechanical ventilation. 
Therapy for suspected underlying causes, such as 
the use of bronchodilators and steroids for sus-
pected COPD exacerbations and the use of anti-
biotics and fluids for suspected pneumonia, is the 
standard of care [5]. In the past, atropine and 
aminophylline have also been used, though these 
have not shown evidence for efficacy and are no 
longer considered as standard therapy. Standard 
medical care also includes reversal of sedatives in 
patients suspected of sedative overdose and cor-
rection of coexisting hypoxemia through oxygen 
administration. To avoid the morbidity and mor-
tality associated with endotracheal intubation, 
NIPPV has been utilized with increasing evi-
dence in the treatment of acute hypercapnic 
respiratory failure [6].
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34.3  Physiology of NIPPV Use

Carbon dioxide (CO2) is a product of oxidative 
metabolism and is eliminated from the body with 
exhalation. Hypercapnia is defined as CO2 reten-
tion due to hypoventilation or an increase in dead 
space. The term dead space is used to describe an 
area of the lung that is receiving ventilation but 
no perfusion to allow for gas exchange [7]. If 
either of these processes occurs, the amount of 
CO2 in the body builds as it is continually pro-
duced but unable to be exhaled. An increase in 
CO2 leads to acidemia and has important patho-
physiological and clinical significance. Exposure 
of the lung to hypercapnia can lead to impaired 
alveolar fluid resorption, impaired alveolar epi-
thelial cellular repair, and depressed innate 
 cellular immunity [8]. Clinically, hypercapnia 
leads to dyspnea, confusion, and, ultimately, 
respiratory failure and cardiac arrest due to CO2 
narcosis. The use of noninvasive ventilation in 
the treatment of hypercapnic respiratory failure 
has been studied numerous times over the last 
three decades. The aim of these studies has been 
to treat hypercapnia with a resultant decrease in 
CO2, increase in pH, and decrease the work of 
breathing in order to prevent the need for invasive 
mechanical ventilation [9, 10]. A variety of non-
invasive pressure support systems have been 
studied, including continuous positive airway 
pressure (CPAP), bi-level positive airway pres-
sure (BiPAP), proportional assist ventilation 
(PAV), and volume-control ventilation (VCV). 
Depending on the method used, NIV reduces 
inspiratory respiratory effort (as measured by 
esophageal pressures or transdiaphragmatic pres-
sures) by more than 50% representing a signifi-
cantly decreased work of breathing [10]. While 
pressure support of 5  cm  H2O (CPAP) causes 
only about 5% reduction in work of breathing, 
stepwise increments pressure support up to 
15–20 cm H2O with constant PEEP has the great-
est reduction in inspiratory muscle oxygen con-
sumption [10]. This is due to both the supply of 
transpulmonary pressure during positive pressure 
inhalation with inspiratory pressure support and 
counteracting the intrinsic PEEP with the appli-
cation of external PEEP allowing a lower thresh-

old for inspiration to take place [9]. In fact, in one 
study by Diaz et al., after just 15 min of NIPPV 
with a mean pressure support and PEEP of 12 
and 3, respectively, there was a statistically sig-
nificant decrease in respiratory rate; increase in 
tidal volume, minute ventilation, and alveolar 
ventilation; an increase in arterial PO2 by 
7 mmHg; and a decrease in PCO2 by 7 mmHg 
[10]. It is important to remember that while 
increasing pressure support will continue to 
improve respiratory mechanics in a linear pat-
tern, patients were found to have the most dis-
comfort of the highest and lowest ends of pressure 
support, and this must be taken into account 
when adjusting settings [10].

34.3.1  Evidence for Use of NIPPV

The use of NIPPV has shown a significant in- 
hospital mortality reduction compared with 
endotracheal intubation. Pooled meta-analysis 
data suggests a mortality reduction of 46% with a 
risk ratio of 0.54 and a decreased endotracheal 
intubation rate of 65% with a relative risk of 0.36 
of NIPPV compared with standard therapy [11]. 
Another meta-analysis reported a statistically 
significant mortality of 23% in NIPPV compared 
with 39% in endotracheal intubation and a statis-
tically significant decreased ICU length of stay 
[12]. Success of NIPPV in this patient population 
independently predicts survival, and it has 
become the first-line therapy for COPD and post- 
extubation from endotracheal intubation [1]. 
NIPPV leads to improvement in breathing pat-
terns, decreases respiratory rate, and improves 
tidal volume per inspiratory time [5].

34.3.2  Physiology of Different 
Interfaces: NIPPV vs. HFNC

NIPPV is a noninvasive modality of ventilation 
that provides external support for the spontane-
ous movement of the respiratory system by pro-
viding positive pressure. This method assists 
critical patients with ventilation without requir-
ing invasive and artificial ventilation. NIPVV 
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includes CPAP, which simply provides continu-
ous positive airway pressure. It also includes 
pressure support modalities that can also provide 
positive end expiratory pressure (PEEP). Pressure 
support NIPPV provides assistance to the respi-
ratory muscles during ventilation, decreasing the 
respiratory muscle work load. In critically ill 
patients, this allows for increased inspiration vol-
umes and improvement in ventilation and perfu-
sion as reflected in arterial blood gas levels. In 
comparison, high-flow nasal cannula provides 
humidified oxygen at high rates of gas flow at a 
rate that matches the patient’s inspiratory flow 
rate, which also provides positive pressure [13]. 
However, HFNC is not associated with the same 
discomfort and potential complications as nonin-
vasive ventilation [13]. HFNC cannot provide 
PEEP and cannot provide a gas flow rate above 
60 L/min [13].

34.4  Conditions with Evidence 
Supporting NIPPV Use

34.4.1  Chronic Obstructive 
Pulmonary Disease (COPD)

COPD is a chronic inflammatory lung disease 
characterized by airflow limitation that is not 
fully reversible. The use of NIPPV for manage-
ment of chronic hypercapnic secondary to COPD 
as well as acute hypercapnic respiratory failure 
due to COPD has been well established, and 
NIPPV has become the gold standard for first- 
line treatment. In general, BiPAP has been rec-
ommended in COPD patients to prevent acute 
respiratory acidosis and to prevent endotracheal 
intubation in patients with up to moderate acido-
sis and as an alternative to invasive ventilation in 
patients with severe acidosis and severe respira-
tory distress [1]. NIPPV in this patient population 
often replaces endotracheal intubation success-
fully [10]. In patients with mild or moderate 
acute respiratory failure, pH between 7.25 and 
7.35, and PaCO2 greater than 45 mmHg, NIPPV 
is recommended in addition to standard medical 
therapy [6]. The use of NIPPV in these patients 
with acidotic hypercapnic respiratory failure and 

COPD reduces mortality, length of hospitaliza-
tion, and intubation rates [1, 6, 14]. In addition, 
though traditionally hypercapnic coma in the set-
ting of acute respiratory failure has been consid-
ered a contraindication to NIPPV, patients with 
hypercapnic coma caused by underlying COPD 
and Glasgow Coma Scale less than or equal to 8 
still had an 80% success rate in avoiding intuba-
tion and ICU discharge with NIPPV use for a 
mean duration of 2 days. The patients most likely 
to fail were those with higher acuity of illness or 
organ failure scores. While no specific parame-
ters upon admission were able to predict success, 
improvements in pH, PaCO2, Glasgow Coma 
Score, and PaO2/FiO2 ratio within the first hour of 
NIPPV correlated with a response to therapy. In a 
2017 meta-analysis of 17 randomized controlled 
trials using parallel-group design, NIPPV in 
addition to standard medical therapy was benefi-
cial as first-line treatment and reduced mortality 
and endotracheal intubation [11]. Studies mostly 
delivered NIPPV via pressure-cycled ventilation, 
and most studies uptitrated IPAP based on patient 
tolerance and targeted respiratory rate. The mean 
EPAP for these studies was 4 cm H2O. In addition 
to the aforementioned 46% mortality benefit with 
NIPPV, this study found a 64% risk reduction of 
intubation in patients treated with NIPPV com-
pared with usual care and a NNTB of 5 [11]. 
Length of hospitalization was also decreased. 
Patients with coma due to COPD have the highest 
rate of success. Hypercapnic coma patients 
should be monitored closely in an ICU setting, 
but the use of NIPPV can prevent intubation rand 
is also a useful option for COPD patients with a 
do not intubate order. In general, BiPAP has been 
recommended in COPD patients to prevent acute 
respiratory acidosis and to prevent endotracheal 
intubation in patients with up to moderate acido-
sis and as an alternative to invasive ventilation in 
patients with severe acidosis and severe respira-
tory distress [1].

34.4.2  Post-extubation Weaning

Reintubation after endotracheal exudation is 
estimated to occur in as high as 48% of patients 
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and is associated with increased morbidity and 
mortality [15]. Risk increases with age above 
65 years, cardiac failure as the cause of intu-
bation, and APACHE-II scores above 12 on 
extubation day [15]. In this population, early 
use of NIPPV decreases risk of respiratory 
failure and ICU mortality [15]. In patients 
with hypercapnia and chronic respiratory dis-
orders, early use of NIPPV decreased the risk 
of respiratory failure by 75% and led to 
decreased mortality at 90 days [16]. While two 
separate randomized control trials did not 
show a reduction in reintubation rates, and in 
one trial a higher mortality, only 10% of these 
patients had COPD [17], suggesting the 
patients with the most benefit of weaning to 
NIPPV are those with underlying 
COPD. Current guidelines recommend the use 
of NIPPV to  facilitate early liberation from 
mechanical ventilation in patients with COPD 
but do not make any recommendation about 
the use of NIPPV in other patient populations 
because of insufficient evidence [18]. 
However, more recently, another randomized 
control trial assessing NIPPV as a weaning 
facility strategy in patients with various etiol-
ogies for respiratory failure requiring intuba-
tion for at least 3  days compared to oxygen 
face mask found a significantly lower reintu-
bation rate (5% compared to 28%). This dif-
ference was maintained even after exclusion 
of patients with COPD [19]. The weaning pro-
tocol included uptitrating the IPAP if PaCO2 is 
greater than 50 mmHg to prevent progression 
of hypercapnic respiratory failure. The patients 
in the NIPPV had a higher PaO2, lower PaCO2, 
respiratory rate, and mean blood pressure 
compared with the oxygen face mask group 
[19]. Although less data exists, recently high-
flow oxygen therapy has been compared with 
NIPPV for weaning high- risk patients from 
mechanical ventilation and was proven to be 
noninferior. The data remains inconsistent on 
various etiologies of respiratory failure, but 
extubation to NIV should be applied to the 
correct patient population, most commonly 
those with hypercapnic respiratory failure.

34.4.3  Neuromuscular Diseases 
and Chest Wall Disorders

Neuromuscular diseases are a group of dis-
eases with varying pathophysiology but are 
characterized by muscle impairment, includ-
ing respiratory muscle impairment. Chest wall 
disorders, such as scoliosis and kyphosis, and 
neuromuscular diseases are both groups of 
diseases that are associated with decreased 
chest wall compliance and restrictive lung dis-
ease. NIPPV can be used in chronic and acute 
respiratory failure associated with these dis-
eases, though evidence for this is based on 
care reports and few randomized controlled 
trials [6]. In patients with these disorders, 
hypercapnia actually correlates with worse 
clinical outcomes, as this points to a decreased 
respiratory reserve. If patients have neuromus-
cular diseases with no skeletal abnormalities, 
a low degree of pressure support is effective. 
Although no trials exist for NIPPV, it is rea-
sonable and even good practice to use NIPPV 
in patients with neuromuscular diseases or 
chest wall disorders who present with acute 
hypercapnic respiratory distress. The BTS 
provides grade D guideline recommendations 
to use controlled oxygen therapy, to trial 
acutely ill patients on NIPPV even if there is 
no evidence of acidosis yet, and considering 
controlled ventilation instead of patient trig-
gered methods may be effective. NIPPV is 
actually the ventilation mode of choice in neu-
romuscular disorders because; although venti-
lation is improved in endotracheal intubation, 
extubating is often difficult [20]. Chronic noc-
turnal NIPPV use in these patients results in 
short-term improvement of hypoventilation 
symptoms [21]. NIPPV is recommended in 
slowly progressive or nonprogressive neuro-
muscular disorders in patients with nighttime 
hypoxia or daytime hypercapnia. In acute 
respiratory failure associated with these con-
ditions, combination of NIPPV with tradi-
tional airway clearance techniques reduces 
intubation rate and shortens weaning time in 
patients post-extubation [21].
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34.4.4  Obstructive Sleep Apnea 
(OSA) and Obesity 
Hypoventilation Syndrome 
(OHS)

Obstructive sleep apnea is a sleep-associated 
respiratory disorder characterized by partial or 
complete airflow obstruction, usually in the set-
ting of soft tissue collapse and upper airway 
blockage. Obesity hypoventilation syndrome is a 
syndrome of obesity and arterial hypercapnia in 
the absence of other causes of hypoventilation 
[22]. In patients with OHS and chronic hypercap-
nia, BiPAP or CPAP use is beneficial [22]. This is 
especially significant given that both morbidity 
and mortality of ICU patients with obesity are 
increased compared to patients with normal BMI 
[22]. Furthermore, patients with OHS have worse 
mortality outcomes compared with simply obese 
patients, especially within 3 months of hospital 
discharge. Long-term use of NIPPV, particularly 
PAP therapy, led to a significantly improved mor-
tality rate of less than 10%. In patients with OHS 
or OSA and acute hypercapnic respiratory fail-
ure, mixed evidence exists for the use of NIPPV 
[22]. Evidence suggests that OHS is the second 
most frequently documented indication for the 
use of NIPPV, second only to COPD. NIPPV use 
in acute respiratory failure in OHS may decrease 
subjective sleepiness, dyspnea, need for intuba-
tion, mortality and 1-year survival, and endotra-
cheal intubation rate [22]. Acutely, oronasal 
BiPAP is recommended to increase tidal vol-
umes. Since patients with OHS may have 
increased constriction from abdominal tissue on 
their thoracic muscles, they may require increased 
levels of IPAP and EPAP to avoid both upper air-
way collapse and atelectasis. Studies have also 
found benefit of pressure support-tidal volume 
modes to be more effective in ventilation as mea-
sured by transcutaneous PCO2, though quality of 
sleep was not significantly improved [22]. 
Nonetheless, it is clear that NIPPV use in OHS 
patients at home provides subjective improve-
ment in quality of life and decreases the number 
of hospitalization, especially when it is started 
after an acute-on-chronic respiratory failure epi-
sode [22].

34.4.5  Cardiogenic Pulmonary 
Edema

Cardiogenic pulmonary edema results from 
increased cardiac and pulmonary artery pres-
sures in the setting of heart failure resulting in 
fluid accumulation within the lungs. Mixed evi-
dence exists for the use of NIPPV in this popu-
lation. One study found that CPAP use in these 
patients decreases intubation rates and led to a 
trend toward decreased mortality [23]. A ran-
domized prospective study found no difference 
between noninvasive pressure support ventila-
tion and CPAP in resulting endotracheal intuba-
tions, mortality, or resolution time [24]. A 
multicenter, randomized trial showed that early 
use of NIPPV was associated with quicker 
improvement in PaCO2 and a lower intubation 
rate compared with oxygen therapy in patients 
with hypercapnic cardiopulmonary edema but 
not in patients with hypoxemia [25]. Another 
multicenter trial in 2008 randomized patients 
with cardiogenic pulmonary edema to CPAP, 
BiPAP, or standard oxygen therapy and found 
that NIPPV had improvement in physiology but 
no changes in mortality or intubation rates. 
NIPPV does decrease the need for intubation 
and reduce hospital mortality, and there is a 
potential role for use of NIPPV in the subgroup 
of cardiogenic pulmonary edema patients pre-
senting with hypercapnia alone [1]. The ERS/
ATS guidelines in 2017 do recommend the use 
of BiPAP or CPAP for patients with acute respi-
ratory failure and cardiogenic pulmonary edema 
as a strong recommendation with a moderate 
level of evidence [1].

34.4.6  Asthma

Asthma is a respiratory condition characterized 
by reversible airway obstruction and broncho-
spasm. Low levels of evidence suggest some 
role for NIPPV use in acute respiratory failure 
secondary to asthma [2]. NIPPV may correct 
gas exchange abnormalities and reduce intuba-
tion rate, decrease hospitalization rate, improve 
lung function, and shorten exacerbation dura-
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tion [20]. Compared with COPD exacerbations, 
asthma exacerbations are less likely to respond 
to PEEP, and there is a more limited window to 
successful NIPPV use [6]. Severe asthma exac-
erbations associated with respiratory muscle 
fatigue and hyperdynamic and reactive airways 
require endotracheal intubation [6]. In general, 
NIPPV is not indicated in status asthmaticus, as 
trialing NIPPV is associated with risk and inva-
sive ventilation for asthma is associated with a 
very low mortality rate [20]. In patients with 
acute or chronic hypercapnia and an underlying 
diagnosis of asthma, hypercapnia may lead to a 
clinical picture similar to that found in COPD, 
which may benefit from NIPPV use [20]. The 
prevalence of NIPPV for asthma has been 
reported as 4% compared with a 5% rate of 
invasive ventilation. In 4.7% of NIPPV, endotra-
cheal intubation was required. However, pooled 
analysis does not show a clear benefit for NIPPV 
on mortality, ICU length of stay, or intubation 
rates [1]. At this time, there does not exist a 
good body of evidence to provide recommenda-
tions on the use of NIPPV for acute respiratory 
failure secondary to asthma.

34.4.7  Pneumonia

NIPPV use in hypercapnic pneumonia is poorly 
studied. Most studies of NIPPV use in pneumo-
nia include hypoxemic patients. In a study of 
both hypercapnic and hypoxemic acute respira-
tory failure secondary to pneumonia, NIPPV use 
decreased endotracheal intubation but had no 
effect on survival. A prospective observational 
study of patients with severe community-acquired 
pneumonia showed a 66% intubation rate after 
failed NIPPV [26]. In general, de novo forms of 
acute respiratory failure, which includes pneu-
monias, do not have evidence to support the use 
of NIPPV successfully. Use of NIPPV may hide 
a clinically worsening patient, which would lead 
to delayed diagnosis and delayed intubation, 
potentially worsening outcomes. NIPPV in acute 
respiratory failure secondary to pneumonia is 
generally not indicated.

34.4.8  Bronchiectasis

Bronchiectasis is a chronic respiratory condi-
tion resulting from chronic inflammation or 
infection leading to widening of lung bronchi. 
The use of NIPPV in bronchiectasis is most 
supported in patients with cystic fibrosis to sup-
port chest wall muscles, decrease work of 
breathing, and improve gas exchange and oxy-
genation. Use of NIPPV as a bridge therapy to 
transplantation in patients who fail medical 
management has mixed evidence, but nocturnal 
NIPPV in chronic cystic fibrosis improves 
symptoms, exercise capacity, and exertional 
dyspnea [27]. NIPPV during acute exacerba-
tions is associated with improved outcomes 
compared with endotracheal intubation when 
the precipitating cause of acute respiratory fail-
ure is infection [20]. In patients with bronchiec-
tasis resulting from other disorders, no 
randomized controlled trials exist assessing the 
outcomes of NIPPV compared with intubation. 
In general, patients with chronic bronchiectasis 
who present with respiratory acidosis may be 
trialed on NIPPV, as with patients with 
COPD. In acute respiratory failure, NIPPV may 
decrease respiratory rates, decrease FiO2 
requirements, increase oxygen saturations, and 
resolve atelectasis [27].

34.5  Optimal NIPPV Settings

No specific set of guidelines exists for optimal 
NIPPV settings in acute hypercapnic respiratory 
failure. Assist control modes are generally prefer-
able to pressure support modes if appropriate due 
to increased patient comfort, and both assist con-
trol and pressure support decrease inspiratory 
effort [5]. Initial pressure support with EPAP of 3 
and IPAP of 15 in COPD, OHS, and kyphosis is 
recommended [20]. In patients with neuromuscu-
lar disorder, initial IPAP of 10 is recommended. 
Increasing IPAP up to 30 with a goal of slowing 
respiratory rate can be performed within the first 
10–30 min [22]. In patients with OSA, EPAP can 
be increased to 8 [20].
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34.6  Failure of NIPPV and Future 
Directions

34.6.1  Predictors of NIPPV Failure

Several independent risk factors have been estab-
lished for NIPPV failure, and predictors of failure 
are patient and disease specific. Patients with de 
novo acute respiratory failure had increased rates 
of failure compared with patients with acute-on-
chronic respiratory failure [12]. Patients with acute 
respiratory failure secondary to pneumonia are at 
increased risk of failure [28], and a diagnosis other 
than COPD in itself is a risk factor for NIPPV fail-
ure [12]. NIPPV failure is also associated with 
worse Simplified Acute Physiology Score (SAPS) 
scores, high APACHE II scores, tachycardia, and 
elevated PaCO2 1 h after beginning NIPPV [12]. 
Tachypnea over 30 breaths/min, etiology of failure, 
severe  hypoxemia with PaO2/FiO2 < 200 mmHg, 
and severe acidosis with pH of less than 7.30 are 
independently associated with NIPPV failure [28].

34.6.2  Recognizing NIPPV Failure

NIPPV is absolutely contraindicated in severe 
facial deformities, facial burns, and fixed upper 
airway obstructions, and it is relatively contrain-
dicated in agitated patients and patients with car-
diopulmonary arrest or hemodynamic instability 
[20]. NIPPV failure can be categorized as imme-
diate (within 1  h), early (within the first 48  h), 
and late (beyond 48 h) [29]. Weak cough reflexes, 
excessive secretions, encephalopathy and coma 
in the setting of hypercapnia, psychomotor agita-
tion, and patient-ventilator asynchrony are all 
signs that alert clinicians to a higher likelihood of 
NIPPV failure [29]. Increasing tachypnea within 
the first hour of NIPPV use (>25  breaths/min) 
and pH less than 7.25 are highly suggestive of 
failure and need for endotracheal intubation.

34.6.3  Future Directions

Although strong evidence supports the use of 
NIPPV in acute hypercapnic respiratory failure 

secondary to COPD and post-extubation, other 
conditions like bronchiectasis and OHS/OSA 
have weaker and oftentimes conflicting evi-
dence supporting their use [6]. Further strong 
evidence such as randomized controlled trials 
for the use of NIPPV in other conditions are 
required to make specific recommendations on 
NIPPV use. Newer modalities beyond mechani-
cal ventilation are also being investigated, 
including extracorporeal carbon dioxide 
removal, a new technique that removes carbon 
dioxide without affecting oxygenation and may 
be promising in the treatment of acute hyper-
capnic respiratory failure.

34.7  Conclusion

Endotracheal intubation is associated with 
morbidity and mortality. The use of NIPPV 
successfully to avoid endotracheal intubation 
has demonstrated a mortality benefit in certain 
patient populations. In acute hypercapnic 
respiratory failure secondary to COPD exacer-
bations and in patients who are being weaned 
from mechanical ventilation after endotra-
cheal intubation, NIPPV use is recommended 
with strong evidence. In other patient popula-
tions such as cardiogenic pulmonary edema 
and OHS/OSA, moderate levels of evidence 
exist with some randomized controlled trials 
suggesting mortality benefit. Neuromuscular 
diseases and chest wall disorders may also 
benefit from NIPPV, though the level of evi-
dence for these diseases is limited due to lack 
of randomized trials. In patients with de novo 
acute hypercapnic respiratory failure, such as 
in patients with pneumonia, NIPPV is not rec-
ommended. There are conditions in which 
NIPPV use still remains of unclear benefits, 
such as in asthma, and no recommendations 
can be established. Use of outcomes from 
existing trials and meta-analysis in combina-
tion with clinical acumen may provide the 
highest level of success, but a larger amount of 
strong trials is necessary to establish strong 
guidelines for management of these 
populations.
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35.1  Introduction

Mortality in patients with severe obesity hypoven-
tilation syndrome (OHS) is higher than that in 
those with obstructive sleep apnea (OSA; 15.5% 

vs. 4.5%) [1]. OHS may present with acute 
hypercapnic respiratory failure (AHRF), and 
there are increasing numbers of patients with 
OHS being admitted to intensive care units 
(ICUs) with hypercapnic respiratory failure [2]. 
Patients with OHS are more likely to develop 
AHRF requiring ICU admission than their coun-
terparts obese subjects without OHS (40% vs. 
26%) and to require more long-term care after 
discharge (19% vs. 2%) [3, 4].

OHS remains under-recognized as a cause of 
AHRF.  It has been shown that 40% of patients 
with OHS present for the first time with AHRF 
[5], but few are correctly diagnosed [6]. In a pro-
spective study of 173 patients with OHS and 
AHRF over 13 years in Spain, causes of exacerba-
tion included respiratory infection (68%), cardiac 
disease (13%), respiratory depressant medication 
(5%), trauma (3%), and surgery (3%) [7].
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It is within this context that we review the 
updates on use of noninvasive ventilation (NIV) 
in patients with OHS and respiratory failure.

35.2  Review Method

The literature search started on March 1, 2019, 
with keyword searches of “obesity hypoventila-
tion syndrome,” “acute hypercapnic respiratory 
failure,” and “noninvasive ventilation,” using 
PubMed, Clarivate, and Google Scholar. 
Additionally, the reference lists of identified arti-
cles were also searched for further references. 
The following inclusion criteria for human stud-
ies were used: men and women were accepted as 
participants, and both randomized controlled tri-
als and nonrandomized trials were accepted.

35.3  Management of Acute-on-
Chronic Exacerbation 
in Patients with OHS

35.3.1  Oxygen Therapy

The possibility of OHS should be considered in 
all obese patients with AHRF. The aims of NIV 
are to improve upper airway patency via expira-
tory positive airway pressure (EPAP), augment 
alveolar ventilation via inspiratory positive air-
way pressure (IPAP), and reduce the extent of 
hypoxemia. Oxygen therapy alone is an insuffi-
cient treatment for OHS and can be detrimental 
in high concentrations [8–10]. Administering 
oxygen at a high concentration may increase the 
PaCO2 in patients with stable OHS [11]. A 
double- blind, crossover randomized controlled 
trial (RCT) in patients with newly diagnosed 
OHS demonstrated that administration of 100% 
oxygen for 20 min increased transcutaneous car-
bon dioxide by 5 mmHg and reduced minute ven-
tilation by 13% [12]. Another recent crossover 
RCT assessed the effects of high-concentration 
titrated oxygen therapy in morbidly obese medi-
cal in-patients who were not selected for a preex-
isting diagnosis of OHS [13]. The study included 
22 morbidly obese adults (body mass index >40) 

who were randomized to receive two 60-min 
interventions with a minimum 30-min washout 
period between the following two treatments: (1) 
titrated oxygen therapy via nasal prongs to attain 
an oxygen saturation (SpO2) of 88–92% and (2) 
high-concentration oxygen therapy via a Hudson 
mask at 8  L/min, irrespective of SpO2. 
Transcutaneous CO2 (PtCO2) and SpO2 were 
recorded at 10-min intervals [13]. The mean dif-
ference in PtCO2 between high-concentration 
and titrated oxygen therapy at 60  min was 
3.2  mmHg (95% confidence interval 1.3–5.2; 
p  =  0.002), indicating that high-concentration 
oxygen therapy increases PtCO2 in morbidly 
obese patients [13].

35.3.2  Positive Airway Pressure 
Therapy

In stable ambulatory patients with OHS and 
severe OSA, NIV and continuous positive airway 
pressure (CPAP) have similar long-term effec-
tiveness [14–18]; however, patients with OHS 
and AHRF require therapeutic strategies that 
simultaneously keep the upper airway open and 
augment alveolar ventilation. Therefore, NIV is 
the mainstay of therapy in patients with OHS and 
AHRF.

Invasive mechanical ventilation is occasion-
ally required in patients with OHS and 
AHRF.  Indications for invasive ventilation 
include hemodynamic instability and multiorgan 
failure. Moreover, NIV is generally not consid-
ered in uncooperative patients or those with 
uncontrolled arrhythmias, acute myocardial 
infarction, refractory hypoxemia, acute stroke, 
orofacial deformities, upper gastrointestinal 
bleeding, inability to clear secretions, or severe 
abdominal distension [19]. Coma may constitute 
a relative contraindication, although in a study of 
76 patients with hypercapnic coma, 80% 
responded to NIV [20].

NIV must be delivered promptly in obese 
patients with AHRF. There is no need to perform 
sleep studies during the acute stage because early 
stabilization may prevent progression to invasive 
ventilation [21]. The lack of an available ICU bed 
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should not delay the start of NIV in this group of 
patients [22–24].

NIV therapy should be explained carefully to 
the patient before applying it [25]. The accep-
tance and success of NIV therapy depends to a 
large extent on appropriate selection of the inter-
face. Given that mouth breathing is common in 
patients with acute respiratory failure, the full- 
face mask is considered to be the most effective 
interface in the acute setting, followed by the 
nasal mask, helmet, and mouthpiece [26]. In 
general, full-face masks are preferred in the 
acute setting because they have less air leak and 
maintain the higher tidal volumes needed to aug-
ment alveolar ventilation [26]. Nevertheless, 
patients may be shifted to a nasal mask when 
their clinical condition is stable and mouth leak 
is not present [27].

35.3.2.1  Noninvasive Ventilation 
in Acute-on-Chronic 
Exacerbation of OHS

There has been no prospective RCT assessing the 
efficacy of NIV in the management of AHRF in 
patients with OHS. However, recently developed 
practice guidelines have included NIV in this 
clinical setting [28].

Although CPAP can be effective in ambula-
tory patients with stable OHS [18], it is not rec-
ommended in the acute setting because it is 
unlikely to resolve alveolar hypoventilation prob-
lems in patients with OHS who are acutely sick 
and present with AHRF [8, 9, 14, 15, 29–32]. 
Positive airway pressure modes that augment 
minute ventilation are preferred in this category 
of patients. However, when the patient is stable 
and acid-base derangement is corrected, he/she 
may be shifted to CPAP with titration under poly-
somnographic monitoring [1, 17]. This can be 
done within 3 months of the acute event.

NIV therapy usually yields better results in 
patients with OHS and AHRF than in those with 
other causes of AHRF, such as chronic obstruc-
tive pulmonary disease (COPD) [33]. NIV ame-
liorates respiratory problems in patients with 
OHS by reducing the respiratory load, increasing 
minute volume for a given breathing effort, and 
providing ventilation during central apneic events 

[19]. There are no data to support the superiority 
of one mode of NIV over another in patients with 
OHS and AHRF [34]. Pressure-limited and 
volume- limited ventilation have been reported in 
patients with AHRF; however, most studies have 
recommended initiating treatment with bi-level 
positive airway pressure (BPAP) ventilation 
because there is no evidence indicating that other 
ventilatory modes are superior to BPAP [19, 28].

BPAP devices have two modes, i.e., a sponta-
neous mode and a spontaneous/timed (S/T) 
mode. In the spontaneous mode, the patient trig-
gers cycling from the expiratory phase to the 
inspiratory phase, whereas the S/T mode has a 
backup respiratory rate set by the clinician to 
deliver machine breaths when the rate of patient- 
triggered breaths is lower than the set rate. Both 
modes are effective in the treatment of patients 
with OHS and AHRF; however, in an RCT that 
included ambulatory patients with stable OHS, 
the spontaneous mode was associated with a 
highly significant increase in abnormal respira-
tory events, mainly of central and mixed origin, 
when compared with S/T mode, and there was a 
significant difference between the two modes in 
measured transcutaneous PCO2 [35]. Therefore, 
BPAP with S/T mode is recommended in patients 
with OHS and acute-on-chronic exacerbation. 
Figure  35.1 outlines the proposed scheme for 
titration of BPAP in patients with OHS and 
AHRF.

Continuous monitoring of level of conscious-
ness, vital signs, respiratory pattern, oxygen satu-
ration, and arterial blood gases is necessary 
during NIV therapy (Table  35.1) [8, 9, 36–38]. 
OHS is invariably accompanied by obstructive 
sleep-disordered breathing [39], so EPAP should 
be gradually built up until snoring, witnessed 
apneas, paradoxical chest wall movement, and 
dips in oxygen saturation are eliminated. To aug-
ment ventilation, pressure support (IPAP-EPAP) 
should be maintained at >4 cm H2O and prefera-
bly at 8–10 cm H2O [19]. Maximum IPAP should 
not exceed 30 cm H2O [40]. In general, pressure 
support should be increased to ensure optimal 
ventilation and unloading of the respiratory mus-
cles. However, tidal volume should always be 
calculated based on ideal body weight rather than 
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Patient with OHS and AHRF

Assess suitability for NIV and correct underlying causes

Start BPAP

EPAP I PAP

Start with 6 cmH2O

Build-up pressure up by 2

cmH2O to eliminate:

     Snoring

     Witnessed apneas

     Paradoxical breathing

     Intermittent hypoxemia

Start with 12-14 cmH2O

Build-up pressure up by 2

cmH2O until:

    Steady SpO2 >88%

    Observe chest wall

    expansion

    Reduce respiratory distress

Closely observe the following:
Vital signs, level of consciousness, respiratory pattern, SpO2, VT

(minute ventilation), blood gases

Add oxygen, if the patient continues to have sustained hypoxemia
despite delivering high positive airway pressure to maintain

SPO2>88%

Consider intubation if the NIV trial fails

Fig. 35.1 Proposed 
algorithm for the 
management of acute 
hypercapnic respiratory 
failure in patients with 
OHS. BPAP bi-level 
positive expiratory 
pressure, EPAP 
expiratory positive 
airway pressure, IPAP 
inspiratory positive 
airway pressure, OHS 
obesity hypoventilation, 
PAP positive airway 
pressure, SpO2 arterial 
oxygen saturation

Table 35.1 Proposed monitoring during noninvasive ventilation therapy in the acute setting

Symptoms and signs Respiratory discomfort
Breathing pattern
Snoring
Chest wall expansion
Paradoxical breathing
Oxygen saturation
Patient-ventilator dyssynchrony
Use of accessory respiratory muscles
Claustrophobia
Air hunger
Abdominal distension
Blood pressure and pulse rate
Obstructive respiratory events
Level of consciousness (Glasgow Coma Scale or Kelly-Matthay score) [38]

Cardiorespiratory parameters Arterial blood gases
Transcutaneous CO2

Air leak
Intrinsic positive end-expiratory pressure
Flow and pressure wave forms
Electrocardiography
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actual body weight because the size of the lungs 
does not change significantly with increased 
weight.

Almost all patients with acute-on-chronic 
exacerbation of OHS require low levels of sup-
plemental oxygen to maintain a saturation level 
between 88% and 92% [8, 9, 41]. Therefore, oxy-
gen should be provided if the patient continues to 
have prolonged periods of hypoxemia despite 
elimination of obstructive events and hypoventi-
lation. There have been no studies on how long 
NIV therapy should be applied in the acute set-
ting. However, we recommend applying NIV 
continuously at night and for 6–8  h during the 
day so that patients can take medications and eat. 
When the level of consciousness is acceptable 
and arterial blood gases have improved with an 
acceptable pH (≥7.35), daytime NIV can be dis-
continued and replaced with low-flow supple-
mental oxygen [19, 21].

35.3.2.2  Other Ventilatory Modes
A new mode of NIV called volume-targeted pres-
sure support (VtPS), which targets tidal volume 
and not pressure, has been used in patients with 
OHS [42]. The VtPS mode is a bi-level hybrid 
ventilatory mode that combines the advantages of 
pressure-limited and volume-limited ventilation 
modes into a ventilatory mode that aims to pro-
vide adequate minute ventilation in patients with 
hypoventilation while maintaining the comfort 
and advantages of pressure support ventilation 
[43, 44].

The VtPS monitors delivered tidal volume (or 
minute ventilation) through a built-in pneumo-
tachograph, and when the delivered volume drops 
below a preset threshold, the algorithm 
 automatically increases pressure support (IPAP) 
to augment tidal volume and achieve the target 
volume. In the newer VtPS models, EPAP is set 
automatically [19].

The initial studies that assessed the efficacy 
and utility of VtPS were conducted in ambulatory 
patients with stable OHS and found no clinically 
significant advantages over BPAP with S/T mode 
[42, 44–46]. A recent RCT compared BPAP in 
spontaneous mode and VtPS in patients with 
acute or acute-on-chronic hypercapnic respira-

tory failure [47]. There was no difference in the 
length of hospital stay or the course of PaCO2, 
pH, and HCO3 levels between the two modes. 
Furthermore, body mass index and body position 
had no notable effect in either mode [47].

35.3.2.3  Dedicated NIV Versus ICU 
Ventilators

Both ICU ventilators and dedicated portable 
devices can be used in the acute setting to apply 
NIV therapy. A randomized assessment of con-
ventional ICU ventilators versus dedicated venti-
lators used for NIV therapy in 24 patients with 
AHRF and a body mass index of 29 [20–37] 
reported no differences in sleep quality according 
to the type of ventilator used [48]. However, inef-
fective efforts were more frequent in the dedi-
cated noninvasive ventilator group (p  <  0.001) 
[48]. Nevertheless, conventional ICU ventilators 
and dedicated NIV ventilators have important 
differences with regard to leak compensation 
[49]. A bench study of eight ICU ventilators fea-
turing a noninvasive ventilation mode reported 
that in most of the tested ventilators, leaks led to 
an increase in trigger delay, a decrease in the abil-
ity to reach the pressure target, and delayed 
cycling [50]. In contrast, dedicated NIV ventila-
tors allowed better synchronization than ICU 
ventilators when leak was present [51, 52]. 
Dedicated NIV ventilators provided more effec-
tive inspiratory triggering than the ICU ventila-
tors [52, 53]. The above data support the use of 
dedicated NIV ventilators in preference to inva-
sive ICU ventilators [54].

35.3.2.4  Predictors of Failure of NIV
A prospective study that assessed the factors 
associated with NIV failure in 76 patients with 
OHS and respiratory failure found that severe 
pneumonia and multiple organ failure often 
caused early NIV failure in morbidly obese 
patients with hypoxemic acute respiratory failure 
[55]. In one study, 84% of patients with OHS and 
AHRF reportedly had a successful response to 
NIV [55]. An important finding of that study was 
that more than half of the patients with OHS 
experienced a delayed response to NIV, with per-
sistence of hypercapnic acidosis during the first 
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6 h [55]. Patients with a delayed response to NIV 
were more likely to have received diuretics or 
respiratory depressant drugs before admission.

Patients with OHS who had a good initial 
response to NIV but then developed a relapse of 
acute respiratory failure had a poor prognosis. All 
patients in this group (7/7) died in a study of 76 
patients with NIV for AHRF [55].

Another large prospective multicenter study 
investigated patients who were admitted with aci-
dosis (OHS, n = 198; COPD, n = 540; acute car-
diogenic pulmonary edema, n = 240) and received 
NIV as an initial ventilatory support measure 
[56]. In that study, the time taken for pH to nor-
malize was longer in patients with severe acido-
sis (pH ≥  7.25) than in those with less severe 
acidosis. Furthermore, the patients in the COPD 
group with severe acidosis had significantly lon-
ger ICU stays than their counterparts with less 
severe acidosis (5.1 ± 3 days vs. 3.6 ± 2.1 days, 
p < 0.001). Patients in the acute cardiogenic pul-
monary edema group and the OHS group also 
had longer stays than those with less severe aci-
dosis, but the differences were not statistically 
significant (4 ± 3.1 days vs. 3.6 ± 2.5 days and 
4.3 ± 2.6 days vs. 3.7 ± 3.2 days). No difference 
in NIV failure rates was detected between the 
patients with severe acidosis and those with non- 
severe acidosis in the three disease groups. 
Moreover, no independent predictor of NIV fail-
ure was identified in the groups [56].

35.4  Conclusions

Intensivists and respirologists are very likely to 
encounter patients with OHS and AHRF. A high 
index of suspicion is needed to avoid misdiagno-
sis and delayed treatment that can only worsen 
morbidity and mortality and increase healthcare 
costs. Despite a lack of relevant RCTS, there is 
now a consensus that NIV is the first-line treat-
ment for OHS presenting with acute-on-chronic 
hypercapnic respiratory failure. In this setting, 
NIV improves alveolar ventilation, hypercapnia, 
and hypoxemia, avoids invasive ventilation, and 
probably decreases the frequency of adverse 
outcomes.
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36.1  Introduction

Acute heart failure (AHF) is defined by a constel-
lation of symptoms (dyspnea, orthopnea, lower 
limb swelling) and signs (elevated jugular venous 
pressure, pulmonary congestion) often caused by 
a structural and/or functional cardiac abnormality 
resulting in reduced cardiac output and/or ele-
vated intracardiac pressures [1]. Acute cardio-
genic pulmonary edema (ACPE) is the most 
severe form of AHF, characterized by severe dys-

pnea at rest together with signs of lung 
congestion.

The prevalence of AHF ranges between 1% 
and 12% in the general population. Despite recent 
therapeutic advances, in-hospital mortality is still 
high as 10% [1, 2].

Noninvasive Ventilation (NIV) is one of the 
most relevant advances in the treatment of 
acute heart failure and acute cardiogenic pul-
monary edema, and its use is recommended in 
this population by the most recent ATS/ERS 
guidelines [3].

This chapter reviews the most recent literature 
concerning the rationale and the clinical applica-
tion of NIV in acute heart failure and acute car-
diogenic pulmonary edema.
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36.2  Methods

We performed a comprehensive search of 
MEDLINE, EMBASE, and Web of Science and 
identified trials on NIV (either CPAP or PSV) in 
either acute heart failure or acute cardiogenic 
pulmonary edema.

The search strategy was defined according to 
the acronym PICO, population, intervention, 
comparison, outcomes (and context), to answer a 
clinical question within the best scientific evi-
dence available.

• Population: “Heart Failure” [Mesh] or 
“Shock, Cardiogenic” [Mesh] or “Pulmonary 
Edema” [Mesh] not “Sleep Apnea, 
Obstructive” [Mesh] or “Sleep Apnea, 
Central” [Mesh] or “Sleep Apnea Syndromes” 
[Mesh]

• Intervention: “Noninvasive Ventilation” 
[Mesh] or “Intermittent Positive Pressure 
Ventilation” [Mesh] or “Continuous Positive 
Airway Pressure” [Mesh] or “Interactive 
Ventilatory Support” [Mesh] or “Positive 
Pressure Respiration” [Mesh] or “Respiration, 
Artificial” [Mesh] not “Exercise Therapy” 
[Mesh] or “Resistance Training” [Mesh] or 
“Exercise” [Mesh]

• Comparison: No restriction
• Outcomes: No restriction

36.3  Results

We included five observational studies including 
1530 patients, one RCT on 110 patients, and two 
reviews (2664 patients).

36.4  Focus on Clinical Relevant 
Trials

36.4.1  NIV and Pathophysiology

PEEP application is physiologically useful in the 
course of acute heart failure on both respiratory 
and cardiac sides. (1) Alveolar recruitment leads 
to increased lung volume and compliance, 

improving both gas exchange and ventilation. (2) 
Reduced venous return and left ventricular (LV) 
afterload improves heart performance (Fig. 36.1).

The recent literature has further delved into 
the cardiac effects of PEEP application.

In their elegant study [4] on 20 consecutive 
patients with acute cardiogenic pulmonary edema 
with LV dysfunction treated with PSV, Moret 
Iurilli et  al. found that all four hemodynamic 
parameters (tricuspid annular plane systolic 
excursion, transpulmonary gradient, transaortic 
gradient, inferior vena cava diameter) measured 
at admission significantly improved after 3 and 
6 h of treatment. These data confirm the efficacy 
of NIV in  vivo on heart performance during 
PEEP application in the acute phase of the dis-
ease [4].

Another proof of concept of the efficacy of 
NIV on heart performance in HF comes from the 
study by T. Kato et al. on 20 stable patients with 
HF and LV systolic dysfunction (LVEF < 50%) 
with functional mitral regurgitation (fMR) [5]. 
The 20 patients underwent echocardiography 
during 10-min CPAP (4 and 8 cm H2O) and adap-
tive servo-ventilation.

The authors found that positive airway pres-
sure application reduced fMR by 20% and 
improved LV systolic dysfunction in patients 
with dilated LV.

36.4.2  Prehospital

In 2018, a prospective trial performed in the pre-
hospital setting confirmed the efficacy of NIV in 
the treatment of presumed COPD exacerbation 
and acute cardiogenic pulmonary edema [6].

¯ pre- and aferload
� cardiac index*

Noninvasive Ventilation
(NIV)

Pulmonary effects
¯ congestion
� gas exchange
� oxygenation
¯ work of breathing

Cardiocirculatory effects

Fig. 36.1 Summary of pulmonary and circulatory effects 
of noninvasive mechanical ventilation

R. Cosentini et al.
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A cohort of 99 patients with presumed COPD 
exacerbation and ACPE was treated with incre-
mental noninvasive ventilation (from CPAP to 
CPAP  +  PS) and compared with a historical 
group of 30 patients treated with medical therapy 
only. More than 50% of enrolled patients had pre-
sumed acute cardiogenic pulmonary edema.

Differences between baseline and hospital 
admission values of all endpoints showed 
improvement in NIV groups compared to the 
control group (p > 0.001). Patients were divided 
according to NIV duration (Group 1 ≤ 15 min; 
Group 2 > 15 min). All endpoints, i.e., heart rate, 
O2 saturation, respiratory rate, SBP and dyspnea 
score, were significantly better in both groups as 
compared to controls. The authors conclude that 
prehospital NIV treatment should be performed 
in patients with COPD exacerbation and CPE, 
even if the distance between emergency scene 
and hospital is short.

36.4.3  In-hospital

Notwithstanding the efficacy of NIV in the treat-
ment of acute cardiogenic pulmonary edema is 
proven, its use is still suboptimal. In a recently 
published real-life study, Aliberti et  al. [2] 
showed that in Italy one out of five patients with 
acute cardiogenic pulmonary edema is still 
treated with standard oxygen. Among 1293 
patients, 273 (21%) were initially treated with 
oxygen, 788 (61%) with CPAP, and 232 (18%) 
with PSV.  One out of four patients who began 
with oxygen was subsequently switched to NIV, 
and initial treatment with oxygen therapy had an 
odds ratio for treatment failure of 3.65 (95% CI: 
2.55–5.23, p < 0.001).

In 2017 the ERS/ATS issued their clinical 
practice guidelines on NIV in acute respiratory 
failure (ARF) [3]. They recommend either 
bi- level NIV or CPAP for patients with ARF 
due to cardiogenic pulmonary edema (strong 
recommendation, moderate certainty of 
evidence).

In the last 2 years, two papers addressed the 
question whether PSV is superior to CPAP in the 
treatment of acute cardiogenic pulmonary edema.

One prospective study [7] enrolled 153 
patients in four Italian hospitals (CPAP  =  88, 
PSV  =  65) with comparable characteristics at 
enrolment. Primary outcome—mortality rate—
did not differ in the two groups. NIV failures 
occurred more frequently in patients treated with 
CPAP (11.2% vs. 1.5%, p  =  0.02), and five 
patients needed ETI.  These observational data 
apparently show that PSV offer a benefit in terms 
of CO2 reduction; however, (1) they included 
Boussignac as a method to deliver CPAP in an 
unspecified proportion of patient, which is not 
the standard; (2) CO2 reduction was a secondary 
outcome; (3) this was not a randomized study; 
and (4) the authors did not stratify according to 
the presence/absence of COPD in the two groups.

More robust data come from the randomized 
trial conducted by Belenguer-Muncharaz et  al. 
[8]. One hundred and ten patients were randomly 
assigned to either PSV (n = 56) or CPAP (n = 54). 
Whereas oxygenation was significantly better in 
the PSV group at 60 min, the primary outcome—
intubation rate—was similar in both groups (9% 
in NIV vs. 9% in CPAP, P = 1.0). Interestingly, 
the author excluded from the analysis COPD 
patients. These last data confirm previous publi-
cation on comparable efficacy of PSV and CPAP 
in the treatment of acute cardiogenic pulmonary 
edema [9].

The 2018 clinical practice review by the ESC 
[10] confirms the equivalence of the two NIV 
modalities; the authors suggest that CPAP should 
be the first-line treatment, especially in the pre-
hospital setting, whereas PSV is recommended in 
patients with significant hypercapnia.

Finally, in 2019 a Cochrane review [11] ana-
lyzed 24 studies with 2664 participants using 
NIV in the treatment of acute cardiogenic pulmo-
nary edema. The authors state that (1) NIV may 
reduce hospital mortality (RR 0.65, 95% 
CI  =  0.51–0.82) and has a NNT of 17 (12–32) 
and (2) NIV probably reduces ETI rates (RR 
0.49, 95% CI  =  0.38–0.62), with a NNT of 13 
(11–18). They conclude that NIV is effective in 
the treatment of acute cardiogenic pulmonary 
edema, irrespective of the modality, either CPAP 
or PSV/bi-level positive pressure ventilation 
(Tables 36.1 and 36.2).
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Table 36.1 The literature

Study Patients Treatment What they found
T. Kato et al. Front Physiol. 
2017

20 stable patients 
with HF and 
LVEF < 50%

10-min CPAP (4 and 
8 cm H2O) and adaptive 
servo-ventilation

1. Positive pressure application 
reduced fMR by 20%
2. Improved LV systolic 
dysfunction in patients with 
dilated LV

C. Moret Iurilli et al. J 
Intensive Care Med. 2018

20 consecutive 
patients with 
ACPE with LV 
dysfunction

PSV Tricuspid anular plane systolic 
excursion, transpulmonary 
gradient, transaortic gradient, 
inferior vena cava diameter 
significantly improved after 3 
and 6 h of PSV application

Prehospital
M. Hensel et al. Am J Emerg 
Med. 2019

54 patients with 
presumed ACPE

2 groups according to NIV 
(CPAP ± PS) duration vs. 
historical controls without 
NIV: Group1 
NIV ≤ 15 min, Group2 
NIV > 15 min

All endpoints (HR, O2 sat. RR, 
SBP, and dyspnea score) 
significantly improved in both 
NIV groups as compared to 
controls

In-hospital
S. Aliberti et al. BMC Emerg 
Med. 2018

Observational 
study on ED 
treatment of ACPE

1293 patients with acute 
cardiogenic pulmonary 
edema. Initial treatment 
was O2 in 273 (21%), 
CPAP in 788 (61%), and 
PSV in 232 (18%)

1. 5% of patients who began 
with O2 were subsequently 
switched to NIV
2. Initial O2 treatment had an 
OR for treatment failure of 
3.65 (95% CI: 2.55–5.23, 
p < 0.001)

Pagano A et al. Respir Physiol 
Neurobiol. 2018

Observational 
study on 153 
patients with 
ACPE

CPAP (88 patients) vs. 
PSV (55 patients)

1. No mortality difference. 
Patients treated with PSV had 
a significant lower rate of 
endotracheal intubation
2. Higher improvement of 
blood gas analyses parameters
3. However, no control for 
COPD was done

Belenguer-Muncharaz et al. 
Arch Bronconeumol. 2017

RCT on PSV vs. 
CPAP in ACPE

56 PSV vs. 54 CPAP 1. Oxygenation was 
significantly better in PSV 
group at 60 min
2. Primary outcome—
intubation rate—was similar in 
both groups (9% in NIV vs. 
9% in CPAP, P = 1.0).
3. Interestingly, the author 
excluded from the analysis 
COPD patients

Review and meta-analysis
J. Masip et al. Indications and 
practical approach to 
noninvasive ventilation in 
acute heart failure. Our Heart 
J. 2018

ESC Clinical 
practice review on 
patients with AHF 
and ACPE

The review considers both 
CPAP and PSV

Authors suggest:
1. CPAP is a simpler technique 
that is recommended as 
first-line therapy, particularly 
in the prehospital setting/less 
well-equipped areas
2. PSV is equally effective in 
ACPE and may be preferable, 
by experienced teams, in 
patients with significant 
hypercapnia

R. Cosentini et al.
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36.5  Conclusion and Summary

 1. Learning Points
 (a) New studies confirm the efficacy of NIV 

in ACPE. An early start of NIV in the pre-
hospital setting can be beneficial to the 
patient.

 (b) There is no difference in using CPAP vs. 
PSV as modalities of NIV with regard to 
mortality.

 2. Critical Points
 (a) NIV is highly effective in ACPE treat-

ment (NNT for mortality is 17 and 13 for 
intubation).

 (b) Since its use in the ED is still suboptimal, 
effort should be made in order to increase 
NIV application to ED patients with acute 
cardiogenic pulmonary edema.

 3. Perspectives
 (a) There is a need of education and device 

implementation in order to start NIV as 
early as possible, even in the prehospital 
setting.

 (b) Only one study has assessed the prehospi-
tal application of NIV in these patients. 
There is still lack of proof that PSV could 
be superior to CPAP for the treatment of 
ACPE.
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The paper reviews the literature on the use of 
noninvasive ventilation (NIV) in neurocritical 
care.

37.1  Methodology

The author searched articles in PubMed using 
the terms “neurocritical care,” “neurology,” 
“neurosurgery,” and “noninvasive ventilation.” 

Abstracts were reviewed, and full texts of rele-
vant articles were downloaded and summarized 
in this review.

37.2  NIV in Neurosurgery

37.2.1  Perioperative Use of NIV 
in Neurosurgery

Patients undergoing neurosurgical procedures 
are at a higher risk of postoperative respiratory 
failure compared to other surgical procedures. 
These complications occur more commonly 
with supratentorial than infratentorial procedures, 
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 presumably due to a higher degree of altered men-
tal status seen in these patients [1].

NIV has been used preoperatively to ensure 
adequate preoxygenation. Respiratory failure in 
the postoperative period is most commonly due 
to lung atelectasis, and NIV has been used to 
recruit alveoli after extubation. Intraoperatively, 
NIV can be an alternative to endotracheal intuba-
tion in patients with COPD, where the risks of 
complications such as air trapping, barotrauma, 
bulla rupture, and prolonged mechanical ventila-
tion are high.

One interesting case report [2] describes the 
use of NIV as a mode of ventilation during mod-
erate to deep sedation in a frontal craniotomy for 
tumor excision in a patient with severe COPD. In 
this case report, NIV was delivered through a 
mechanical ventilator machine using a standard 
anesthesia mask. The patient had severe COPD 
with concerns for the risks of prolonged intuba-
tion postoperatively. The patient was offered that 
craniotomy be performed under moderate seda-
tion without intubation, using NIV, with the 
option to resort to general anesthesia with endo-
tracheal intubation if sedation was deemed 
inadequate.

The patient was fitted with a standard medium- 
sized adult mask with elastic straps. The anesthe-
sia machine was set to pressure support 
ventilation, with a PEEP of 1–3 cm H2O, adjusted 
to generate a tidal volume of 300 mL. Once set-
tings were set to patient comfort, anesthesia was 
infused—dexmedetomidine at 0.1–0.3  μg/kg/h, 
remifentanil at 0.02–0.05 μg/kg/min, and propo-
fol at 15–20 μg/kg/min. The patient was allowed 
to drift in and out of consciousness while still 
able to trigger pressure support. During the pro-
cedure, the patient was able to communicate peri-
odically with the anesthesiologist to confirm 
proper placement of face mask or to alert the 
team of discomfort. During the procedure, end- 
tidal CO2 was maintained at less than 40 mmHg, 
and arterial blood gas was checked periodically.

Several challenges were noted. Medications 
commonly used for awake craniotomies, such as 
dexmedetomidine, propofol, and remifentanil, 
can cause respiratory depression, increasing the 
risks of losing the airway with deepening seda-

tion. Masks used in NIV may interfere with the 
surgical site or frame pins used to stabilize the 
skull. Also, the anesthesiologist needs to become 
familiar with a new machine that needs to be 
brought separately into the operating room.

Awake craniotomy was performed success-
fully using NIV, and authors suggested that this 
option may improve patient outcomes for patients 
with severe lung disease who require major sur-
gery under moderate to deep sedation.

Whether routine or prophylactic NIV can pre-
vent respiratory failure in neurosurgical patients 
is unknown. Currently, there is no evidence sup-
porting the effectiveness of NIV in patients 
undergoing craniotomy. Applying positive pres-
sure ventilation to patients with intracranial 
lesions should be weighed carefully against the 
risk of increasing intracranial pressure or the risk 
of cerebral vasospasm with decreased PaCO2 
from NIV.

37.2.2  Use of NIV in Chiari 
Malformation and Sleep 
Apnea

Chiari malformation is a structural defect of the 
cerebellum resulting in downward displacement 
of the cerebellar tonsils through the foramen 
magnum. Chiari malformations are associated 
with sleep-disordered breathing. The exact mech-
anism is unknown but may be related to abnor-
malities in central respiratory drive, resulting in 
central sleep apnea or to a dysfunction in the 
upper airway, resulting in obstructive sleep apnea 
(OSA). Cerebellar herniation could possibly 
mechanically disrupt the medullary respiratory 
center, resulting in apneic episodes.

A case report [3] describes the treatment of 
central sleep apnea in a patient with Chiari malfor-
mation using adaptive pressure support servo- 
ventilation. Adaptive servo-ventilation (ASV) 
treats complex abnormal breathing patterns by 
monitoring and reacting to changes in peak expira-
tory flow. This type of ventilation minimizes cycli-
cal or ataxic breathing. A patient who was treated 
with sleep apnea was noted to be unresponsive to 
BPAP, CPAP, or ASV. Polysomnography revealed 
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central sleep apnea. An MRI revealed a Chiari 
Type 1 malformation and a syrinx in the spinal 
cord. The patient underwent craniocervical 
decompression, and a follow-up study with patient 
on ASV showed complete resolution of sleep 
apnea. Subsequent sleep study without ASV dem-
onstrated that AHI increased to 22, which implies 
that the sleep apnea improved but was not cured by 
surgery. This case highlights that structural brain 
disorders can cause sleep-disordered breathing 
and should be considered in patients with poor 
response to initial NIV therapy. As in this case, 
surgical correction can result in just a partial treat-
ment of sleep apnea, and ASV can provide addi-
tional benefit to patients with central sleep apnea 
following surgical correction.

37.2.3  Use of NIV in Transsphenoidal 
Surgery

OSA is common in patients presenting for pitu-
itary surgery, affecting up to 70% of patients 
with acromegaly and 18–33% of patients with 
Cushing disease [4]. These patients are at risk 
for postoperative respiratory complications, and 
the risk is higher immediately after surgery as 
sedation leads to soft tissue obstruction, atelec-
tasis, and decreased respiratory drive. Guidelines 
(on use of NIV for general surgery) state that 
patients who use NIV prior to surgery should 
have NIV applied soon after surgery unless 
contraindicated.

Several case reports have reported the devel-
opment of pneumocephalus with NIV after trans-
sphenoidal surgery, which often leads to 
additional surgery and prolonged hospital stay [5, 
6]. Postoperative NIV should not be used in cases 
where positive airway pressure may result in 
breakdown of surgical site repair and introduc-
tion of air into potential spaces. These cases 
include surgery of the paranasal sinuses, skull 
base, pituitary fossa, middle ear, and retrophar-
ynx and reconstruction of large defects of head 
and neck. While NIV is contraindicated, patients 
should be closely monitored with continuous 
pulse oximetry, opiate use should be minimized, 
and early ambulation should be encouraged. The 

optimal time for resuming NIV in these patients 
is unknown and warrants further research. One 
case report recommends waiting 6  weeks after 
dural repair before restarting NIV [5]. Patients 
should be instructed to avoid the use of NIV after 
surgery until cleared by the surgeon.

37.2.4  NIV in the Treatment 
of Subarachnoid Pleural 
Fistula

Subarachnoid pleural fistula is a condition where 
an abnormal communication exists between the 
subarachnoid space and pleural space due to 
defects in both the dura mater and the parietal 
pleura. This fistula can develop spontaneously or 
more commonly after blunt or penetrating trauma 
or as a complication of thoracic and spinal sur-
gery. Unlike most cerebrospinal fluid (CSF) leak-
ages that heal spontaneously or after insertion of 
CSF drains, SAPF remains open despite conser-
vative treatment.

Intrapleural pressure normally ranges from −5 
to −7.5 cm H2O, while pressure in the subarachnoid 
space ranges from 10 to 15 cm H2O.  Intrapleural 
pressure becomes most negative during inspiration. 
In the presence of the defects, the pressure gradient 
between the intrapleural and subarachnoid spaces 
produces a suction effect, and CSF flows along this 
gradient to accumulate in the pleural space and pre-
vent spontaneous closure of the fistula. This assumes 
that only the parietal pleura contains a defect and 
the visceral pleura is intact. In the presence of a 
defective visceral pleura, intrapleural pressure over-
comes CSF pressure and air leaks into the subarach-
noid space, resulting in pneumocephalus [7].

Fluid collection in the pleural cavity eventu-
ally leads to symptoms of dyspnea, chest pain, 
and hypoxia. In time, the loss of CSF and subse-
quent intracranial hypotension also leads to 
symptoms of headaches, neck pain, stiffness, 
nausea, dizziness, photophobia, and impaired 
hearing.

The initial diagnostic work-up of subarach-
noid pleural fistula includes chest imaging with 
a chest X-ray, ultrasound, or CT scan to confirm 
pleural effusion. Thoracentesis or chest tube 
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insertion may be necessary to aid in lung re- 
expansion. Pleural fluid can be tested for the 
presence of beta 2 transferrin, a biochemical 
marker for cerebrospinal fluid. Treatment 
includes conservative measures such as bed rest 
and lumbar drains which are typically ineffec-
tive. Surgical interventions include primary 
repair, patch grafts with muscle, fat or fascia, 
muscle flaps, and omental flaps, which may be 
effective but require a surgical operation.

Several reports have described the success-
ful treatment of subarachnoid pleural fistulas 
with the use of NIV [8–10]. NIV is applied 
with full- face or nasal mask with pressure set-
tings of 6–14 cm H2O inspiratory pressure and 
3–5 cm H2O expiratory pressure. The positive 
airway pressure raises intrapleural pressure 
and stops the flow of CSF through the dura, 
enabling the dura to repair itself. The duration 
of treatment ranges from 5 to 14  days. The 
appropriate duration of NIV and optimal pres-
sure settings are unknown. In contrast to surgi-
cal treatment, treatment with NIV is fully 
noninvasive, and restrictions to daily activities 
are minimal.

37.3  NIV and Stroke

The risk of stroke is higher in patients with 
OSA. The prevalence of OSA is as high as 60% 
in ischemic cerebrovascular disease. The progno-
sis of stroke is worse with OSA. OSA probably 
causes worse outcomes in stroke due to hypoxia 
which leads to sympathetic activation, release of 
free oxygen radicals, CRP, and other cytokines, 
increased thrombocyte activation, and aggrega-
tion and decreased fibrinolytic activity. OSA 
worsens the ischemia in brain tissue by periodic 
apneas and desaturations. Furthermore, excessive 
daytime sleepiness commonly seen in OSA also 
decreases motivation and cooperation of patients 
during rehabilitation and contributes to worse 
outcomes.

For this reason, a study [11] investigated the 
effects of early treatment of OSA on the progno-
sis of patients who suffered a stroke. Patients 
with stroke underwent whole-night polysom-
nography and titration study. The American 

Academy of Sleep Medicine (AASM) manual 
for scoring of sleep and associated events was 
used, and OSA was diagnosed if 15 or more 
respiratory events were noted per hour of sleep. 
Treatment with NIV was started within 48 h of 
stroke, and all patients were compliant for at 
least 5  h or more of NIV per night. MRI and 
MRA were performed on admission and during 
the second week and second month of stroke, 
and the size of infarction was determined by 
measuring the largest diameter of the lesion. 
The study showed that patients in the treatment 
group had significantly lower stroke severity 
scores (NIH Stroke Scale, Barthel Scale, 
Hamilton Depression Rating Scale, Epworth 
Sleepiness Scale, and PSQT) in the subacute 
(second week) and chronic (second month) 
stages. Furthermore, patients who were treated 
with NIV also showed a decrease in the lesion 
size more often compared to those who were not 
treated. Forty percent in the treatment group 
versus 20% in the control group showed a 
decrease in infarction size at the subacute stage, 
while 36.4% vs. 28.5% showed a decrease in the 
chronic stage. The difference was not statisti-
cally significant.

Another study [12] explored the effects of 
CPAP treatment on patients with OSA and stroke. 
Sleep study was performed, and treatment was 
started thereafter on the second week after stroke, 
and this continued for a total of 8  weeks. 
Compliance was poor, averaging 1.4  h a night. 
No improvements were noted after CPAP treat-
ment probably due to the delay in treatment ini-
tiation, missing the period when ischemic brain 
tissue presumably would benefit the most from 
improved oxygenation.

Further prospective and randomized con-
trolled studies should be conducted to define the 
role of NIV in the treatment of patients with 
stroke and OSA. If early treatment is proven to 
be beneficial, OSA should be considered a mod-
ifiable risk factor in stroke and treated aggres-
sively after an acute stroke event. With current 
evidence, it appears that OSA treatment benefits 
stroke patients when initiated early, and non-
compliance is minimized. Of note, compliance 
may be an issue in stroke patients with aphasia, 
severe motor dysfunction, or depression. ESS 
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scores should be documented, and a decrease in 
scores can be used as an indicator of treatment 
efficacy.

37.4  NIV and Neuromuscular 
Disease

Neuromuscular disease (NMD) is a group of dis-
orders that affect any part of the nerve or muscle 
and includes conditions such as amyotrophic lat-
eral sclerosis or ALS (affecting the motor neuron), 
muscular dystrophy (affecting muscle directly), 
and myasthenia gravis (affecting the neuromuscu-
lar junction). The predominant feature of neuro-
muscular disease is progressive deterioration of 
muscle strength. Involvement of respiratory mus-
cles occurs at some point in patients with neuro-
muscular disease and leads to sleep disordered 
breathing and, eventually, respiratory failure [13].

Weaning and liberating patients with NMD 
from the ventilator is challenging. Repeated 
failed extubations and prolonged mechanical 
ventilation that ultimately requires tracheostomy 
is common. NIV has been investigated as a tool 
to promote successful weaning in patients with 
NMD and ventilatory failure. NIV likely prevents 
reintubation by overcoming the low vital capac-
ity that is typically seen in NMD patients imme-
diately after extubation.

A retrospective study [14] reports several 
cases of successful extubation of patients with 
NMD who experienced extubation failure via 
conventional weaning strategies but succeeded 
after NIV. In this study, patients were extubated 
directly to NIV support. NIV was provided via 
nasal or oronasal masks. NIV was adjusted to 
maintain an SPO2 ≥95% and ETCO2 < 45 mmHg. 
Success was considered if reintubation has been 
avoided within the subsequent 5  days. First 
attempts failed in a portion of cases, but a second 
attempt led to successful extubation in all cases.

37.4.1  NIV in Myasthenia Gravis

Myasthenia gravis is an autoimmune disorder 
affecting the neuromuscular junction. This condi-
tion is caused by autoantibodies against the ace-

tylcholine receptors at the postsynaptic side of 
the neuromuscular junction. The autoantibodies 
block the receptors, which are destroyed via 
complement-mediated mechanisms. With 
destruction of the receptors, muscles are unable 
to contract and become weak. Repeated stimula-
tion of the involved muscles leads to fatigable 
muscle weakness because of the paucity of ace-
tylcholine binding sites. Myasthenic crisis occurs 
when symptoms progressively worsen to cause 
respiratory failure. Myasthenic crisis can be trig-
gered by multiple factors including infection, 
surgery, fever, and certain medications. 
Corticosteroids can precipitate crisis or cause 
further decompensation in patients with myasthe-
nia gravis.

Several tests can be used to monitor respira-
tory status in myasthenic crises [15]. Pulse oxim-
etry and arterial blood gas are not useful since 
PCO2 rise and oxygen saturation drops occur late 
during myasthenic crisis. A normal PCO2 or oxy-
gen saturation also does not exclude the condi-
tion. Serial pulmonary function tests (i.e., every 
2  h) may be more useful, with vital capacities 
<10–20 per kilogram or negative inspiratory 
force <−20 to −30 cm H2O suggesting the need 
for closer monitoring in the intensive care unit 
and consideration of ventilator support. Another 
test that is useful in monitoring respiratory func-
tion in myasthenic crisis is the single breath test, 
which measures how many words are spoken by 
the patient in one breath. The patient takes one 
breath in and counts up as high as possible before 
requiring another inspiratory breath. Counting up 
to 15–20 or less correlates with poor respiratory 
status.

The mainstay of myasthenic crisis treatment is 
plasmapheresis or intravenous immunoglobulin, 
but either treatment takes days to weeks for full 
effect. In the meantime, patients with deteriorat-
ing respiratory status, but who are otherwise 
mentally alert and able to manage secretions, 
may be candidates for NIV as bridging therapy 
while awaiting improvement from IVIG or 
plasma exchange.

NIV has been shown to be successful in pre-
venting intubation in patients with myasthenic 
crisis and reducing ventilator days and ICU and 
hospital length of stay [15]. Using a BiPAP 
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machine, continuous positive pressure can be 
delivered through a face mask. The breathing 
cycle is triggered by the patient’s inspiratory 
effort. The machine provides inspiratory positive 
pressure to overcome upper airway resistance 
and reduce work of breathing and also provides 
end expiratory positive pressure to prevent air-
way collapse and decrease the amount of lung 
atelectasis.

The criteria for intubation is not well defined, 
but thresholds when one should consider ventila-
tion include FVC < 15–20 mL/kg body weight, 
maximal inspiratory pressure <−40  cm  H2O, 
maximal expiratory pressure <40  cm  H2O, and 
evidence of respiratory muscle fatigue, hypercap-
nia, or hypoxia [16].

Several articles [16, 17] have shown that BiPAP 
is an effective treatment for respiratory failure in 
patients with myasthenia gravis. The mean dura-
tion of BiPAP in these studies in successful cases 
was 4–5  days. BiPAP can prevent intubation in 
70% of NIV trials. The only predictor for BiPAP 
failure (defined as eventually requiring mechani-
cal intubation) was a PCO2 level exceeding 45 on 
initiation of BiPAP. Hypercapnia probably reflects 
a more severe degree of neuromuscular respiratory 
failure that cannot be supported by only positive 
pressure ventilation and thus requires a ventilator 
mode with volume control. Most failures occur 
within 24 h of BiPAP use. The studies show that 
BiPAP trial before the development of hypercap-
nia can prevent intubation and prolonged mechan-
ical ventilation.

37.4.2  NIV in Muscular Dystrophy

Duchenne muscular dystrophy is an x-linked 
neuromuscular disorder that leads to progressive 
muscle weakness. Weakness of respiratory mus-
cles results in ineffective cough, recurrent pneu-
monia, hypoventilation during sleep, and daytime 
respiratory insufficiency. Worsening pulmonary 
function is frequently missed early on as loss of 
ambulatory muscle strength sets in early and 
patients performs less exertional tasks. 
Respiratory involvement is the main cause of 
mortality.

Guidelines on respiratory care of patients with 
DMD have been published [18, 19] and recom-
mend biannual assessments of respiratory func-
tion once patients lose ambulatory function. 
More specific guidelines on the threshold pulmo-
nary function test values to trigger evaluations for 
sleep and awake hypoventilation as well as initia-
tion of NIV are available.

Since the 1990s, nocturnal NIV has been 
offered to patients with DMD when home oxim-
etry studies reveal sleep hypoxemia and FVC 
falls to ≤1.25  L.  Initiation of nocturnal NIV 
increased mean age of survival to 25.3, compared 
to 14.4  in the 1960s. Another study reported a 
50% survival to 39.6  years when NIV and 
mechanically assisted cough are used [20].

Recent guidelines [19] recommend that NIV 
should be initiated when pulmonary function 
tests show signs of hypoventilation, i.e., FVC is 
<30% predicted, baseline SPO2 is <95% or pCO2 
on awake ABG, or end-tidal PETCO2 is 
>45 mmHg. Use of NIV appears to be increasing 
but still occurred less often than recommended.

37.4.3  NIV in Amyotrophic Lateral 
Sclerosis

Amyotrophic lateral sclerosis (ALS) or motor 
neuron disease (MND) is a neurodegenerative 
disorder characterized by loss of neurons in the 
motor cortex, the brainstem, or the spinal cord. In 
this disease, there is progressive impairment of 
upper and lower motor neurons which leads to 
weakness of all muscles. The etiology remains 
unknown, and the disease still remains incurable 
although treatments are available to manage 
symptoms and achieve the best possible quality 
of life.

As the disease progresses, respiratory muscle 
involvement leads to sleep-disordered breathing 
which initially occurs in the REM stages, then 
progresses to involve non-REM stages of sleep, 
and manifests as OSA that leads to nocturnal 
hypercapnia. This disturbance in sleep architec-
ture results in repeated nights of poor sleep, and 
patients eventually complain of morning head-
aches, lethargy, persistent fatigue, lack of con-
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centration, and breathlessness. Respiratory 
dysfunction is unfortunately irreversible in ALS, 
and respiratory failure typically occurs within 
5 years of disease onset. The onset of respiratory 
muscle weakness cannot be reliably detected by 
symptoms alone as these may not be apparent 
until the weakness is severe. The degree of respi-
ratory impairment is often underestimated by the 
clinician. Onset of symptoms such as orthopnea 
or daytime hypercapnia indicates that survival is 
likely to be only a few weeks or months [21].

Guidelines recommend that respiratory func-
tion should be tested regularly to detect early 
signs of impaired function (i.e., every 3 months) 
[22]. Periodic monitoring facilitates earlier dis-
cussions about NIV and reduces the risk of hav-
ing to initiate NIV in an emergency. Respiratory 
function in ALS can be reliably measured by 
several methods. The measures of respiratory 
function that are recommended by the guidelines 
include nocturnal oximetry, supine functional 
vital capacity (FVC) and MIP and standing FVC, 
and sniff nasal inspiratory pressure (SNIP).

Nocturnal oximetry detects desaturations dur-
ing sleep and is a more sensitive measure of noc-
turnal hypoventilation than FVC or MIP.  It 
correlates with survival. FVC is the most com-
monly used respiratory measurement, correlates 
with ALS functional rating score, and is a sig-
nificant predictor of survival. Measuring FVC 
requires a tight seal of the lips around a mouth-
piece and may be difficult in ALS patients with 
bulbar involvement. Supine FVC is a better pre-
dictor of diaphragmatic strength compared to 
standing FVC. SNIP is another measure of respi-
ratory function in ALS, one which can be per-
formed independent of facial muscle strength. In 
this test, peak nasal pressure in one occluded 
nostril is measured during a maximal sniff per-
formed from relaxed end expiration through the 
other nostril. Pressures obtained from the SNIP 
test correlates with diaphragmatic and sterno-
cleidomastoid strength measured using more 
invasive tests. SNIP also correlates with apnea-
hypopnea index on polysomnography. Values 
<40  cm  H2O correlate with nocturnal hypox-
emia, and values <30  cm  H2O are associated 
with a median survival of 3  months. Finally 

elevated serum bicarbonate and low serum chlo-
ride levels correlate with respiratory symptoms 
and are predictive of death within 5 months [23].

Use of NIV in patients with good bulbar func-
tion can prolong survival by 7–18  months. In 
patients with poor bulbar function, NIV use does 
not improve survival rates but has been shown to 
improve quality of life [24]. Use of NIV during 
sleep helps support respiratory muscle function 
and restores serum oxygen and carbon dioxide 
levels to normal. By improving nocturnal hyper-
capnia, NIV restores central chemoreceptor sen-
sitivity and improves daytime hypoventilation, 
thereby increasing participation in daytime activ-
ities and improving the quality of life across vari-
ous domains.

37.5  Conclusion

NIV is a valuable tool in the management of pul-
monary comorbidities in patients requiring neuro-
intensive care. Established and innovative uses of 
NIV in a number of neurologic and neurosurgical 
conditions have been described. Further research 
on NIV in neurologic and neurosurgical condi-
tions can be conducted to extend the use of NIV.
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38.1  Introduction

Open heart surgical patients present as a unique 
subset group, where an uneventful and successful 
recovery from the surgery is closely entwined 
with the recovery and state of health of other 
major organ systems, most notably the lungs, 

kidneys, gastrointestinal, and the central nervous 
system. Both presurgical and postsurgical factors 
contribute to postoperative scenarios that make 
NIV a valuable tool in the management of these 
patients.

Alterations in pulmonary function, along with 
hypoxemia, reduced lung volumes, and atelecta-
sis [1], combined with a restrictive chest wall, 
secondary to incisional pain, and possible dia-
phragmatic dysfunction [2], happen early in the 
postoperative course and are usually transient.

Postoperative acute cardiac decompensation 
can happen in a predisposed group of patients, 
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and again, NIV can play an important role by 
directly and indirectly facilitating improvement 
in cardiac function.

NIV strategies that prevent and treat ventila-
tory dysfunction in the postoperative period can-
not only expedite the overall recovery process but 
can also play a major role in preventing the var-
ied complications that can affect the postsurgical 
course in an adverse manner.

This chapter will attempt a concise review in 
looking at the role NIV plays, in the abovemen-
tioned scenario, along with the rationale for its 
use, and supporting studies if any.

38.1.1  Indications for NIV 
in Postoperative Phase 
of Cardiovascular Surgery

• Post-extubation support
• Hypoxemia/hypercapnia
• Atelectasis
• Pulmonary edema

38.2  Pulmonary

Pulmonary complications are frequent in the 
immediate postoperative phase of cardiac sur-
gery. The etiology of these is multifactorial and 
involves surgical and postoperative factors, 
well reported in the literature [3, 4]. Early inter-
vention is often necessary to avoid further deg-
radation [5]. Atelectatic areas develop 
frequently even after the most routine and 
uncomplicated cardiac surgery. This finding is 
further compounded in patients who are obese 
or morbidly obese and in those whose respira-
tory efforts are limited secondary to incisional 
pain. Atelectasis can decrease the functional 
residual capacity and increases intrapulmonary 
shunting. These unventilated areas can account 
for up to 20% of the total lung volume, thus 
causing hypoxemia in the postoperative period 
[6]. Studies in postoperative cardiac surgery 
patients have shown that NIV can be used to 
help avoid alveolar collapse and to enable bet-

ter alveolar recruitment, thereby reducing the 
formation of atelectasis and increasing func-
tional residual capacity [6, 7].

38.3  NIV After Liberation 
from Mechanical Ventilation

38.3.1  Extubation After Cardiac 
Surgery

Previously, it was a generally accepted practice 
to leave patients intubated for 12–24  h, even 
after the most routine cardiac surgery. With 
changes in anesthetic techniques and with ade-
quate intensive care or postanesthesia care mon-
itoring, that concept has now largely become a 
thing of the past. According to a recent Cochrane 
review, fast- track cardiac care includes “admin-
istration of low-dose opioid-based general anes-
thesia or use of a time-directed extubation 
protocol, or both,” with the goal of reducing 
ICU and hospital length of stay [8]. Scoring sys-
tems that identify patients to be fast-tracked 
have been developed, and with the Society of 
Thoracic Surgeons (STS) promoting the use of 
extubation within 6 h after cardiac surgery as a 
quality of care benchmark, patients who meet 
certain strict criteria are even extubated in the 
operating room [9]. There is some evidence 
even suggesting that those patients who are 
extubated early may have fewer postoperative 
complications, including postoperative delirium 
and a lower risk of acute kidney injury (AKI) 
[10, 11].

With all that said, the timing of extubation 
in the very sick cardiac surgical patients is usu-
ally based on a number of variables and left to 
a protocol being followed by the respective 
intensive care team. It is uncommon to have a 
patient extubated who is anticipated to have 
issues with work of breathing while at the same 
time being on significant inotrope and pressor 
support to manage a failing or recovering heart 
[12]. The combination of increased work of 
breathing along with a less than optimal pump 
function is not a clinical scenario anyone 
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would want to arrive at, at any point, during the 
early postoperative course of a cardiac surgery 
patient.

38.3.2  Post-extubation Issues After 
Cardiac Surgery

In an inception cohort study done at Cleveland 
Clinic by Rady MY et al., published in Critical 
Care Medicine 1997, investigators collected 
data on more than 1400 patients who had under-
gone cardiac surgery and concluded that the 
incidence of early postoperative pulmonary 
dysfunction is uncommon; but once developed, 
it is associated with increased morbidity and 
mortality after cardiovascular surgery. 
Advanced age, large body mass index, preop-
erative increased pulmonary arterial pressure, 
low stroke volume index, hypoalbuminemia, 
history of cerebral vascular disease, emergency 
surgery, and prolonged cardiopulmonary 
bypass time were found to be risk factors for 
early onset of severe pulmonary dysfunction 
after surgery [13].

38.3.3  Rationale for the Use of NIV

Because of the unique chest wall properties 
after cardiac surgery, like median sternotomy 
(in the case of most cardiac surgical patients), 
right mini-thoracotomy (for minimally invasive 
tricuspid and mitral surgery), or left mini-thora-
cotomy (for robotic-assisted minimally inva-
sive coronary artery bypass), post-extubation 
ventilatory dysfunction can occur in the early 
postoperative period, with or without varying 
degrees of hypoxemia. Splinting, secondary to 
incisional pain, leading to suboptimal lung vol-
umes causing a restrictive pattern of ventilation 
can lead to atelectasis and pneumonia, if left 
untreated. Use of NIV after extubation can be 
preventive as well as curative.

Aside from the specific characteristics that are 
encountered in cardiac surgical patients, prophy-
lactic and curative use of NIV is similar to other 

conditions of pulmonary dysfunction that has a 
potential to worsen to an impending respiratory 
failure.

38.3.4  Timing and Application of NIV

Traditionally, in postoperative patients, chest 
physiotherapy and incentive spirometry are used 
to maintain and improve lung volumes. In 
patients with a restrictive chest wall physiology 
to begin with, like obesity, incisional pain and 
splinting might make this uncomfortable and 
could become a problem. After extubation, use of 
NIV with CPAP or bi-level support in a prophy-
lactic manner might make it easier for these 
groups of patients to ventilate and oxygenate 
adequately and reduce work of breathing. 
Moreover, use of positive pressure may prove to 
be helpful in preventing or in opening up atelec-
tatic areas and improving V/Q mismatch, which 
is the most common abnormality seen in these 
patients.

Patients with a history of COPD and asthma 
are another group where prophylactic application 
of NIV might prove to be beneficial. Fluid over-
load from surgery and immediate postsurgical 
volume resuscitation can cause edema of bron-
chial walls causing wheezing and airway restric-
tion. Use of NIV in these groups of patients can 
be advantageous while their fluid status is being 
monitored and treated with diuretics.

There has been no consensus so far, as to the 
duration and schedule of NIV application, when 
it is used prophylactically to prevent complica-
tions. It usually varies with the workflow of the 
facility or unit where the patient is being treated. 
Working with respiratory therapists and nurses 
and scheduling intervals of NIV support through-
out the day seem to be the most reasonable 
approach.

Nighttime application, while the patient is 
sleeping, can be continuous and beneficial, as 
long as it does not interfere with a restful night’s 
sleep. Sedatives, if needed, can be chosen with 
the smallest dose, allowing mitigation of patient 
discomfort and obtaining the desired level of 
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sedation. It might also be prudent to not keep 
patients flat or fully supine in bed while on NIV 
support to minimize risk of aspiration.

Patient cooperation and willingness and sepa-
ration from and timing with oral intake to reduce 
risk of aspiration are common precautions to 
 follow. In patients who are mildly anxious, it is 
not uncommon to prescribe a low dose of anxio-
lytic, like dexmedetomidine, so as to facilitate 
use of NIV and expedite the healing process.

38.3.5  Weaning from NIV

Pulmonary dysfunction, when it occurs postop-
eratively in cardiac surgical patients, is usually 
transient, for reasons mentioned above. 
Therefore, weaning from NIV support to tradi-
tional oxygen supplementation with nasal canula 
should be carried out when a sustained improve-
ment in ventilation and oxygenation is seen. 
Improvements and maintenance of baseline lung 
volumes and oxygenation are usually seen at this 
point as evidenced by volumes achieved during 
incentive spirometry and with the level of 
oxygenation.

38.3.5.1  Cardiac
Acute cardiac decompensation after heart sur-
gery leads to a low cardiac output state, espe-
cially in patients with less than stellar ventricular 
function, identified preoperatively and again 
during surgery by transthoracic and transesopha-
geal echocardiography. This is usually a dynamic 
process seen early in the postoperative course, 
usually requiring inotrope and/or pressor sup-
port with loading conditions that need to be 
titrated against desired hemodynamics, until the 
heart readjusts to a newer set of parameters 
(reperfusion, loading, wall tension). This, along 
with a lack of or inadequacy of vascular tone, 
usually the result of a self-limiting systemic 
inflammatory response syndrome (SIRS), calls 
for the right amount of chemical and mechanical 
support. NIV can play an adjunct role, in this 
aspect of mechanical support, and this usually 
happens during a critical time in the postopera-
tive process.

38.3.5.2  Acute Pulmonary Edema 
After Extubation

Discontinuation of mechanical ventilatory sup-
port after cardiac surgery can often nullify the 
beneficial effects of positive pressure ventilation, 
and in some patients, this can lead to a weaning- 
induced cardiac failure.

The complex cardiovascular and hemody-
namic changes underlying the occurrence of 
weaning-induced cardiac failure [14, 15] can be 
summarized as decrease in intrathoracic pres-
sure, increase in work of breathing, and increase 
in sympathetic tone [16].

Discontinuation from mechanical ventilation 
changes the intrathoracic pressure from positive 
to negative. This in turn increases the pressure 
gradient for venous return, thereby causing an 
increase in RV preload. Consequently, there is a 
rise in RV cardiac output, in turn causing an 
increase in LV preload.

The decrease in intrathoracic pressure also 
causes an increase in the transmural pressure gra-
dient across the LV, which then leads to an increase 
in LV afterload, i.e., the pressure generated by the 
LV to eject the blood out of the thorax.

As noted earlier in this chapter, the increase in 
the work of breathing, which is worsened in the 
case of respiratory failure, could pose a problem, 
as the huge amounts of oxygen consumed by the 
respiratory muscles can impair the oxygenation 
of critical organs.

Sympathetic tone increases as a response to 
the emotional stress and potentially by hypercap-
nia and hypoxia, which in turn could raise the 
systemic arterial pressure and thus the LV after-
load. It can also increase the respiratory rate and 
worsen work of breathing.

It has been well recognized that patients with 
preexisting LV systolic dysfunction can be partic-
ularly at risk for developing cardiac failure after 
extubation. In addition, studies have also shown 
that the presence of LV diastolic dysfunction at 
baseline is associated with an increased risk of 
weaning-induced cardiac failure [17]. This partic-
ular study hypothesized that the inability of the 
rate of LV relaxation could be further enhanced 
during spontaneous breathing trials, thus playing 
an important role in weaning failure.
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38.3.5.3  NIV for Acute Pulmonary 
Edema in Postoperative 
Cardiac Surgery

Studies so far, evaluating the beneficial effects of 
NIV in acute cardiogenic pulmonary edema 
(ACPE), were not limited to patients in the post-
operative phase of cardiac surgery. A recent 
Cochrane database review evaluating the safety 
and efficacy of NIV compared to standard medi-
cal care in ACPE included patients presenting to 
the emergency department as well as inpatients in 
the intensive care setting [18]. NIV included both 
CPAP and BiPAP modes, and there was no dif-
ferentiation between the two when evaluating the 
results. The authors concluded that their review 
provides support for continued clinical applica-
tion of NIV for ACPE, to improve outcomes such 
as hospital mortality and intubation rates. NIV 
was found to be a safe intervention with similar 
adverse event rates to standard medical care 
alone.

38.3.5.4  Acute Right Ventricular 
Dysfunction After Cardiac 
Surgery

There is a need to briefly elaborate on acute right 
ventricular (RV) dysfunction, as a specific entity, 
in postoperative cardiac surgery patients and its 
interplay with the pulmonary system.

Compared to the left ventricle (LV), RV is thin 
walled and more compliant and is better suited to 
accommodate significant increases in preload but 
tolerates acute increases in afterload poorly. The 
starting point of acute RV dysfunction, when it 
happens in the postoperative cardiac surgery 
patient, is usually the result of volume or pressure 
overload in the right ventricle. This, in turn, leads 
to decreased RV contractility, which by a serial 
effect, causes a decrease in left ventricular (LV) 
preload, thereby setting the stage for low cardiac 
output, hypoperfusion, and eventual multiorgan 
failure.

In patients who became hemodynamically 
unstable after cardiac surgery, acute RV dysfunc-
tion was present in almost half of those affected. 
Factors that may be implicated are (a) long car-
diopulmonary bypass time, (b) right coronary 
embolism or bypass graft occlusion—may be 

transient, but significant, if not de-aired ade-
quately at the conclusion of the operation, (c) 
inadequate myocardial protection during surgery, 
(d) reperfusion lung injury with secondary pul-
monary hypertension (PHT), (e) protamine- 
induced PHT, (f) atrial arrhythmias with loss of 
atrioventricular synchrony, and (g) preexisting 
pulmonary vascular disease [19, 20].

38.3.5.5  Rationale for NIV 
in Postoperative Ventricular 
Dysfunction

Unfortunately, there have been no reliable studies 
done so far, with regard to the effect of NIV on 
cardiac function, in the postoperative phase of 
cardiac surgery. But observational and anecdotal 
findings suggest that, in the right patient, NIV 
may help to alleviate some of the early problems 
seen with cardiac function, particularly in cases 
of right ventricular (RV) dysfunction. 
Postoperative RV dysfunction is usually tran-
sient, and the standard of care is to support the 
RV with optimal loading conditions with the use 
of pressors and inotropes as well as diuresis 
depending on volume status. However, in the 
extubated patient, especially in the obese and 
morbidly obese, and in those who are at risk for 
developing atelectasis, hypoxia, or hypercarbia, 
NIV could serve as a valuable tool in helping to 
prevent further deterioration of the situation.

PEEP can modify PVR and thereby RV after-
load, by several mechanisms. It may reduce PVR 
by reducing the increased pulmonary vasomotor 
tone due to hypoxic pulmonary vasoconstriction. 
By recruiting collapsed alveoli, it can increase 
regional alveolar pO2, thereby reducing hypoxic 
pulmonary vasoconstriction, which then causes a 
fall in pulmonary vasomotor tone and conse-
quently increasing RV ejection or output [21, 22]. 
However, in the volume-depleted patient, addi-
tion of PEEP could be counterproductive as it can 
cause a fall in preload.

Cardiac surgical patients with preexisting pul-
monary hypertension pose a specific risk postop-
eratively, especially in the early postoperative 
phase. After extubation, hypoxia, hypercarbia, 
acidosis, and fluid overload can all contribute to 
increased pulmonary vascular resistance. 
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Consequently, this can lead to increased RV 
afterload, in turn reducing the left ventricular 
(LV) preload, and thereby causing a fall in car-
diac output (CO). Use of NIV, specifically bi- 
level support, as long as the PEEP is titrated 
against desirable hemodynamic parameters, can 
be hypothesized to mitigate this situation.

38.4  Timing and Application 
of NIV in Preventing or 
Attenuating Acute RV 
Dysfunction

The prevention of acute RV dysfunction after car-
diac surgery begins with the identification of 
high-risk patients. Once identified, treatment 
should be aimed at treating any underlying 
reversible causes that are either primarily respon-
sible or contributing to the progressive impair-
ment of RV function.

As stated earlier, and illustrated in Fig. 38.1, 
in the postsurgical cardiac surgery patient, 
hypoxia, hypercarbia, atelectasis, and acidosis all 

contribute to increasing pulmonary vascular 
resistance, thereby affecting RV afterload. NIV 
used prophylactically or early during the onset of 
RV impairment should help to prevent or reverse 
these inciting factors. It is very important to note 
that while NIV can serve as an important adjunct 
while treating these patients, reversal of underly-
ing factors, whether it’s the volume status, need 
for inotrope, or pressor support, should be pur-
sued aggressively for an optimal outcome.

Typically, in this patient population, a bi-level 
support, rather than continuous positive airway 
pressure (CPAP), is preferred. An inspiratory 
pressure support level, tolerable for the patient, is 
chosen, and PEEP is maintained at a low level, 
for example, at 5–10 cmH2O. A general starting 
point would be a bi-level support of 10/5, with 
the FiO2 titrated against a target oxygenation 
level. The duration of NIV in these patients can 
be individualized to patient tolerance and can be 
either a few hours at a time or continuous if 
applied during nighttime or sleeping hours. The 
difference in inspiratory and expiratory pressure 
settings can be titrated to the primary problem at 
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hand, that’s targeted. For instance, if it’s hyper-
carbia that’s being treated, the inspiratory pres-
sure can be dialed up slowly while PEEP is kept 
low. If, on the other hand, it’s hypoxia, a combi-
nation of adequate FiO2 and a PEEP level that 
doesn’t affect the afterload adversely should be 
chosen.

38.5  Hemodynamic Implications 
with Positive Pressure 
Ventilation

Any discussion on positive pressure ventilation, 
in a postoperative cardiac surgery patient, is not 
complete without taking into effect its hemody-
namic ramifications. As mentioned before, hemo-
dynamic profile after cardiac surgery usually 
follows a dynamic pattern with changes that fol-
low a recovering heart, whether it’s healing from 
ischemia, after coronary bypass surgery, or regu-
lating chamber pressures and volume after valve 
surgery. Adding to this is the recovery of vascular 
tone that can be severely affected by the cardio-
pulmonary bypass machine, which initiates a 
SIRS response that can vary greatly between 
individual patients.

Since the classic studies of Cournand et  al., 
it’s a well-known fact that PEEP usually decreases 
the cardiac output (CO), except in the failing ven-
tricle [23]. They concluded that positive pressure 
ventilation, by causing elevated intrathoracic 
pressure, restricts venous flow into the thorax, 
thereby limiting RV filling and, as a serial conse-
quence, reduced CO.  As heart rate usually 
remains stable with PEEP [24], the entire fall in 
CO is a consequence of a reduction in LV stroke 
volume. Therefore, the discussion on PEEP- 
induced changes in CO can be limited to analyz-
ing changes in stroke volume and its determinants: 
preload, afterload, contractility, and ventricular 
compliance.

An investigational study by Francois F et al., 
comparing the hemodynamic effects of BiPAP 
with CPAP in patients with or without heart fail-
ure, found pulmonary capillary wedge pressure 
(PCWP) to be the main determinant of cardiac 
output [25]. Patients with PCWP >12 showed an 

increase in CO, while those with lower PCWP 
had a decrease in the same. Yet another study by 
Bradley et al. arrived at the same conclusion [26]. 
Using low CPAP pressures (5 cmH2O), in patients 
with high PCWP, they found an increase in CO 
and stroke volume. Extrapolating from these 
observations, one can safely deduce that, in the 
volume loaded cardiac surgical patients, NIV is a 
safe modality when indicated, with its benefits 
clearly outweighing the risks.

38.6  Summary

NIV can be safely utilized in the immediate 
postoperative period after cardiac surgery. With 
its many benefits, in alleviating the potential for 
pulmonary dysfunction that’s frequently seen 
in these patients, it is both cost-effective and 
can be used both in prophylactic and curative 
ways. Lacking studies that are done on cardiac 
surgical patients so far, specifically looking at 
the implications for cardiac function, use of 
NIV in cardiac decompensation is an open 
topic. Suffice it to say, when hemodynamic 
challenges develop after cardiac surgery, espe-
cially when it’s directly related to pump failure, 
NIV should only be thought of as an interven-
tion that plays a supporting role while aggres-
sively pursuing established treatment guidelines 
to reverse the situation. The complex hemody-
namic interactions with various levels of posi-
tive pressure that’s applied, which could be 
beneficial to the impaired left heart but less 
favorable to the diseased right side, require 
an expertly skilled team with continuous hemo-
dynamic monitoring and echocardiographic 
assessment.
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Abbreviations

ARF Acute respiratory failure
BPAP Bi-level positive airway pressure
CABG Coronary artery bypass graft
CPAP Continuous positive airway pressure
FRC Functional residual capacity
HFNO High-flow nasal oxygen
ICU Intensive care unit
IMV Intermittent mechanical ventilation
NIV Noninvasive ventilation
OHS Obesity hypoventilation syndrome
OSA Obstructive sleep apnea
PPC Postoperative pulmonary 

complications
RCT Randomized control trial

39.1  Introduction

General anesthesia causes physiological 
changes after surgery. There is a decrease in 
muscle tone in the upper airway with decreased 
airway reflexes which, when coupled with a 
reduction in tidal volume and respiratory rate, 
leads to a reduction in the minute ventilation. 
This leads to hypercarbia and hypoxemia. 
Hypoxemia is exaggerated by a decrease in the 
functional residual capacity (FRC). This is also 
confounded by an increase in the closure of the 
small airways of the lung which leads to dead 
space and shunt. Noninvasive ventilation (NIV) 
is gaining popularity for both the treatment and 
prevention of acute respiratory failure (ARF) in 
postoperative patients [1]. Postoperative pulmo-
nary complications (PPC) can also affect 
patients’ outcome in terms of morbidity, mortal-
ity, and economic burden [2, 3]. Therefore, pre-
vention of PPCs is essential. This chapter aims 
to consolidate current knowledge regarding NIV 
use in the postoperative period. We will focus 
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on NIV use after abdominal, thoracoabdominal, 
and cardiac surgeries.

Electronic databases including PubMed and 
the Cochrane library were searched to find recent 
literature related to noninvasive ventilation in the 
postoperative period. The index words “noninva-
sive ventilation,” “postoperative,” “noninvasive 
ventilation postabdominal surgery,” “noninvasive 
ventilation post cardiac surgery,” and “noninva-
sive ventilation post-thoracoabdominal surgery” 
were used. Published articles between January 
2005 and March 2019 were of interest for review 
preparation. A systematic search for recent litera-
ture was done for the period of January 2017 to 
March 2019. Clinical studies, systematic reviews, 
and meta-analyses were included. Only studies in 
English were considered. The search strategy 
flow chart is presented in Fig. 39.1.

39.2  Content

Surgery can exacerbate the sequelae of anesthe-
sia because of the involvement of the diaphragm 
and abdominal wall. Postoperative pulmonary 
complications are highest after abdominal sur-
gery, the most common of which is respiratory 
failure. Postoperative respiratory failure is 
defined as the need for mechanical ventilation for 
more than 48 h after surgery or requiring mechan-

ical ventilation after extubation. Abdominal sur-
gery is associated with the highest rate of 
postoperative pulmonary complications with up 
to 50% of patients affected. Postoperative pulmo-
nary complications are associated with longer 
hospital stays and higher inpatient mortality [3]. 
Noninvasive ventilation is an essential tool in the 
prevention and even management of postopera-
tive respiratory failure, as well as other 
complications.

Several studies have evaluated NIV use as a 
prophylactic and therapeutic measure for postop-
erative respiratory failure in the abdominal surgi-
cal population. While NIV use has been shown to 
improve postoperative oxygenation, reduce 
intensive care unit length of stay, decrease the 
rates of pneumonia, reduce atelectasis, and 
reduce intubation rates, there have been no stud-
ies that show a definitive mortality benefit [4–6]. 
It is important to note that in patients undergoing 
bariatric surgery, in whom obstructive sleep 
apnea (OSA) and obesity hypoventilation syn-
drome (OHS) are highly prevalent, NIV use may 
actually have a mortality benefit [7]. Likewise, 
intensive care unit mortality as a result of postop-
erative respiratory failure after liver, kidney, and 
lung solid organ transplantation may be reduced 
with NIV use [8, 9]. The most relevant and recent 
trials targeting NIV use after abdominal surgery 
are summarized in Table 39.1.

Database search results
PubMed ‐ 37

Cochrane Library ‐ 8

Excluded‐PubMed
Not related/reviews ‐ 23

Letter to the Editor‐ 1
Non‐English ‐ 1

Excluded ‐ Cochrane library
Not Relevant‐ 1

Duplicate with PubMed search ‐ 3

Included ‐ 12 Included ‐ 4

Fig. 39.1 Literature 
search strategy
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Table 39.1 Summary table of studies investigating noninvasive ventilation use after abdominal surgery

Study authors, 
year Study population Intervention Outcomes/considerations
Squadrone 
et al. (2005) 
[4]

∗  Randomized, controlled, 
unblinded

∗  Patients with hypoxemia 
after abdominal surgery

∗  Oxygen (n = 104) versus 
Oxygen plus CPAP (n = 105)

∗  Reduction in intubation rate, 
pneumonia incidence, infection, 
sepsis with O2/CPAP use

∗  Reduced ICU length of stay; no 
effect on hospital length of stay 
with O2/CPAP use

El Solh et al. 
(2006) [7]

∗  Prospective, single-center, 
case-control

∗  ICU patients, with BMI 
>35 kg/m2

∗  Conventional oxygen support 
versus NIV use immediately 
after successful weaning trial/
extubation (n = 62)

∗  16% ARR in reintubation with 
NIV use

∗  Reduction in respiratory failure 
in hypercarbic obese patients 
with NIV use

∗  Shorter ICU and hospital lengths 
of stay in the NIV group

∗  Reduced mortality in the 
hypercarbic subgroup with NIV 
use

∗  BPAP ST and S modes used, 
starting IPAP/EPAP of 
12/4 cmH2O (range IPAP 12–26, 
range EPAP 5–12)

∗  Mean use of BPAP was 
16.2 ± 2.6 h/day

Glossop et al. 
(2012) [8]

∗  Meta-analysis; 16 
randomized-controlled 
studies

∗  Varied (thoracic, abdominal 
thoracoabdominal, and solid 
transplant surgical 
populations)

∗  Three NIV cohorts: (1) NIV use 
in weaning; (2) NIV use in 
post-ICU extubation; (3) NIV 
use immediately post-surgery

∗  Reduced ICU length of stay, 
pneumonia, and reintubation 
rates with NIV use

∗  Increased hospital survival, not 
ICU survival, was noted with 
NIV use

∗  CPAP and other NIV modalities 
were grouped together

Ireland et al. 
(2014) [6]

∗  Meta-analysis, (Cochrane): 
ten studies; randomized 
control trials

∗  Elective or emergent major 
abdominal surgery

∗  Postoperative CPAP use as a 
preventative measure of major 
pulmonary complications and 
death after abdominal surgery

∗  Mortality benefit with CPAP use 
not determined because of study 
heterogeneity

∗  BPAP use was an exclusion 
criterion

∗  Reduction in atelectasis, 
pneumonia, and reintubation 
rates seen with CPAP use

∗  No reduction in severe 
hypoxemia with CPAP use

Das Faria 
et al. (2016) 
[5]

∗  Meta-analysis (Cochrane): 
two studies, randomized 
controlled trials 

∗  Laparotomy cases
∗  Upper abdominal surgery

∗  Postoperative NIV (CPAP and 
BPAP) efficacy in acute 
respiratory failure as compared 
to conventional oxygen 
supplementation

∗  Reduction in intubation with NIV 
use

∗  Possible reduction in hospital 
length of stay with NIV use

∗  Inconclusive on whether NIV 
causes an anastomotic leak, 
reduces pneumonia- related 
complications and infections

∗  CPAP and BPAP
Jaber et al. 
(2016) [9]

∗  Multicenter, randomized, 
parallel-group clinical trial 
∗  Elective and emergency 

abdominal surgery cases
∗  Most laparotomies

∗  Oxygen therapy (n = 150) 
versus NIV (n = 150) in 
preventing reintubation within 
7 days, decreasing 90-day 
mortality, infections, 
ventilation-free days, and gas 
exchange

∗  Reduced intubation, infection 
incidence with NIV use

∗  Trend toward lower mortality in 
the NIV group

∗  BPAP: IPAP 5–15 cmH2O, EPAP 
5–10 cmH2O
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Numerous studies have addressed NIV use in 
the cardiac and thoracoabdominal populations 
(see Table 39.2). The study conducted by Mamo 
found that the composite outcome of postopera-
tive pulmonary complications and ICU admis-
sion was very low with postoperative NIV use as 
compared to standard management, i.e., 2% vs. 
57%; P 0.002 [10]. Stephan, in a post hoc analy-
sis of an RCT, comparing HFNO versus NIV, 
found no significant difference in ICU mortality 
between the groups, 5.9% vs. 2.2%, respectively; 

P 0.22 [11]. The same study also found that the 
treatment failure rate in the NIV group was 
13.3% vs. 15.4% in the HFNO group; P 0.62 
[11]. Yu Y, comparing HFNC and conventional 
face mask oxygenation, found a significantly 
decreased rate of reintubation and treatment fail-
ure in HFNO group as compared to traditional 
oxygen therapy (P < 0.05) [12].

Interestingly, in this study use of IMV, and 
CPAP, BiPAP was used as a rescue treatment 
even for HFNC. The study by Zochios examined 

Table 39.2 Summary table of studies investigating noninvasive ventilation use after thoracoabdominal surgery

Study authors, 
year

Study
population Intervention Outcomes/considerations

Mamo et al. 
(2019) [10]

40 patients who underwent 
elective thoracoabdominal 
aortic surgery open repair

Prophylactic NIV Prophylactic NIV prevents 
postoperative pulmonary 
complications

Marcondi 
et al. (2018) 
[17]

100 postoperative coronary 
artery bypass graft patients 
with left ventricular 
dysfunction

Postoperative NIV for 1 h 
after extubation

Useful in improving central 
venous oxygen saturation and 
decreasing blood lactate level

Elgebaly 
et al. (2018) 
[14]

44 postoperative cardiac 
surgical patients with acute 
respiratory failure

Therapeutic intermittent 
positive pressure ventilation 
versus NIV

NIV was safe and effective, but 
IPPV was superior to the NIV

Stephan et al. 
(2017) [11]

271 postoperative 
cardiothoracic patients total 
with obesity

NIV versus high-flow nasal 
oxygen therapy

Although the failure rate was 
higher in HFNO, it was not 
statistically different

Yu et al. 
(2017) [12]

110 postoperative 
thoracoscopic lobectomy 
patients

HFNO versus conventional 
oxygen therapy

HFNO improves oxygenation 
and reintubation rate

Olper et al. 
(2017) [16]

64 post-cardiac surgical 
patients with hypoxemia in 
the ward

CPAP versus standard oxygen 
therapy

CPAP was associated with 
improved respiratory outcome

Cavalcanti 
et al. (2018) 
[15]

50 obese adult postoperative 
Roux-en-Y gastric bypass 
patients

Preventive NIV versus control NIV group had faster recovery, 
fewer postoperative 
complications

Zochios et al. 
(2018) [13]

100 Adult patients with 
preexisting respiratory disease 
undergoing elective cardiac 
surgery

Prophylactic postoperative 
HFNO versus conventional 
oxygen therapy

HFNO reduced hospital stay and 
ICU readmissions

Ferrand et al. 
(2019) [18]

91 neonates who underwent 
esophageal atresia- 
tracheoesophageal fistula 
repair

Postoperative NIV NIV was associated with a 
significantly higher risk of 
anastomotic leak and 
mediastinitis

Pieczkoski 
et al. (2017) 
[20]

Systematic review and 
meta-analysis

Postoperative NIV in cardiac 
surgical patients

Prophylactic NIV did not 
significantly reduce the 
occurrence of pulmonary 
complications, reintubation rate, 
and ICU-LOS

Zhu et al. 
(2016) [21]

Systematic review and 
meta-analysis

Efficacy and safety of NIV in 
the cardiothoracic surgical 
population as compared to 
conventional management

Reduction in reintubation rates 
and improvement in oxygenation 
with NIV use

H. M. R. Karim et al.
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the effect of prophylactic HFNC oxygenation as 
compared to standard oxygenation by face mask 
in postoperative cardiac surgical patients [13]. 
The authors found that there was a 29% reduction 
in the length of stay; P 0.004 [13]. Use of prophy-
lactic HFNC oxygenation was also associated 
with decreased ICU readmission; P 0.026. 
However, the study by Elgebaly did not find a 
significant difference in hospital or ICU stay 
among the IMV versus NIV group [14]. The 
study by Cavalcanti et  al. also found no differ-
ence in hospital and ICU stay and ICU stay after 
Roux-en-Y surgery between NIV and control 
group [15].

Elgebaly found that oxygenation (PaO2 and 
SpO2) and ventilation were better in the IMV 
group as compared to the NIV in cardiac patients 
[14]. Olper examined the efficacy of CPAP in 
improving hypoxemia in postoperative cardiac 
surgery patients as compared to standard treat-
ment with oxygen supplementation with a face 
mask and found that the PaO2/FiO2 was better in 
the CPAP group; P 0.003 [16]. Yu investigated 
the effect of HFNC and conventional face mask 
oxygenation on reducing hypoxemia and PPC in 
postoperative thoracoscopic lobectomy surgery 
patients [12]. The authors found that PaO2, PaO2/
FiO2, and SaO2/FiO2 were significantly improved 
in HFNO group as compared to conventional 
oxygen therapy (P  <  0.05). Marcondi applied 
NIV after extubation in postoperative CABG 
patients who had left ventricular dysfunction and 
compared with those who were spontaneously 
breathing and found that the central venous oxy-
gen saturation was significantly higher in the 
NIV group (P 0.04), and this effect persisted even 
after discontinuation of NIV [17]. The authors 
also found that global perfusion as measured by 
serum lactate was also significantly better (P 
0.008) with NIV in this group of patients.

The study by Cavalcanti et al. found that the 
spirometric respiratory parameters were better in 
obese patients using prophylactic NIV after 
Roux-en-Y surgery, especially on the first post-
operative day [15]. Elgebaly AS including post-
operative cardiac surgical patients did not find a 
significant difference in the complication rates 
among the IMV versus NIV group [14]. The 

study conducted by Stephan, however, found 
increased pressure-related skin breakdown in the 
NIV group as compared to the HFNO group; P 
0.01 [11]. A retrospective chart review by Ferrand 
found that use of NIPPV was associated with 
increased risk of mediastinitis (P 0.005), and use 
of HFNC was associated with increased risk of 
anastomotic leak and mediastinitis in the patient 
who underwent esophageal atresia- 
tracheoesophageal fistula repair [18]. However, 
Cavalcanti found no significant increase in anas-
tomotic ulcers in the NIV group as compared to 
the standard treatment group in patients who 
underwent Roux-en-Y surgery [15]. Postoperative 
complications such as pneumonia and atelectasis 
were significantly less in the NIV group in the 
same study. A recent case report also suggests the 
development of acute parotitis as a complication 
of postoperative NIV [19].
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40.1  Introduction

It is found that 9.1% of obstetric ICU admissions 
are due to pulmonary complications with the 
most common reasons being secondary to respi-
ratory failure from asthma, pneumonia, cystic 
fibrosis, pulmonary edema, pulmonary embo-
lism, acute respiratory distress syndrome 
(ARDS), and amniotic fluid embolism 
(Table 40.1) [1]. Acute respiratory failure (ARF) 
in pregnancy occurs in less than 0.1% [2] of preg-

nant patients, but is considered one of the most 
common indications for obstetric admissions into 
the intensive care units and cause for maternal 
and fetal mortality to be as high as 14% and 11% 
respectively [3, 4]. These are risks that are predis-
posed in these patients due to the anatomic and 
physiologic changes in the respiratory system 
that can affect overall management. Respiratory 
failure in pregnancy may be due to pregnancy- 
specific disease or exacerbation of previously 
existing respiratory disease.

In the pregnant patient, it is well described 
that intubation failure is eight times more com-
mon [5] with an incidence of fatal failed intuba-
tion to be 13 times higher when compared to the 
non-parturient [6, 7]. As a result, noninvasive 
modalities such as noninvasive positive pressure 
ventilation (NIPPV) and high-flow nasal canula 
(HFNC) can be considered to avoid the potential 
complications of endotracheal intubation and 

D. Zapata · D. Wisa (*) 
Department of Pulmonary and Critical Care Medicine, 
Flushing Hospital Medical Center, Queens, NY, USA 

B. Mina 
Department of Pulmonary and Critical Care 
Medicine, Hofstra Northwell School of Medicine, 
Lenox Hill Hospital, New York, NY, USA

40

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-42998-0_40&domain=pdf


384

associated sedation protocols given that for its 
use will require the patient to be able to protect 
her airway, clear secretions, and co-operate.

The purpose of this review is to explore the 
literature and describe the utilization of NIV in 
the obstetrical patient.

40.2  Physiological 
and Anatomical Changes 
in Pregnancy

The phenomenon of pregnancy imposes many 
changes in the cardiorespiratory system that is 
needed to meet the increased demands induced 
by the gravid uterus. To meet the hormonal and 
metabolic requirements for both the mother and 
the fetus during gestational advancement, ana-
tomical adaptations (in the upper airway, chest 
wall, diaphragm) and alterations in respiratory 
function (lung volumes, ventilation and gas 
exchange relationships) need to take place. In the 
critical care setting, understanding these physio-
logic adjustments will allow to discern between 
“normal physiologic dyspnea” in a pregnant 
patient from other more pathological entities.

40.2.1  Upper Respiratory Tract 
Changes

In the upper respiratory system, during preg-
nancy some of the histological changes in the 
mucosa that occur include hyperemia, glandular 
hyperactivity, increased phagocytic activity, and 
increased mucopolysaccharide content which 
was demonstrated by Toppozada et  al. in 1982 

[8]. These are changes that can be associated 
with edema and friability which often may cause 
nasal congestion and epistaxis also known as 
gestational rhinitis that occurs in the last few 
weeks of pregnancy and resolve after delivery 
[9]. This process is found to occur in 20–30% of 
pregnant patients [10, 11] and is theorized to be 
from the result of increasing levels of estrogen 
[12] and placental growth hormone. It is an 
entity that is clinically defined as “nasal conges-
tion” lasting over 6  weeks during pregnancy 
without any evidence of respiratory tract infec-
tion or allergic cause. Increases in mucosal 
edema of the upper airway can lead to other con-
sequences. Sleep- disordered breathing and snor-
ing [13] can potentially contribute to 
maternal-fetal complications such as hyperten-
sion and preeclampsia through the reduced lev-
els of inhaled nitric oxide (NO). Physiologically, 
as reviewed by Lungberg et al. [14], NO is pri-
marily produced in the maxillary sinuses, and 
the nasal congestion and/or obstruction can lead 
to mouth breathing, resulting in decreased con-
centrations of the potent mediator of pulmonary 
vascular tone.

Increase in neck circumference [15] and 
decreases in the oropharyngeal junction size, 
leading to increases in mallampati scores [16], 
are adjustments that should also be understood. 
Factors that can potentially contribute to these 
modifications are described by White et  al, 
where reduced volumes, particularly functional 
residual capacity (FRC), and fat infiltration of 
the upper airway can affect airway collapsibility 
[17]. During the course of pregnancy, it is found 
that patients can gain an average of 25–35 pounds, 
however similar to White and colleagues, Iczi 
et al. [15] also theorize that a decrease in airway 
patency is not related to the patient’s body mass 
index but to the changes in FRC or changes in 
the upper airway interstitial fluid dynamics or 
edema. Overall, as a result of these upper airway 
changes from upper airway congestion and 
obstruction, this can contribute to difficulties in 
airway management which may lead to compli-
cated nasogastric tube insertions and a higher 
risk of failed endotracheal intubations in preg-
nant patients.

Table 40.1 Most common causes of respiratory failure 
in pregnancy

Asthma
Pulmonary infections
Pulmonary edema
Thromboembolic disease
Amniotic fluid embolism
ARDS
Restrictive lung disease
Aspiration

D. Zapata et al.
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40.2.2  Respiratory Function Changes

In pregnancy, the major effect occurs mostly in 
lung volumes while spirometry remains rela-
tively unchanged. The forced expiratory vol-
ume (FEV1) was extensively studied in the 
pregnant population in the 1970s and 1980s, as 
it is a helpful measurement for evaluating 
patients with obstructive lung diseases, and was 
found to be unchanged [18]. In addition, the 
peak expiratory flow rate, a function of the 
large airway caliber, and forced expiratory flow 
at 50% and 25% (FEF 25–50) of vital capacity, 
which is representative of the small airway cali-
ber, were also found to be unchanged demon-
strated by the findings of Baldwin et  al. [19] 
and Gazioglu et  al. [20]. This coincides with 
the findings of Cugell et  al. [21] and Ihrmann 
et al. [22], where the overall airway mechanics 
and respiratory muscle strength were found to 
be unchanged during pregnancy. As a result, 
spirometry is relatively stable during pregnancy 
and its interpretation for patients with obstruc-
tive diseases with asthma or COPD is unchanged 
during pregnancy. Therefore, an abnormal spi-
rometry is likely to be from an underlying 
respiratory disease and not a sequela of 
pregnancy.

Total lung capacity is found to be unchanged 
or minimally decreased. As seen in Table 40.2, 
the function residual capacity (FRC), the addi-
tion of the expiratory reserve volume (ERV) and 
reserve volume (RV), is found to decrease by 
20%, due to the mechanical adaptation of dia-
phragm elevation which consequently decreases 
the expiratory reserve volume and residual vol-
ume [23]. On the other hand, the inspiratory 
capacity which comprises of the inspiratory 
reserve volume (IRV) and tidal volume (TV) 
increases by 5–10% [24].

40.3  Utilization of NIV 
in Pregnancy During Acute 
Respiratory Failure

Noninvasive positive pressure ventilation 
(NIPPV) is referred to ventilation that is deliv-
ered without the need for invasive endotracheal 
intubation, where positive pressure is able to 
reduce the patient’s work of breathing and also 
improving gas exchange. HFNC is an alternative 
which also delivers high concentrations of 
humidified oxygen at a flow rate up to 60L/min 
with an added benefit of also generating a low 
positive end expiratory pressure 
(PEEP  =  2–5  cmH2O) subsequently improving 
gas exchange and decreasing work of breathing 
without increasing the risk of barotrauma. 
Treatment goals during respiratory failure in the 
pregnant patient are similar to those outside of 
pregnancy. These goals aim to maintain adequate 
ventilation and to provide hemodynamic and 
nutritional support to assist in determining the 
best timing for delivery, with fetal monitoring, 
when the mother is in respiratory distress or 
impending respiratory failure. In the review of 
the literature, the use of NIPPV and HFNC in 
pregnant patients with respiratory failure has 
only been demonstrated in case reports and case 
series summarized in Table  40.3. These reports 
convey favorable use of NIPPV and HFNC in a 
number of clinical scenarios ranging from 
obstructive lung disease like asthma, neuro- 
musculoskeletal disorders, and in the periopera-
tive/intraoperative setting. NIPPV has also been 
described to be beneficial for sleep disorders not 
only in the general population but also during 
pregnancy [25–27].

Ventilatory failure associated with neuromus-
cular diseases and severe kyphoscoliosis [28–30] 
were of the first cases described to utilize NIPPV 
in the pregnant patient. Kahler et  al. [30] 
described the use of nasal BiPAP starting in the 
20th week of gestation which was adapted 
throughout the pregnancy. This resulted in an 
improvement in exercise tolerance, fatigue, and 
nocturnal oxygen desaturations which lead to a 
successful cesarean section under combined 
spinal- epidural anesthesia with ongoing 

Table 40.2 Normal respiratory physiologic changes

Increase Decrease No change
IC FRV (20–30%) VC
TV (30–50%) RV (7–22%) RR
RR FRC (10–25%) Peak flow
MV (20–50%) TLC FEV1
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Table 40.3 Summary of noninvasive ventilation use in pregnancy

Author Year Design Modality
Patients 
(n) Etiology of respiratory failure

Demonstrates 
benefit of use

Kahler [30] 2002 Case 
report

NIPPV 1 Ventilatory failure, severe 
kyphoscoliosis

Yes

Bach [31] 2003 Case 
series

NIPPV 4 Ventilatory failure, 
neuromuscular (severe 
poliomyelitis)

Yes

Diaz-Lobato 
[32]

2005 Case 
series

NIPPV 2 Ventilatory failure, 
neuromuscular (mitochondrial 
myopathy)

Yes

Reddy [28] 2005 Case 
report

NIPPV 1 Ventilatory failure, severe 
kyphoscoliosis

Yes

Terajima [38] 2006 Case 
report

NIPPV 1 Noncardiogenic pulmonary 
edema

Yes

Al-Ansari [45] 2007 Case 
series

NIPPV 4 ARDS, acute chest syndrome Yes

Perbet [36] 2008 Case 
report

NIPPV 1 Noncardiogenic associated with 
tocolytic agents

Yes

Banga [47] 2009 Case 
report

NIPPV 1 ARDS, community-acquired 
pneumonia

Yes

Bassani [46] 2009 Case 
report

NIPPV 1 ARDS/ATRA syndrome Yes

Yuan [33] 2009 Case 
report

NIPPV 1 Ventilatory failure, 
neuromuscular (mitochondrial 
myopathy)

Yes

Guterres [52] 2010 Case 
report

NIPPV 1 Ventilatory failure, 
neuromuscular (high neuraxial 
blockade)

Yes

Djibre [50] 2010 Case 
report

NIPPV 1 ARDS, H1N1 Yes

Erdogan [53] 2010 Case 
report

NIPPV 1 Noncardiogenic pulmonary 
edema, severe preeclampsia

Yes

Frassanito [48] 2011 Case 
report

NIPPV 1 ARDS, sepsis Yes

Rojas-Suarez 
[39]

2011 Case 
report

NIPPV 1 Noncardiogenic pulmonary 
edema, severe preeclampsia

Yes

Duan [34] 2012 Case 
report

NIPPV 1 Aspiration pneumonia Yes

Dalar [42] 2013 Case 
report

NIPPV 1 Community-acquired pneumonia Yes

Draisci [54] 2013 Case 
series

NIPPV 2 Ventilatory failure, obstructive 
lung disease

Yes

Fujita [35] 2014 Case 
report

NIPPV 1 Noncardiogenic pulmonary 
edema

Yes

Polin [51] 2015 Case 
report

NIPPV 1 Intraoperative support for 
neuraxial blockade

Yes

Jallian [37] 2015 Case 
report

NIPPV 1 Noncardiogenic pulmonary 
edema, severe preeclampsia

Yes

Shoji [43] 2017 Case 
report

HFNC 1 Hypoxic RF due to 
dermatomyositis related 
interstitial pneumonia

Yes

Plotnikow [44] 2018 Case 
report

HFNC 1 Hypoxic RF Yes

D. Zapata et al.
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NIPPV.  Bach et  al. [31] in 2003 reported four 
cases of continuous NIPPV in three females with 
poliomyelitis developing chronic respiratory fail-
ure and another developing ventilator insuffi-
ciency due to severe kyphoscoliosis. In all of 
these cases, NIPPV was utilized to successfully 
permit the natural completion of pregnancy. In 
terms of other neuromuscular diseases, 
 Diaz- Lobato et al. [32] and Yuan et al. [33] echo 
the successful use of NIPPV involving patients in 
their third trimester suffering from chronic respi-
ratory insufficiency due to mitochondrial 
myopathies.

The utilization of NIPPV for hypoxemic 
respiratory failure has not been proven and at 
best controversial. Nonetheless, its successful 
utilization has been described in the parturient 
developing hypoxemic respiratory failure, where 
causes can range from pneumonia [34] to pul-
monary edema [35] associated with tocolytic 
therapy [36] and severe preeclampsia [37–39]. 
Asthma is a common chronic condition associ-
ated with complications during pregnancy. Its 
prevalence among pregnant females is increas-
ing which subsequently increases perinatal risks 
which include pre-eclampsia, preterm birth, low 
birth weight, spontaneous abortion, and perina-
tal mortality [40]. Severe attacks from asthma 
are usually seen at 21–24 weeks, but can occur at 
any stage of pregnancy. NIPPV and its use in an 
asthma exacerbation leading to hypoxic respira-
tory failure is a provocative modality, however 
has been proven to be beneficial in chronic 
obstructive pulmonary disease where hypercap-
nic respiratory failure is the main pathophysiol-
ogy [41]. Dalar et  al. [42] reported a case of a 
28-year-old female in her 16th week of preg-
nancy with community- acquired pneumonia 
who presented during an asthma attack, which 
led to hypoxic respiratory failure who was suc-
cessfully treated using NIPPV by significantly 
decreasing her oxygen requirements within 48 h 
along with her respiratory and cardiac rates. 
High flow nasal cannula (HFNC) is another 
modality that can be considered in the setting of 
acute hypoxic respiratory failure, however there 
is an absence of compelling evidence regarding 

its use in the obstetrical population. Only two 
case reports describe its successful utilization 
for respiratory management in rapidly progres-
sive interstitial pneumonia complicated by der-
matomyositis [43] and acute hypoxic respiratory 
failure due to sepsis [44].

NIPPV application in ARDS has also been 
described to be efficacious as in the case depicted 
by Al-Ansari et  al. [45], which involved four 
pregnant patients with sickle cell disease who 
presented with acute chest syndrome and ARDS, 
and successful treatment with NIPPV was 
achieved while avoiding endotracheal intubation. 
Cases of ARDS related to all-trans-retinoic acid 
syndrome [46], community-acquired pneumonia, 
sepsis and influenza (H1N1) have also been 
found in the literature. Banga et al. [47] described 
a case of a primigravida female with ARDS due 
to community-acquired severe pneumonia in 
whom with NIPPV, lead to the improvement in 
arterial oxygenation, reduction in respiratory 
rate, and of importance gradual disappearance of 
fetal distress. In another case by Frassanito et al. 
[48], a 32-year-old woman who developed ARDS 
requiring urgent cesarean section under epidural 
anesthesia, in the setting of membrane rupture of 
one of the twins, required intermittent NIPPV 
during the postoperative period, which helped to 
restore physiological gas-exchange and prevent 
common complications associated in invasive 
mechanical ventilation. In terms of H1N1-related 
ARDS, mortality rate can reach as high as 60% 
for those who require mechanical ventilation, 
which as discussed in the pregnant population 
may possibly be higher. In 2012, a prospective 
multi-centered study found that the early applica-
tion of NIPPV, with the aim to avoid invasive 
ventilation during the H1N1 pandemics, was 
associated with an overall success rate of 48% of 
the patients with elevated SAPS II score, acute 
respiratory failure and pulmonary infiltrates and 
a 75% success rate in patients not needing imme-
diate intubation for a life-threatening condition 
[49]. This success is further depicted by Djibre 
et  al. [50] in a case of a 28-year-old pregnant 
female with ARDS from the H1N1 virus, where 
through intermittent NIPPV the patient was suc-
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cessfully treated without the means of mechani-
cal ventilation. This brings out the point of a 
possible role for NIPPV in reducing this morbid-
ity by decreasing the number of required intuba-
tions, in not only the pregnant patient, but patients 
with isolated respiratory failure and ARDS from 
H1N1.

In addition to salvage respiratory therapies, 
other descriptions of NIPPV in pregnancy have 
also been noted in the perioperative setting, 
 particularly in combination with spinal anesthe-
sia for parturients with respiratory failure requir-
ing emergency cesarean delivery [51–53]. 
Sedation and NIPPV has also been a topic of 
interest for many years. In the 1960s, Duan et al. 
[34] described a case of successfully applying 
NIPPV with dexmetomidine (a selective alpha-2 
receptor agonist) in a 16-year-old primigravida 
woman who developed acute hypoxemic respira-
tory failure and allowed for the achievement of 
sufficient oxygenation along with anxiety reduc-
tion, providing good outcomes for both the child 
and the patient.

40.4  Conclusion

NIV constitutes multiple modalities that lack 
adequate extensive evidence in the parturient 
patient. Despite this, there is a potential role for 
use as evidenced by multiple case reports and 
series. NIV should not be applied routinely in 
pregnancy but may be considered on case by 
case basis. As in the setting for NIPPV, there are 
theoretical concerns for aspiration risk and 
obtaining a proper fit for oxygenation. Although 
further studies are needed, NIV modalities have 
similar indications and contraindications in the 
pregnant patient as the general population. It 
must be noted that NIV will not be appropriate if 
the need of prolonged ventilation is expected 
and/or in the setting of other organ failure and 
should only be utilized when the patient is alert, 
protecting her airway and where the need for 
assisted ventilation will be brief. As a result, cri-
teria required for its use should include that the 
patient possesses an adequate respiratory drive, 
toleration of the face interface, hemodynamically 

stability, an ability to protect her airway, low 
aspiration risks, and lastly an experienced team 
with the use of NIPPV in a proper monitored set-
ting (Table 40.4).
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Abbreviations

ARF Acute respiratory failure
BiPAP Bilevel positive airway pressure
CHF Congestive heart failure
CMO Comfort measures only
COPD Chronic obstructive pulmonary 

disease
CPAP Continuous positive airway pressure

DNI Do not intubate
HCP Healthcare proxy
HFNC High flow nasal cannula
NIPPV Noninvasive positive-pressure 

ventilation
NIV Noninvasive ventilation (including 

HFNC, BiPAP, and CPAP)

41.1  Introduction

Noninvasive ventilation (NIV) has been used for 
certain indications in the palliative care and hos-
pice settings. Palliative care refers to care that 
aims to reduce patient suffering and maximize 
quality of life. It can occur at any point for a 
patient affected by a life-limiting illness. Hospice 
care is an important Medicare benefit in the 
United States. Patients in the hospice setting have 
been given a prognosis of under 6 months (if the 
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disease follows its usual course), and the focus of 
treatment has shifted away from curative intent 
entirely, to prioritize comfort.

Breathlessness is a common symptom at the 
end-of-life, brought about by several etiologies 
including end-stage lung disease, recurrent pneu-
monia (often from aspiration), heart failure both 
systolic and diastolic, progressive neuromuscular 
disease, and neoplastic disease. Since the late 
1980s, NIV has been used with frequency in the 
treatment of acute and chronic respiratory failure 
seen in a variety of clinical situations. The use of 
NIV via facemask, nasal mask, and high flow 
nasal cannula can be effective in reducing the 
need for endotracheal intubation and mechanical 
ventilation. Some practitioners see it as a form of 
treatment when the patient has previously chosen 
to avoid “invasive” ventilation.

Determining the correct clinical setting for the 
use of this technology—or any “newer” technol-
ogy for that matter—may be particularly diffi-
cult. Many innovations thought to be major 
breakthroughs are applied to all comers and then 
re-evaluated for effectiveness, outcome, and bur-
den to narrow the application to patients most 
able to benefit [1]. The differentiation of endotra-
cheal intubation and mechanical ventilation ver-
sus NIV may be difficult to explain to patients 
and their families, and the limitations and con-
straints created by the use of NIV may not be 
fully clarified. Patients may say that they “don’t 
want to be on a machine” at the end of life. Is the 
NIV technology machinery? Is the patient mak-
ing a literal statement, or are refusals based on 
conceptual issues such as dependence, loss of 
control, becoming a burden, and prolonged 
death? Are our clinical algorithms and recom-
mended conversations adequate to address the 
needs of patients to make appropriate decisions 
regarding the acceptance of NIV when suffering 
from advanced end-stage disease?

In the following pages, we will review recent 
publications regarding the benefits and burdens 
of NIV in patients with respiratory failure from a 
palliative perspective, acknowledging that deci-
sions are made in the setting of relative uncer-
tainty in prognostication. From a Palliative 
Medicine point of view, it may be most valuable 

to recognize that clinicians and patients are not 
choosing what the outcome of treatment will be 
in these advanced disease settings, but choosing 
what death might look like and how it may be 
experienced.

Also, we have provided some recommended 
algorithms to identify patients who might bene-
fit from NIV. Recommended conversations are 
also reproduced here—although we urge all 
practitioners to develop a style that works best 
for them in clarifying patients’ goals to help put 
any decision in the proper personal context [2, 
3] (Fig. 41.1).

NIV has some limited but important applica-
tions in the palliative setting. The principal con-
sideration when deciding to use NIV in this 
patient population is whether this form of treat-
ment aligns with the patient’s goals. The goals of 
the family are also considered if the patient is 
unable to communicate, often as substituted 
judgment, but also because palliative medicine 
considers the family unit as an extension of the 
patient and treats the family unit as a whole.

A 2007 review by the Society of Critical Care 
Medicine Palliative Noninvasive Positive 
Pressure Ventilation (NIPPV) Task Force estab-
lished the rationale for using NIPPV in three dif-
ferent contexts: firstly, as life support in cases 
where no limitations on life support measures 
have been established; secondly, as life support in 
cases where patient decides to forgo intubation; 
and thirdly, as a comfort measure only [4].

In the first context, NIPPV is applied to sup-
port a patient while the underlying cause of acute 
respiratory failure (ARF) is treated or resolves. 
In the second and third context, is where the 
application of NIPPV changes from its typical 
use as a therapy bridge to its application specifi-
cally focused on patient goals. If the underlying 
cause of ARF cannot be reversed or patient 
declines NIPPV, comfort measures are intensi-
fied. Patients may be encouraged to tolerate 
some level of discomfort associated with NIPPV 
while it is helping them achieve their other goals 
or if NIPPV alleviates symptoms and allows for 
communication with loved ones. If NIV is being 
used strictly to alleviate dyspnea, patients should 
not be encouraged to tolerate any degree of dis-
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comfort. The Task Force emphasizes that there is 
no  justification to using NIPPV in patients who 
cannot express their response on the effect of 
this therapy on their subjective breathlessness. 
See Tables 41.1 and 41.2 below.

There are four indications for NIV in the pal-
liative setting:

 1. for symptomatic relief of dyspnea,
 2. to buy time for important decision-making 

and clarification of patient/family goals,
 3. to allow a patient to achieve important end-of- 

life goals,
 4. to allow for more definitive comfort-focused 

treatment modalities to be effective.

Carefully elucidate patient/family goals of care*
• Ensure patient/family accepts consequences of forgoing intubation & DNI or CMO orders remain appropriate
• Communicate that goal of prolonging life often conflicts with goal of ensuring comfort
   • Clearly understand patient/family priorities if these goals are in tension

NO

NO

NO

NO

NO

NO

YES

YES

YES

YES

YES

YES

DNI Order
is appropriate

DMO Order
is appropriate

Desire for life-prolongation (perhaps
only short-term), even if some

discomfort involved?

Ensure agreement to plan of care, including
clear expectations regarding success vs. failure
of NIV and how these outcomes will guide care*

Ensure agreement to plan of care, including
clear expectations regarding success vs. failure
of NIV and how these outcomes will guide care*

Time-limited trial of NIV
+/- titration of opioids to treat dyspnea

Patient alert, interactive, & wants to
maintain alertness while attempting to
alleviate dyspnea or other distress?

Possible improvement in mental
status with NIV (e.g., significant

hypercarbia)?
Time-limited trial of NIV
+ titration of opioids to
treat dyspnea

Careful monitoring for complications/intolerance of NIV

Careful monitoring for complications/intolerance of NIV

Achieving success?
• Increased alertness?
• Ability to communicate?
• Relief of dyspnea?
• Comfort?

Do NOT start NIV

Discontinue NIV

Change DNI
to CMO Order

Provide comfort measures,
including rapid titration of
opioids to alleviate dyspnea,
and other EOL care.*

Continue NIV until patient/family chooses to
allow natural death or until treatment failure:
• Continued dyspnea
• Distress (pain,anxiety, agitation)
• Intolerance of NIV
• Unresponsiveness, inabilty to interact
  meaningfully

Frequent reassessm
ent

Fr
eq

ue
nt

 r
ea

ss
es

sm
en

t

Achieving success?
• Improved ventilation and/or oxygenation?
• Minimizing dyspnea and discomfort as
  able (while still maintaining life-support
  as a higher priority)?

Does patient or family still prioritize life-
prolongation, even short-term, over

ensuring comfort?

Continue NIV until:
•  Underlying cause of ARF is treated to allow
   removal of NIV (curative goals achieved)
•  Patient/family chooses to prioritize comfort
   over survival
  •  Completion of tasks deemed important (arrival of
     family, opportunities to say goodbye, transition
     of care to desired setting, etc.)
  •  Burdens of NIV outweigh benefits
    •  Intolerance of NIV
    •  Respiratory distress unrelieved by NIV
•  Treatment failure
  •  Ventilation and/or oxygenation not improving
  •  Worsening respiratory status despite NIV
  •  Complications of, or contraindications to,
     continued use of NIV (aspiration, altered mental
     status, inability to maintain airway, etc.)

Fig. 41.1 Suggested treatment algorithm for using non-
invasive ventilation (NIV) in patients with acute respira-
tory failure (ARF) who have chosen do-not-intubate 
(DNI) or comfort-measures-only (CMO) orders. 
Recommend seeking palliative care assistance, if possi-
ble. Note that the outcomes which define success or fail-
ure of NIV will vary, depending upon the overarching 
goals of care, which should be reflected by choosing the 

appropriate DNI or CMO treatment pathway. Key ques-
tions, which should guide care decisions and should be 
discussed with patients and families, are circled. Effective 
communication with patients and/or their surrogate 
decision- makers is crucial throughout the process. EO end 
of life. (Wilson et al. NIV in patients with DNI and CMO 
orders: a sys rev and meta-analysis. Crit Care Med. 2018. 
https://www.ncbi.nlm.nih.gov/pubmed/29498939)
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Table 41.1 Potential phrases to use in communicating with family about the goals of care using noninvasive positive 
pressure ventilation (NPPV)

Primary goals of care Potentially helpful phrases to clarify goals with family and/or patienta

Category 1 Goal is to restore health; 
will use intubation if 
necessary and indicated

MD: “I recommend we use the mask (NPPV) to try to get him over this 
without having to put the breathing tube in his throat. If this doesn’t 
improve things or is too uncomfortable for him, we’ll use the breathing 
tube. Does this plan fit with your understanding of what he’d want?”

Category 2 Goal is to restore health 
without using 
endotracheal intubation 
and without causing 
unacceptable discomfort

MD: “I recommend we use the mask (NPPV) to try to get him over this. 
He has been very clear that he doesn’t want the breathing tube. So, if the 
mask doesn’t improve things or is too uncomfortable for him, we will 
plan to stop using it and focus all of our efforts on keeping him 
comfortable. In this situation, it would mean that he would likely die, 
although we would make it as comfortable as possible for him. Does 
this plan fit with your understanding of what he’d want?”

Category 3 Goal is to maximize 
comfort while minimizing 
adverse effects of opiates

MD: “I think it may be reasonable to try the mask (NPPV) to see if it 
makes him more comfortable. We know that it won’t fix the underling 
problem, but it might make his breathing a little easier temporarily. If it 
doesn’t make him more comfortable, we will stop it and try something 
else so his death will be as comfortable as possible. Does this plan fit 
with your understanding of what he’d want?”

Curtis JR, Cook DJ, Sinuff T, et al. Noninvasive positive pressure ventilation in critical and palliative care settings: 
understanding the goals of therapy. Crit Care Med. 2007;35:932–9
aNote: These are example phrases developed by the authors and do not represent actual quotes from qualitative research

Table 41.2 Overview of the three-category approach to using noninvasive positive pressure ventilation (NPPV) for 
acute respiratory failure

Approach Category 1 Category 2 Category 3
Definition Life support without preset 

limits
Life support with preset 
limit (do not intubate)

Comfort measures only

Primary goals of 
care

Assist ventilation and/or 
oxygenation
Alleviate dyspnea
Achieve comfort
Reduce risk of intubation
Reduce risk of mortality
Avoidance of intubation

Includes same as category 1 
except intubation declined
Also could include briefly 
prolonging life for a specific 
purpose (e.g. arrival of 
family member)

Palliation of symptoms 
(relief of dyspnea)

Main goals to 
communicate with 
patient and family

Goal is to restore health and use 
intubation if necessary and 
indicated

Goal is to restore health 
without using endotracheal 
intubation and without 
causing unacceptable 
discomfort

Goal is to maximize 
comfort while 
minimizing adverse 
effects of opiates

Determination of 
success

Improved oxygenation and/or 
ventilation
Tolerance of NPPV or minor 
discomfort that is outweighed by 
potential benefit

Improved oxygenation and/
or ventilation
Tolerance of NPPV or minor 
discomfort that is 
outweighed by potential 
benefit

Improved symptoms
Tolerance of NPPV

Endpoint for NPPV Unassisted ventilation 
adequately supporting life
Intolerance of NPPV

Unassisted ventilation 
adequately supporting life
Intolerance of NPPV

Patient is not more 
comfortable having 
NPPV on or wants 
NPPV stopped
Patient becomes unable 
to communicate

Response to failure Intubation and mechanical 
ventilation (if indicated)

Change to comfort measures 
only and palliate symptoms 
without NPPV

Palliate symptoms 
without NPPV
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41.2  Symptom Relief

Breathlessness is a commonly encountered 
symptom in palliative care associated with a vari-
ety of etiologies; unfortunately, as disease pro-
gresses this symptom often intensifies. The 
mainstay of dyspnea treatment in the setting of 
incurable illness is opioids. In certain scenarios 
however, the opioid dose required to achieve 
relief from dyspnea may cause other side effects 
such as sedation, which the patient may wish to 
avoid or defer. Studies have looked at NIV as 
potential additive therapy to reduce dyspnea as 
well as minimizing the opioid dose required to 
achieve acceptable relief.

In one randomized feasibility study, Nava 
et al. recruited patients with solid tumors caus-
ing acute respiratory failure and distress from 
centers in Italy, Spain, and Taiwan. Patients had 
a life expectancy of less than 6 months and had 
decided on ensuring comfort in the late stages of 
disease. The study aimed to assess the accept-
ability and effectiveness of NIV therapy in 
patients who had a desire to maintain some cog-
nition and the ability to communicate. Compared 
to oxygen therapy, NIV resulted in quicker 
decrease in dyspnea measured using the Borg 
scale (although it is debatable whether the mag-
nitude of the decrease is clinically significant). 
The most benefit was seen after the first hour 
and in hypercapnic patients. Additionally, the 
total dose of morphine during the first 48 h was 
also lower in the NIV group. Given the easy 
availability of opioids in most clinical settings 
and lack of mention of increased side effects in 
the higher dose group, the focus on this particu-
lar outcome measure is less clear. In this study, 
11% of the NIV patients discontinued the 

NIPPV treatment due to facial interface intoler-
ance as well as anxiety [5].

High flow nasal cannula (HFNC) is a form of 
NIV that delivers oxygen at a high flow rate 
through the nares without a mask interface. It 
can be used for any cause of hypoxemic ARF 
including cancer, pneumonia, and interstitial 
lung disease. It is less well studied in hypercap-
nic ARF. Because it does not form a seal around 
the mouth and nose, it can be more comfortable 
than other forms of NIV.  In the case of HFNC 
especially however, the endpoint must be care-
fully considered. Clinicians and patients some-
times find themselves on the “bridge to 
nowhere”—patients do not have the potential to 
get better, but death might be delayed by days or 
weeks while the patient is on HFNC.  Because 
HFNC cannot currently be delivered outside of 
an acute care setting, patients get “stuck” with-
out a clear transition plan, raising concern about 
hospital resource utilization. Some home hos-
pices may be able to make HFNC available at 
home, though at lower flow rates of 20–25 Liters 
per hour (L/h) [6].

Another randomized trial by Hui et al. investi-
gated the feasibility of applying HFNC or BiPAP 
in advanced cancer patients to examine the 
changes in dyspnea, physiologic parameters, and 
adverse effects of these modalities. Patients again 
noted improvement in dyspnea score in both 
groups [7]. BiPAP and HFNC both resulted in 
decreased respiratory rates, however only HFNC 
had significantly improved oxygen saturation. No 
significant adverse effects were observed though 
patients assigned to the BiPAP arm had more 
trouble sleeping than HFNC patients, which con-
firms previously published research that HFNC is 
more comfortable than BiPAP [8].

Likely location of 
NPPV

ICU but may include step-down 
unit or acute care bed in some 
hospitals with appropriately 
monitored setting and trained 
personnel

Variable but may include 
ICU or step-down unit or 
acute care bed

Acute care bed but could 
be applied in hospice by 
appropriately trained 
personnel

ICU intensive care unit
Curtis JR, Cook DJ, Sinuff T, et al. Noninvasive positive pressure ventilation in critical and palliative care settings: 
understanding the goals of therapy. Crit Care Med. 2007;35:932–9

Table 41.2 (continued)
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Koyauchi et  al. retrospectively reviewed the 
records of interstitial lung disease (ILD) patients 
in hypoxic ARF with DNI orders. HFNC was 
compared to NIPPV in terms of 30-day survival, 
in-hospital mortality, patient request for inter-
ruption or discontinuation, adverse events, oral 
intake, and communication ability at the end of 
life. HFNC was found to be a suitable alternative 
to NIPPV.  It was more tolerable with fewer 
adverse events including epistaxis, pneumome-
diastinum, and skin breakdown. There were 
fewer interruptions at patient request. There was 
no significant difference in efficacy as measured 
by 30-day survival and in hospital mortality as 
well as no difference in dyspnea scores. Among 
the patients that died in the hospital, HFNC 
allowed for significantly better eating and speak-
ing until right before death [9]. This single-cen-
ter non- randomized retrospective chart review 
study has its clear limitations; however, it sug-
gests that HFNC is a reasonable, if not preferred, 
palliative treatment in these patients. It is unclear 
if these results would hold for patients suffering 
from other causes of respiratory failure at the 
end of life.

A French survey of pediatricians’ opinions 
and practices regarding NIV in palliative care 
revealed that 84% felt it was reasonable to use in 
a do-not-intubate (DNI) child, while only 35% 
felt it reasonable to in a “comfort measures only” 
(CMO) child with ARF.  Similar statistics were 
seen when addressing progressive respiratory 
failure (68% and 30% respectively). No specific 
physiologic parameters were noted to be fol-
lowed when assessing response to treatment. 
Child comfort and family satisfaction were main 
driving factors of continued NIV application 
[10]. Clinician preference in this pediatric pallia-
tive care context may suggest that relief of dys-
pnea is not a principal characteristic of NIV, 
limiting its applicability as a comfort tool 
(Fig. 41.2).

A New Zealand study that explored the expe-
riences of patients using NIV revealed that 
patients greatly disliked the BiPAP/CPAP mask, 
citing feelings of suffocation and claustrophobia. 
They also reported feelings of discomfort associ-
ated with subjective dissynchrony with the NIV 
machine [11]. Other studies of patients who 
experienced dyspnea from potentially reversible 

Approach Goals Treatment
Response if failure
to NIV treatment Outcomes

Mortality
Relief of dyspnea
Tolerance of treatment
Quality of life
Improved gas exchange

Mortality
Relief of dyspnea
Tolerance of treatment
Quality of life
Quality of death

Relief of dyspnea
Quality of death
Opioid dose reduction
Tolerance of treatment

Intubation

Increase lntensity
of palliative

dyspnea control
measures

lncrease lntensity
or palliative

dyspnea control
measures

Palliative dyspnea
control measures and
noninvasive ventilation

Relieve dyspnea
COMFORT

MEASURES
ONLY

DO NOT
INTUBATE

(but otherwise full
medical treatment)

FULL CODE
(Intubate if needed)

Restore health
Relieve dyspnea

Noninvasive ventilation
(curative)

Restore health
Relieve dyspnea

Noninvasive ventilation
(curative +/- palliative)

Key question 1

Key question 2

Fig. 41.2 Factors that matters while considering NIV for 
patients with do-not-intubate or comfort measures only. 
(Esbensen K. What matters most when considering nonin-

vasive ventilation for patients with do-not-intubate or 
comfort measures only orders? Crit Care Med. 
2018;46(8):1367–70)
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causes (CHF or COPD exacerbation, etc.) cor-
roborated that the discomfort associated with 
NIV would cause some patients to choose not to 
undergo it again, or to feel like they would be 
agreeing to NIV under duress [12].

In summary, the effectiveness of NIV for the 
symptomatic management of dyspnea remains 
under debate, with some studies concluding that 
the benefit outweighs the burden, and others stat-
ing the contrary. Patient response must be 
assessed on a case by case basis, and it may be 
impossible to predict which patients will find 
relief and which patients will fail to tolerate 
NIV. A Palliative Medicine approach might be to 
consider a time-limited trial as a reasonable way 
forward if the balance of burdens versus benefits 
of NIV appears unclear [13].

41.3  Allowing Time 
for Decision-Making

If NIV is adequately tolerated by the patient, it 
can be used to “buy time” in some very limited 
scenarios. This can allow for clarification of a 
diagnosis in a way that influences decision- 
making, or for participation in advance care 
planning.

A 2018 UK report illustrates this by present-
ing the case of a 39-year-old female, admitted 
through the emergency department in acute 
hypoxemic respiratory failure, requiring 9  L of 
oxygen to maintain her saturations. Application 
of HFNC and then BiPAP stabilized her long 
enough to complete an initial workup, which 
revealed widely metastatic disease with rapid 
progression. NIPPV allowed time for goals of 
care to be established, with the patient and her 
family opting to focus on comfort. The eventual 
aim was to stabilize the patient enough to return 
home, her preferred place of death. She ulti-
mately died still on HFNC in the hospital and in 
the presence of family, but having avoided endo-
tracheal intubation. Pathology eventually con-
firmed a non-gestational trophoblastic tumor, 
likely of pulmonary origin, resulting from cho-
riocarcinomatous differentiation within a high- 
grade primary [14].

The emergency room (ER) is a particularly 
unique environment for the end-of-life treatment 
because there is usually very limited information 
about the patient available to the clinician. 
Advanced directives, goals of care, and even 
health care proxies (HCP) are often not readily 
accessible. NIV can be used on a time-limited 
basis to allow the treating team to gather the 
appropriate background information, medical 
records, advance directives, and initial workup. If 
investigation reveals that the patient has made it 
clear that they do not want invasive machines, 
consider using a handheld fan or conventional 
oxygen supplementation via nasal cannula rather 
than NIV.  Clinicians should keep in mind that 
opioids are the mainstay of treatment of symp-
tomatic breathlessness at the end of life, includ-
ing in the ED setting [15].

A 2017 Norwegian study examining the ill-
ness experience and involvement in medical 
decision- making of end-stage COPD patients 
revealed that none of the participants had spoken 
to their providers about prognosis, goals for treat-
ment and care when their condition permitted 
such a dialogue [16]. Though NIV can sometimes 
buy enough time for decision-making, compre-
hensive advance care planning requires much 
more diligence. Patients who are expected to 
develop respiratory symptoms should have 
advance care planning initiated early in their 
 disease course. Indeed, the need for NIV can be 
seen as a trigger for need for advance directive 
discussions, especially in non-malignant diseases 
[17].

41.4  Short-Term Life Support 
to Achieve End-of-Life Goals

In the short term, NIV can allow patients an 
extended period of alertness during which to 
achieve important end-of-life goals. Examples 
include: attending a milestone family celebra-
tion, awaiting the birth of a child, finishing a 
legacy project, awaiting the arrival of distant 
family for important final conversations, etc. 
Patients may tolerate a certain amount of discom-
fort associated with NIV if they feel it is helping 
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them meet their other goals [16, 18]. The align-
ment of treatment plan with patient preference is 
paramount in this context.

Several studies noted that patients had gaps in 
recall, as well as delirium and hallucinations 
while on NIV. This has negative implications for 
its use as a measure to buy time for advance plan-
ning discussions [2, 11, 12].

A case report by Bassani et al. illustrates the 
use of NIV as short-term life support to allow a 
patient to achieve end-of-life goals. This case 
describes a 29-year-old pregnant patient with a 
previously resected soft tissue sarcoma, who pre-
sented to the emergency department in respira-
tory failure and preterm labor. After stabilization, 
and the premature cesarean section delivery of a 
live infant, she was admitted to ICU and endotra-
cheally intubated for acute respiratory failure. 
Further workup revealed metastatic thoracic sar-
coma. The patient eventually tolerated extubation 
to CPAP. Application of NIV allowed her time to 
bond with her newborn, and to breastfeed, which 
was an intensely important goal for her. The 
patient died on ICU day 6 [19].

41.5  Time for Other Comfort 
Treatment to be Effective

As a matter of practicality, NIV can be applied in 
the short term if a palliative/hospice patient is 
experiencing dyspnea from a potentially revers-
ible cause, and is expected to derive symptomatic 
benefit soon from another intervention that 
requires time to become effective. For instance, if 
dyspnea is caused in whole or in part by pulmo-
nary edema due to CHF, it may be reasonable to 
apply BiPAP while awaiting diuresis.

A 2018 systemic review and meta-analysis of 
NIV use in patients with DNI and CMO orders 
by Wilson et al. failed to meaningfully evaluate 
outcome measures of interest to patients or clini-
cians in the palliative/hospice setting [18]. It is 
important to note that the presence of a DNI order 
does not necessarily indicate NIV was used for 
purposes of palliation; one cannot conclude that 
these patients received NIV with palliative intent. 
Some observations were made regarding the 

effectiveness of NIV in patients with limits on 
life support in ARF.  A significant portion of 
patients receiving NIV for ARF survived to hos-
pital discharge and through 1 year. Hospital sur-
vival did not differ based on location of NIV use 
(i.e., general floor vs ICU). The analysis con-
cluded “NIV achieves survival with an accept-
able quality of life in a significant proportion of 
patients with DNI orders in contrast to claims by 
some experts that NIV in these patients merely 
prolongs the dying process.” This analysis has 
been criticized for excluding patients who died, 
and did not examine whether NIV helped patients 
achieve a “good death.” These omissions make 
this study of limited applicability to the pallia-
tive/hospice context [20].

41.6  Conclusion

There are limited but important indications for 
the use of NIV in the palliative care setting. 
Clinicians must carefully consider whether a 
patient will benefit from NIV. Benefit is always 
interpreted through the lens of patient/family 
goals. The use of NIV in this setting may be 
 reasonable if a patient (1) derives symptomatic 
benefit of dyspnea that is not achievable through 
more conservative measures (hand-held fans, 
low-dose opioids), (2) wishes to prolong a 
period of alertness in order to achieve important 
end-of- life goals, (3) is willing to use it as a 
temporizing measure to allow for definitive 
delineation of patient/family treatment deci-
sions, or (4) sees NIV as a reasonable bridge to 
definitive and achievable management of dys-
pnea. Nasal high flow may be more tolerable 
than CPAP/BiPAP, however this modality is cur-
rently not available outside the acute care set-
ting at high flow rates.

As an approach, we recommend delineation 
of patient/family goals, clarification of level of 
burden patient is willing to endure and clarity 
in prognostication, if possible. Time-limited 
trials, well delineated by Quill and Hollaway, 
can be a way to navigate some of these very 
complicated clinical decisions with serious 
advanced illness [13].
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Although mechanical ventilation is a life-sav-
ing therapy in the treatment of acute respira-
tory failure, weaning should be performed as 
soon as possible to prevent complications of 
invasive ventilation. Weaning time is known to 
constitute half of the total mechanical ventila-
tion time [1].

42.1  In Which Cases Should NIV 
be Used After Extubation?

Re-intubation is defined as extubation failure and 
has been shown to be associated with poor prog-
nosis [2]. Since re-intubation is a clinical picture 
with increased mortality, methods to prevent 
respiratory failure after extubation have been 
developed. Thanks to its success, NIV is the 

treatment of choice in the treatment of acute 
respiratory failure [3].

42.2  To Prevent Acute Respiratory 
Failure After Extubation

To increase the success of weaning, the ques-
tion of giving NIV to each patient after extuba-
tion comes to mind. However, NIV has been 
shown to be effective and successful only in the 
risky patient groups [4, 5]. It was observed that 
there was no decrease in re-intubation and mor-
tality rates with NIV therapy in an unselected 
patient group. The risk factors predicted in the 
studies were defined as age over 65 years and 
having an underlying cardiac or respiratory dis-
ease. In two multicentric, randomized, and con-
trolled trials, the positive effects of NIV 
treatment on re- intubation and mortality rates 
were shown immediately after planned extuba-
tion in selected patients [6, 7]. As a result, it is 
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recommended to apply NIV only to selected, 
high-risk patients in order to prevent respira-
tory failure.

42.3  To Treat Acute Respiratory 
Failure After Extubation

Although there is not enough randomized con-
trolled research in this subject, it is recommended 
not to use NIV in the treatment of patients with 
respiratory failure after extubation [3]. In this 
case, the individual and clinical characteristics of 
a patient and the experience of the center in NIV 
therapy are also important. As the number of 
COPD patients included in the research on this 
subject is low, this result may not be applicable 
for COPD patients.

42.4  To Facilitate Weaning

It is already known that NIV improves respira-
tory pattern and reduces inspiratory effort in 
patients intubated due to hypercapnic respira-
tory failure. It has been shown to be as effective 
as invasive mechanical ventilation to maintain 
adequate gas exchange in selected patients dur-
ing weaning [8]. A meta-analysis evaluating 
data from 16 randomized controlled trials 
mostly composed of hypercapnic COPD patients 
showed that the rate of weaning failure was 
lower in the NIV group than in the conventional 
group [9]. Unlike hypoxemic patients, NIV is 
recommended to facilitate weaning from inva-
sive ventilation in patients with hypercapnic 
respiratory failure.

On the other hand, NIV has been shown to be 
successful in a multicenter randomized con-
trolled trial in comparison with standard oxygen 
therapy in patients with hypoxemic respiratory 
failure after abdominal surgery. It was also shown 
that the NIV group had a lesser rate of intubation, 
nosocomial infection, and duration of mechani-
cal ventilation [10]. However, there are no ade-
quate data to conclude on the success of NIV in 
hypoxemic patients.

According to the results of these researches, it 
is seen that there are factors that play a role in 
obtaining different results. Different results can 
be obtained in heterogeneous patient groups. In 
order to obtain more reliable results, studies 
should be carried out which are as homogenous 
and as large as possible. NIV should be used 
especially in the weaning period of COPD 
patients. Better results were obtained especially 
in the early period before respiratory failure 
develops. It is noteworthy that low pressures are 
used in studies that failed NIV administration. 
The tidal volume generated by the applied pres-
sure must be checked and required pressure for 
sufficient tidal volume must be ensured. 
Appropriate pressures should be adjusted accord-
ing to the clinical evaluation of the patient and 
the results of gas exchange. There are significant 
differences between the duration of NIV therapy 
in the studies. Although there is no consensus on 
this issue, the duration of NIV should be suffi-
cient according to the clinical condition of the 
patient. NIV application experience is an another 
important factor. The experience of the team 
members who applied NIV in the clinic will 
increase the success rate and the safety of the 
patient with early recognition of failure and tak-
ing precautions when needed. When NIV therapy 
is contemplated, the patient should be monitored 
by selecting an appropriate interphase and venti-
lator mode. Most importantly, all the equipment 
required for intubation of the patient should be 
readily available.
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43.1  Introduction

Noninvasive ventilation (NIV) is defined as pro-
viding ventilatory support through the patient’s 
upper airways (in contradiction to the techniques 
that bypass the upper airways) using a mask or a 
different interface [1]. Avoiding the complica-
tions associated with invasive ventilation and the 
fact that NIV is readily available without the need 
for skills to place endotracheal tube are the main-
springs behind the use of NIV. NIV can be deliv-
ered by the means of positive pressure (applied to 
the airways to inflate the lung) or by negative 
pressure (applied externally to the abdomen and 

thorax to allow air entry into the lungs) [2]. This 
chapter focuses on the use of noninvasive posi-
tive pressure ventilation (NIPPV). High flow 
nasal cannula (HFNC) is another means of NIV 
wherein heated and humidified oxygen is deliv-
ered through the nose [3].

Fiberoptic bronchoscopy is a widely used diag-
nostic and therapeutic procedure. In mechanically 
ventilated patients, studies suggest that there is an 
acceptable risk profile (occurrence or worsening 
of hypoxemia) of performing bronchoscopies [4]. 
In non-mechanically ventilated patients with 
severe hypoxemia, bronchoscopy is contraindi-
cated because of the high risk of developing wors-
ening hypoxemic respiratory failure or cardiac 
arrhythmias after an uncomplicated procedure [4, 
5]. In these high-risk patients, the physician has 
two options: (1) Electively intubate the patients to 
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perform bronchoscopy to ensure adequate gas 
exchange or (2) Avoid bronchoscopy and empiri-
cally treat the patient. Resorting to intubation and 
result in problems prior to, during intubation, and 
post extubation. Another scenarios in which NIV 
can be utilized is in patients who are “Do Not 
Intubate (DNI)”, since NIV has been shown to 
lessen dyspnea, improve hypoxia and hypercapnia 
in patients with acute respiratory failure [6]. In this 
chapter, we look at evidence of safety and feasibil-
ity for using NIV by means of face mask positive 
pressure ventilation and HFNC for diagnostic and 
therapeutic bronchoscopies in high-risk patients in 
respiratory failure. We will look at the evidence for 
use of NIPPV to perform bronchoscopies in 
patients with hypoxemic and/or hypercapnic respi-
ratory failure and the literature supporting the use 
of HFNC to perform bronchoscopies in patients 
with hypoxemic respiratory failure.

43.2  Use of NIV in the Form 
of BPAP or CPAP in Patients 
Undergoing Flexible 
Bronchoscopies

In this section, we will look at the evidence that 
supports the use of NIV delivered via a face mask 
in patients with hypoxemic and hypercapnic 
respiratory failure who require bronchoscopy for 
diagnostic and therapeutic reasons.

43.2.1  Background

NIPPV augments ventilation by allowing deliv-
ery of pressurized gas to the airways thus 
increase transpulmonary pressure, leading to 
inflation of the lungs. Exhalation occurs by 
means of elastic recoil [6]. Continuous positive 
airway pressure (CPAP) and bi-level positive air-
way pressure (BPAP) are both means of 
NIPPV. CPAP refers to the delivery of continu-
ous positive airway pressure and functions simi-
larly to positive end- expiratory pressure. BPAP 
delivers at set inspiratory positive airway pres-
sure (IPAP) and expiratory positive airway pres-
sure (EPAP). The difference between the IPAP 

and EPAP corresponds to the driving pressure 
which generates the tidal volume. The positive 
effects of NIPPV in patients with respiratory 
failure are due to a reduction in the respiratory 
muscle workload [7]. Studies that have looked at 
the use of NIPPV in acute applications indicate 
that these effects stem from improvements in gas 
exchange through augmentation of ventilation 
[8–11] and improvement in oxygenation via 
recruitment of alveoli leading to an increase in 
end-expiratory volume [12].

43.2.2  Application of NIPPV 
in Bronchoscopy in High-Risk 
Patients

43.2.2.1  Patients with Hypoxemia 
and/or Hypercapnia

Baumann et al. [13] studied the feasibility of per-
forming flexible bronchoscopy in a patient with 
acute respiratory failure requiring NIPPV.  This 
study was an observational, prospective cohort 
study and conducted in patients with acute hypox-
emic respiratory failure with a PAO2/FiO2 of less 
than 300 and required NIV prior to bronchoscopy. 
The mean PAO2/FiO2 prior to initiation of bron-
choscopy was 117  ±  72. They found that 10% 
(4/40) of the patients required intubation within 
8 h of the bronchoscopy and it is unclear if this 
was due to the natural course of the disease or due 
to the bronchoscopy. They concluded that bron-
choscopy could be performed with an acceptable 
risk in patients in acute hypoxemic respiratory 
failure requiring NIPPV.  Can this be applied to 
patients who are not requiring NIPPV for their 
acute respiratory failure but are hypoxemic?

There are several case series and few random-
ized control trials looking at using NIPPV dur-
ing bronchoscopy to prevent respiratory 
deterioration in patients breathing spontaneously 
[5, 14–20]. In 1996, Antonelli et al. [5] studied 
the use of NIPPV (CPAP) delivered via face 
mask to perform bronchoscopy in 8 immuno-
compromised patients in acute hypoxemic respi-
ratory failure. They performed the procedure 
under local  anesthesia and provided patients 
with 100% oxygen during the duration of the 
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procedure. They found that the patients tolerated 
the procedure well and none of the patients 
required intubation or reinstitution of NIPPV 
within 96  h of the procedure. Moreover, they 
were able to isolate the causative agent of the 
pneumonia in all 8 cases. Similarly, Chiner et al. 
[18] performed flexible bronchoscopies in 35 
patients with acute hypoxic respiratory failure 
(PAO2/FiO2 ratio 168  ±  63) using nasal NIPPV 
(BPAP) and a bite block with an elastic glove 
finger; 35 bronchoaspirates, 11 bronchoalveolar 
lavages, 21 protected brushings, and 8 biopsies 
were performed. They found that in 80% of the 
cases diagnosis made via the procedure resulted 
in a change in antibiotic regimen in patients with 
pneumonia and in other cases diagnosis of bron-
chogenic carcinoma and alveolar hemorrhage 
resulted in different therapeutic approaches. No 
complications were attributed to the procedure. 
In 14% of the cases the procedure was therapeu-
tic and resulted in the resolution of respiratory 
failure. A double-blind, randomized control trial 
was performed by Maitre et al. [19] comparing 
NIPPV delivered via CPAP and nasal cannula in 
hypoxemia patients who required flexible bron-
choscopies for diagnostic purposes. Fifteen 
patients in each study arm underwent bronchos-
copies with BAL and 6 h post the procedure, 5 
patients in the nasal cannula group versus none 
in the CPAP group required mechanical ventila-
tory support. They concluded that despite similar 
FiO2 in both groups, CPAP was more efficacious 
in reducing the decrease in oxygen saturation 
during and 15 min post the procedure.

In the above-mentioned studies, patients who 
were hypercapnic or hypoxemic and hypercapnic 
were not included; so, is it feasible and safe to 
apply NIPPV in hypercapnic patients for bron-
choscopy? In patients with emphysema, bron-
choscopy increases air trapping by increase in 
functional residual capacity by 17% [21]. Patients 
with obesity hypoventilation syndrome who have 
awake hypercapnia, the risk of hypoxemia with 
bronchoscopy is also higher [22]. To assess the 
feasibility of bronchoscopy in patients with 
COPD, Conceiacao et al. [23] performed flexible 
bronchoscopy in 10 patients with COPD who 
were admitted to the intensive care unit for pneu-

monia. The patients had a PaCO2 of 
67  ±  11  mmHg and underwent bronchoscopy 
with BPAP via full face mask. No changes in 
PaCO2 and PaO2 were found at 1 h after the end 
of the procedure and none of the patients required 
invasive ventilation within 24 h of the procedure. 
This study concluded that it was safe to perform 
flexible bronchoscopies in patients with COPD 
and hypercapnia that were not in acute respira-
tory failure. This study was limited in that its 
sample size was small and that the patient was 
not in respiratory failure thus the question regard-
ing the use of NIPPV for bronchoscopy in 
patients with acute hypercapnic respiratory fail-
ure remained unanswered [24].

43.2.2.2  Patients with Central Airway 
Pathology: Excessive Dynamic 
Airway Collapse (EDAC) 
and Tracheobronchomalacia 
(TBM)

EDAC is defined as >50% collapse of the airway 
diameter due to the laxity of the posterior mem-
brane of the trachea with structurally intact carti-
lage rings. TBM is caused by the weakening of 
the anterior and lateral wall of the cartilage lead-
ing to airway collapse [24]. NIPPV (CPAP) is 
known to improve minute volume and reduce 
atelectasis. In patients with EDAC and TBM, it 
can act as a “pneumatic stent” by increasing the 
transmural pressure on the airways and thereby 
increasing its diameter [25]. The changes from 
EDAC and TBM may severely be affected when 
bronchoscopy is performed under deep sedation 
thus CPAP helps ameliorating these changes 
when used during bronchoscopy [22]. The utility 
of CPAP was demonstrated by Trachsel et al. [26] 
in young children who are at an increased risk for 
hypoxemia and hypercapnia during flexible bron-
choscopy due to the small size and increased col-
lapsibility of their airways. In their study, they 
noted that the use of CPAP during flexible bron-
choscopy lead to reversal of decrease in tidal vol-
umes, peak tidal expiratory flow, and peak tidal 
inspiratory flows that were first seen with transi-
tion of the bronchoscope through the vocal cords. 
This provides safety, feasibility, and allows for 
time to perform the examination.
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43.2.2.3  Contraindications 
to Performing Bronchoscopy 
with NIV

The contraindications to performing bronchos-
copy with NIV are same as those of using 
NIV. Patients who do not have the ability to protect 
their airways are at high risk for aspiration, have 
severe respiratory acidosis, or are unable to main-
tain oxygen saturation >85% despite high supple-
mental inspired fraction of oxygen are not ideal 
candidates for NIV.  Mechanical issues such as 
presence facial deformities, and recent oral, gas-
tric, or esophageal surgery are also contraindica-
tions to the use of NIV [17, 27]. In such instances, 
risks of performing bronchoscopy using NIPPV 
outweigh the benefits and such decision should be 
made by the clinician on a case by case bases.

43.3  Use of High Flow Nasal 
Cannula (HFNC) in Patients 
Undergoing Flexible 
Bronchoscopies

43.3.1  Background

HFNC is an open system that can deliver 100% 
heated and humidified oxygen up to 60  L per 
minute. It is an useful means of NIV because it 
reduces the work of breathing, increases volume 
of inspired gas, and recruits atelectatic alveoli 
thus reducing ventilation/perfusion mismatch 
[28]. The utility of HFNC in hypoxemic respira-
tory failure has been studied in FLORALI trial 
which showed that 90-day mortality was reduced 
and there was an increase in ventilator free days 
at day 28 in patients who received HFNC when 
compared to standard NIPPV, and oxygen ther-
apy via face mask [29].

43.3.2  Clinical Utility of HFNC 
in Hypoxic Respiratory Failure 
and Bronchoscopy

Lucangelo et  al. [30] prospectively studied the 
utility of HFNC in performing diagnostic bron-
choscopies with BAL in patients who had resting 
oxygen saturations >90% and did not present in 

respiratory or cardiac failure. Forty-five patients 
were randomly assigned to three groups during 
bronchoscopy, one group received oxygen 40 L/
min, FiO2 = 0.5 through a Venturi mask, second 
received oxygen at 40  L/min, FiO2  =  0.5 via 
HFNC, and third received oxygen through HFNC, 
but a higher flow rate was delivered (60 L/min, 
FiO2 = 0.5). They found that at flow rates of 40 L/
min both the HFNC and venture mask were 
equally effective; however, at higher flow rates of 
60 L/min, the oxygenation was better than at flow 
rates of 40 L/min. With regards to carbon dioxide 
kinetics, they did not return to baseline 10  min 
post bronchoscopy in patients receiving flow at 
40 L/min; however, they did return to baseline in 
patients receiving HFNC at 60 L/min. The mecha-
nism of this is unclear but it is postulated that at 
high flow rates, a CPAP effect, a smaller possibil-
ity of the gas to dilute with room air and a con-
stant fraction of inspired oxygen are responsible 
[31, 32]. This study showed that HFNC improves 
oxygenation; however, the patients who under-
went bronchoscopy were not hypoxemic thus 
Simon et  al. [33] performed a prospective ran-
domized control trial to study the ability to main-
tain oxygen saturation during bronchoscopy in 
patients with acute hypoxic respiratory failure. 
They also compared HFNC to NIPPV. They found 
that NIPPV was superior to HFNC in maintaining 
oxygenation before, during, and after the comple-
tion of bronchoscopy. None of the patients 
required intubation within 8 h post procedure and 
patients in the HFNC group who had stable oxy-
gen saturations for 15 min tolerated the procedure 
without difficulty. The clinical utility of the use of 
HFNC during bronchoscopic procedures in 
patients with hypoxemic respiratory failure was 
studied by Chung et al. [34] in a small retrospec-
tive review. Ten patients with mean pre-bronchos-
copy  oxygen saturation on 84% on room air 
underwent flexible bronchoscopy with diagnostic 
[7] and therapeutic purposes [3]. Diagnostic bron-
choscopy was performed to elucidate the etiology 
of pulmonary infiltrates in 6 patients and in one 
case an endobronchial ultrasound-guided trans-
bronchial needle aspiration of lymph node was 
performed to evaluate for metastatic disease. 
Patients who underwent therapeutic bronchos-
copy did so for purposes of clot removal or 
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removal of an endobronchial mass. All patients 
tolerated the procedure well. Patients who under-
went diagnostic bronchoscopy did not show 
decline in their oxygenation post procedure 
whereas those who underwent therapeutic bron-
choscopy had an improvement in their oxygen-
ation post procedure. This study was able to 
demonstrate clinical utility of using HFNC prior 
to bronchoscopy in patients who had hypoxemic 
respiratory failure; however, its small sample size 
and retrospective nature are limitations. Further 
research is required to study the utility of HFNC 
for performing bronchoscopies in patients with 
hypercapnia and/or hypoxemia. However, initial 
investigation and clinical reasoning seem to pro-
vide a logical clinical application (Table 43.1).
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Abbreviations

ACPE Acute cardiogenic pulmonary edema
ARF Acute respiratory failure
COPD Chronic obstructive pulmonary disease
NIV Noninvasive ventilation

44.1  Introduction

In the last decades, NIV has gained its applica-
tion particularly in different subsets of patients 
with acute respiratory failure (ARF). There is 
evidence that suggests the additional use of NIV 
to standard care in order to improve the outcomes 
in chronic obstructive pulmonary disease (COPD) 
and acute cardiogenic pulmonary edema (ACPE) 
[1, 2]. The technique is also used to back up the 
ventilation in patients with ARF from other eti-
ologies. However, successful endpoints are 
achieved by the appropriate patient selection and 
tolerance of the patient subset. The reasons for 
interruption of NIV application are a pain, dis-
comfort or claustrophobia [3]. The relative con-
traindications to the use of NIV are delirium and 
agitation [4]. Therefore, even though sedation is 
not mandatory for NIV, it may help in some 
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 situations for better tolerance of NIV in the 
selected population to achieve the desired end-
points. The choice of which sedative/analgesic to 
use during noninvasive ventilation remains con-
troversial. Practice guideline in this aspect is also 
missing. This chapter faces up the use of seda-
tives and analgesics during the application of 
NIV.

44.2  Literature Review

44.2.1  The Use of Sedation in NIV

To date, there are not principles or algorithm use-
ful to guide the situations that can benefit from 
the use of sedation during NIV [5]. Observational 
studies and clinical trials have assessed the poten-
tial use of sedative or analgesic drugs to avoid 
patient’s discomfort and to prevent or to treat 
NIV intolerance [6]; however, there is a lack of 
robust data to guide the development of best 
practice in this field.

There are several reasons that could be related 
to poor NIV acceptance and any decision to 
resort to sedation must be taken as the last stage 
in a careful evaluation of the causes of actual or 
pending failure, as shown in Fig.  44.1 [5]. For 
example, the patient acceptance varies according 
to the type of mask that is used, as it is greatest 
with the least constricting interfaces, such as the 
helmet, and declines with more intrusive forms of 
a mask. Also, the assisted ventilation pattern can 
influence patient compliance, as bilevel positive 
airways pressure often produces a need for seda-
tion whereas spontaneous breathing models such 
as continuous positive airways pressure seldom 
require such interventions. Despite numerous 
non-pharmacological strategies may be employed 
to avert NIV failure, some patients remain intol-
erant and uncooperative with a poor patient- 
ventilator synchrony; under these circumstances, 
administration of analgesia and sedation in the 
attempt to reverse the situation may be worth-
while before the intubation.

Sedation and/or analgesia can relieve the 
patient-ventilator asynchrony. However, whether 

sedation and/or analgesia can benefit the clinical 
outcome of the patients with interface intolerance 
is still unclear.

Yue-Nan et  al. performed a retrospective 
study on patients with interface intolerance who 
received noninvasive -positive pressure ventila-
tion (NIPPV) after extubation in seven intensive 
care units (ICU). Of a total of 80 patients, 41 
received sedation and/or analgesia treatment (17 
used analgesia, 11 used sedation, and 13 used 
both) at some time during NIPPV. They showed 
a decrease of NIPPV failure rate (15% vs. 38%, 
p  =  0.015), mortality rate (7% vs. 33%, 
p  =  0.004), and the length of ICU stay after 
extubation [7].

Recognition of NIV intolerance
and patient discomfort

Evaluation of the possible causes
(dyspnoea, anxiety, delirium, pain,

agitation)

Non pharmacological approach:
choice of interface (type, size and
fit), ventilator settings, control of
air leaks, containment of patient-

ventilator asynchrony.

Consider sedation- analgesia
during NIV

Fig. 44.1 Causes for poor NIV acceptance
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44.2.2  Side Effects of Sedation

Intensivists and nurses managed frequently seda-
tive and analgesic drugs, that are commonly used 
to improve patient comfort and tolerance, to min-
imize reactions to painful stimuli and the physi-
ologic stress response, and to modulate patient 
respiratory efforts. The management of these 
drugs can be very challenging because of the dif-
ferent sensitivities and rates of metabolism 
between patients. For example, chronic users of 
benzodiazepines or opiates may require high 
doses of these drugs, because they developed tol-
erance, whereas naive users may exhibit pro-
found respiratory depression, even with relatively 
small doses [8]. Thus, sedation and analgesia 
should be administered by experienced staff 
using the minimum doses required to achieve tol-
erance, avoiding over-sedation. This should be in 
a setting where electrocardiogram and oximetry 
tracings can be monitored continuously. Several 
sedation scales are available and may be helpful 
in ensuring that the level of sedation is mini-
mized; but, once again, application of these 
requires trained staff [8]. In consideration of the 
fact that the use of the NIV is not the prerogative 
of the intensive care units, particular attention 
must be paid to the use of sedatives and analge-
sics in less intensively monitored environments.

Furthermore, it is not clear if sedation is per se a 
factor contributing to the success or failure of NIV 
[5]. Even though sedation can improve patient 
acceptance and tolerance, there is no robust evi-
dence that it will affect situations where the response 
rate to NIV is intrinsically poor. Indeed, adding 
sedation may be disadvantageous by obscuring a 
failure of NIV due to the underlying pathology and 
thus delaying necessary intubation [9].

44.2.3  Sedatives and Analgesics 
in NIV in Clinical Scenarios

Muriel et al. aimed to assess the impact of anal-
gesic and/or sedative drugs on the risk of NIV 
failure (defined as the need for invasive mechani-
cal ventilation) [10]. They studied patients who 

received at least 2 h of NIPPV as first-line ther-
apy in a prospective observational study carried 
out in 322 intensive care units from 30 countries. 
Using a marginal structural model analysis, they 
showed no deleterious effect on NIV outcome 
when sedation or analgesia was used alone, but 
their combination was significantly associated 
with NIV failure, ICU mortality, and 28-day mor-
tality. They found that sedation and analgesia 
were administered in only about 20% of patients 
using NIV, confirming the results of an earlier 
web-survey performed in North America and 
Europe. That survey revealed that opioids alone 
were more likely to be used in European coun-
tries while benzodiazepines were the preferred 
agent in the United States, demonstrating that not 
only sedation is infrequently used in NIV, but 
also that practices vary widely depending on con-
figuration and geographical areas, based on clini-
cal experience with different agents [11].

Several observational studies [12–16] and 
three randomized trials comparing midazolam 
and dexmedetomidine or placebo [17–19] have 
assessed the potential use of sedative and/or anal-
gesic drugs to reduce discomfort and risk of NIV 
failure (Table 44.1).

Table 44.1 Summary of studies assessing the drugs used 
in NIV

References

Number 
of 
patients

Sedative and/or analgesic 
drugs used

Rocker 
et al. [12]

9/12 Midazolam/morphine

Constantin 
et al. [13]

13 Propofol/remifentanil

Akada et al. 
[14]

10 Dexmedetomidine

Rocco et al. 
[15]

36 Remifentanil

Clouzeau 
et al. [16]

10 Propofol

Senoglu 
et al. [17]

40 Dexmedetomidine vs. 
midazolam

Huang et al. 
[18]

62 Dexmedetomidine vs. 
midazolam

Devlin et al. 
[19]

33 Dexmedetomidine vs. 
placebo ± midazolam and/or 
fentanyl
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44.2.4  Drugs Used for NIV

Evidence to define a specific sedative drug dur-
ing NIV is lacking [5]. In the choice of the 
“ideal” drug, some criteria should be consid-
ered, such as the preservation of ventilatory 
drive, the delirium avoidance, the promotion of 
sleep, the effects on airways patency, the hemo-
dynamic impact, and the anxiolysis. No specific 
drugs fully satisfy all these criteria, so the deci-
sion reflects the process that involved the clini-
cal practice [5].

Data obtained during invasive ventilation 
suggest caution in using propofol and opiates 
as a sedation strategy during NIV, in view of 
the potentially negative effects on the respira-
tory pattern. Measuring the electrical activity 
of the diaphragm (EAdi), Vaschetto et al. [20] 
showed in intubated patients that propofol sig-
nificantly interferes with the patient-ventilator 
synchrony in pressure support ventilation 
(PSV) at doses producing deep sedation. Both 
during PSV and neurally adjusted ventilator 
assistance (NAVA), propofol reduced neural 
drive and effort, while not significantly affect-
ing respiratory timing.

On the contrary, a continuous infusion of opi-
ates did not reduce respiratory drive but showed 
detrimental effects on respiratory timing both 
when airway occlusion pressure at 0.1 s (P 0.1) 
was assessed [21, 22] or when EAdi was directly 
measured [23].

From a pharmacological point of view, benzo-
diazepines can be avoided during NIV as the use 
of benzodiazepines has been associated with 
delirium. Dexmedetomidine seems to have a 
most suitable overall pharmacological profile: 
the absence of respiratory side effects could be of 
interest in patients receiving NIV but more data 
are required. Nowadays there are only a few stud-
ies regarding the use of dexmedetomidine, with 
reduced sample size and with conflicting results. 
Senoglu et  al. compared 24-h infusions of dex-
medetomidine and midazolam in 40 uncoopera-
tive patients receiving NIV for ARF due to acute 
exacerbations of chronic obstructive pulmonary 
disease [17]. Though no patient experienced NIV 
failure during the study period, compared to mid-

azolam, dexmedetomidine required fewer dosing 
adjustments to maintain adequate sedation 
(p < 0.01). This study, however, considers only 
the first 24 h of NIV and does not provide valu-
able information on any outcome variable.

Huang et  al. randomized 62 hypoxemic 
patients with acute pulmonary edema refusing to 
continue the NIV sessions because of discomfort 
[18] into two groups of treatment: midazolam or 
dexmedetomidine. This study did not report seri-
ous adverse events, and none of the patients inter-
rupted the study protocol; bradycardia occurred 
more with dexmedetomidine (18.2% vs. 0, 
p = 0.016). The rate of failure (e.g., endotracheal 
intubation) was overall 32%. In the dexmedeto-
midine group of patients, NIV failure was lower 
(21%) than in the midazolam group (45%), 
p = 0.043. In addition, dexmedetomidine led to a 
more desired level of awake sedation, shortened 
the duration of mechanical ventilation and the 
length of ICU stay.

Devlin et  al. enrolled 33 adult patients with 
ARF within 8  h after starting NIV and divided 
them into two groups to receive dexmedetomi-
dine (preventive approach) or placebo up to 72 h 
[19]. Patients with agitation or pain could also 
receive a bolus of midazolam or fentanyl by 
intravenous administration, as needed. The 
administration of dexmedetomidine after NIV 
initiation neither prevented the occurrence of 
NIV tolerance nor helped to maintain adequate 
level sedation.

Ketamine does not determine respiratory 
depression at doses given for analgesia or proce-
dural sedation [24]. Furthermore, it decreases 
airway resistance, improves dynamic compli-
ance, and preserves functional residual capacity, 
minute ventilation, and tidal volume, while 
retaining protective pharyngeal and laryngeal 
reflexes [25]. Ketamine can produce hypersali-
vation and emergency reactions [25]. Because of 
its effects on the sympathetic nervous system, 
ketamine should not be used in decompensated 
heart failure (typically cardiogenic pulmonary 
edema in the context of NIV). Several studies 
investigated the use of ketamine for procedural 
sedation [26], but there are no data during the 
application of NIV [5].
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44.3  Recent Evidence

Electronic databases (Google Scholar, PubMed, 
and Cochrane library) from 2017 to 2019 were 
searched to find out the recent literature related to 
sedation in noninvasive ventilation. The search 
strategy flow chart is presented in Fig. 44.2 and 
the included results are presented in Table 44.2.

The study conducted by Shutes et  al. retro-
spectively reviewed the chart of the patients who 
received dexmedetomidine infusion for >24  h 
and their discontinuation pattern and its relation 
with hemodynamics of the patients and with-
drawal [27]. The study found that the dexmedeto-
midine sedation was having a predictive 
hemodynamic effect. The cumulative dose was 
associated with withdrawal, but symptoms were 
manageable with short-term enteral clonidine. 
Venkatraman et al. also conducted a retrospective 
evaluation including pediatric patients who 
received NIV and dexmedetomidine infusion 
within 48  h of ICU admission [28]. The study 
found the dexmedetomidine infusion as the sin-

gle continuous sedative was effective; however, 
dose titration was required to get rid of mild car-
diorespiratory events. Piastra et  al. also per-
formed one retrospective analysis of data from 40 
pediatric group patients who were receiving NIV 
for ARF [29]. They analyzed the effectiveness of 
dexmedetomidine as infusion sedative and found 
that early dexmedetomidine infusion in such 
patients was safe and effective in reducing 
patient-ventilator synchronization and permitting 
lung recruitment. Ni et al. also conducted one ret-
rospective study including 80 adult patients [30]. 
They evaluated the effect of sedation and/or anal-
gesia as rescue treatment during NIV in the 
patients with interface intolerance after extuba-
tion and found that sedation and/or analgesia 
treatment can decrease the rate of NIV failure. 
The study also found decreased hospital mortal-
ity rate and ICU LOS in patients who received 
analgesia and/or sedation. Our search, however, 
could not find a prospective, randomized trial and 
future such trial will help in generating better 
evidence.

Database search results
Chochrane Library ‐ 17

Google Scholar ‐ 8
PubMed ‐ 24

Excluded (Cochrane library)
Not related ‐ 15

study not completed ‐ 1
Non‐pharmacological ‐ 1

Excluded ‐ Google Scholar
Reviews ‐ 3

Meeting abstract / duplicate ‐ 2
not relevant ‐ 1

Excluded ‐ PubMed
Not related ‐19

already included in Google
Scholar ‐ 2

abstract duplicate ‐ 1

Included ‐ 0

Included ‐ 2 Included ‐ 2

Fig. 44.2 Flow chart showing the search strategy
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44.4  Conclusions

Current evidence suggests that sedation in 
patients receiving NIV has a potential benefit. 
However, it is not devoid of adverse effects. 
Pharmacological sedation should be chosen only 
if non-pharmacological one fails. No single seda-
tive agent is available that fulfills the criteria for 
an ideal drug and further studies are required to 
determine it. However, dexmedetomidine is 
noted as an emerging drug as a sedative in such 
patients. Further study, especially randomized 
controlled trial or active control trial, will be 
required in the future. All patients receiving seda-
tion should be monitored and evaluated at a fre-
quent interval and dose needs to be titrated as 
required.

References

 1. Hillberg RE, Johnson DC. Non-invasive ventilation. 
N Engl J Med. 1997;337:1746–52.

 2. Mehta S, Hill NS.  Non-invasive ventilation. Am J 
Respir Crit Care Med. 2001;163:540–77.

 3. Carlucci A, Richard JC, Wysocki M, Lepage 
E, Brochard L, SRLF Collaborative Group on 
Mechanical Ventilation. Non-invasive versus conven-
tional mechanical ventilation. An epidemiologic sur-
vey. Am J Respir Crit Care Med. 2001;163:874–80.

 4. Nava S, Hill N.  Non-invasive ventilation in acute 
respiratory failure. Lancet. 2009;374:250–9.

 5. Longrois D, Conti G, Mantz J, Faltlhauser A, Aantaa 
R, Tonner P. Sedation in non-invasive ventilation: do 
we know what to do (and why)? Multidiscip Respir 
Med. 2014;9:56.

 6. Hilbert G, Navalesi P, Girault C. Is sedation safe and 
beneficial in patients receiving NIV? Yes. Intensive 
Care Med. 2015;41:1688–91.

 7. Ni Y-N, Wang T, Yu H, Liang B-M, Liang Z-A. The 
effect of sedation and/or analgesia as rescue treatment 
during noninvasive positive pressure ventilation in the 

patients with Interface intolerance after extubation. 
BMC Pulm Med. 2017;17:125.

 8. Conti G, Hill NS, Nava S. Is sedation safe and ben-
eficial in patients receiving NIV? No. Intensive Care 
Med. 2015;41:1692.

 9. Glossop AJ, Shephard N, Bryden DC, Mills GH. Non- 
invasive ventilation for weaning, avoiding reintuba-
tion after extubation and in the postoperative period: a 
meta-analysis. Br J Anaesth. 2012;109:305–14.

 10. Muriel A, Peñuelas O, Frutos-Vivar F, et  al. Impact 
of sedation and analgesia during noninvasive posi-
tive pressure ventilation on outcome: a marginal 
structural model causal analysis. Intensive Care Med. 
2015;41:1586.

 11. Devlin JW, Nava S, Fong JJ, Bahhady I, Hill 
NS. Survey of sedation practices during noninvasive 
positive-pressure ventilation to treat acute respiratory 
failure. Crit Care Med. 2007;35(10):2298–302.

 12. Rocker GM, Mackenzie MG, Williams B, Logan 
PM. Non invasive positive pressure ventilation: suc-
cessful outcome in patients with acute lung injury/
ARDS. Chest. 1999;115:173–7.

 13. Constantin JM, Schneider E, Cayot-Constantin S, 
Guerin R, Bannier F, Futier E, Bazin JE. Remifentanil 
based sedation to treat noninvasive ventilation 
failure: a preliminary study. Intensive Care Med. 
2007;33:82–7.

 14. Akada S, Takeda S, Yoshida Y, Sakamoto A. The effi-
cacy of dexmedetomidine in patients with non inva-
sive ventilation: a preliminary study. Anesth Analg. 
2008;107:167–70.

 15. Rocco M, Conti G, Alessandri E, Morelli A, Spadetta 
G, Laderchi A, Di Santo C, Francavilla S, Pietropaoli 
P. Rescue treatment for noninvasive ventilation fail-
ure due to interface intolerance with remifentanil 
analgosedation: a pilot study. Intensive Care Med. 
2010;36:2060–5.

 16. Clouzeau B, Bui HN, Vargas F, Grenouillet-Delacre 
M, Guilhon E, Gruson D, Hilbert G. Target-controlled 
infusion of propofol for sedation in patients with 
non-invasive ventilation failure due to low toler-
ance: a preliminary study. Intensive Care Med. 
2010;36:1675–80.

 17. Senoglu N, Oksuz H, Dogan Z, Yildiz H, Demirkiran 
H, Ekerbicer H. Sedation during noninvasive mechan-
ical ventilation with dexmedetomidine or midazolam: 
a randomized, double-blind, prospective study. Curr 
Ther Res. 2010;71:141–53.

Table 44.2 List of articles included for review and analysis

Authors (year)
Number of 
patients Drugs/intervention Results/remarks

Shutes (2018) [27] 382 children Dexmedetomidine The objective was to know the effect of 
hemodynamics and withdrawal
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Ni (2017) [30] 80 adults Analgesia and sedation
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45.1  Introduction

In recent years, the survival significantly 
increased in critically ill immunocompromised 
patients due to improvements in medical man-
agement, as well as new indications for immuno-
suppressive treatment [1]. Most of the critically 
ill immunocompromised patients required admis-
sion to ICU for intensive care and oxygen support 
due to acute respiratory failure. However, the 
mortality was very high in these patients, espe-
cially in those who received invasive mechanical 

ventilation. And invasive mechanical ventilation 
strongly predicts mortality, possibly because of 
the risks of invasive ventilation itself [2]. 
Therefore, avoidance of intubation for invasive 
mechanical ventilation is a major treatment goal.

Noninvasive oxygen including noninvasive 
ventilation (NIV), high-flow nasal cannula 
(HFNC) and conventional oxygen therapy is the 
main technique to avoid intubation. The evi-
dences on the use of these techniques have been 
improved in the last 2  years. The aim of this 
review was to summarize the evidences of differ-
ent oxygen techniques on critically ill immuno-
compromised patients.J. Duan (*) · L. Bai · X. Han · L. Zhou 
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45.2  Research Strategy

We searched the PubMed on the topic of NIV or 
HFNC in immunocompromised patients pub-
lished from Jan first, 2017 to Mar 31th, 2019. The 
primary keywords were “noninvasive ventila-
tion”, “high flow nasal cannula”, and “immuno-
suppression”. The synonym included 
“noninvasive mechanical ventilation”, “noninva-
sive positive pressure ventilation”, “continuous 
positive airway pressure”, and “high flow oxygen 
therapy”. Immunosuppression resulted from var-
ious reasons such as solid tumor, malignancy, 
organ transplantation, immunodeficiency, and 
administration of steroids and immunosuppres-
sants. These words were also included. Finally, 
we enrolled 12 original articles, 3 systemic 
reviews and meta-analysis, and a guideline in this 
review.

45.3  Epidemiology of NIV 
and HFNC 
in Immunocompromised 
Patients

An international, multicenter, prospective cohort 
study was performed in 459 ICUs from 50 coun-
tries across 5 continents during 4 consecutive 
weeks to investigate the incidence of acute respi-
ratory distress syndrome (ARDS) in patients 
undergoing invasive or noninvasive ventilation 
[3]. Cortegiani et al. [4] performed a secondary 
analysis focused on immunocompromised 
patients with ARDS. The incidence of immuno-
compromised patients was 20.8% in the ARDS 
population. The major reason for ARDS was 
pneumonia (70.5%) in immunocompromised 
patients. The major reason for immunosuppres-
sion was hematologic and/or active neoplasm 
(61.1%). However, 38.9% of patients had 
unknown reasons for immunosuppression. 
Among the immunocompromised patients, 
20.9% of patients received NIV. The NIV failure 
rate, ICU mortality, and hospital mortality were 
much higher in immunocompromised patients 
than in immunocompetent subjects (48% vs. 
40%, 58% vs. 29%, and 63% vs. 40%, respec-

tively). However, in patients who experienced 
NIV failure, the ICU and hospital mortality sig-
nificantly increased compared with subjects who 
initially received intubation for invasive mechan-
ical ventilation (58% vs. 46% and 63% vs. 53%, 
respectively).

In addition, in the 1004 cancer patients with 
ARDS, Neuschwander et  al. [5] reported that 
38.6% of patients received NIV intervention. 
NIV failure rate was very high (up to 71%). In 
this study, the severe ARDS (OR = 1.89, 95% CI: 
1.05–1.19), pulmonary infection (OR  =  1.81, 
95% CI: 1.08–3.03), and modified sequential 
organ failure assessment (SOFA) score (without 
respiratory score) (OR  =  1.13, 95% CI: 1.06–
1.21) were associated with NIV failure. Moreover, 
NIV failure was associated with death in hospital 
(OR = 2.52, 95% CI: 1.56–4.07).

In another multinational observational pro-
spective cohort study in 16 countries (68 centers), 
Azoulay et al. [6] assessed the initial oxygenation 
strategy on mortality in 1611 immunocompro-
mised patients. The disease proportion was 
hematological malignancies 51.9%, solid tumors 
35.2%, systemic diseases 17.3%, and solid organ 
transplantation 8.8%. The main acute respiratory 
failure etiologies were bacterial (29.5%), viral 
(15.4%), and fungal infections (14.7%), or unde-
termined (13.2%). On admission, 56.8% of 
patients were not intubated for invasive mechani-
cal ventilation. Among them, 53.9% of patients 
received standard oxygen, 20.3% for HFNC, 
17.2% for NIV, and 8.6% for NIV + HFNC. There 
was no difference in hospital and 90-day mortal-
ity among different oxygenation strategies 
excluded first-line invasive mechanical ventila-
tion. First-line invasive mechanical ventilation 
was associated with mortality (OR = 2.55, 95% 
CI: 1.94–3.29). However, it was much higher in 
patients with NIV failure (OR = 3.65, 95% CI: 
2.05–6.53) or HFNC failure (OR = 5.54, 95% CI: 
3.27–9.39). Similar mortality with first-line inva-
sive mechanical ventilation was found in 
NIV  +  HFNC failure (OR  =  2.31, 95% CI: 
1.09–4.91).

Early identification of NIV failure and early 
intubation is potential for decreasing mortality. 
Our team developed a scale considering heart 
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rate, acidosis, consciousness, oxygenation, and 
respiratory rate (HACOR score) to predict NIV 
failure in patients with hypoxemic respiratory 
failure [7]. In the pulmonary cancer subgroup 
analysis, 83 subjects were enrolled. Using 5 
points of HACOR score as cutoff value, the sen-
sitivity and specificity to predict NIV failure 
were 73% and 94%, respectively. Moreover, the 
overall predictive accuracy reached 81%. The 
HACOR score is a promising tool to manage 
immunocompromised patients undergoing NIV 
to avoid delayed intubation (Table 45.1).

45.4  NIV in Patients 
with Immunosuppression

Kotecha et al. [8] reported the domiciliary NIV in 
patients post lung transplantation. They retro-
spectively screened 488 patients with lung trans-
plantation and found that 20 patients (4.1%) 
required NIV support during 6.5 years. The main 
indications for NIV were the development of 
chronic lung allograft dysfunction and diaphragm 
palsy. The median time from lung trasplantation 
to NIV was 9  months. However, the mortality 
was 45%, continuous use of NIV was 40%, and 
liberation off NIV was only 15%.

Rathi et al. [9] retrospectively enrolled 1614 
cancer patients to compare the efficacy of first- 
line NIV (N = 793) to first-line invasive mechani-
cal ventilation (N = 821). In patients with first-line 

NIV, 38% of them experienced NIV failure and 
received intubation for invasive mechanical ven-
tilation. The ICU mortality was lowest in NIV 
success patients (28.2%), median in first-line 
invasive mechanical ventilation group (61.5%), 
and highest in NIV failure group (71.3%). 
Variables independently associated with NIV 
failure included younger age (OR  =  0.99, 95% 
CI: 0.98–0.99), non-Caucasian race (OR = 1.61, 
95% CI: 1.14–2.26), presence of a hematologic 
malignancy (OR = 1.87, 95% CI: 1.33–2.64), and 
a higher SOFA score (OR = 1.12, 95% CI: 1.08–
1.17). Variables independently associated with 
hospital mortality included NIV success vs. NIV 
failure (OR = 0.29, 95% CI: 0.20–0.40), first-line 
invasive mechanical ventilation vs. NIV failure 
(OR  =  0.43, 95% CI: 0.31–0.61), and a higher 
SOFA score (OR = 1.18, 95% CI: 1.14–1.21).

Liu et  al. [10] retrospectively enrolled 79 
patients with hematologic malignancy for 
NIV. Of them, 65% of patients experienced NIV 
failure. Patients with acute leukemia, higher 
PaCO2 at baseline, and required higher FiO2 were 
more likely to have experienced NIV failure. 
Mortality at 3 months was much higher in patients 
with NIV failure compared to NIV successful 
patients (76% vs. 21%).

Dumas et al. [11] performed a post hoc joint 
analysis of three previously published studies 
conducted in 847 critically ill immunocompro-
mised patients. Different from previous studies, 
this study focused on predicting the need for 

Table 45.1 Characteristics of the included studies in epidemiological review

Study/year Study design

Number 
of 
patients Main outcomes

Cortegiani et al. 
(2018) [4]

Cross-section 
survey

2813 Immunosuppression is frequent in patients with ARDS, and 
infections are the main risk factors for ARDS. Compared with 
immunocompetent subjects, they have higher mortality 
regardless of ARDS severity. Nonetheless, nearly half of these 
patients survive to hospital discharge

Neuschwander 
et al. (2017) [5]

Post-hoc 
analysis of a 
multicenter 
database

1004 NIV failure in ARDS patients with malignancy is frequent and 
related to ARDS severity, SOFA score, and pulmonary infection. 
NIV failure is associated with in-hospital mortality

Azoulay et al. 
(2017) [6]

Prospective 
cohort study in 
16 countries

1611 First-line invasive mechanical ventilation was associated with 
mortality. HFNC has an effect on intubation but not on mortality 
rates. Failure of NIV or HFNC was associated with increased 
mortality
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 intubation on the coming day (the first 3 days), 
and not discriminate among ICU patients of those 
who will be intubated or not. The probability of 
intubation at day+1 was higher in the NIV group 
vs. oxygenation therapy (OR  =  1.64, 95% CI: 
1.09–2.48) or vs. the standard oxygen group 
(OR  =  2.05, 95% CI: 1.29–3.29); it was also 
increased in the HFNC group compared to stan-
dard oxygen (OR  =  2.85, 95% CI: 1.37–5.67). 
However, all these differences disappeared by 
handling confounding-by-indication in the 
weighted samples, as well as in the pooled model.

Chen et al. [12] enrolled 58 respiratory failure 
patients with lung cancer for NIV. Of them, 33 
patients were first-line intervention by NIV and 
25 patients were used for post-extubation respira-
tory failure. The 28-day, 90-day, and 1-year mor-
tality rates were 39.7%, 63.8%, and 86.2%, 
respectively. NIV as the first-line therapy for 
respiratory failure (reference post-extubation 
respiratory failure) was independently associated 
with 28-day mortality (OR  =  35.37, 95% CI: 
3.30–378.68) (Table 45.2).

45.5  HFNC in Patients 
with Immunosuppression

Kang et al. [13] retrospectively analyzed the effi-
cacy of HFNC in 91 immunocompromised 
patients. This study originally used the SpO2/
FiO2 (SF ratio) to assess the response to HFNC. In 
patients with SF ratio improved at 48 h of HFNC, 
the 28-day mortality was significantly decreased 
compared with subjects who had no improve-
ment. However, it was not confirmed in multi-
variate analysis. Anyway, this study has potential 
application prospect as the SF ratio is simple and 
reproducible to assess the response to HFNC in 
immunocompromised patients.

Kim et  al. [14] retrospectively enrolled 52 
non-HIV-related pneumocystis pneumonia 
patients to analyze the efficacy of HFNC.  The 
HFNC failure rate was high (up to 56%). The 
baseline SOFA score was independently associ-
ated with HFNC failure (OR  =  1.74 per each 
score unit increase, 95% CI: 1.05–2.89). 
Furthermore, HFNC failure was independently 

Table 45.2 Characteristics of the included studies in NIV review

Study/year Study design Comparison

Number 
of 
patients Main outcomes

Kotecha 
et al. 
(2018) [8]

Retrospective No 20 Mortality was high in patients with domiciliary 
NIV in post lung transplantation

Rathi 
et al. 
(2017) [9]

Retrospective NIV vs. invasive 
mechanical 
ventilation

1614 First-line invasive mechanical ventilation and 
first-line NIV failure were two independent 
risk factors for ICU mortality. Patients with 
first-line invasive mechanical ventilation had 
better outcomes than those who received NIV 
but experienced NIV failure

Liu et al. 
(2017) 
[10]

Retrospective No 79 Acute leukemia, high PaCO2 at baseline and 
requirement of high FiO2 were predictors of 
NIV failure. NIV failure was associated with 
increased 3-month mortality

Dumas 
et al. 
(2018) 
[11]

Post hoc analysis 
of three previously 
published studies

NIV vs. oxygen 
therapy; NIV vs. 
standard oxygen; 
HFNC vs. standard 
oxygen

847 Ventilation/oxygenation management had no 
impact on the probability of intubation on the 
coming day

Chen 
et al. 
(2018) 
[12]

Retrospective No 58 Mortality was high in lung cancer patients who 
used NIV due to respiratory failure. Patients 
with first-line NIV had higher 28-day mortality 
than subjects who used NIV due to post- 
extubation respiratory failure

J. Duan et al.
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associated with 60-day mortality (OR  =  6.92, 
95% CI: 1.24–38.62).

A multicenter randomized control study was 
performed by Azoulay et al. [15] to explore the 
efficacy of HFNC in immunocompromised 
patients. This study was performed in 32 France 
ICUs from May 19, 2016 to December 31, 2017. 
A total of 778 patients were randomly allocated 
(1:1) to HFNC and standard oxygen groups. The 
major population was hematologic malignancy 
and solid tumor (76% vs. 82%). The median 
PaO2/FiO2 was 136 vs. 128 mmHg and median 
SOFA score was 6 in both the groups. There were 
no significant differences in all-cause 28-day 
mortality (36% vs. 36%), intubation rate (39% 
vs. 44%), ICU acquired infection (10% vs. 11%), 
ICU length of stay (8 vs. 6  days), and hospital 
length of stay (24 vs. 27 days).

Lemiale et  al. [16] performed a post hoc 
analysis to compare the efficacy of HFNC to 
standard oxygen. This study was applied in 29 
ICUs in France and Belgium and 353 patients 
were enrolled in the final analysis. Most of the 
patients were malignancies (84%). The major 
etiology of respiratory failure was pneumonia 
(44.4%) and opportunistic infection (21.5%). 
After propensity score matching, 180 patients 
were enrolled in HFNC and standard oxygen 
group. HFNC was neither associated with a 
lower intubation rate (HR  =  0.42, 95% CI: 
0.11–1.61) nor day 28 mortality (HR  =  0.80, 
95% CI: 0.45–1.42). However, nearly half of 
the patients received NIV at day 1 of admission 

to ICU. This confounder may skew the results 
(Table 45.3).

45.6  Systematic Review, Meta- 
Analysis, and Guidelines 
in Patients 
with Immunosuppression

We searched the PubMed from Jan first, 2017 to 
March 31st, 2019 and found 3 systematic review 
and meta-analysis on the issue of NIV or HFNC 
in immunocompromised patients [17–19]. One 
guideline involving this topic was enrolled too 
[20]. One study aimed to compare the efficacy of 
NIV versus oxygen therapy and two studies 
aimed to compare the efficacy of HFNC versus 
conventional oxygen therapy. The main outcomes 
were short-term mortality or intubation rate. 
Short-term mortality was defined as ICU or hos-
pital or 28-day or 30-day mortality. Long-term 
mortality was defined as mortality occurring after 
3 months of follow-up.

Huang et al. [17] enrolled 5 randomized con-
trolled trials including 592 patients to compare 
the efficacy of NIV to oxygen therapy. The five 
RCTs were performed between 2001 and 2015. 
The inclusion criteria were acute hypoxemic 
respiratory failure with respiratory rate more than 
25 or 30 breaths/min. The authors concluded that 
early NIV significantly reduced the length of 
ICU stay (MD = −1.71 days, 95% CI: −2.98 to 
1.44), short-term mortality (RR = 0.62, 95% CI: 

Table 45.3 Characteristics of the included studies in HFNC review

Study/year Comparison Study design
Number of 
patients Main outcomes

Kang et al. 
(2018) [13]

No Retrospective 91 SpO2/FiO2 ratio measured at 48 h of HFNC 
was associated with decreased 28-day 
mortality in univariate analysis but not in 
multivariate analysis

Kim et al. 
(2017) [14]

No Retrospective 52 Baseline SOFA score was associated with 
HFNC failure, and HFNC failure was 
associated with 60-day mortality

Azoulay 
et al. (2018) 
[15]

HFNC vs. 
standard 
oxygen

Multicenter RCT 
with 1:1 
randomization

778 HFNC did not significantly reduce 28-day 
mortality and intubation rate

Lemiale 
et al. (2017) 
[16]

HFNC vs. 
standard 
oxygen

Post hoc analysis of 
an RCT

353 HFNC did not significantly reduce 28-day 
mortality and intubation rate
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0.40 to 0.97) and intubation rate (RR = 0.52, 95% 
CI: 0.32 to 0.85) compared to oxygen therapy 
alone. But, NIV did not reduce the long-term 
mortality (RR = 0.92, 95% CI 0.74 to 1.15).

Rochwerg et al. [20] have published a guide-
line involving NIV in patients with acute respira-
tory failure. One question is should NIV be used 
for acute respiratory failure in immunocompro-
mised patients? On this question, four RCTs 
were enrolled. Pooled analysis demonstrated that 
use of NIV led to a decrease in mortality 
(RR  =  0.68, 95% CI: 0.53–0.88), the need for 
intubation (RR = 0.71, 95% CI: 0.58–0.87), and 
the rates of nosocomial pneumonia (RR = 0.39, 
95% CI: 0.20–0.76). Based on these evidences, 
they suggested early NIV for immunocompro-
mised patients with ARF (conditional recommen-
dation, moderate certainty of evidence).

Cortegiani et al. [18] enrolled one RCT, two 
RCT’s post-hoc analysis, and one retrospective 
study to explore the efficacy of HFNC compared 
to conventional oxygen therapy. These studies 
were performed between 2015 and 2018 involv-
ing 1052 patients. There were no differences in 
short-term and 28-day mortality. But HFNC sig-
nificantly reduced the intubation rate (OR = 0.74, 
95% CI: 0.55 to 0.98) compared to conventional 
oxygen therapy. However, in another meta- 
analysis and systematic reviewer reported by 
Huang et al. [19], the use of HFNC was signifi-

cantly associated with a reduction in short-term 
mortality (RR = 0.66, 95% CI: 0.52 to 0.84) and 
intubation rate (RR = 0.76, 95% CI: 0.64 to 0.90). 
This meta-analysis enrolled 7 original studies 
involving 667 patients, which was performed 
between 2015 and 2017. The 7 original studies 
came from 4 retrospective studies, two RTC’s 
post-hoc analysis and one RCT (Table 45.4).

45.7  Conclusion

In the last 2 years, several original studies, sys-
tematic reviews, and guideline focused on the 
oxygen strategies in immunocompromised 
patients have been published. Based on these evi-
dences, we concluded that NIV reduced short- 
term mortality and intubation rate compared to 
standard oxygen therapy. HFNC may reduce 
intubation rate concluded from low-quality stud-
ies. In addition, NIV failure and HFNC failure 
were associated with increased mortality. Early 
identification of high-risk patients and early intu-
bation is necessary. However, most of the studies 
were retrospectively designed for post hoc analy-
sis. As the study quality is very low, the evidences 
should be cautiously explained. Furthermore, it is 
urgent to need multicenter randomized controlled 
trials to confirm the efficacy of different oxygen 
strategies in immunocompromised patients.

Table 45.4 Characteristics of the included studies in systematic review, meta-analysis, and guidelines

Study/year Comparison Enrolled studies
Number of 
patients Main outcomes

Huang et al. 
(2017) [17]

NIV vs. oxygen 
therapy

5 RCTs 592 NIV reduced short-term mortality, 
intubation rate, and ICU length of 
stay, but not long-term mortality

Rochwerg 
et al. (2017) 
[20]

NIV vs. 
conventional 
oxygen therapy

4 RCTs 506 NIV reduced mortality, intubation 
rate, and nosocomial pneumonia

Cortegiani 
et al. (2019) 
[18]

HFNC vs. 
conventional 
oxygen therapy

One RCT, 2 RCT’s 
post-hoc analysis and one 
retrospective studies

1052 HFNC reduced intubation rate but 
did not reduce short-term and 
28-day mortality

Huang et al. 
(2018) [19]

HFNC vs. 
conventional 
oxygen therapy

One RCT, 2 RCT’s 
post-hoc analysis and four 
retrospective studies

667 HFNC reduced intubation rate and 
short-term mortality

J. Duan et al.
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Abbreviations

ARDS Acute respiratory distress syndrome
ARF Acute respiratory failure
BMT Bone marrow transplantation
ETI Endotracheal intubation
ICU Intensive care unit
IMV Invasive mechanical ventilation
NIV Noninvasive ventilation
PEEP Positive end expiratory pressure
SOFA Sequential organ failure assessment

46.1  Search Methodology

The systematic review was performed in the fol-
lowing databases: PUBMED/MEDLINE (1980 
to 2018), EMBASE (1980 to 2018), and the 
Cochrane (1981 to 2018). The search strategy 
involved the crosschecking of keywords selected 
based on the Medical Subjects Headings 
(Mesh)—United States National Library of 
Medicine (intervention + population), with filters 
to limit the search to clinical trials (Phases I–IV), 
controlled clinical trials, multicenter studies, ran-
domized controlled trials, pragmatic clinical tri-
als, and systematic reviews. There was no 
language restriction. The following keywords 
were used: Intervention: Positive-Pressure 
Respiration [MeSH], Intermittent Positive- 
Pressure Breathing [MeSH], Continuous Positive 
Airway Pressure [MeSH], Intermittent Positive- 
Pressure Ventilation [MeSH], Noninvasive 
Ventilation [MeSH]; Population: Neoplasms 
[MeSH], Neoplasm Metastasis [MeSH], 
Neoplasms, Second Primary [MeSH]; Outcomes: 
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Mortality [MeSH], Hospital Mortality [MeSH], 
Intubation [MeSH], Intubation, Intratracheal 
[MeSH]. We considered studies with experimen-
tal group receiving NIV compared with control 
group or with other intervention group.

46.2  Introduction

The use of ventilatory support in oncology 
patients who develop ARF has been very frequent 
in the intensive care unit (ICU). In general, up to 
65% of cancer patients will require the use of 
NIV or IMV in the course of their disease. In 
these patients, mechanical ventilation is adminis-
tered in approximately 64–89% of patients with 
febrile neutropenia and in approximately 90% of 
patients with shock septic [1]. In addition, 
patients with solid tumors are less frequently 
submitted to ventilatory support when compared 
to patients with hematological diagnoses [2, 3].

NIV is among the most current strategies for 
the treatment of cancer patients who are admitted 
with or who develop ARF during their stay in the 
ICU.  The objective of NIV is it attenuates the 
need for IMV in the selected group of patients; 
the so-called protective effect of NIV. Conversely, 
failure of NIV therapy and delay in starting IMV 
can have devastating effects on the prognosis of 
critically ill cancer patients, resulting in multiple 
organ dysfunction [3]. A recent study demon-
strated an NIV failure rate of 40%, with an esti-
mated mortality of around 74% for this subgroup. 
However, in patients with NIV success the mor-
tality rate was significantly lower at 15%. 
Furthermore, several risk factors such as male 
sex, admission due to a serious clinical condition, 
high admission severity illness score, and respi-
ratory infection as the cause of ARF were consid-
ered as risk factors for NIV failure [4].

The common indications for starting ventila-
tory support in critically ill cancer patients were 
sepsis, acute respiratory distress syndrome 
(ARDS), ARF secondary to treatment of cancer 
and/or direct involvement of the respiratory sys-
tem by cancer (Table 46.1). The latter is the cause 
of ventilatory support in approximately 8–11% 
of cases, and is a risk factor for higher hospital 

mortality [2]. Typically, patients who are in need 
of IMV have required prolonged hospital stay, 
greater degree of ARF severity requiring high 
doses of oxygen therapy, presence of extensive 
infiltrates on chest X-ray, extrapulmonary dys-
function, higher frequency of infections, and 
higher frequency of hemodynamic disorders on 
the first day of ICU admission. In patients who 
require NIV, the use of high oxygen fractions on 
admission to ICU is a risk factor for NIV failure. 
However, despite the greater severity of illness in 
patients with hematological malignancies, the 
rate of IMV use is not different from that of 
patients with other types of cancer [5].

The type of ventilatory support to be used, as 
well as the modification of one type of support to 
another, is an important risk factor that directly 
influences the mortality rate of these patients. 
The use of IMV is associated with a higher mor-
tality (around 73–88%), especially when its onset 
occurs after the third day of ICU stay. This is fol-
lowed by failure to use NIV as first-line therapy, 
and delayed IMV post unsuccessful NIV (around 
69–72%). Lowest mortality was with the suc-
cessful use of NIV alone (around 37–40%) [2, 
5–8]. It is very important to know that the mortal-
ity rate remains the same between patients who 
failed first-line NIV and requiring second-line 

Table 46.1 Causes of acute respiratory failure in cancer 
patients

Infectious
  • Pulmonary—bacterial, viral, fungal
  • Extra-pulmonary—severe sepsis/septic shock
Non-infectious
  • Related to cancer
    – Invasion/infiltration by cancer
    – Massive malignant pleural effusion
    – Neuromyopathy—paraneoplastic
    – Diffuse alveolar hemorrhage
    – Idiopathic pneumonia syndrome
  • Related to cancer treatment
    – Pulmonary drug toxicity
    – Transfusion-related acute lung injury
  • Not directly related to cancer
    – Altered mental status
    – Pulmonary embolism
    –  Co-morbid illnesses—COPD, pulmonary 

fibrosis, pulmonary edema
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IMV, and patients requiring first-line IMV with-
out prior NIV use [5]. Moreover, the use of NIV 
as first-line therapy in cancer patients may have a 
protective effect, with a decrease in the need for 
IMV.

Since the ICU mortality with the use of first- 
line NIV is lower than either first-line IMV or 
failed NIV requiring second-line IMV, it is appro-
priate to consider a trial of NIV in critically ill 
cancer patients with ARF. However, this needs to 
be done under a strict protocol and closer moni-
toring, with early identification of NIV failure 
needing IMV. In patients receiving IMV support, 
the presence of organ dysfunction, especially 
extrapulmonary, poor performance status, high 
sequential organ failure assessment (SOFA) 
scores on day 1, and increased score at 1 week of 
ICU admission are independent predictors of 
poor outcome [2, 6, 7, 9]. Hence, as mentioned 
previously, cautious use of NIV with continuous 
monitoring, and rapid modification of ventilatory 
strategy in the event of NIV failure are highly 
recommended in clinical practice [4].

In patients with solid tumor, despite the limi-
tation of evidence-based studies in the literature, 
the use of NIV among other strategies has sig-
nificantly contributed to an improved survival. 
Studies have demonstrated the use of NIV in 
critically ill patients with solid tumors, is a fea-
sible option with reasonable benefits in both 
short- and long-term survival [10–12]. Almost 
half of solid tumor patients requiring some type 
of ventilatory support have underlying pneumo-
nia, followed by other conditions such as extra- 
pulmonary infections, pneumonitis, alveolar 
hemorrhage, and progression of disease itself 
[10, 13]. NIV in patients who developed ARF 
after pulmonary resection surgeries resulted in 
significantly greater benefit with decreased mor-
tality, and reduced need for ETI when compared 
to standard oxygen therapy. However, as in other 
patient population, the failure of NIV in solid 
tumors correlates to an increase in mortality and 
with survival rates of only around 10%. Failure 
rates in NIV vary greatly between studies with a 
range between 17 and 43% and this could be a 
topic for further large-scale multicenter trial. In 
addition, some risk factors such as increased 

respiratory rate, high SOFA scores, need for 
vasopressors, leukopenia, and longer time spent 
on NIV are considered to be independent risk 
factors for the occurrence of NIV failure in these 
patients [10]. The benefits of NIV in hemato-
logic patients have been consistent in several 
studies [14]. However, in the study by Schnell 
et al., some disagreement to the benefits noted in 
other studies are due to several factors such as 
time to implementation of NIV, purpose of NIV 
(prophylactic or curative), environment where 
the ventilatory support is administered (ICU or 
ward), and finally the etiology of ARF.  These 
data are corroborated by Depuydt et  al., who 
highlighted methodological biases such as sam-
ple size, heterogeneity among patients, and even 
study designs that were impacting more consis-
tent and relevant inferences about the mortality 
benefits of NIV when compared to conventional 
therapies in these patients. In addition, NIV has 
been shown to be unsuccessful in some situa-
tions, such as a significant deterioration in the 
level of consciousness, moderate to severe 
hypoxemia (PaO2/FiO2 < 200), septic shock with 
ARF, multiple organ failure, and persistent 
tachypnea at 1 h of NIV initiation. Generally, in 
these situations NIV should be avoided [15]. On 
the other hand, the success of NIV in these 
patient groups is associated with reduced IMV 
time, hospital stay, and mortality. In critically ill 
patients with hematological malignancies, the 
risk factors for high mortality include the use of 
IMV, multiorgan failure, and need for vasopres-
sors, affecting approximately 71% of these 
patients. Despite an overall reduction in the mor-
tality rate for hematological patients from 80 to 
95% between the 1980s and 1990s, to around 
65–85% in more recent studies, the rate still 
remains extremely high today [16]. In general, 
mechanical ventilatory support is used in a little 
more than half (66%) of these patients during 
their hospitalization, with approximately one-
third receiving first-line NIV [17, 18]. Typically, 
NIV has been used in these patients for a vari-
able period of 2–11 days and for 4–16 h daily, 
with positive end-expiratory pressure (PEEP) 
levels between 3 and 10 cmH2O and inspiratory 
pressure between 10 and 15  cmH2O.  Previous 
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systematic review has shown that NIV is more 
advantageous on IMV in reducing in-hospital 
mortality (OR 0.43, 95% CI 0.23 to 0.80, P 
value = 0.007) and 30-day mortality (OR 0.34, 
95% CI 0.20 to 0.61, P value <0.0001) mainly 
for less severe hematological malignancies 
patients [19]. While high mortality rates of 
around 70–80% are found in hematologic 
patients requiring IMV, the overall mortality for 
those who undergo NIV is around 15–65% [20]. 
As a counterpoint, in their study, Depuydt and 
colleagues showed a high failure rate with use of 
NIV and the authors attribute these results to a 
greater severity of illness scores in patients 
included in their study, worse oxygenation index 
measured by the PaO2/FiO2 ratio, and ARF due 
to conditions with slower resolution such as non- 
bacterial pneumonia and non-infectious lung 
diseases [16, 18]. These latter factors were con-
firmed by more recent studies that demonstrated 
a higher success rate of NIV in ARF where the 
causes are characterized by a faster resolution [3, 
4]. In addition, other factors such as age, heart 
failure, and presence of bacteremia are indepen-
dent risk factors for NIV failure [3]. Thus, there 
is a clear uncertainty in the real protective effect 
of NIV for these patient groups [16] as well as 
the impact of initial ventilation management on 
the probability of intubation and IMV [21]. In a 
recent study by Lemiale and colleagues who 
compared NIV to standard oxygen therapy, the 
authors demonstrated an absence of “protective” 
benefit of NIV not only in mortality, but also in 
the need for ETI, hospital and ICU length of 
stay, as well as duration of IMV [22]. In addi-
tion, despite progressive reduction in cases of 
invasive pulmonary aspergillosis in hematologi-
cal malignancy, half of the patients admitted to 
the ICU with this diagnosis are submitted to 
some type of ventilatory support. A smaller pro-
portion of those who underwent first-line NIV 
and failed, leading to second-line IMV had sig-
nificant increase in mortality. However, this was 
still lower when compared to patients who 
underwent first-line IMV [6].

Among patients with hematologic malig-
nancy who underwent bone marrow transplanta-
tion (BMT), the use of IMV in 
post-transplantation period was associated with 
complications that considerably reduce their 
survival, with rates ranging from 3 to 26% [23–
26]. In addition, renal failure and delayed recov-
ery of platelet levels are independent factors of 
worsening survival in up to 100  days of post 
BMT patients requiring IMV.  Predictors of 
higher survival in this patient group include low 
disease risk, umbilical cord cell transplantation, 
good lung function, presence of graft versus 
host disease grade II or lower, and normal val-
ues for bilirubin, creatinine, platelets, and albu-
min [23, 27].

Finally, robust evidence found in literature 
regarding the use of NIV in hematologic patients 
is in contrary to the limited literature in the use of 
NIV in solid tumors. In addition, analyses of pre-
vious studies with samples from mixed popula-
tions, as well as small sample size, do not allow 
us to infer or conclude with adequate consistency 
the findings of NIV intervention specifically for 
patients with solid tumors.

46.3  Conclusions

In conclusion, we observed that there is a broad 
and growing evidence showing the benefits of 
NIV in patients with hematological diseases, 
based on robust evidences in the literature about 
clinical implications of this intervention in this 
patient group. Despite sparse evidence for NIV in 
solid tumor patients with ARF, studies have 
shown that this intervention has contributed sig-
nificantly to improved survival. In addition, as in 
patients with hematological diseases, the failure 
of NIV in solid tumor correlates to an increase in 
mortality and low survival rates. The decision to 
initiate NIV in a cancer patient with ARF as 
opposed to IMV should be individualized 
depending on the etiology of the ARF, hemody-
namic status, and goals of care (Fig. 46.1).
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47.1  Introduction

For the past two decades, the use of noninvasive 
ventilation (NIV) has taken the prime place for 
the management of acute as well as chronic respi-
ratory failure. As the use of NIV has increased, it 
came with its own set of shortcomings. One of 
the major issues is nutrition during NIV. Lack of 
sufficient evidence for the safe practice of enteral 
feeding during NIV makes it a grey area. Oral 
nutritional support is still the major form of feed-
ing as compared to enteral and parenteral route 
for the patients on NIV in a majority of the inten-
sive care units (ICU) [1]. But intermittent NIV 
disconnection during oral feed leads to respira-
tory distress in acutely ill patients, which many a 
time leads to inadequate nutrition. Two signifi-
cant causes for lack of adequate nutrition during 
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NIV are, firstly, the fear of conversion to invasive 
ventilation which prefers a nil per os status and 
secondly, the gastric distension during NIV lead-
ing to aspiration [2]. A recent study has shown 
that it is excessive calories and not the route that 
is responsible for the complications associated 
with parenteral nutrition [3]. The present chapter 
is prepared to review the current evidence on 
nutritional support and its effect on and during 
NIV.

47.2  Methods

Electronic database PubMed was searched with 
index words “noninvasive ventilation” AND 
“nutrition” for including articles published 
between January 2017 and March 2019  in the 
field of Title/Abstract. An initial screening of the 
title, abstract, and keywords of every record iden-
tified was performed. The next step was to 
retrieve the full text of potentially relevant stud-
ies. Only studies in English and from all age 
group were considered.

47.3  Results

After applying the above search terms, we got 24 
articles, out of which 19 were excluded due to 
various reasons (Fig. 47.1). The remaining 5 arti-
cles were analyzed for the preparation of this 
chapter (Table 47.1).

47.4  Analysis of Search Results

In a single-center retrospective cohort study, 
Kogo et  al. evaluated the effects of enteral 
nutrition in subjects receiving NIV for acute 
respiratory failure [4]. The main outcomes were 
the frequency of airway complications during 
NIV treatment, NIV failure, NIV days, hospital 
days, in-hospital mortality, and the type of dis-
charge. Enteral feeding caused more airway 
complication and longer durations of NIV and 
hospitalization than the other routes of nutri-
tion. But enteral nutrition had no influence over 

mortality and NIV failure in their study. Due to 
its small sample size and retrospective in the 
design there was no control over the population 
characteristics resulting in a heterogeneous 
group which was not comparable. Thus the val-
idation of outcomes is required with further 
studies.

Another multi-centric observational retro-
spective cohort study was conducted by Terzi 
et al., which included 20 French adult ICUs and 
included patients who required at least 2  days 
NIV for acute respiratory failure [1]. They 
assessed associations between nutritional groups 
and the need for mechanical ventilation, the 
occurrence of nosocomial infection and death. To 
their surprise, they found out that about three- 
fifths of the patients did not receive any kind of 
nutrition in the first 48 h. In contrast to the previ-
ous finding, early enteral feeding was indepen-
dently associated with higher 28-day mortality 
and fewer ventilator-free days. Due to selection 
bias and lack of specific protocol for NIV and 
type of nutrition, the results obtained cannot be 
accepted well.

Total 24
studies 

5 studies
included 

19 studies
excluded 

16 not relevent
to this topic 

2 letter to
editor and its

reply 

1 article not
found in

database

Fig. 47.1 Summary of searched articles from PubMed
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A similar study was conducted in the 
Children’s Hospital Colorado (CHCO) by Leroue 
et  al., and data were collected retrospectively 
from Virtual PICU Systems (VPS) LLC database 
and the Children’s Hospital Colorado (CHCO) 
electronic health records (EHRs) [5]. This study 
specifically focused on the specific population 
requiring NIPPV.  Almost two-thirds of patients 
on NIV received nutrition within 24 h of NIV ini-
tiation and almost all within 48 h. The need for 
bi-level NIV and continuous dexmedetomidine 
for sedation was associated with a decreased like-
lihood of enteral nutrition initiation within 24 h 
in this study. However, less than half achieved 
caloric and protein goals during their PICU 
admission. Though the use of a feeding tube was 
associated with improved delivery of nutrition as 
compared to oral feeding, limited data exist to 
determine whether gastric or transpyloric enteral 
nutrition is preferable for patients on noninvasive 
positive pressure ventilation.

Bozzetti et al. reviewed the challenges to meet 
the adequate caloric intake in very low birth 
weight babies on NIV for respiratory distress [6]. 
They formulated strategies of enteral feeding of 
preterm infants requiring NIV.

The paper by Singer et  al. gives us an over-
view of nutrition during NIV.  The dilemma of 
whether to eat or not during NIV should not be 
the question [7]. Rather, the use of the newer kind 
of NIV equipment gives us the hope of better 
coordination between eating and breathing. More 
trials are required to see the efficacy of equip-
ment such as high-frequency nasal cannula with 
regards to the facilitation of nutrition is needed.

These above studies contribute to our limited 
knowledge of the effect of nutrition on critically 
ill patients requiring NIV.  Further research on 
early enteral nutrition, the optimal mode of deliv-
ery, and the impact on clinical outcomes, includ-
ing adverse, remains essential.

47.4.1  Early Enteral Nutrition Versus 
Nil per Os During NIV

According to the European Society of Parenteral 
Nutrition (ESPEN) guideline, starting early 
enteral feed is advantageous for early recovery of 
ventilated patients [8]. Leroue MK et  al. have 
shown in their retrospective cohort study that 
patients who started Enteral nutrition (EN) within 

Table 47.1 Summary of searched articles from PubMed

Authors 
(year) Patients Intervention Outcome/remarks
Terzi et al. 
(2017) [1]

Adult patients with acute 
respiratory insufficiency

Received NIV for 2 consecutive 
days during admission to ICU 
and nutrition in various routes

Nearly three-fifths of patients 
receiving NIV fasted for the first 
2 days
Lack of feeding or underfeeding was 
not associated with mortality

Kogo et al. 
(2017) [4]

Adult patients with acute 
respiratory failure

Received NIV for >48 h and 
enteral nutrition

Enteral nutrition was associated with 
an increased risk of airway 
complications but did not affect 
mortality

Leroue 
et al. (2017) 
[5]

Pediatrics patients of age 
>30 days with acute 
respiratory distress

Received NIV for greater than 
or equal to 24 h and enteral 
nutrition

Majority of the patients started on 
enteral feed within 24 h of NIV 
initiation
Less than half of the patients 
received the desired calorie and 
protein need

Bozzetti 
et al. (2017) 
[6]

Infants from birth to 
23 months of age in 
respiratory distress

Singer et al. 
(2018) [7]

Adults and pediatric 
patient with acute 
respiratory distress.

Prompts to practice newer methods 
of NIV and choosing an appropriate 
route of nutrition
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24 h of admission to the PICU had an increased 
likelihood of meeting goal EN rate and an ade-
quate cumulative calorie and protein intake [5]. 
Further, they described the decreased likelihood 
of initiation of NIV within 24 h of admission in 
patients on the bi-level mode of NV and on con-
tinuous dexmedetomidine independently on mul-
tivariable analyses [5]. However, early enteral 
feeding is associated with a higher incidence of 
respiratory complications as compared to no 
feeding at all [1]. In clinical practice, only a few 
patients in ICU get nutrition on the first day of 
admission. Bendavid et  al. showed, in a large 
prevalence study of nutrition practice in intensive 
care, that enteral feeding was prescribed to only 
10% of the patients on the first day, but this num-
ber increased to more than 40% of the patients 
after 5 days [9].

47.4.2  Enteral and Parenteral 
Nutrition During NIV

Oral feeding is the prime route for nutrition in 
most of the ICUs which needs interruption in 
NIV leading to a respiratory compromise in 
acutely ill patients. Avoiding the enteral route 
in acute care settings may avoid interruptions. 
However, enteral route feeding has its own ben-
efit too; structural and functional gut integrity 
and the gut microbiome are maintained. 
However, Kogo et  al., in their retrospective 
observational study, showed that receiving 
enteral nutrition during NIV was associated 
with a significantly higher rate of airway com-
plications (53 vs. 32%, P  =  0.03) and longer 
NIV duration (16 vs. 8  days, P  =  0.02) com-
pared to patients who did not receive enteral 
nutrition [4]. Kogo et al. indicated mucus plug 
formation, gastric distension, and vomiting 
during NIV as reasons for it. In critically ill 
patients, the gut motility is also compromised, 
causing an increase in gastric residual volume. 
This further increases the chance of aspiration. 
But this finding should not lead the patient to 
starve. Work of breathing is a major source of 
energy expenditure which itself may lead to 
respiratory deterioration if calorie needs are not 

met. Parenteral nutrition is associated with 
more chance of catheter site infection, systemic 
infection, hyperglycemia, and dyselectrolyte-
mia as compared to enteral nutrition. But there 
are large randomized trials in recent years 
showing no increase in the infection rate for a 
parenteral route as compared to the enteral 
route [10].

47.4.3  Type of Interfaces Facilitating 
Nutrition in NIV

Use of a feeding tube for enteral feeding is a 
potential source of a leak during NIV via vari-
ous interfaces. Although 30–40% of the leak is 
compensated by the recent ventilators, still 
using a full face mask and nasal-only mask with 
feeding tube in-situ are not free from NIV fail-
ure. While this problem may be managed with 
special NIV masks with a port for the nasogas-
tric tube, these are not always available and are 
costly. Helmet interface is of some advantage 
over face mask as it does not hinder speech and 
cough, but leakage is still possible during nutri-
tion via a feeding tube. As a patient is more 
cooperative to this kind of interface, providing 
nutrition can be more coordinated as compared 
to other interfaces. However, to date, no study 
has been established regarding the identification 
of a suitable interface for facilitating nutrition. 
Heated humidified high flow nasal cannula 
(HHHFNC) is simpler to use and apply than 
NIV and appears to be a good alternative treat-
ment for hypoxemic acute respiratory failure 
(ARF). Frat JP et al., in their article, has shown 
that HHHFNC is better tolerated than NIV [11]. 
It delivers a high fraction of inspired oxygen 
(FiO2), generates a low level of positive pressure 
and provides washout of dead space in the upper 
airways, thereby unloading inspiratory muscles 
during ARF [11]. A patient has an improved 
speech and secretion clearance ability with 
HHHFNC. So this might be a good alternative 
to traditional NIV masks for providing nutri-
tion. However, large randomized studies are 
required for establishing the suitable modality 
for NIV.
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47.4.4  The Complication of Enteral/
Parenteral Feeding During 
NIV

Complication related to airways such as mucus 
plugging and aspiration pneumonia is most com-
mon in the enteral feeding group. Kogo et al., in 
their trial, show that rates of mucus plug (50% vs. 
30%), aspiration pneumonia (17% vs. 4%), and 
airway complications (53% vs. 32%) were higher 
in the enteral feeding than in the non-enteral 
feeding group [4]. Reliable airway protection 
from aspiration is far from actual in patients on 
NIV and a feeding tube in-situ across the lower 
gastroesophageal sphincter and gastric hypomo-
tility increases the chance of aspiration further. 
Independent association of nutrition (enteral and 
parenteral) with higher incidence of nosocomial 
infection (P = 0.02), VAP (P = 0.002), and 28-day 
mortality (P = 0.02) was shown by Terzi et al. [1]. 
This result is coherent with the fact that the 
enteral and parenteral nutrition groups were asso-
ciated with a higher need for invasive MV. But 
surprisingly ICU acquired infection incidence is 
not significantly associated with enteral feeding 
(P = 0.18) [1].

The duration of NIV and hospitalization were 
significantly longer in the enteral feeding group 
(P < 0.05 each). Also, the 28-day mortality was 
significantly higher in the enteral group as com-
pared to no nutrition at all [4].

47.5  Conclusion

Supplementation of nutrition is essential during 
noninvasive ventilation. Enteral feeds show a ten-
dency towards increased complications and some 
patients may not tolerate well the interruption 
required for feeding. Tube feeding can be given 
to avoid interruption in such patients. However, 
dedicated NIV machine which can compensate 
for the high leak will be required. Interface with 
a port for feeding tube can be also helpful. Present 
evidence also suggests that parenteral nutrition 
can also be provided. With the present evidence, 
individualized decision to choose a route of nutri-

tion should be practiced. Further, randomized tri-
als will be required to recommend one route over 
another.
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Although mechanical ventilation is a life-sav-
ing therapy in the treatment of acute respiratory 
failure, weaning should be performed as soon 
as possible to prevent complications of invasive 
ventilation. Weaning time is known to consti-
tute half of the total mechanical ventilation 
time [1].

48.1  To Prevent Acute Respiratory 
Failure After Extubation

Post-extubation respiratory failure is a compli-
cation that increases the morbidity and mortal-
ity and hence requires strategies to prevent the 

same [2]. Noninvasive ventilation (NIV) has 
become an important tool for ventilatory sup-
port in adults as well as pediatric patients. Its 
application reduces the use of accessory mus-
cles, heart rate, and respiratory rate [2, 3]. The 
main advantage of NIV is that it prevents endo-
tracheal intubation and, thereby, any associated 
risk [2]. A European survey reported that post-
extubation respiratory failure was the second 
most common indication in Germany and the 
United Kingdom [4], and a recent French study 
also demonstrated a substantial increase of NIV 
use in this subset of population [4, 5]. Based on 
previous multicenter randomized studies, NIV 
may reduce re- intubation and mortality rates 
when applied immediately after planned extuba-
tion in selected patients at high-risk for respira-
tory failure [6].

However, the choice of mask is crucial for the 
success of NIV and it usually depends on consid-
erations regarding patient comfort, air-leaks, and 
cost [4]. A facial (oro-nasal) mask is the most 
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widely used method for patients with acute 
respiratory failure. However, helmets are 
increasingly being used in some countries [4]. 
Apart from the facial mask in NIV, high-flow 
nasal cannula (HFNC) oxygen therapy has been 
used in patients with respiratory failure, but the 
clinical benefit in patients with post-extubation 
respiratory failure (PERF) remains unclear [7]. 
This Korean study further went on to conclude 
that in PERF the use of HFNC is not inferior 
when compared to NIV in terms of patients 
requiring re-intubation and such patients had a 
shorter stay in the ICU and even better tolerated 
the HFNC [7].

Yang L et al. explored the feasibility of NIV 
and assessed the risk factors of NIV failure in 
patients with acute respiratory failure following 
cardiac surgery. The NIV failure group had a 
higher in-hospital mortality and longer stay in the 
intensive care unit (ICU). Most cases of NIV fail-
ure occurred within 1–48 h of the treatment. The 
main causes of early NIV failure were a weak 
cough reflex and/or excessive secretions and 
hemodynamic instability. A Sequential Organ 
Failure Assessment (SOFA) score ≥10.5, 
vasoactive- inotropic score ≥6, and pneumonia 
were predictors of NIV failure, whereas a body 
mass index (BMI) ≥25.0  kg/m2 predicted NIV 
success [8].

To increase the success of weaning, the 
question of giving NIV to each patient after 
extubation comes to mind. However, NIV has 
been shown to be effective and successful only 
in the risky patient groups [9, 10]. It was 
observed that there was no decrease in re-intu-
bation and mortality rates with NIV therapy in 
an unselected patient group. The risk factors 
predicted in the studies were defined as age 
over 65 years and having an underlying cardiac 
or respiratory disease. In two multicentric, ran-
domized, and controlled trials, the positive 
effects of NIV treatment on re-intubation and 
mortality rates were shown immediately after 
planned extubation in selected patients [11, 
12]. As a result, it is recommended to apply 
NIV only to selected, high-risk patients in order 
to prevent respiratory failure.

48.2  To Treat Acute Respiratory 
Failure After Extubation

Although there is not enough randomized con-
trolled research in this subject, it is recommended 
not to use NIV in the treatment of patients with 
respiratory failure after extubation [13]. In this 
case, the individual and clinical characteristics of 
a patient and the experience of the center in NIV 
therapy are also important. As the number of 
COPD patients included in the research on this 
subject is low, this result may not be applicable 
for COPD patients.

48.3  To Facilitate Weaning

It is already known that NIV improves respira-
tory pattern and reduces inspiratory effort in 
patients intubated due to hypercapnic respiratory 
failure. It has been shown to be as effective as 
invasive mechanical ventilation to maintain ade-
quate gas exchange in selected patients during 
weaning [14]. A meta-analysis evaluating data 
from 16 randomized controlled trials mostly 
composed of hypercapnic COPD patients 
showed that the rate of weaning failure was 
lower in the NIV group than in the conventional 
group [15]. Unlike hypoxemic patients, NIV is 
recommended to facilitate weaning from inva-
sive ventilation in patients with hypercapnic 
respiratory failure.

On the other hand, NIV has been shown to be 
successful in a multicenter randomized con-
trolled trial in comparison with standard oxygen 
therapy in patients with hypoxemic respiratory 
failure after abdominal surgery. It was also shown 
that the NIV group had a lesser rate of intubation, 
nosocomial infection, and duration of mechani-
cal ventilation [16]. However, there are no ade-
quate data to conclude on the success of NIV in 
hypoxemic patients.

According to the results of these researches, it 
is seen that there are factors that play a role in 
obtaining different results. Different results can 
be obtained in heterogeneous patient groups. In 
order to obtain more reliable results, studies 
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should be carried out which are as homogenous 
and as large as possible. NIV should be used 
especially in the weaning period of COPD 
patients. Better results were obtained especially 
in the early period before respiratory failure 
develops. It is noteworthy that low pressures are 
used in studies that failed NIV administration. 
The tidal volume generated by the applied pres-
sure must be checked and required pressure for 
sufficient tidal volume must be ensured. 
Appropriate pressures should be adjusted accord-
ing to the clinical evaluation of the patient and 
the results of gas exchange. There are significant 
differences between the duration of NIV therapy 
in the studies. Although there is no consensus on 
this issue, the duration of NIV should be suffi-
cient according to the clinical condition of the 
patient. NIV application experience is an another 
important factor. The experience of the team 
members who applied NIV in the clinic will 
increase the success rate and the safety of the 
patient with early recognition of failure and tak-
ing precautions when needed. When NIV therapy 
is contemplated, selecting an appropriate inter-
phase and ventilator mode should monitor the 
patient. Most importantly, all the equipment 
required for intubation of the patient should be 
readily available.
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Abbreviations

APACHE  Acute Physiology and Chronic 
Health Evaluation

BiPAP  Bilevel positive airway pressure 
support

CI Confidence interval
COPD  Chronic obstructive pulmonary 

disease
CPE Cardiogenic pulmonary edema
ED Emergency Department
HDU High Dependency Unit
ICDSC  Intensive Care Delirium Screening 

Checklist
ICU Intensive Care Unit
M–F Monday–Friday
NCEPOD  National Confidential Enquiry 

into Patient Outcomes and Death
NEWS National Early Warning Score
NIV Noninvasive ventilation
OR Odds ratio
UK United Kingdom

49.1  Introduction

It has been over three decades since noninvasive 
positive pressure ventilation (NIV) delivered 
through a mask interface was introduced as an 
alternative mode of ventilatory support for those 
with acute respiratory distress and failure [1–3]. 
Since its entry into medical care, NIV has become 
the treatment of choice for a host of respiratory 
conditions, specifically acute exacerbations of 
chronic obstructive pulmonary disease (COPD) 
and cardiogenic pulmonary edema [4]. The list of 
conditions that can be successfully treated with 
NIV increases annually with increasing provider 
expertise and experience.

Patients were initially treated in closely mon-
itored settings and initial experience was tem-
pered by difficult application of therapy which 
often led to treatment failures. This limited its 
implementation in several locales, sometimes for 

years as healthcare providers sought to over-
come the learning curve that accompanied 
NIV.  This early difficulty also underscored the 
importance of a multidisciplinary approach to 
the application of NIV which differs from inva-
sive mechanical ventilation. The providers 
involved with NIV are nursing, respiratory ther-
apy, and physician staff and their roles are a little 
different when compared to patients treated with 
invasive ventilation. In the latter situation, the 
provider roles are well defined and usually do 
not overlap. With NIV, there is a need for more 
active multidisciplinary involvement by all par-
ties to ensure the successful application of 
NIV. The primary focus of this review is the mul-
tidisciplinary aspects of care required for the 
successful application of NIV.

49.2  Methods

This review focuses on publications with publi-
cation dates between 2017 and 2019. A PUBMED 
search was conducted starting with the key words 
“multidisciplinary” and “noninvasive ventila-
tion”, and additional searches completed by add-
ing the terms “nursing”, “respiratory therapy”, 
“healthcare providers”, and “respiratory therapy 
providers”. The search returned 1316 citations, 
but several citations were repeated with these 
multiple search strategies, and 907 more accu-
rately reflects the number of citations with this 
search. Many of the citations dealt with invasive 
as opposed the noninvasive ventilation, as several 
were also consensus or guideline statements. The 
search did not identify any randomized trials or 
other interventional clinical trials on this subject. 
However, observational or retrospective studies 
were identified along with a few qualitative stud-
ies which addressed multidisciplinary aspects of 
care and comprise the bulk of this review. The 
review focused on the management of adult 
patients and reports in English. NIV use in 
 neonatal patients and children were not included 
for review.
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49.3  Multidisciplinary Elements 
of Care and Time 
Requirements

The successful application of NIV hinges on a 
comprehensive, multidisciplinary approach to 
therapy. It is instructive to review some of the 
early reports on NIV application to better appre-
ciate the perspectives of each of the healthcare 
disciplines involved in management. The sentinel 
report about difficulty in patient management 
was from Chevrolet and colleagues published in 
1991 [5]. Their primarily message involved the 
difficult and time-consuming nature of NIV and 
supported their experience with six prospectively 
evaluated patients. Several other issues may have 
clouded their experience. All of their patients had 
hypercapnic respiratory acidosis and were on the 
brink of respiratory failure and intubation. NIV 
was delivered via a nasal mask with volume 
cycled ventilators. Three had underlying restric-
tive physiology, one with neuromuscular weak-
ness, one with severe pulmonary hypertension 
and fluid overload, and one with morbid obesity 
and obesity hypoventilation. Three had obstruc-
tive physiology, one with cystic fibrosis and the 
other two with advanced obstructive lung disease. 
Those with restrictive physiology were success-
fully treated, but those with obstructive physiol-
ogy all failed and eventually required endotracheal 
intubation. The authors charted the time required 
at bedside and it averaged over 90% of their time 
for the failed patients compared to 40% for those 
successfully treated. High peak airway pressures 
(>30 cm H2O) were noted for each patient who 
failed. Mouth leaks, patient ventilator discoordi-
nation, and pressure alarms were the main rea-
sons required for the constant bedside presence 
by nursing. While this experience was attributed 
to the mode of ventilatory support (NIV), subse-
quent experience suggests some areas of applica-
tion that could have been optimized, including 
the patient-mask interface (orofacial), type of 
ventilator (pressure cycled vs. volume), and the 
presence of respiratory therapy (not reported). 

Only one nurse was familiar with NIV prior to 
this reported trial and with training provided to 
other staff as they cared for the patient. In addi-
tion, patient selection may have also doomed 
therapy as those with obstructive physiology 
were also febrile and with significant secretions. 
In other words, the time-consuming aspect may 
not have been the ventilatory modality (NIV), but 
issues related to patient selection and methods of 
NIV application which have since improved.

In a prospective, randomized trial by Kramer 
and colleagues of 31 patients, the workload and 
perception of nurses and respiratory therapists 
were directly assessed during the trial [6]. NIV 
was delivered through a nasal mask with a rela-
tively new ventilatory support device (bilevel 
positive airway pressure or BiPAP®, Respironics 
Inc.; Murrysville, PA) with average pressures 
after a day of use at 11.3  ±  0.9  cm H2O.  Both 
nursing and respiratory therapy spent around 
100 min for the initial 8 h of treatment (~21%) 
and much less in the second 8 h, with respiratory 
therapy averaging 34  min (7%) and nursing 
82 min (17%) of their time at the patient’s bed-
side. The more important finding was that both 
respiratory and nursing spent comparable 
amounts of time with those who were invasively 
ventilated with similar levels of difficulty rating 
for both provider classes. Difficulty ratings were 
actually lower for those treated with NIV than 
invasive ventilation for both groups. These results 
can be attributed to several differences, starting 
with a different ventilatory support system, with 
lowered delivered peak airway pressures and 
technology, improved patient comfort, and accep-
tance of ventilatory support. In addition, there 
also seemed to be more training and greater 
familiarity with NIV by the front line healthcare 
providers.

A prospective observational trial by Nava and 
colleagues was undertaken to specifically address 
the actual workload and costs associated with 
NIV during the treatment of acute exacerbation 
of COPD [7]. Ten patients were treated with face 
mask NIV and pressure support ventilation and 
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were compared to six who require intubation and 
mechanical ventilation. The latter group was also 
paralyzed and sedated, and a stopwatch was used 
to record the actual time spent at the bedside by 
healthcare providers. This study included physi-
cians, as well as nurses and respiratory therapists. 
They recorded workload for the first 48 h of ven-
tilatory support. No differences were noted 
between NIV and intubated patient for either 
nursing or physicians, both groups spending 
about 14–18% of their time at the bedside. 
Respiratory therapists did spend more time in the 
first 6 h with NIV patients (~30%) compared to 
<10% with intubated patients, but over the course 
of treatment, workload decreased to be compa-
rable to the intubated patients, comprising about 
10% of their total time. The composite workload 
of all three groups was similar between NIV and 
intubated patients and the costs of treatment were 
also similar. After the initial 48 h, the investiga-
tors noted a further reduction in time at the bed-
side by both physicians and nurses with NIV 
patients, approaching 1 h/day, whereby physician 
and nursing time was stable for intubated patients 
at 2–4 h/day.

In a more recent study by Simonelli and col-
leagues, a physiotherapist (or respiratory thera-
pist) focused cardiopulmonary rehabilitation unit 
in Italy reported their experience in 201 patients 
with chronic respiratory failure [8]. The physio-
therapists spend an average of 17.2 ± 15.4 min on 
each session with each subject with more time 
spent for those with neuromuscular disease. They 
were able to achieve adequate training with an 
average of 8.2 ± 3.2 sessions (range 2–16), fur-
ther supporting efficacy and minimal time 
requirements once staff involved with NIV are 
trained and comfortable with its application.

49.4  NIV Consensus 
Recommendations

Since these reports, issues involving excessive 
time or workload with NIV have faded but remain 
an important aspect of management. Consensus 
guidelines have continued to emphasize the 

importance of attention to technical issues [9]. 
The most frequent reasons for NIV failure remain 
excess mask leak, insufficient ventilatory sup-
port, and patient ventilator asynchrony, issues 
that were identified as causes of NIV failures 
since its initial application. These reflect issues 
that are best identified and managed at the bed-
side and require close attention by front line pro-
viders, specifically nursing and respiratory 
therapy staff. This further reinforces the need for 
close monitoring and a multidisciplinary 
approach to management.

In their guidelines on the ventilatory manage-
ment of acute hypercapnic respiratory failure in 
adults, the British Thoracic Society/Intensive 
Care Society provides a framework for patient 
management to include immediate clinical 
assessment, an assisted ventilation plan, and 
recovery and discharge plans [9]. Included in 
their recommendations were identification of a 
specifically identified NIV treatment area, staff-
ing levels with nursing assignments of one nurse 
for every two NIV patients, NIV protocols, des-
ignated lead of a core NIV multidisciplinary 
group, access to NIV technical support, audit 
mechanisms and regular staff education as well 
as training modules. The construct of the multi-
disciplinary team included physicians, nursing, 
and physiotherapists. It should be noted that in 
Europe, the physiotherapist provides the same 
role and function as the respiratory therapist in 
North America. For all intents and purposes, the 
position should be considered the same, despite 
some differences in the scope of practice.

49.5  NIV-Focused Care Audit

To further examine the status of NIV delivery, the 
British Thoracic Society proposed an audit of the 
status of NIV in the United Kingdom (UK), 
which was conducted by the Clinical Outcome 
Review Program and published by the National 
Confidential Enquiry into Patient Outcome and 
Death (NCEPOD) in 2017 [10]. Through a com-
bination of questionnaires and case reviews, the 
group analyzed 353 patients and 165 hospitals 
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who were treated with NIV.  It is worthwhile to 
review their findings with respect to the multidis-
ciplinary focus of this review and the findings fall 
into the following broad categories.

49.5.1  Staffing

A lead physician or “designated expert” in NIV 
available 24/7 is one of their guideline recommen-
dations, but in over half (55%), this coverage was 
provided by the general medical staff. Only 23% 
had recommended coverage by a subspecialty 
respiratory consultant (pulmonary physician). In 
75% of the hospitals, a respiratory consultant was 
available less than half of the time. With respect to 
nursing, less than half (49%) of the hospitals had 
recommended nursing ratios (1:2 NIV patients). 
Changes to ventilator settings were most com-
monly performed by the respiratory consultant, 
but in 20%, changes were made by medical train-
ees (resident physicians), more than half by nurses 
and in more than a third by the physiotherapist. 
Most hospitals (89%) did report annual training 
programs in NIV. A competency assessment for 
NIV was present in 82% of hospitals, but 38% 
permitted staff without NIV competency to super-
vise the care of NIV patients. In hospitals without 
a medical lead for NIV, nursing represented that 
lead in 44% and physiotherapy in 15%.

49.5.2  Protocol

With respect to local guidelines or protocol on the 
management of NIV patients, most facilities had 
guidelines with >90% having materials listing 
indications, contraindications, and escalation. 
Protocol or guidelines for weaning were present 
in 73%. A prescription form for the management 
of NIV patients was found in 69% and a specific 
observation chart in 83%. In addition to a protocol 
for treatment, a National Early Warning Score 
(NEWS) was also recommended to track patients 
which in turn would trigger alerts for deteriorat-
ing patients who may warrant escalation of care. 
They found that NEWS were not consistently 

documented in 47% of cases. In addition, an ini-
tial respiratory consultant was only called in 24% 
of their cases and 14% had no defined initial man-
agement plan on inappropriate plan. Eventually, 
75% of patients had respiratory consultant review.

49.5.3  Outcomes

The overall success rate of NIV was 64%, with 
only 5% proceeding to intubation and mechani-
cal ventilation, and 25% had treatment with-
drawn. They reported mortality of 35%, with a 
mortality rate of 25% in those with COPD. Their 
reviewers cited the quality of NIV care as good in 
27.5%, acceptable in 48.5%, but poor or unac-
ceptable in 24%. There were opportunities for 
improvement in management noted in 60% of 
their cases.

49.5.4  Recommendations

The panel identified 21 recommendations, but the 
most important related to this review involve gov-
ernance, treatment, and review of NIV care. First 
and foremost, there should be a clinical lead for 
NIV encompassing medical and nursing leader-
ship. A minimal staffing ratio of one nurse to two 
NIV patients is recommended. Operational poli-
cies must be in place that address clinical areas of 
application, staff, escalation of treatment, docu-
mentation, and frequency of patient review. Staff 
must have minimal competency in NIV manage-
ment and NIV management and care must be dis-
cussed daily with those with NIV expertise. 
Governance policies should include all sites of 
NIV application and all disciplines, specifically 
medical, nursing, and physiotherapy personnel. 
And lastly, NIV management to include mortality 
and quality of care should be audited and reviewed 
at least annually.

These recommendations were made to address 
issues identified in the British healthcare system, 
but these general principles are applicable to all 
healthcare systems and all areas where NIV is 
administered. These issues have been previously 
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noted to contribute to worsening outcomes in 
association with training, experience, and staff-
ing [11–15], but this association, while intuitive 
can be difficult to demonstrate short of a focused 
audit as outlined in the NCEPOD report.

49.6  Multidisciplinary Issues

49.6.1  Location of Care

These and other issues have been the focus of 
recent observational or retrospective studies 
which form the remainder of this review. An anal-
ysis of ten Spanish units involved 387 patients 
with mixed results, but clearly success rates for 
NIV were lower (58% vs. 66%) when patients 
were treated in a ward setting where nursing and 
staffing ratios are lower than an intensive care unit 
(ICU), and issues with inadequate training were 
identified [16]. The emergency department (ED) 
had the greatest success (83%) despite a lower 
nursing ratio of 1:8–12, possibly related to closer 
overall monitoring in an ED setting.

Another observational study compared three 
models of care in Australian NIV patients (ward, 
specialized high dependency unit (HDU) and 
ICU) during 91 episodes of respiratory failure 
requiring NIV in three hospitals with established 
NIV experience [17]. It is noteworthy that all 
sites had a respiratory specialist whether nursing 
or physician background. No significant differ-
ence was noted in the groups with respect to 
demographics and severity of the respiratory ill-
ness. Nursing ratios were 1:4 and 1:8 for the 
ward, 1:2 for the HDU, and 1:1 for the 
ICU. Respiratory consultants were available for 
HDU and ICU patients on a daily basis, but thrice 
weekly for the ward patients. Correction of respi-
ratory acidosis and overall outcomes were no dif-
ferent between any of the three units. However, 
the intubation rate was higher in the ICU patients 
(20%) vs. 0–2% for the other sites. This experi-
ence demonstrates that the location of NIV appli-
cation may not matter in terms of outcomes, 
provided there are staff well trained in NIV 
patient management. Costs associated with ward 
care were less, but other issues with respect to 

severity of illness, patient preferences, and direc-
tion of care were not assessed as these may 
explain the differences in intubation rate.

49.7  Key Elements of NIV 
Administration

Operator-dependent factors, defined as inappropri-
ate indications for NIV application, inadequate 
ventilator settings, inadequate patient reassess-
ment, and titration of ventilatory support have been 
identified as a cause of NIV failure, in a retrospec-
tive review of 1095 patients treated in a Florida 
hospital [18]. The authors were unable to identify 
specific responsibility for these aspects of care, but 
these categories clearly implicate all those involved, 
including physicians, nursing, and respiratory ther-
apy. The authors did not report a statistical analysis, 
but these categories which comprised 13–33% of 
the reasons for failure and failure of NIV was asso-
ciated with a 22% mortality.

49.7.1  Protocols

Some of these identified deficiencies may be 
addressed with specific treatment protocols or 
dedicated treatment teams. Protocol management 
is not a new concept and was an integral part of 
patient management introduced in a prospective, 
randomized description of ward-based NIV care 
[19]. This was a crucial aspect of successful 
patient outcomes as the staffing ratio was as low 
as 1:13 and training was modest comprising of an 
initial 8  h and then monthly refresher sessions. 
There was standardized treatment, regular arterial 
blood gas determinations, and pre-established cri-
teria for deterioration and intubation. They dem-
onstrated a reduction in the number of patients 
meeting criteria for intubation with NIV (15% vs. 
27%, p < 0.02) and hospital mortality (10% vs. 
20%, p = 0.05), with the actual intubation rates 
lower (6% vs. 10%) and an extra 26 min of nurs-
ing time required during the first 8 h of care.

Protocols are an important aspect of manage-
ment as they provide guidance during periods of 
deterioration where other members of the multidis-
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ciplinary team may not be immediately available. 
The existence of protocols and training was one of 
the key issues identified as crucial for the success 
of NIV. As an extension of protocol  management, a 
dedicated treatment team that is not restricted by 
the physical limitations of location is another 
model of multidisciplinary care that has been dem-
onstrated to be effective at providing NIV.

49.8  NIV-Focused Treatment 
Teams

In a retrospective before and after review, a dedi-
cated respiratory therapy team in a Swiss hospital 
managed a total of 126 ICU patients with COPD 
exacerbations [20]. Prior to the respiratory team, 
physicians and ICU nurses managed the patient, 
but this was left to trained respiratory therapists as 
the intervention under review. This relieved nursing 
staff of the NIV care of these patients. The dedi-
cated NIV treatment team significantly increased 
NIV utilization (64–92%, p < 0.01). There was no 
difference in the severity of illness between the 
cohorts, but those treated with the dedicated NIV 
team had a decreased odds ratio for death or intuba-
tion (OR = 0.20; 95% CI 0.06–0.70) representing a 

14.6% reduction in the absolute risk of death or 
intubation in those managed by the dedicated treat-
ment team. This is a unique approach and addresses 
some of the nursing time commitment issues that 
may have limited NIV application.

In another cohort study from Switzerland, a 
multidisciplinary respiratory care team com-
prised of a pulmonologist and respiratory thera-
pist focused on patients presenting with 
respiratory failure to the Emergency Department 
(ED) with a goal of “instantaneous” NIV support 
[21]. The team was operational only during typi-
cal administrative hours (M–F; 0800–1800) and 
in their cohort of 63 patients, the door to NIV 
time averaged 56  min (range 32–97  min). This 
experience was substantially shorter than NIV 
initiated outside their window which averaged 
84  min (range 57–166  min). Their cohort had 
uniform improvement in cardiopulmonary 
parameters with NIV treatment. They reported an 
immediate failure rate of 2%, but over the hospi-
talization, mortality was 19%. While they were 
not able to correlate outcomes with the presence 
of a dedicated team, they provided a proof of 
concept of rapid initiation of NIV with a dedi-
cated, trained NIV team. A summary of these 
treatment models is outlined in Table 49.1.

Table 49.1 Summary of multidisciplinary models of care

Reference Location Staff Additional training Guidelines Impact
Plant et al. 
[19]

Ward Nursing
1:13

8 h
Monthly

Arterial blood gas
Standard orders
Criteria for 
escalation

Decreased intubation
Decreased mortality

Parker et al. 
[17]

ICU Nursing
1:1
Physician

None stated Local No differences

HDU Nursing
1:2
Respiratory nurse

None stated Local No differences

Ward Nursing
Day: 1:4
Night: 1:8
Respiratory nurse

None stated Local No differences

Simonelli 
et al. [8]

Rehab 
ward

Physician
Physiotherapist
Nursing

2 h
15 days 
apprenticeship

Local Increased efficiency

Horvath et al. 
[21]

ED Physician
Respiratory therapist

Local training Local More rapid NIV

Vaudan et al. 
[20]

ICU Physician/nursing 
vs. Respiratory 
therapist

Local training Local Decreased intubation
Decreased mortality
Shorter length of stay
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49.9  Nursing Care Issues

Most of the focus has been on respiratory ther-
apy, with a relative paucity of investigations 
related to nursing issues. This has been out-
lined in a recent review and issues identified 
reinforce those previously highlighted [22]. 
These include the experience and skill of those 
administering NIV, mask leaks, patient-venti-
lator synchrony, and interface issues. Some 
areas not previously highlighted include patient 
discomfort, gastric distension, and local pres-
sure ulcers associated with the mask and 
enteral feedings. They did allude to nursing 
requirements for a minority of patients, citing a 
nursing activity score that indicated about one-
fourth of NIV patients would require a nursing 
ratio of 1:1. No clinical trials have addressed 
these issues and these represent opportunities 
for more nursing research.

49.10  Patient Care Perspectives

The other aspect of NIV that has long been 
neglected has been the perspective of the patient 
undergoing noninvasive ventilatory support. 
This is important given increasing focus on 
patient- centered care. The majority of the work 
in this area has been qualitative, involving struc-
tured interviews or questionnaires and mostly 
led by nursing. The investigations have focused 
on patient perspectives, and reasons behind 
acceptance and discontinuation of NIV. Jerpseth 
and colleagues focused on the experience of the 
patient with advanced COPD in Norway [23]. 
Part of the focus of these 12 interviews involved 
perception of their disease as well as experience 
after an illness that required NIV support. 
Feelings of isolation, dyspnea, and fragility 
were common themes. Patients viewed the mask 
NIV as both a savior and a burden, referring to 
the latter as a “life buoy”. In addition to pain and 
 claustrophobia, there were also expressions of 
hopelessness and loss of control. More impor-
tantly, subject often felt that they had been 
excluded from decision making and were left 

out of discussions of prognosis, death, and 
dying.

In another study of 12 patients from Japan, a 
mixed-methods approach was used to assess 
patient experience on NIV [24]. They first con-
ducted semi-structured interviews and then used 
information identified from those interviews to 
assess the experience of 126 patients who were 
treated with NIV. They identified eight primary 
issues associated with NIV.  Technical issues 
involved discomfort with the mask and air pres-
sure and flow. From a subjective standpoint, sub-
jects expressed relief of dyspnea with NIV, but 
also noted sleep deprivation as a prominent issue. 
They were often unable to visualize the need for 
NIV, but gradually came to acknowledge their 
need for NIV, relief of anxiety, and discomfort 
associated with nursing involvement as well as 
increased acceptance of NIV with self-directed 
measures.

In their analysis of 126 patients treated with 
NIV, they were able to separate their analysis 
between those successfully treated with NIV 
and those who either discontinued NIV or 
required intubation with NIV. One of their mea-
sures included a delirium score, the Intensive 
Care Delirium Screening Checklist (ICDSC) 
where a score of 3–5 is considered delirious. It 
is noteworthy those who stopped or “aban-
doned” NIV all had high scores ≥5. Those with 
lower scores and sleep deprivation were also 
more likely to stop NIV. Sleep deprivation was 
an especially important factor with an odds ratio 
(OR) of 72.36 (95% CI 9.07–577.16; p < 0.001) 
for abandonment of NIV. Mask discomfort gen-
erated an OR of 4.38 (95% CI 1.07–17.96; 
p = 0.04). The ICDSC score after 12 h of NIV 
had an OR of 1.62 (95% CI 1.11–2.37; 
p  =  0.013). High oxygenation ratios (PaO2/
FIO2 > 192) after 3 h of NIV were also associ-
ated with cessation of NIV (OR 1.01; 95% CI: 
1.001–1.018; p = 0.025). When examining their 
NIV patients who were intubated, parameters 
that identified those converted from NIV to 
invasive ventilation were APACHE II scores 
(OR 1.10; 95% CI 1.005–1.227; p  =  0.040), 
improved in dyspnea after 6 h (OR 0.272; 95% 
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CI: 0.076–0.976; p  =  0.046); and a PaO2/
FIO2 < 120 after 3 h of NIV (OR 0.987;95% CI 
0.978–0.995; p = 0.002). In summary, increased 
severity of illness, ongoing dyspnea, suboptimal 
oxygenation, and mask discomfort are well rec-
ognized factors that contribute to the failure of 
NIV. In addition, sleep deprivation and delirium 
are also risk factors that predict patient cessa-
tion of NIV. These latter two elements have not 
been well recognized and are important clinical 
features that may often be first noted by nurses 
and other bedside healthcare providers. These 
certainly represent opportunities to improve and 
optimize NIV delivery.

49.11  NIV Providers and Patient 
Perceptions

In a further analysis of multidisciplinary aspects 
of NIV, a questionnaire survey of 32 French and 
Belgian ICUs of a total of 311 ICU physicians, 
752 nurses, 396 patients, and 145 relatives 
revealed marked differences in perceptions of 
NIV among both healthcare providers, patients 
and their families [25]. Of note, less than half 
(45%) reported written guidelines on NIV use. 
There was discordance in willingness to adminis-
ter NIV between physicians (64%) and nurses 
(32%), with those with a higher case volume, 
more willing to administer NIV. Individual per-
ception of NIV competency was identified as 
independent factors for NIV use among both 
physicians and nurse. However, negative percep-
tions still exist with notations of “care for a NIV 
patient is excessively time-consuming”, “it is an 
aggressive device”, “it makes patients suffer”, 
and “feeling of regret in relation to NIV”. Among 
patients and relatives, anxiety (37% and 45% 
respectively) were the most common responses. 
Dyspnea, long duration of NIV, and need to have 
someone bedside were independent risk factors 
for anxiety. In summary, the most noteworthy 
findings of this questionnaire are the discrepant 
perceptions of efficacy between physicians and 
nurses, patients and their relatives. A great por-
tion of nursing staff felt NIV was traumatic and 

stressful to patients. Others have noted differ-
ences in expectations between physicians and 
other healthcare providers, specifically respira-
tory therapists in NIV efficacy and outcomes, and 
therefore this discordance between physicians 
and nurses, patients and their relatives has been 
previously noted and is not totally unexpected 
[26]. However, this is especially noteworthy 
given this study is from a region where there is a 
relatively high use of NIV, especially when com-
pared to the United States. This report also sug-
gests that there may be a less than optimal 
multidisciplinary approach to the care of these 
patients and identifies an opportunity for 
improvement with additional NIV training and 
education.

Another questionnaire survey of 407 Spanish 
nurses and physicians highlighted gaps in knowl-
edge and management issues with respect to non-
invasive ventilation [27]. It is noteworthy that the 
overall percentage of correct responses was only 
50%. The authors demonstrated nurses had less 
knowledge than physicians about NIV with aver-
age scores of 3.27 ± 0.5 vs. 2.62 ± 0.5, difference 
0.65; 95% CI: 0.48–0.82, p < 0.01 (lower scores 
with greater knowledge). Mask and patient- 
ventilator synchronization were the most com-
monly cited issues, with no differences noted 
between nurses or physicians. The results also 
highlight the need for more education and 
training.

49.12  Conclusions

It has been well recognized that NIV has required 
a multidisciplinary effort to achieve optimal out-
comes. This primarily involves three groups of 
healthcare providers, physicians, nurses, and 
respiratory therapists (physiotherapists in some 
countries). What was once very laborious and 
time-consuming has turned into a first-line inter-
vention for most patients with acute exacerba-
tions of COPD and cardiogenic pulmonary 
edema. But the success of NIV still depends on 
the multidisciplinary cooperation between all 
three disciplines.
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NIV training and education, explicit guide-
lines on patient management, including guide-
lines for escalation and termination of support 
are important aspects of care. Dedicated staff 
with specific expertise in NIV are important and 
in addition to clinical leads, a focused team of 
specialized healthcare providers may also trans-
late into clinical benefit. Attention to detail is 

another important factor in NIV and refers to 
close bedside care and management, especially 
with respect to problems associated with the 
mask, ventilator, and patient-ventilator coordina-
tion. These issues have been previously cited as 
part of the essential components for an optimal 
NIV and are further summarized in Table 49.2. 
Less recognized features that impact NIV include 
patient identified issues of sleep deprivation, 
delirium, hopelessness, anxiety, and depression. 
Figure 49.1 provides a framework for the under-
standing of these multidisciplinary relationships 
and the central relationship to the patient. In 
addition to close working relationships, training 
and education are also essential components. 
These all represent areas that are amenable to a 
multidisciplinary approach to improve quality of 
care, which would translate into improved patient 
care and outcomes.

49.12.1  Learning Points

 1. Multidisciplinary care is crucial for optimal 
delivery of NIV.

 2. Training, education, protocols, and guidelines 
are important parts of multidisciplinary care.

 3. Dedicated NIV treatment teams may be a 
treatment model.

 4. Patient perspectives on NIV have not previ-
ously been well appreciated.

49.12.2  Critical Points

 1. Multidisciplinary care remains suboptimal in 
many areas.

 2. If providers are adequately trained, patient 
outcomes may not differ with location of care.

 3. Discordance between perceptions and expec-
tations of NIV exist.

 4. Sleep deprivation and delirium are common 
and may be unrecognized in NIV patients.

Table 49.2 Multidisciplinary recommendations for NIV 
infrastructure and patient management (adapted from 
NCEPOD report [10])

Clinical lead
Physician
Nursing
NIV training/expertise
Operational policy
Identify appropriate clinical area
Minimal staff competency and training
  Specialty training/expertise in NIV
Staffing ratios (recommended nurse: NIV patient 1:2)
Escalation procedures
  Escalation of care (ICU)
  Appropriateness of invasive ventilation
  Limits of treatment
Step down procedures
Standard documentation
  Vital signs (hourly until stable) and charting
  Ventilator support and settings: standardized 

protocol adjustments
Frequency of review
  Review of care with specialty consultant within 

14 h and daily
Transition of care
  Post-hospitalization
  Home NIV
Governance of NIV unit
Multidisciplinary (medical, nursing, respiratory 
therapy)
Locations (Emergency Department, Ward, Step down, 
and ICU level)
Records
Database of NIV-treated patients
Annual audits of care
Morbidity and mortality review
Quality improvement
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50.1  Introduction

Endotracheal intubation is an integral component 
of critical care. Nevertheless, critically ill patients 
may suffer life-threatening complications, espe-
cially when intubation is considered difficult. 
Intubation is considered difficult if it requires 
multiple attempts or techniques or prolonged 
time [1]. Classically, difficult intubation is 
thought to be related to poor visualization during 
laryngoscopy or difficulty passing the endotra-
cheal tube. Difficult intubation, when defined as 
requiring three or more attempts or lasting more 
than 10  min using conventional laryngoscopy, 
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occurs in approximately 10% of intensive care 
unit (ICU) intubations [2].

A broader definition of difficult intubation 
should also include challenges that are not directly 
related to laryngoscopy or passage of the endotra-
cheal tube. Difficult intubation should also include 
the physiologic challenges of critically ill patients 
due to poor cardiopulmonary reserve [3]. 
Significant respiratory impairment, structural heart 
disease, systemic vasoplegia, acidosis, and pulmo-
nary vascular disease are common in critically ill 
patients and increase the risk of complications. 
Severe hypoxemia (defined as SpO2 < 80%) is the 
most common complication and occurs in up to 
28% of ICU intubations [4]. Hypotension is also 
quite common, found in 9–25% of ICU intubations 
[4–6]. These complications and cardiac arrest 
occur more often in critically ill patients compared 
with those intubated for elective anesthesia.

Noninvasive ventilation (NIV) has traditionally 
been used to prevent the need for invasive mechani-
cal ventilation. Nevertheless, NIV can be helpful in 
the process of transition to invasive mechanical ven-
tilation and endotracheal intubation itself, and 
maintaining positive pressure ventilator support 
with NIV throughout the intubation process may 
reduce the risk of complications. While the benefits 
of NIV in transition to mechanical ventilation can 
be applied to a broad range of clinical scenarios 
where difficult airway may be anticipated, patients 
in hypoxemic respiratory failure who are treated 
with and fail noninvasive ventilation (NIV) are at 
particularly high risk for peri-intubation complica-
tions and mortality as removing NIV to facilitate 
endotracheal intubation may result in alveolar de-
recruitment and reduced spontaneous minute venti-
lation [7]. Therefore, this chapter will discuss the 
theoretical benefits of NIV use in the transition to 
mechanical ventilation and review current evidence 
for its use in different clinical settings.

50.2  Benefits of NIV 
in Endotracheal Intubation

The physiologic benefits of NIV prior to and dur-
ing intubation are similar to that of its use for 
other indications. NIV augments ventilation and 

oxygenation. PEEP improves alveolar recruit-
ment and helps maintain upper airway patency. It 
can also provide some insight into the patient’s 
hemodynamic response to positive pressure ven-
tilation. For intubation, NIV can increase the 
time before oxyhemoglobin desaturation and 
reduce the risk of significant hypoxemia. It can 
further facilitate concomitant bronchoscopic 
intubation during spontaneous ventilation with 
the use of mild sedation. This may further reduce 
the risk of peri-intubation worsening of hypox-
emia, hypoventilation, and hypotension. We 
think this technique is particularly useful when 
intubating patients with poor cardiopulmonary 
reserve, such as those with pulmonary arterial 
hypertension with right ventricular dysfunction. 
Intubating patients with decompensated right 
ventricular failure may be particularly risky given 
the potential for systemic vasodilation and eleva-
tion of pulmonary vascular resistance.

50.2.1  Ventilation

Apnea during elective intubation for general 
anesthesia is generally tolerated. The increase in 
PaCO2 is approximately 3–4 mmHg/min. PaCO2 
rises more quickly in patients with increased 
metabolic rate, which is common in critically ill 
patients due to fever, tissue injury, or systemic 
inflammation. NIV can improve alveolar gas 
exchange and decrease the work of breathing by 
improving tidal volumes [8]. One case series sug-
gests that NIV can be used to maintain sufficient 
ventilation during deep sedation for procedural 
anesthesia [9].

50.2.2  Oxygenation

After induction of anesthesia and neuromuscular 
blockade, patients become apneic and their lungs 
recoil to functional residual capacity (FRC). 
Oxygen transport continues as the residual oxy-
gen in alveolar air at FRC diffuses into pulmo-
nary capillary blood. The time to arterial 
desaturation during apnea depends on the volume 
of alveolar air at FRC, the alveolar partial pres-
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sure of oxygen as well as total oxygen consump-
tion and the quantity and distribution of 
pulmonary blood flow. Supine positioning, cen-
tral obesity, and parenchymal lung disease may 
decrease FRC and lead to rapid desaturation. 
Denitrogenation/pre-oxygenation and apneic 
oxygenation can increase the time before desatu-
ration [10, 11]. Nevertheless, patients with oxy-
gen saturation less than or equal to 93% during 
pre-oxygenation tend to desaturate to less than 
90% during intubation [12].

Using NIV for pre-oxygenation may result in 
less desaturation compared with standard deni-
trogenation with spontaneous breathing of pure 
oxygen. Positive pressure ventilation can recruit 
atelectatic lung and increase the FRC, thus reduc-
ing the shunt fraction. Reduced work of breath-
ing may also reduce oxygen consumption. 
Improved alveolar ventilation can also result in 
increased alveolar oxygen content by washing 
out CO2 and nitrogen. Multiple studies have 
shown that NIV compared to standard pre- 
oxygenation can reduce the risk of significant 
hypoxemia during intubation.

NIV has also been used in place of apneic 
oxygenation during the intubation process. It has 
been used with a nasal interface to support bron-
choscopic intubation using light or moderate 
sedation in particularly high-risk patients. This 
method, described in Fig. 50.1, allows for contin-
ued ventilation, maintenance of PEEP and mini-
mization of atelectasis, maintenance of FRC, and 

maintenance of airway patency throughout the 
intubation process.

50.2.3  Upper Airway Patency

Sedation and paralytics typically used for induc-
tion decrease pharyngeal muscle tone and may 
lead to upper airway obstruction. This may in 
turn result in difficulty with ventilation and oxy-
genation during preoxygenation or after a failed 
attempt at intubation. NIV can help keep the 
upper airway patent during bronchoscopic intu-
bation [13]. NIV may also be useful in situations 
where reduced upper airway patency is the rea-
son for intubation. For example, NIV may be 
used as a bridge to intubation in situations of an 
edematous airway causing post-extubation stri-
dor or in the setting of angioedema. The applica-
tion of NIV may reduce the severity of upper 
airway obstruction by stenting the airway open 
while equipment for intubation is gathered and 
medical management is being administered.

50.2.4  Hemodynamics

Hypotension is a frequent complication of endo-
tracheal intubation in critically ill patients [4–6, 
14]. NIV, as with any positive pressure ventila-
tion, can have complex effects on hemodynam-
ics, which can often result in unpredictable 

a b c d

Fig. 50.1 (a) Patient on noninvasive ventilation via nasal 
delivery system, (b) Williams airway inserted to assist 
with awake bronchoscopy, (c) once bronchoscope enters 
the trachea, the pre-loaded endotracheal tube can be 

advanced into the airway, (d) noninvasive ventilation, 
Williams airway, and bronchoscope removed leaving only 
the endotracheal tube
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outcomes in critically ill patients. NIV applies 
positive intrathoracic pressure, which may reduce 
venous return to the right heart [15]. To a lesser 
extent, NIV tends to reduce the effective left ven-
tricular afterload, which can be helpful in decom-
pensated left heart disease. NIV can also unload 
the respiratory muscles, which may result in 
lower oxygen consumption and thus circulatory 
demand.

NIV can have dual effects on pulmonary vas-
cular resistance. In patients with significant atel-
ectasis, positive pressure can recruit atelectatic 
lung units and as a result reduce pulmonary vas-
cular resistance [16, 17]. There is however an 
inflection point at which further increases in 
pressure results in alveolar overdistension and 
further transmission of this pressure to the pul-
monary vasculature, resulting in increased pul-
monary vascular resistance [16, 18, 19]. Patients 
with pulmonary vascular disease may have non- 
compliant pulmonary vasculature. In these 
patients, hyperinflation may result in a more pro-
nounced increase in resistance. Moreover, small 
increases in pulmonary vascular resistance in 
these patients may more readily result in decom-
pensated right heart failure.

The use of NIV prior to intubation may help 
unmask the sometimes unpredictable effect of 
positive pressure ventilation on hemodynamics. 
This may allow for further hemodynamic optimi-
zation prior to sedation and intubation. NIV can 
also be used to support awake bronchoscopic 
intubation with the use of minimal sedation to 
prevent significant hemodynamic perturbations 
in patients with poor circulatory reserve, such as 
those with underlying pulmonary arterial hyper-
tension [20].

50.3  Procedures

Varying approaches in using NIV during intuba-
tion have been described. A traditional approach 
used NIV as a method for pre-oxygenation up 

until laryngoscopy. This approach allows patients 
who fail NIV to undergo intubation without the 
need to transition to bag-valve-mask ventilation 
prior to intubation. Compared to pre-oxygenation 
with non-rebreathing bag-valve-mask ventila-
tion, NIV has been shown in small randomized 
studies to result in improved pre-oxygenation and 
lower rates of severe peri-intubation hypoxemia 
[21, 22]. Both full face mask and nasal mask have 
been used; however, some evidence favors the 
nasal mask interface, which has been shown in a 
randomized study to result in better ventilation in 
generally anesthetized patients [23]. This may be 
due to nasal mask appliance creating a gradient 
between the nasopharynx and oropharynx, push-
ing the soft palate and tongue forward and thus 
preventing upper airway obstruction. A full-face 
mask appliance, on the other hand, does not cre-
ate a pressure gradient between the nasopharynx 
and oropharynx, and as a result may not as effec-
tively keep the tongue and soft palate from 
obstructing the upper airway.

More novel and less well-studied strategy is 
the extension of the use of NIV continuously 
throughout the intubation process either with 
bronchoscopic intubation or direct or video 
laryngoscopy. This strategy, based on the nasal 
application of NIV, has theoretical advantages for 
patients who are severely hypoxemic, may not 
tolerate lying supine, may have a difficult airway, 
and/or have a limited cardiopulmonary reserve. 
Studies describing and supporting the various 
ways to intubate with the support of NIV are lim-
ited to case series and case reports (Table 50.1).

Most of the reported use of NIV has been 
with bronchoscopic intubation [13, 20, 24–27]. 
Our approach uses a nasal mask NIV interface, 
semi- recumbent or upright positioning, use of 
an intubating airway (i.e., Williams airway), 
mild to moderate sedation, and topical local 
anesthetic (i.e., lidocaine) applied to the upper 
airway (Fig. 50.1) [24]. Adequate topical anes-
thesia typically requires high concentrations of 
lidocaine (4% or 5% lidocaine). An important 
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Table 50.1 Summary of studies on intubation technique with the support of NIV

Author Intubation technique
Patient characteristics and 
intubation conditions Findings

Aoyama et al. 
[26]

Fiberoptic intubation with 
continuous positive pressure 
ventilation via laryngeal mask 
airway (n = 40) vs. intubating 
laryngeal masks (n = 20) vs. 
endoscopy mask (Patil mask, 
n = 20).

Elective surgery patients. 
Standard anesthetic 
induction used.

Endoscopy mask was superior 
to laryngeal mask airway 
interfaces for delivering 
adequate tidal volumes, but it 
also tends to insufflate the 
stomach more.

Nafeh et al. 
[27]

Fiberoptic intubation through a 
Boussignac valve attached to a 
face mask while delivering 
continuous oxygen at 30 L/min 
in 11 severely obese patients.

Elective surgery patients. 
General anesthesia initiated 
only upon intubation.

PEEP of 7.5 cm water achieved 
with 30 L/min oxygen. None of 
the severely obese patients 
experienced desaturation during 
intubation.

Rothfleisch 
et al. [13]

Fiberoptic nasotracheal 
intubation supported by 
concomitant CPAP (20 cm 
water) applied to the 
contralateral nare via nasal 
pillow in an obese patient.

Emergent intubation for 
hypoxemic respiratory 
failure associated with 
altered mentation.

Images of the hypopharynx 
showed improved upper airway 
patency with the application of 
20 cm water CPAP.

Wong et al. 
[11]

Bronchoscopic intubation 
through intubating laryngeal 
mask airway (air-Q) with 
BiPAP applied (with topical 
anesthetic) in a patient with 
severe obstructive sleep apnea. 
Before placement of laryngeal 
mask airway, he was supported 
with BiPAP via face mask.

Emergent intubation for 
hypoxemic respiratory 
failure for a patient with 
severe obstructive sleep 
apnea. The patient was kept 
awake for the intubation.

SpO2 of 97% or above was 
maintained throughout the 
intubation process.

Barjaktarevic 
and Berlin 
[25]

Bronchoscopic intubation 
supported by nasal BiPAP in 10 
patients who failed NIV. After 
application of topical 
anesthetic, intubating 
(Williams) airway was placed in 
the oropharynx. Bronchoscopic 
intubation was performed 
through intubating airway.

Emergent intubation for 
hypoxemic respiratory 
failure. In addition to topical 
anesthetic, mild to moderate 
sedation was used.

Mean decrease in SpO2 was 
4.7 ± 3.1%. Hypotension was 
the most common complication 
(33%). Only one intubation 
attempt was required for each 
of the 10 patients.

Cataldo et al. 
[28]

Nasal BiPAP supported direct 
or video laryngoscopic 
intubation in 3 patients in acute 
respiratory failure.

Emergent intubation for 
acute respiratory failure. 
Anesthetic induction and 
paralytics were used.

Use of nasal NIV to maintain 
oxygenation and ventilation 
during the “apneic period” after 
anesthetic induction is feasible. 
Nasal NIV can also be used 
with direct or video 
laryngoscopy.

(continued)
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component of this approach is keeping the 
patient awake yet cooperative with the proce-
dure and maintaining spontaneous breathing. In 
addition to the typical advantages of NIV for 
intubation discussed in this chapter, this strategy 
confers other theoretical benefits. Maintaining 
spontaneous breathing during intubation with 
the use of mild to moderate sedation leverages 
the ventilatory support that NIV provides and 
may result in improved tidal volumes and min-
ute ventilation. It avoids the risk of insufficient 
ventilation and oxygenation often seen after 
anesthetic induction in patients with a difficult 
airway, especially in case of a failed intubation 
attempt. This strategy also allows for more flex-
ibility in patient position during intubation—
intubation can be performed in the supine, 
semi-recumbent, and upright positions. Lastly, 
this strategy may help minimize hemodynamic 
perturbations often seen during conventional 
anesthetic induction, with hypoventilation and 
hypoxemia during intubation, and with the tran-
sition from negative pressure ventilation to posi-
tive pressure ventilation. This last theoretical 
advantage may be particularly important for 
patients with poor cardiopulmonary reserve, 
such as patients with decompensated pulmonary 
arterial hypertension, for whom endotracheal 
intubation may be particularly risky. We have 
described a case series of using NIV-supported 
bronchoscopic intubations in patients with pul-

monary arterial hypertension suffering from 
acute respiratory failure [20].

The use of nasal NIV to support intubation 
with direct or video laryngoscopy has been 
described in three cases by Cataldo and col-
leagues [28]. In these cases, NIV is used for pre- 
oxygenation and to support oxygenation and 
ventilation after anesthetic induction and prior to 
intubation. One potential concern with this 
approach is that the bulk of the nasal mask appli-
ance may interfere with the procedural mechan-
ics of and obscure visualization during direct 
laryngoscopy. Cataldo and colleagues contend in 
their report that the additional bulk of the nasal 
mask is not prohibitive to laryngoscopy, even 
direct laryngoscopy. Regardless, this approach is 
likely best tolerated using a standard anesthetic 
induction (instead of using mild to moderate 
sedation). It likely would be faster to set up and 
complete compared to a bronchoscopic approach. 
It would however not have the benefit of keeping 
the patient awake and spontaneously breathing 
and of positional flexibility inherent with bron-
choscopic intubation.

It is important to note that high-flow nasal 
cannula (HFNC) has also emerged as an effective 
pre-oxygenation tool [29]. Similar to NIV, HFNC 
has been shown in randomized controlled studies 
to result in improved oxygenation and lower rates 
of severe hypoxemia during intubation compared 
to bag-valve-mask ventilation. Moreover, HFNC 

Table 50.1 (continued)

Author Intubation technique
Patient characteristics and 
intubation conditions Findings

Johannes 
et al. [20]

Bronchoscopic intubation 
supported by nasal BiPAP 
(n = 4) or HFNC (n = 5) in 9 
patients with right heart failure 
associated with pulmonary 
hypertension. Topical 
anesthetic, intubating 
(Williams) airway, and mild to 
moderate sedation were used.

Emergent intubation for 
acute respiratory failure. 
Patients had pulmonary 
hypertension based on 
elevated RVSP (55–
165 mmHg) and RV 
dysfunction on 
echocardiography.

All intubations were successful 
with the first attempt. One 
patient had significant 
desaturation during intubation 
(SpO2 decrease of >10%). 
Hypotension was the most 
common post-intubation 
complication. Maximal 
decrease in MAP in the first 
hour after intubation was 
11.2 ± 13.4 mmHg. 
Catecholamine support was 
initiated or escalated in 8 of the 
9 patients within 1 h of 
intubation.
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can also be used for apneic oxygenation through-
out the intubation process. HFNC has also been 
used in combination with NIV to allow for apneic 
oxygenation once the NIV interface is removed 
for laryngoscopy.

50.4  Limitations of Noninvasive 
Ventilation During 
Intubation

The use of NIV to support intubation can increase 
the complexity of airway management plans. 
Proper training with the techniques and equip-
ment and having defined back-up plans are 
important to avoid complications. Setting up NIV 
for patients not already on it prior to intubation 
may require additional time, which may preclude 
consideration for NIV if the patient is decompen-
sating rapidly. Further, pressure settings and 
mask fit need to be optimized to ensure adequate 
tidal volumes and minute ventilation, to mini-
mize airway obstruction, to unload the respira-
tory muscles, and to minimize discomfort.

Some patients may not tolerate NIV due to 
patient-ventilator asynchrony or noncompliance 
with the mask interface or poor mask seal other-
wise. Excess airway secretions or vomiting may 
also preclude the use of NIV prior to and during 
intubation.

Bronchoscopic intubation supported by NIV 
requires much more time to prepare for and to 
perform. It may not be an appropriate intubation 
approach for a patient who is rapidly decompen-
sating. The patient needs to be able to tolerate 
NIV, the mask interface, and bronchoscopy with 
mild to moderate sedation for this procedure to 
be performed successfully. As such, patients need 
to be selected carefully.

50.5  Conclusions

50.5.1  Learning Points

• NIV use in transition to invasive mechanical 
ventilation—during the preparation for intu-
bation and endotracheal intubation itself—

may help mitigate the intubation risk in 
anticipated difficult airway scenarios.

• NIV can be used as a tool for pre-oxygenation 
and has been shown to result in lower risk of 
severe peri-intubation hypoxemia.

• NIV can be used to support the entirety of 
intubation, especially in particularly high-risk 
intubations, such as for patients with severe 
hypoxemia, a difficult airway, or poor cardio-
pulmonary reserve.

50.5.2  Critical Points

• Familiarization with the use of NIV and its 
associated equipment is important prior to 
applying it for intubation.

• Careful patient selection is crucial, especially 
if bronchoscopic intubation with mild seda-
tion is being considered.

50.5.3  Key Summary

• NIV can be useful to support endotracheal 
intubation in the ICU with the potential to 
improve peri-intubation oxygenation, ventila-
tion, and airway patency. In combination with 
bronchoscopic intubation with the use of only 
mild sedation with the maintenance of sponta-
neous breathing, NIV can facilitate intubation 
for exceptionally high-risk patients, such as 
those with a difficult airway, with severe 
hypoxemia, and/or poor cardiopulmonary 
reserve.
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51.1  Background: Noninvasive 
Respiratory Support 
for Neonates

51.1.1  From Breathing Liquid to Air: 
Conditioning the Lungs and 
Respiratory Aparatus

In utero, the foetus breathes. Pulmonary fluid 
is secreted by the alveolar epithelium and 
moves from the lungs to the amniotic cavity by 
breath- like motions [1]. The glottis controls 
the amount of fluid released from the lungs, 
thus regulating the intra-alveolar pressure 
before birth [2]. The presence of positive intra-
pulmonary pressure is a physiologic stimulus, 
essential for normal fetal lung development 
[3]. Likewise, fetal breathing movements are 
essential for preparing the respiratory muscu-
lature and the pulmonary tissue for their func-
tions after birth [4].

51.1.2  The Significance 
of Establishing the Functional 
Residual Capacity and Tidal 
Volume at Birth

Recapitulating the physiology of cardiopulmo-
nary transition at birth helps to understand the 
importance of providing adequate respiratory 
support from birth [5]. At birth, the lungs tran-
sition from a fluid-secreting organ to being the 
primary organ of gas exchange. In order to 
establish the capacity of gas exchange, the 
fluid-filled airways need to be cleared of lung 
fluid immediately [6, 7]. The first breaths facil-
itate airway fluid clearance, primarily as a 
result from transepithelial pressure gradients 
generated during inspiration. When breathing 
is established successfully, a sufficient func-
tional residual capacity (FRC) will have been 
generated, and regular breathing commences 
[8]. The biochemical properties of surfactant 
aid improving lung compliance by preventing 
end-expiratory alveolar collapse and maintain-

ing FRC [9, 10]. Failure to clear the terminal 
gas exchange units can lead to respiratory dis-
tress and ultimately respiratory failure [11]. 
The application of positive end- expiratory 
pressure (PEEP) reduces the pressure gradient 
for airway liquid re-entry and helps establish 
and maintain FRC [8, 12]. Term infants gener-
ate an FRC of approx. 30 ml/kg and tidal vol-
ume (Vt) of approx. 5 ml/kg within minutes of 
birth [4].

51.1.3  Treating Respiratory Distress 
by Applying Noninvasive 
Positive End-Expiratory 
Pressure

It is well described that mechanical ventilation 
(MV) represents a significant contributing fac-
tor for developing BPD [12]. This is due to the 
early infliction of volutrauma, barotrauma, 
atelectotrauma, and biotrauma on the develop-
ing lungs [13]. Parallel to the initial BPD 
description by Northway and colleagues [14], 
Gregory and co- workers described the positive 
properties of using positive end-expiratory in 
the treatment of neonatal respiratory distress 
[15]. In their seminal study, authors docu-
mented a significant reduction in mortality 
from respiratory distress syndrome (RDS) in 
20 infants with respiratory distress (birth 
weights between 930 and 3830 g), treated with 
CPAP, which at the time was applied via a head 
box [15]. From then on a multitude of nasal 
CPAP devices and other forms of noninvasive 
respiratory support (NIV) were introduced to 
neonatal care [16]. However, intubation and 
MV remained the standard treatment for RDS 
until the superior value of CPAP over MV was 
established through large randomised con-
trolled trials, summarised in a comprehensive 
meta-analysis by Fischer and Bührer [17]. 
Consequently, the paradigm of invasive respi-
ratory support changed to offering noninvasive 
support for newborn infants with signs of RDS 
[18, 19].
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51.2  Current Methods 
and Further Improvements 
of Noninvasive Respiratory 
Support for Newborn Infants

To review the latest evidence from clinical trials 
and upcoming developments in neonatal NIV, we 
performed a comprehensive electronic search of 
the database of the National Center for 
Biotechnology Information, PubMed® (US 
National Library of Medicine, 8600 Rockville 
Pike, Bethesda MD, 20894 USA) [20]. Search 
words included the wild card neonat∗, newborn, 
neonate, CPAP, and noninvasive ventilation. The 
last date of search update was 04/05/2019. The 
search was filtered by adding clinical trial (publi-
cation type) and publication date/year 
(01/01/2017–01/05/2019). The initial search 
revealed >800 hits; by adding the filter publica-
tion date, 50 clinically relevant publications were 
identified. By the use of the filter publication 
type: clinical trial, the results were further 
reduced to seven relevant citations, one of which 
was a study protocol [21–27].

51.2.1  Continuous Positive Airway 
Pressure

One of the many challenges in providing continu-
ous positive airway pressure (CPAP) is the regu-
lar occurrence of nasal trauma. Surveying a unit 
with high familiarity in CPAP use for newborn 
infants, Fischer and co-workers found a 40% rate 
of nasal mucosal irritation or more serious forms 
of nasal trauma stemming from pressure effects 
of CPAP devices [28]. Thus, various measures to 
prevent nasal skin breakdown have been reported 
as anecdotal reports, but little actual clinical 
research has been conducted [29]. Following the 
publication of a systematic review on nasal injury 
in preterm infants receiving NIV, Imbulana and 
colleagues decided to research the value of bar-
rier dressing to reduce nasal injury in preterm 
infants receiving treated with CPAP [21]. In their 
single centre, randomised controlled trial (RCT), 

the authors studied infants of <30 weeks of gesta-
tion and/or with birth weight <1250 g receiving 
CPAP. Infants were randomly allocated to receive 
either a hydrocolloid nasal barrier dressing dur-
ing CPAP or no barrier dressing. The primary 
outcome was the incidence of any nasal injury 
during CPAP support, until the infant was both 
>30  weeks of postmenstrual age and >1250  g, 
unless CPAP therapy was stopped earlier. Nasal 
injury was regularly assessed by bedside nurses 
using a standardised form. Of the 108 enrolled 
preterm infants, 53 infants received CPAP with 
barrier dressing and 55 infants in the no barrier 
group. Infants in the barrier group had signifi-
cantly lower rates of nasal injury compared with 
the no barrier group: 18 of 53 (34%) vs. 31 of 55 
(56%), respectively (p  =  0.02). The authors 
assessed a number needed to treat (NNT) of five 
infants requiring treatment to prevent one epi-
sode of nasal injury. Thus, the authors conclude 
that prophylactic use of a nasal barrier dressing, 
applied within 48  h of commencing treatment 
with CPAP, reduces nasal injury in very preterm 
or very low birth weight infants [21].

In another very recent study concerning CPAP, 
Amatya and co-workers studied the most suc-
cessful strategy for weaning infants off nasal 
CPAP [22]. Based on the observation that such 
strategies are neither well defined nor uniformly 
practised, the objective of this study was to deter-
mine whether gradual weaning of nasal CPAP 
pressure was more successful than sudden wean-
ing off nasal CPAP to room air. For this, the 
authors conducted a single-centre RCT in a 
maximum- level neonatal intensive care unit on 
70 preterm neonates, born between 26 and 
32  weeks’ gestation and requiring nasal CPAP 
for at least 48 h. Neonates stable on nasal CPAP 
in air (0.21 FiO2) and 5 cm H2O of positive end- 
expiratory pressure were randomised to the grad-
ual wean group (reduction in pressure by 1  cm 
H2O every 8 h until 3 cm H2O was reached) or to 
sudden wean group (singular transition from 
CPAP to no respiratory support/air). The primary 
outcome was success at the first trial to wean to 
air. Secondary outcomes were number of attempts 
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and weight and postmenstrual age (PMA) at the 
time of successful weaning. Total number of days 
on nasal CPAP and length of stay (LOS) in the 
hospital were also compared between groups. 
The authors found that of the 70 infants included 
in the study, 35 were randomised to sudden group 
and 33 infants to gradual group. In sudden and 
gradual groups, 14 and 22 infants, respectively, 
were weaned successfully in the first attempt 
(p  =  0.03). Characteristics of the infants who 
were successfully weaned were a PMA of 
32.7 ± 1.7 weeks vs. 33.1 ± 2.4 weeks (p = 0.39) 
PMA and at a weight of 1651  ±  290  g vs. 
1589 ± 398 g (p = 0.46) in the sudden and gradual 
groups, respectively. The total number of days on 
NCPAP was 27  ±  19  days vs. 32  ±  24  days 
(p  =  0.38), and LOS was 63  ±  25  days vs. 
63 ± 22 days (p = 0.99) in the sudden and gradual 
groups, respectively. The authors concluded that 
the gradual weaning method was more successful 
as compared to sudden weaning method in the 
initial trial off nasal CPAP.  In their study, there 
was no difference in the PMA, weight at the time 
of successful weaning, total days on nasal CPAP, 
and LOS between the two groups [22].

The question whether nasal CPAP is best 
delivered by nasal mask or by nasal prong has 
long been debated. Investing themselves in a 
study to compare the efficacy and safety of CPAP 
delivered using nasal masks with binasal prongs, 
Chandrasekaran et al. randomly allocated 72 neo-
nates between 26 and 32  weeks’ gestation to 
receive bubble CPAP by either nasal mask 
(n  =  37) or short binasal prongs (n  =  35). The 
primary outcomes were mean FiO2 requirement 
at 6, 12, and 24 h of CPAP initiation and the area 
under curve (AUC) of FiO2 against time during 
the first 24 h (FiO2). Secondary outcomes were 
the incidence of CPAP failure and nasal trauma. 
The FiO2 requirements at 6, 12 and 24 h (mean 
(SD), 25 (5.8) vs. 27.9 (8); 23.8 (4.5) vs. 25.4 
(6.8) and 22.6 (6.8) vs. 22.7 (3.3)) as well as 
FiO2 AUC0–24 (584.0 (117.8) vs. 610.6 (123.6)) 
were similar between the groups. There was no 
difference in the incidence of CPAP failure (14% 
vs. 20%; relative risk 0.67; 95% confidence inter-
val 0.24–1.93). The incidence of severe nasal 
trauma was lower with the use of nasal masks 

(0% vs. 31%; p < 0.001). Authors concluded that 
nasal masks appeared to be as efficacious as bina-
sal prongs in providing CPAP and that masks 
were associated with lower risk of severe nasal 
trauma [23] (Table 51.1).

Traditionally, nasal CPAP is being applied at 
pressures between 4 and 8  cm H2O with suffi-
cient results. Recently, Mukerji and colleagues 
sought to evaluate physiological cardiorespira-
tory implications of high pressures (>8 cm H2O) 
on CPAP in preterm neonates. In a feasibility 
trial, 15 preterm neonates at postmenstrual age 
≥32 weeks on CPAP 5 cm H2O were studied. The 
mean GA, age at study, and weight of subjects 
were 27.4 (2.6) weeks, 58.5 (35.5) days, and 2.3 
(0.6) kg, respectively. The CPAP pressures were 
increased by 2 cm H2O increments up to 13 cm 
H2O. At each increment, cardiac output, electri-
cal diaphragmatic (Edi) activity, and clinical car-
diorespiratory parameters were measured. 
Predefined cut-off values for changes in cardiore-
spiratory parameters were used as termination 
criteria. The median (IQR) time at each CPAP 
increment was 10 (5, 20) min. Cardiac outputs 

Table 51.1 Advantages and disadvantages of CPAP ther-
apy (modified from Ref. [16])

Advantages Disadvantages
Increases functional 
residual capacity and 
tidal volume

Skin excoriation and nasal 
damage are commonly 
encountered and may give 
rise to bacterial infection, in 
particular by coagulase- 
negative staphylococci

Stabilises upper 
airway and chest wall 
stability and aids 
alveolar distension

Air may escape into the 
stomach, causing gaseous 
distension (CPAP belly 
syndrome)

Improves pulmonary 
compliance and 
reduces work of 
breathing

Increased intrathoracic 
pressure may reduce venous 
return to the right heart and 
reduce cardiac output

Reduces the 
alveolar-arterial 
oxygen pressure 
gradient

Lung overinflation decreases 
tidal volume and may 
increase pCO2 and the 
dead-space fraction

Reduces 
intrapulmonary 
shunting

High CPAP can lead to lung 
overinflation, decreased 
compliance, and increased 
work of breathing

Reduces apnoea
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(ml/kg/min) at 5, 7, 9, 11, and 13 cm H2O were 
not different at 295, 290, 281, 286, and 292 min, 
respectively (p = 0.99). Edi values demonstrated 
a trend towards decline at 9 cm H2O before rising 
again. No other cardiorespiratory parameters 
were different across CPAP levels; no subject 
met termination criteria. The authors concluded 
that high CPAP levels were well tolerated for 
short durations. Further physiological and clini-
cal research is required on safety/efficacy, par-
ticularly in neonates with more severe lung 
disease, as well as its impact over longer dura-
tions [30].

Similarly, Martherus and co-workers com-
pared two different strategies of respiratory sup-
port at birth in a retrospective, matched pair 
analysis between the University of Leiden 
Medical Centre, The Netherlands, and the 
University Medical Centre of Cologne, Germany. 
The objective was to compare the centres’ two 
strategies: (a) Leiden, low pressure, CPAP 
5–8 cm H2O and/or positive pressure ventilation 
(PPV) and FiO2 0.3–1.0 (n = 27); or (b) Cologne, 
high pressure, CPAP 12–35 cm H2O, no PPV, and 
FiO2 0.3–0.4 (n = 27). The conclusion was that 
when comparing the two strategies in infants 
<28 weeks’ gestation, results from both centres 
indicate that such infants can be supported nonin-
vasively at birth with either higher or lower pres-
sures, and whilst higher-pressure support may 
require less oxygen, it does not eliminate the 
need for oxygen supplementation. Obviously, 
further studies need to examine the effect of high 
pressures and pressure titration in the delivery 
room [31].

51.2.2  Early Nasal CPAP from Birth

O’Donnell et al., using video recordings of pre-
term infants at birth, proved that approx. 80% of 
extremely low gestational age newborn (ELGAN, 
birth weight <1000 g) indeed show spontaneous 
breathing [32]. Thus, routine intubation of even 
the most immature infants would interfere with 
their physiological foetal-neonatal transition. 
Since 2008, several large-scale clinical trials 
have compared the use of invasive to noninvasive 

respiratory support of breathing of VLBWI and 
ELGANs from birth. Meta-analyses of these 
studies have shown significant positive impact on 
survival and overall pulmonary outcomes with no 
added negative effects in the non-pulmonary out-
comes in the noninvasively managed patients; 
according to Fischer and Bührer, the NNT to save 
one VLBW infants from death or BPD is 35 
(Fig.  51.1) [17]. Follow-up studies of preterm 
infants treated with CPAP from birth compared 
to those routinely ventilated showed that pulmo-
nary function was significantly improved at term 
equivalent age [33]. Non-ventilated infants had 
significantly higher respiratory compliance, 
lower elastic work of breathing, and, conse-
quently, improved respiratory rate and minute 
ventilation [33].

However, whilst these results were encourag-
ing, CPAP failure following initial stabilisation 
can be as high as 50%, depending on the gesta-
tional age investigated [34]. Over the past years, 
investigators predominantly compared T-piece 
devices to other manual ventilation devices, mostly 
self-inflating bags (SIB) [35]. For reasons of their 
superior in vitro performance in controlling peak 
inspiratory pressure and to some extent the tidal 
volume, as much as their relative stability even 
under conditions of mask leak [36], T-piece 
devices have been the preferred devices to use dur-
ing foetal-to-neonatal stabilisation [37]. In a recent 
in vivo, animal study by Thio and colleagues, the 
T-piece device was considered the ‘gold standard’ 
and compared to a selection of four commercially 
available SIBs, operated at a constant gas flow of 
8  l/min. Peak inspiratory pressure inflations of 
30 cm H2O, combined with set PEEP of 5, 7, and 
10 cm H2O, were delivered at rates of 20, 40, and 
60/min. These combinations were repeated with-
out gas flow. Authors measured mean PEEP, maxi-
mum and minimum PEEP, and its difference 
(PEEP reduction). A total of 3288 inflations were 
analysed. The mean PEEP delivered by all SIBs 
was lower than set PEEP (p  <  0.001), although 
some differences were <0.5 cm H2O.  In 55% of 
combinations, the presence of gas flow resulted in 
increased PEEP delivery (range difference 
0.3–2 cm H2O). The mean PEEP was closer to set 
PEEP with faster inflation rates and higher set 
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PEEPs. The mean (SD) PEEP reductions were 3.9 
(1.6), 8.2 (1.8), 2 (0.6), and 1.1 (0.6) cm H2O with 
the four investigated SIBs, whereas it was 0.5 (0.2) 
cm H2O with the T-piece. Authors  concluded that 
PEEP delivery with SIBs depended on the set 
PEEP, inflation rate, device model, and gas flow. 
At recommended inflation rates of 60/min, some 
devices may deliver PEEP close to the set level, 
although the reduction in PEEP could make some 
SIBs potentially less effective for lung recruitment 
than a T-piece device [38].

Apart from T-piece devices and SIBs, a few 
other devices have been used to stabilise infants in 
the DR.  A recent study by Donaldsson and col-
leagues introduced a novel resuscitation device 
which promises reduced work of breathing 
(WOB). Authors hypothesised that their device, 
used with nasal prongs or face mask as interfaces, 
would impose less work of breathing (iWOB) and 
thus could improve infant outcome. Presenting 
data from a benchtop study, authors describe the 
in vitro performance of the new system and pres-
ent a clinical feasibility trial of initial stabilisation 
of preterm infants [24]. A mechanical lung model 
was used to determine iWOB at increasing levels 
of CPAP. The clinical feasibility trial included 36 

infants (27–34  weeks of gestation), randomised 
into three groups, comparing the T-piece device, 
the new system with face mask, or the new system 
with prongs. Collected data included data on han-
dling and safety, time to stable breathing, and need 
for positive pressure ventilation and intubation. 
The authors found that in the mechanical lung 
model, the new system reduced iWOB with 91.5% 
(mask) and 86.6% (medium prongs) compared 
with T-piece at 4  cm H2O CPAP (p  <  0.001). 
Presenting data of a feasibility trial in 45 patients 
studied in the DR with the use of the new device or 
T-piece resuscitator, authors found less convincing 
results. Donaldsson et al. provided data on 36 late 
preterm infants, treated at birth with either CPAP 
via a T-piece (n=12) or via the new system. The 
new system was used with masks and nasal prongs 
(12 per group). No issues were described concern-
ing the handling of the new system. Clinically, 
more pneumothoraces were seen in the group 
receiving support with the new system and nasal 
prongs. However, due to the small patient numbers 
in each group, no meaningful conclusions regard-
ing the clinical benefit or harm of the new system 
over CPAP should be drawn [24]. More studies 
will be required to establish if this new device will 

Study or

Subgroup

Avoid ventilation Control group Weight, % Odds Ratio NNT

BPD/death Total BPD/death Total Random effects model (95% Cl)

COIN (2008)            108       307             122       303           19.8    0.81 (0.58-1.12)              20

CNRN (2009)             53        74               54          72            4.0            0.84 (0.40-1.75)              30

SUPPORT (2010)    323       663             353       653          45.5            0.81 (0.65-1.00)              19

CURPAP (2010)        22       103               23        105            4.9            0.97 (0.50-1.87)            183

DRM (2011)               68       223             138       425           17.4            0.91 (0.64-1.29)              51

AMV (2011)               15       108               17        112            3.8            0.90 (0.43-1.91)               78

Take care (2013)        25        74               30          67            4.6            0.63 (0.32-1.24)                9

Total                614    1552              737     1737           100             0.83 (0.71-0.96)              35

0.05 0.2 1 5 20Test for overall effect: z = 2.55 (P = .01)

Heterogeneity: Tau2 = 0.00; χ2= 1.27; df = 6 (P= .97); I2 =0% Favors avoiding ventilation Favors control group

Fig. 51.1 Forest plot comparison of death or broncho-
pulmonary dysplasia (BPD), or both, at 36  weeks’ cor-
rected gestation; death; and BPD at 36 weeks’ corrected 

gestation. Nasal CPAP, continuous positive airway pres-
sure. (Extracted from Ref. [17])
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contest the T-piece devices as the most appropriate 
DR manual ventilation device.

51.2.3  New Insights on the Use 
of Nasal High-Flow Nasal 
Cannula Therapy, Compared 
to CPAP

The application of medical gases at high-flow 
rates via small nasal cannulae as another form of 
noninvasive, continuous distending pressure has 
steadily found its way into the respiratory man-
agement of neonates [39]. With nasal high-flow 
therapy (nHFT) or high-flow nasal cannula 
(HFNC), which is often likened to CPAP, heated 
and humidified gas at flow rates between 2 and 
8 l/min is applied to the nares via tiny, low diam-
eter nasal cannulae [40]. However, compared to 
the nasal interfaces used with CPAP, which as 
outlined above can be applied through masks, 
tightly fitted binasal prongs, or even pharyngeal 
tubes, the cannulae used in nHFT are much 
smaller and, possibly for this reason, appear to be 
tolerated much better than conventional CPAP 
applications. According to recent meta-analyses 
and the Cochrane review by Wilkinson et  al., 
nHFT can be considered equally efficacious as 
nasal CPAP when used for secondary respiratory 
support, following extubation, in preventing 
infants from re-intubation but not for primary 
respiratory support of lower gestational age 
infants [41]. nHFT was further found to cause far 
less nasal trauma and fewer pneumothoraces than 
nasal CPAP therapy [41]. However, although 
there currently may not be enough evidence to 
support nHFT use as primary therapy for infants 
with RDS from birth, data from units with long 
experience in the use of nHFT have reported very 
satisfactory results when employing nHFT as pri-
mary and secondary respiratory support, as 
recently published by Zivanovic et al. [42].

51.2.4  Studies Expected 
for Immediate Publication

One already much debated trial comes from an 
Australian multicentre collaboration on the use of 

nHFT in non-tertiary units. Publicised under the 
slightly dubious acronym, the HUNTER trial is a 
large, multicentre RCT comparing nHFT to nasal 
CPAP as first-line respiratory support for preterm 
infants in non-tertiary units. One already much 
debated trial comes from an Australian multicen-
tre collaboration on the use of nHFT in non-ter-
tiary units. Announced as the HUNTER trial, this 
large, multicentre, non-inferiority RCT compares 
nHFT to nasal CPAP as first-line respiratory sup-
port for late preterm infants born in non-tertiary 
units. The primary outcome was treatment failure 
within 72 h of randomisation. Treatment failure is 
determined by lack of oxygenation, significant 
apnoea, poor blood gasses, or as per the clinical 
decision of the attending team that urgent intuba-
tion and mechanical ventilation or transfer to a 
tertiary NICU, is required. Secondary outcomes 
include incidence of pneumothorax requiring 
drainage, duration of respiratory support, supple-
mental oxygen and hospitalisation, costs associ-
ated with hospital care, cost-effectiveness, 
parental stress and satisfaction, and nursing work-
load. The trial results have been published as 
abstracts and oral presentations but not yet in 
printed form. According to the investigators, 
nHFT was inferior to nasal CPAP, when employed 
at non-tertiary centres [27].

51.3  Further New and Upcoming 
Developments

51.3.1  Studies Comparing CPAP 
to Noninvasive Positive 
Pressure Ventilation

Noninvasive positive pressure ventilation 
(NIPPV) describes the nasal application of inter-
mittent peak inspiratory pressure (PIP) inflations 
at pressures similar to those applied during con-
ventional ventilation. The assumption is that the 
PIP applied to the nasopharynx corresponds to an 
equal distending pressure at the distal airways. 
Consequently, the result would be an elevated 
mean airway pressure, which augments and main-
tains the tidal volume and supports spontaneous 
breathing whilst protecting the airways from col-
lapse during apnoea [39]. Several studies suggest 
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that NIPPV, in particular when  synchronised 
(SNIPPV) with the infants’ spontaneous breaths, 
reduces inspiratory effort and optimised tidal vol-
ume and improves carbon dioxide exchange in 
prematurely born infants [43].

51.3.2  Clinical Applications 
of Noninvasive Positive 
Pressure Ventilation

Indications for using neonatal NIPPV include 
primary and secondary respiratory support, sce-
narios where higher mean airway pressure than 
CPAP may be required, or where significant 
apnoea of prematurity (AOP) places the infant at 
risk for MV. At present, there is a paucity of data 
to recommend the optimal PIP level, optimal 
delta PIP/PEEP (delta p), inspiratory time, or 
respiratory rate. Studies further differ regarding 
the level of applied PEEP (5–8 cm H2O) and PIP 
(10–20 cm H2O), the delta p between pressures 
(0–3 cm H2O), inspiratory time (0.3–1 s) and any 
given backup. In practice, an invasive ventilation 
mode is chosen on the ventilator (IMV, SIMV, 
etc.), and intermittent positive airway pressure 
(IPPV) is applied via the patient interface (mask, 
nasal, or pharyngeal prong), or special commer-
cial devices with Bi-PAP or Si-PAP modes can be 
chose to achieve the same effect [44].

51.3.3  Non-synchronised 
and Synchronised NIPPV

Investigating whether using NIPPV for treating 
AOP was superior over other forms of noninva-
sive respiratory support, Gizzi et al. investigated 
the effects of flow-SNIPPV, NIPPV, and nCPAP 
on the rate of AOP, bradycardia, and gas exchange 
in preterm infants. In their study, SNIPPV seemed 
more effective than non- synchronised NIPPV 
and nCPAP in reducing the incidence of AOP, 
bradycardia, and desaturation episodes in pre-
term infants [45]. As many of the latest genera-
tion of mechanical ventilators now offer 
synchronisation of NIPPV, results from further 
studies on the efficacy of synchronised NIPPV, 

preferably performed with comparable protocols 
and devices, are awaited. Despite initial promis-
ing data, according to recent surveys, NIPPV has 
not yet been widely embraced in clinical practice 
as the method of first choice [46].

51.3.4  Nasal High-Frequency 
Oscillation Ventilation

Similar to NIPPV, pharyngeal or nasal applica-
tion of high-frequency oscillation ventilation 
(nHFOV) has found its way in to neonatal care 
and, in 2015, was employed in less than a quarter 
of European NICUs [47]. Only one recent, 
medium-scale (n = 76) prospective clinical trial 
on nHFOV has recently been published [48]. 
Whilst the results from Zhu et  al. indicate that 
nHFOV, compared to nCPAP, effectively reduced 
the need for MV in preterm infants with moder-
ate to severe RDS without an increase in adverse 
effects and had positive effects on CO2 clearance, 
the study’s methodology has also been criticised, 
and further trials are awaited [49].

51.3.5  What Will Be the Upcoming 
Developments? A Glimpse 
at the Future

Looking into the future, it is obvious that much 
more research is needed to define the most suit-
able respiratory support mode for individual 
patients, in a specific clinical care setting, meet-
ing the needs and expectations of the patients’ 
family. Whilst nasal CPAP remains the best 
researched and accepted form of NIV, use of 
higher CPAP settings may well prove beneficial 
in future studies. Likewise, simpler forms of sup-
port like nHFT might be easier to employ, also 
possibly at higher settings, both as primary and 
as secondary forms of noninvasive respiratory 
support. Conversely, support modes involving 
higher levels of technology, like NIPPV or 
SNIPPV, wherever feasible and affordable, may 
offer significant advantages over nCPAP alone 
and will be measured against CPAP in upcoming 
studies.
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A balance will need to be struck between the 
most effective care packages to ensure not only 
survival but also intact survival, aiming at 
obtaining the best possible long-term outcomes 
[50]. Thus, more research into these modes is 
required to prevent ventilation, minimise oxy-
gen exposure, and, consequently, reduce death 
and BPD.  More needs to be learnt regarding 
which would be the most suitable mode of sup-
port for infants of specific gestational ages, for 
disease entities, and for stages of disease pro-
gression. The use of noninvasive respiratory 
support techniques and surfactant replacement 
therapy has so far only been investigated for 
nCPAP.  The combination of supportive treat-
ments, like caffeine, vitamin A, systemic or 
inhaled corticosteroids, or physiotherapy with 
noninvasive respiratory support, is also widely 
under-researched and would warrant more 
attention in future research.

To conclude, whilst CPAP has very much 
become the first choice of respiratory support 
of newborn infants, increased attention will 
need to be paid to identify the optimal mode of 
NIV for individual patients, recognizing their 
disease progression based on the individual 
pathophysiology.
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complications

Nowadays, the development of lung injury 
caused by endotracheal tubes and invasive 
mechanical ventilation has led clinicians to opt 
for noninvasive ventilation (NIV) in patients 
who have indications [1]. The delivery of posi-
tive airway pressure to the lungs via an interface 
constitutes the basis of NIV. There are two main 
modes of NIV in children: continuous positive 

airway pressure (CPAP) and bi-level positive air-
way pressure (BIPAP). Indications of NIV 
include upper airway obstructions (e.g., vocal 
cord dysfunction, laryngomalacia), chronic 
respiratory failure (e.g., neuromuscular disease, 
cerebral palsy), and control of breathing abnor-
malities (e.g., central apnea, central hypoventila-
tion) [2, 3].

CPAP was first used in the treatment of pre-
mature neonates with respiratory distress syn-
drome in the early 1970s, and it has continued to 
be used in different indications. These indica-
tions include asthma, bronchiolitis, pediatric 
acute respiratory syndrome, cystic fibrosis, 
obstructive sleep apnea (OSA), neuromuscular 
disorders, and cardiac disease [4]. However, cur-
rently, CPAP can be used prophylactically for 
upper airway complications that may occur dur-
ing the surgery and anesthesia of patients with or 
without the above-listed diseases, except for the 
curative treatment of these diseases. When the 
literature is examined, it is noteworthy that CPAP 
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is more commonly used after extubation in the 
postoperative period.

In this paper, we aimed to evaluate postopera-
tive CPAP usage by considering articles that dis-
cuss when and where to use CPAP in the pediatric 
population and were published in the last 2 years. 
Although CPAP can be used for laryngospasm 
treatment immediately after extubation, generally 
in the postoperative period, the use of CPAP is 
related to respiratory complications after adenoton-
sillectomy or tonsillectomy; cardiac, hepatic, and 
laparoscopic surgeries; and tracheocutaneous fis-
tula repair [5–10]. In the following, postoperative 
pulmonary complications (PPCs) will be examined 
under separate headings for each surgery.

52.1  Adenotonsillectomy or 
Tonsillectomy

Tonsillectomy or adenotonsillectomy is one of 
the most common surgical interventions in child-
hood, and the majority of these patients consti-
tute children with OSA [11]. The incidence of 
pediatric OSA ranges from 1% to 5%. 
Adenotonsillar hypertrophy is an important fac-
tor in the etiology of pediatric OSA, and accord-
ingly, adenotonsillectomy is considered a 
first-line treatment for these patients [12]. 
Another treatment of choice for OSA is the use of 
CPAP, which is used by some patients with OSA 
preoperatively. The aim of CPAP usage is to pro-
vide airway patency by preventing airway col-
lapse [4].

It should not be forgotten that adenotonsillec-
tomy in pediatric patients with OSA is associated 
with an increased risk of PPCs [12]. In pediatric 
patients who underwent adenotonsillectomy, 
PPCs after surgery range from 1.4% to 5%. These 
complications can be listed as follows: pulmonary 
edema, laryngospasm, bronchospasm, hypox-
emia, hypercapnia, and apnea exacerbation events 
[13]. In the following studies, these complications 
and the importance of CPAP are discussed.

In a retrospective cohort study that investi-
gated 167 pediatric patients in total who under-
went adenotonsillectomy due to OSA, it was 

reported that 143 of 167 patients required postop-
erative monitoring. However, only 6 of 143 
(4.2%) of these patients had PPCs including 
bronchospasm (2), laryngospasm (2), severe 
hypoxemia (1), and reintubation (1), and 66% of 
these complications were seen in the immediate 
(<12  h) postoperative period. Furthermore, the 
authors reported that patients who have a preop-
erative Apnea-Hypopnea Index of >44 are at a 
high risk in terms of respiratory complications 
[13]. In a similar study, it was stated that a weight 
under 18 kg is associated with an increased risk 
of respiratory complications after tonsillectomy 
[11]. Shamil et al. evaluated the effect of a nasal 
decongestant on PPCs after adenotonsillectomy. 
They reported in this preliminary study that three 
patients in the control group required major med-
ical intervention: transfer to pediatric intensive 
care unit (PICU) and the need for noninvasive 
ventilation [12]. In another retrospective study 
related to PPCs, the authors reported that 26.8% 
(n  = 36) of pediatric patients after adenotonsil-
lectomy were admitted to the PICU. Various 
respiratory interventions were applied to these 
patients. The use of CPAP constituted 5.5% of 
these applications.  In addition, CPAP was used 
by 2.9% of non-PICU patients [14].

Recently, Buzi et al. presented a more robust 
study in terms of the advantages of CPAP usage. 
The above studies are mostly focused on the risk 
of PPCs and on treatment protocols. However, 
this study aimed not only to determine of the 
risks of complication but also to evaluate the 
effective treatment processes. In a retrospective 
study that included 69 pediatric patients who had 
undergone tonsillectomy, the need for NIV 
(CPAP, BIPAP, or both) among these patients was 
evaluated in the postoperative period. The authors 
reported that 59 patients were treated with CPAP, 
16 patients with BIPAP, and 9 patients with both 
CPAP and BIPAP in the first postoperative 
6 days. The NIV therapies for 40 patients were 
started in the first 24  h postoperatively, and all 
NIV therapies were performed for an average of 
3.85 days. Indeed, the use of NIV after tonsillec-
tomy seems a controversial issue. In these 
patients, practitioners have two major drawbacks 

Z. Hatipoglu and D. Ozcengiz



479

about NIV usage: postoperative hemorrhage and 
subcutaneous emphysema in the neck and chest 
as a result of air entering into the dissection plane 
due to pressure. Regardless, the authors argued 
that NIV can be an alternative method to invasive 
ventilation [6].

52.2  Abdominal Surgery

Pulmonary atelectasis after abdominal surgery is 
a common postoperative complication, which 
occurs due to cephalic displacement of the dia-
phragm and muscle paralysis, and as a result, 
reduced lung compliance, the deterioration of 
arterial oxygenation, and lung injury may occur. 
In the postoperative period, pulmonary atelecta-
sis can be treated with invasive ventilation or 
NIV. However, invasive ventilation has some dis-
advantage, such as prolonged mechanical venti-
lation and hospitalization and an increased risk of 
ventilator-associated pneumonia [7, 8]. In this 
context, the use of CPAP improves oxygenation, 
decreases the work of breathing and oxygen con-
sumption, and reduces the likelihood of postop-
erative reintubation, thus playing a key role in 
preventing PPCs [7].

Chiusolo et al. investigated the CPAP usage 
in pediatric patients after liver transplantation. 
In a retrospective observational study that 
included 119 recipients, the risk factors of 
CPAP usage were evaluated in the postopera-
tive period. CPAP by helmet or oxygen by ven-
ture mask was performed after extubation in 
the PICU. As a result, they said that a weight of 
<11 kg, PaO2/FiO2 of <380 before extubation, 
positive fluid balance of >148 mL/kg, and the 
use of vasopressors in the intraoperative period 
are the decisive criteria for CPAP application 
in pediatric patients developing acute respira-
tory failure after liver transplantation in the 
PICU [7]. In a randomized double-blinded 
controlled study conducted by Abdel Ghaffar 
et al., the authors reported that the application 
of early post-extubation CPAP improves oxy-
genation in the first 12 h after pediatric laparo-
scopic surgery [8].

52.3  Cardiac Surgery

PPCs are largely responsible for morbidity and 
mortality in patients undergoing cardiac surgery, 
and their incidence rate varies from 6% to 76%. 
In these patients, CPAP is one of the recom-
mended methods for preventing PPCs and 
improving functional respiratory capacity and 
gas exchange [9].

In a randomized controlled study with 50 
pediatric patients who had undergone cardiac 
surgery, CPAP was performed twice daily for 
30  min on postoperative days 1–5, except in 
patients in the control group, and respiratory 
parameters were evaluated. The results from this 
study suggest that CPAP was effective in improv-
ing peak expiratory flow on postoperative day 1; 
however, CPAP did not reduce the length of stay 
in the intensive care unit and hospital [9]. A retro-
spective observational study conducted in the 
PICU evaluated pediatric patients between the 
ages of 3 days and 16 years requiring NIV after 
cardiac surgery. The authors noted that CPAP is 
the most used NIV mode, with an increased suc-
cess rate in NIV usage and a decreased need for 
invasive mechanical ventilation [15].

52.4  Tracheocutaneous Fistula 
Repair

In contrast to the abovementioned advantages of 
CPAP, the use of NIV after pediatric tracheocuta-
neous fistula repair may lead to respiratory prob-
lems. Pediatric patients who have a long duration 
of tracheostomy and who are of a younger age at 
the time of tracheostomy carry the risk of persis-
tent tracheocutaneous fistula after decannulation. 
However, these patients may be in need of NIV 
usage even after tracheocutaneous fistula repair 
due to existing comorbidities, and this situation is 
associated with PPCs. One hundred eight pediat-
ric patients after tracheocutaneous fistula repair 
were closely followed in the PICU, and planned 
(CPAP or BIPAP) and unplanned (bag-valve- 
mask ventilation) NIV was performed. This ret-
rospective study showed that the use of NIV in 
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these patients (especially unplanned NIV) might 
increase the rates of subcutaneous emphysema, 
pneumomediastinum, and pneumothorax. 
Therefore close monitoring of these patients 
should be conducted [10].

In summary, the success of NIV requires over-
coming respiratory distress without the need for 
invasive techniques. Thus, a more comfortable 
way of solving possible respiratory problems 
related to patients can be achieved. For CPAP 
usage, the first step is to determine the indication 
area accurately. In this context, CPAP is more 
applicable to patients transferred to the intensive 
care unit in the postoperative period. The pres-
ence of exiting diseases among patients is impor-
tant, which may affect the success of 
CPAP. Practitioners should be aware of the diffi-
culties associated with surgery during the use of 
CPAP after surgical procedures. It is important to 
know the uses and limitations of CPAP to reduce 
patient risks and increase success.
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53.1  Introduction

Acute respiratory failure (ARF) is one of the 
leading causes of morbidity and mortality in chil-
dren. Traditionally invasive mechanical ventila-
tion (IMV) is used for treatment of severe ARF, 
but endotracheal intubation (ETI) is associated 
with complications like upper airway injuries, 
ventilator-associated pneumonias, etc. Delivery 
of mechanical ventilation through noninvasive 
route (NIV) has been currently emerging as a 
first-line strategy as it is associated with a reduc-
tion in intubation rate [1, 2]. NIV refers to the 
technique of supporting respiration using a 
machine and interface without the need for intu-
bation of the trachea. The main advantage of NIV 
is that it can be used on demand (Table  53.1). 
However, NIV is less efficient than IMV because 
of unavoidable air leaks and associated difficul-
ties for continuous use. The prompt recognition 
of early predictors of NIV failure is crucial for 
the safety of patients. This chapter gives a brief 
summary of the indications and implementation 
of NIV in children with ARF.

53.2  Physiology and Types of NIV

NIV improves oxygenation and ventilation by 
recruiting more alveoli, improving airflow, 
decreasing work of breathing, and stenting upper 
airways. More details of mechanism of action are 
dependent on the type of NIV used. Basic types 
of NIV include positive pressure ventilation 
(BiPAP and CPAP) and negative pressure ventila-
tion. Even though HFNC is not categorized as 
NIV, there has been robust use of HFNC in chil-
dren with respiratory distress due to various eti-
ologies (Fig. 53.1).

53.2.1  Continuous Positive Airway 
Pressure (CPAP)

CPAP provides a constant positive pressure 
throughout the entire respiratory cycle while the 
patient is breathing spontaneously. CPAP 
improves airflow, stents upper and central air-
ways, decreases the load of inspiratory muscles, 
and recruits collapsed alveoli, thus improving 
oxygenation [3].

53.2.2  Bi-Level Positive Airway 
Pressure (BiPAP)

BiPAP delivers positive pressure in two levels. 
Apart from baseline expiratory positive pres-
sure (EPAP), this device also gives inspiratory 
positive pressure (IPAP) greater than EPAP 
called delta P, which is the expanding pressure 
translated into tidal volume. BiPAP breaths are 
either triggered by the patient occurring syn-
chronous with patient breath or delivered man-
datorily as preset on the machine irrespective of 
patient’s breathing. BiPAP is helpful in 
hypoventilation, so improving both hypercarbia 
and hypoxemia [4].

Table 53.1 Advantages of NIV over invasive mechanical 
ventilation

Decrease in rate of endotracheal intubation and 
mechanical ventilation
Preservation of spontaneous respiration
Preservation of airway protective reflexes like 
coughing and sneezing
Children can continue to speak
Oral feeding is possible, depending on clinical 
situation
Reduced risk of nosocomial infections
Decreased need for sedation
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53.2.3  High-Flow Nasal Cannula 
(HFNC)

There has been a rise in use of HFNC recently 
across neonatal and pediatric intensive care units. 
HFNC delivers heated, humidified air/oxygen 
mixture to the patient through special nasal prongs. 
The high amount of oxygen air gas flow decreases 
the nasopharyngeal dead space. The Fraction of 
inspired oxygen ( Fio2) level could be modified to 
maintain optimum PaO2 or SaO2 keeping it at min-
imum required. Often, HFNC is enough to man-
age the respiratory symptoms but at times is used 
to bridge higher level of respiratory support 
including invasive mechanical ventilation. HFNC 
often will be able to generate a PEEP ranging from 
2 to 5 cm H2O in newborns and children depend-
ing upon the amount of flow [5, 6]. HFNC is not 
effective to treat hypoventilation.

53.2.4  Negative Pressure Ventilation

The third system is negative pressure ventilation, 
historically delivered by a large negative pressure 
chamber (iron lung or tank ventilator) but in more 
recent decades via smaller systems such as the 
cuirass. The cuirass is a plastic shell that encases 
the ribs and delivers either mono- or biphasic 
ventilator support through negative pressure. 
These devices have the ability to provide continu-
ous negative pressure to the chest, similar to 
CPAP.  It also can be set in the control mode to 

deliver biphasic pressure, negative pressure to 
augment inspiration, and positive pressure to 
facilitate exhalation. Lastly, it can provide rapid 
alternating positive and negative pressure to the 
chest as physiotherapy to aid in secretion clear-
ance, similar to cough assist. Commonly used 
pressures and settings for NPV use in children 
were described [7].

53.2.5  Indications of NIV in Acute 
Respiratory Failure

NIV is indicated for impending or established 
respiratory failure due to various conditions. 
Table 53.2 lists the common indications for NIV 
in acute setting. In children with ARF, it is used 
as therapy until the acute illness improves or as a 
treatment modality to prevent endotracheal 
intubation.

53.3  NIPPV Use for Acute 
Respiratory Failure 
in Specific Clinical 
Conditions

53.3.1  Asthma

Studies have shown that in children with status 
asthmaticus, when used with short-acting beta-2 
agonists, NIPPV is well tolerated and shows 
greater improvement in asthma score respiratory 
rate and reduced oxygen concentration as com-

Non Invasive
 ventilation

Positive pressure
ventilation

Negative pressure
ventilation

Hgh flow 
nasal canula

Continuous 
positive 

airway pressure

Bilvel positive 
airway pressure

Fig. 53.1 Types of NIV
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pared to standard treatment [8, 9]. However, 
recent systematic reviews caution that the current 
data are not yet conclusive, especially regarding 
the ability of NIV to prevent ETI/IMV; further 
high-quality research is needed [10]. The use of 
HFNC in the management of pediatric status 
asthmaticus has been associated with signifi-
cantly reduced work of breathing, RR, and expi-
ratory time [11, 12]. HFNC’s ability to effectively 
improve the expiratory time may decrease 
dynamic hyperinflation in patients with obstruc-
tive lung disease, such as asthma.

53.3.2  Bronchiolitis

HFNC oxygen therapy has become a reasonable 
alternative to NIV for the treatment of acute 
bronchiolitis [13]. In a RCT comparing the out-
comes of infants with bronchiolitis treated with 
low-flow oxygen or HFNC, showed that there 

was a reduced need for escalation of care among 
the group receiving HFNC [14, 15].

Pederson et al. reported in a study that nasal 
CPAP (nCPAP) [16]. Nasal CPAP was reported 
to be more effective than HFNC as initial sup-
portive treatment for infants with moderate to 
severe bronchiolitis [15, 16]. Howerver large, 
multicenter database study of PICU patients with 
bronchiolitis who received either HFNC or NPPV 
as their initial mode of respiratory support found 
that treatment with NPPV was associated with a 
higher subsequent use of IMV, even after adjust-
ing for illness severity and the presence of signifi-
cant comorbidity [17]. Observational studies 
showed that after the introduction of HFNC as 
the standard approach for oxygen therapy in 
intensive care, the intubation rates decreased to 
less than 10% from originally greater than 30% 
[1]. HFNC use is increasing, and it seems to be 
useful as first- line therapy in the emergency room 
and in the pediatric ward to prevent PICU admis-
sion, but it is not clear yet if it is equivalent to 
noninvasive ventilation (NIV). NIV use in bron-
chiolitis is well established, mainly in continuous 
positive airway pressure mode in moderate and 
severe bronchiolitis. A prospective interventional 
trial would be required to establish superiority of 
HFNC or NPPV in reducing the need for 
IMV.  The trend is to offer respiratory support 
such as HFNC therapy outside high dependency 
or intensive care, reducing health-care costs and 
potentially further reducing the need for invasive 
ventilation. There will always remain a selective 
high-risk subgroup of infants with bronchiolitis 
who are more likely to not benefit from NIV or 
HFNC therapy.

53.3.3  Pediatric ARDS

Early identification and optimal management are 
crucial in pediatric ARDS to improve short-term 
and long-term outcomes. The Pediatric Acute 
Lung Injury Consensus Conference Group pub-
lished recommendations on managing ARDS in 
2015 [18]. They stated that the use of NIV mild 
ARDS is beneficial; however worsening of the 

Table 53.2 Indications of NIV in ARF in children

Restrictive disease
Neuromuscular diseases
Scoliosis (post-surgery)
Lower airway obstruction
Bronchiolitis
Asthma
Upper airway obstruction
Pierre Robin syndrome
Treacher Collins syndrome
Craniosynestosis
Upper airway malformations
Storage disease
Neonates
Delivery room management
Respiratory distress syndrome
Post extubation management
Parenchymal disease
Community acquired pneumonia
Acute CF exacerbation
Others
Pulmonary cardiogenic oedema
Acute chest syndrome
Post-operative respiratory failure
Ventilator weaning
Storage diseases
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disease or severe disease warrants endotracheal 
intubation (ETI) and Invasive mechanical venti-
lation (IMV).  NIV should be instituted in the 
appropriate ICU settings monitored by highly 
trained staff. Evidences also showed high failure 
rate of NIV in pediatric ARDS [2, 19]. So, as of 
now, there are no conclusive guidelines on the 
use of NIV in ARDS as more study results are 
awaited on this topic.

53.3.4  Neonatal Respiratory Distress 
Syndrome (RDS)

Recent update from European consensus guide-
lines on management of neonatal RDS [20] has 
recommended the use of CPAP via mask or nasal 
prongs with starting pressure from 6 to 8 cm H2O 
to stabilize a spontaneously breathing preterm 
babies at risk of RDS, rather than intubation in 
the delivery room to reduce risk of BPD.  High 
flow nasal canula was found to be inferior to 
CPAP as aprimary mode of respiratrory support 
for infants more than 28 weeks of gestation in the 
delivery room setting [21]. CPAP with early res-
cue surfactant is considered optimal management 
for babies with RDS.

53.3.5  Pneumonia

Mechanical respiratory support is an integral part 
of management of children with acute pneumo-
nia with severe respiratory distress and impend-
ing or established respiratory failure. There have 
been growing evidence to support the use of NIV 
in children with acute pneumonia. A prospective 
randomized trial from Chile showed [22] that 
NIV improved hypoxemia and the signs and 
symptoms of acute respiratory failure in children 
with pneumonia. An RCT comparing bubble 
CPAP, low-flow oxygen, and HFNC in children 
less than 5  years of age with acute pneumonia 
showed improved outcomes with bubble CPAP 
[23]. A prospective observational clinical study 
conducted in Portugal found that pneumonia was 
one of the independent risk factors associated 

with NIV failure in children [24]. In short, NIV 
may be very useful in pediatric acute pneumonia 
as an early treatment option or in non-severe 
cases.

53.3.6  Postoperative and Post- 
extubation Respiratory 
Support

NIV is an appealing option for reducing reintuba-
tion rates following surgery or invasive ventila-
tion episodes. A small randomized study of NIV 
versus oxygen therapy in young children post- 
extubation failed to show any statistically signifi-
cant reduction in reintubation rate with NIV [25]. 
In preterm infants, a randomized study showed 
equivalent levels of treatment failure (34.2% vs. 
25.8%) for re-intubation prevention post- 
extubation using HFNC or CPAP [26]. NIV is 
used in many centers to support children with 
neuromuscular or chronic respiratory disease 
pre- and post-major surgery (e.g., scoliosis repair, 
but evidence relating to this practice is currently 
limited) [27].

53.3.7  Acute on Chronic Respiratory 
Failure in Neuromuscular 
Disorders

NIV may be used to treat acute respiratory failure 
or may be used as a primary intervention in the 
treatment of chronic hypoventilation in patients 
with neuromuscular disease. Piastra et  al. [28] 
reported that NIV can be routinely attempted in 
pediatric patients with neuromuscular disease to 
avoid or delay invasive ventilation with an artifi-
cial airway. The combination of MIE with NIV 
has recently been recommended for the effective 
control of airway secretions and prevention of 
NIV failures, particularly when treating ARF epi-
sodes in NMD patients [29]. The timing of initi-
ating NIV treatment is important. A case report 
suggests that an early implementation of com-
bined NIV/MIE on type II spinal muscular atro-
phy (SMA) children with acute respiratory failure 
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(ARF) may eliminate the need for intubation and 
shorten the length of hospital stay [30]. The 
Cochrane database review in 2017 [31] found no 
randomized trials on which to elaborate evi-
dence-based practice for the use of noninvasive 
versus  invasive mechanical ventilation. It reflects 
the need of new randomized trials to compare 
NIV with invasive ventilation in acute neuromus-
cular respiratory failure.

53.3.8  Cardiac Disease

Noninvasive ventilation (NIV) is increasingly 
being used in ARF, after cardiac surgery for con-
genital heart disease. Positive airway pressure 
may reduce pulmonary vascular resistance if it 
achieves appropriate alveolar recruitment and it 
diminishes left ventricle afterload by increasing 
transmural pressure. On the other hand, it 
decreases right ventricle preload, and it increases 
its afterload. In pediatric patients with heart dis-
ease, the overall success rate of NIV following 
extubation was found to be 77.8% when used 
prophylactically or when acute respiratory failure 
was noted [32]. A study reported 85% success 
rate with use of NIV after heart surgery resulting 
in lesser need for IMV. CPAP was the most com-
mon modality, and the “nasopharyngeal tube” 
was the most common interface in the study with 
the use of bi-level ventilation increasing in latter 
part of the study [33].

53.3.9  Others

Other indications for NIV in pediatric acute set-
tings include, but not limited to interhospital 
transport [34], cystic fibrosis pulmonary exacer-
bation [35, 36] (PMID, 8218802), children with 
burns [37], acute respiratory distress in children 
with central nervous system disorders [38], and 
acute chest syndrome in sickle cell disease [39]. 
One other report includes the use of NIV in con-
junction with extracorporeal CO2 removal as a 
bridging therapy before lung transplant in a case 
of bronchiolitis obliterans with refractory respi-
ratory failure [40].

53.4  Clinical Management of NIV

53.4.1  Choice of Ventilator

In a setting of acute respiratory failure, there are 
options to use two types of ventilators: ICU ven-
tilators with NIV mode which use high-pressure 
compressed air and oxygen and portable ventila-
tors (can also be used at home) which use room 
air or compressed air. There are various types of 
modes available by which a patient could be ven-
tilated depending on underlying respiratory 
pathology for example continious pressure via 
CPAP mode, Bilvel pressure, Pressure control 
modes (SIMV pressure control or pressures sup-
port or Volme control/volume support modes) as 
well there are newer modalities with Volume tar-
get modes (example Average volume – assured 
pressure support (AVAPS) or volume target pres-
sure support modes). The ventilator should be 
able to synchronize with the child’s breathing 
pattern, which requires the ability to adjust the 
inspiratory and expiratory trigger sensitivities, 
the pressurization rate, the inspiratory time, the 
backup respiratory rate, and the tidal volume. It is 
ideal that ventilator should have the ability to 
compensate for unintentional leaks as it is a cause 
of patient ventilator asynchrony. Some intensive 
care ventilation systems provide the ability to use 
neurally adjusted ventilatory assist (NAVA), 
which may improve synchronization of sup-
ported breaths to patient effort, using monitoring 
of electrical impulses from the diaphragm. In the 
NAVA, the ventilator detects the contraction sig-
nal of the aperture by the EMG electrode located 
in the lower esophagus and controls the ventila-
tor, flow, volume, and pressure without delay. 
These electrical impulses from diaphragm help in 
maintaining ventilator patient synchrony, and  
they are unaffected by system leaks [41, 42].

53.4.2  Initiation/Settings/Monitoring 
of NIV

The choice of type of NIV depends upon the 
patient characteristics and disease severity. Before 
initiation of NIV, the medical team needs to do a 
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thorough assessment of the clinical severity and 
underlying etiology of respiratory failure. Initial 
assessment should also include relevant imaging, 
chest X-ray, and lab testing like electrolytes and 
blood gases. Absolute contraindications of NIV 
include cardiopulmonary arrest, coma, severely 
decreased level of consciousness, inability to pro-
tect airway, inability to fit interface or mask, facial 
deformity, trauma or burns, and undrained pneu-
mothorax. Relative contraindications include 
hemodynamic instability, vasopressors, recent 
airway or upper GI surgery, active upper GI bleed-
ing, inability to cooperate, excessive secretions, 
and cyanotic congenital heart disease [43].

Non Invasive ventilation is usually initiated 
with low settings and then titrated according to 
clinical, radiological, and laboratory improve-
ment and, most importantly, patient tolerance. 
Refer to Table 53.3 for NIV settings. HFNC or 
CPAP can be used in hypoxemic respiratory fail-
ure, but hypercapnic respiratory failure needs the 
use of Bil-level ventilation mode. The initial set-
tings for CPAP include physiological values 
(3–5 cm H2O) and then are titrated up according 
to clinical response. The use of Bilevel ventila-
tion includes selecting a mode (S,T, or S/T mode), 
Setting Titrating IPAP from 6–12 cm H2O, EPAP 
of 5–8 cm H2O, and backup rate according to the 
age of the patient (initial rate ranging from 4 to 
10/min) [43]. The delta P (IPAP-EPAP) is an 
important parameter which determines the 
amount of tidal volume delivered and varies 
according to the underlying respiratory condi-
tion. If more lung or chest expansion is required 
(i.e., ARDS, neuromuscular weakness), increased 
delta P will be required. Secondary settings are 

available depending on device that may include 
the trigger sensitivity, the rise time, the breath 
transition cycle, and a gradual pressure ramp 
time, could be adjusted to maximize patient’s 
comfort. In general, the difference between inspi-
ratory and expiratory pressure should be at least 
6–8 cm H2O to have a VT of 6–10 mL/kg of ideal 
body.

Oxygen can be supplemented to maintain 
desired saturation. Selection of an appropriate 
interface is crucial to begin NIV.  Often, more 
than one type of face mask may need to be tried 
to find the best fit for the child. Close cardiorespi-
ratory monitoring is important for successful 
maintenance of NIV.  Monitoring includes heart 
rate, respiratory rate, SaO2, FiO2, and blood pres-
sure. Blood gases and/or chest X-ray need to be 
repeated as indicated to know the respiratory sta-
tus. SaO2 and blood gases are also helpful in 
down titrating settings to avoid hyperventilation. 
Mask fitting and ventilator-patient synchrony 
need to be periodically assessed for successful 
continuation of NIV. Light sedation in the ICU 
may improve synchrony, decrease leak, and 
improve overall tolerance of NIV.  In case of 
worsening of underlying condition or failure of 
NIV, patient may need ETI and IMV.

53.4.3  Interface

Initiation and maintenance of NIV in children are 
challenging, especially small children and 
infants. Children are generally uncomfortable 
with the interface and airflow. The ideal interface 
should be small with minimal dead space, caus-
ing minimal leaks, lightweight, easy to fit and 
remove, nontraumatic, manufactured with nonal-
lergenic material, cheap and having an appropri-
ate and well-adapted headgear that confers 
stability preventing movement or dislocation of 
the interface in order to minimize leaks [44]. The 
first response to anything introduced on the face 
will be to remove it in a conscious child. It takes 
a great effort from the intensive care team to 
work with the child to get used to the interface. 
Sometimes, switching between interfaces is 
required to find the best fit for the patient. 

Table 53.3 : Initial settings for different types of NIV

Settings HFNC CPAP BiLevel (BiPAP)
Flow (L/min) x
CPAP (+cm H2O) x
IPAP (+cm H2O) x
EPAP (+cm H2O) x
Back up rate (/
min)

x

Rise time (s) x x
Ramp (min) x x
FiO2 (as needed) x x x
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Table 53.4 gives details about various interfaces 
used, advantages, and challenges. The choice of 
interface is determined by patient’s age, facial 
morphology of patient, the type of circuit, and 
ventilatory mode. Interfaces can be vented or 
non-vented, i.e., with or without intentional 
leaks. In the ICU settings, most patients are 
placed on NIV with closed double-limb circuits 
that are supported by non-vented masks. Portable 
home ventilators and CPAP devices use a single- 
limb circuit with vented interfaces [45]. Skin 
injury to the face is a common issue with any of 
the interface. The ICU team needs to carefully 
monitor for facial skin injuries. The patient will 
be unable to tolerate NIV with facial discomfort 
or skin injury. Children are at greater risk of skin 
injury during NIV than adults [46]. Skin break-
down can be prevented or managed by alternating 
two or more types of masks to switch the pres-
sure points.

53.4.4  Predictors of Success/Failure

The likelihood of success or failure of NIV 
depends on multiple factors, including the under-
lying medical conditions, severity and type of the 
respiratory failure, the timing of starting NIV, 

and the level of experience of the care team. 
Indeed, a reduction in respiratory rate after 1–6 h 
is clearly associated with NIV success. The inde-
pendent predictors of NIV failure including pH 
less than 7.25 after 1–2  h of NIV, ventilation-
perfusion impairment, higher pediatric risk of 
mortality score (PRISM), lower respiratory rate, 
decrease in early therapy and the presence of 
ARDS, higher pediatric logistic organ dysfunc-
tion score, FiO2 >80%, and higher mean airway. 
An increase in FiO2, a FiO2 of >0.8, or a decrease 
in PaO2/FiO2 after 1 h of NIV therapy and poor 
tolerance to interface is associated with a higher 
risk of intubation, mean airway [19, 47, 48]. 
Predictors of HFNC failure in bronchiolitis 
include increased PCO2, failure to reduce RR or 
normalize HR, and failure to decrease FiO2 less 
than 0.5 in the first 1–2 h.

53.4.5  Complications

NIV and HFNC are generally safe modalities, but 
complications are well documented. 
Complications associated with NIV are most 
often seen in the most fragile patients; they 
include gastric distention, aspiration, pneumo-
thorax, and pressure ulcerations. Pressure ulcer-

Table 53.4 Different types of patient interfaces

Type Explanation Advantage Disadvantage
Used 
with

Nasal 
prongs

Special cannula 
inserted into the 
nostrils

Less anxiety, no irritation to the 
eyes, minimal contact

Increased leak, irritation in the 
nostrils, not effective in nasal 
obstruction

HFNC

Nasal 
mask

Mask covering only 
the nose

No risk of aspiration, allows 
coughing, eating, easy fitting, low 
risk of claustrophobia and gastric 
distension

Leak, skin erosion, not effective 
in nasal obstruction

CPAP, 
BiPAP

Oronasal 
mask

Cover nose and 
mouth

Less leak, improved ventilation 
and gas exchange

Risk of aspiration, 
claustrophobia, gastric 
distension, limit eating and 
talking, pressure sore

CPAP, 
BiPAP

Full face 
mask

Cover the whole 
face

More effective ventilation, less 
leak

Anxiety, less tolerated by small 
children, aspiration, gastric 
distension

CPAP, 
BiPAP

Helmet Cover head and all 
or part of neck, no 
contact with face

Allows eating, coughing and 
talking, no pressure ulcers, better 
tolerated

Higher dead space, difficult 
humidification, claustrophobia, 
noise

CPAP, 
BiPAP

A. Agarwal and S. Kilaikode



489

ations have been reported in 4–27% of children  
[49]. The skin breakdown is more severe with 
oronasal masks and bridge of the nose is most 
vulnerable for severe break down, skin ulcer-
ations can be minimized by careful evaluation at 
regular intervals to identify early signs of poten-
tial breakdown, and maintaining normal skin 
hydration is an important intervention for pro-
tecting skin tissue integrity. Gastric distention 
can be minimized by all patient receiving NIV 
gastric tubes in place to vent excess air from the 
stomach. Aspiration precautions involve paying 
close attention to feeding schedules, elevation of 
the head of the bed, positioning of the patient, 
careful suctioning procedures to reduce gagging 
and emesis, and close patient monitoring. Nasal 
dryness and congestion could be minimized with 
humidification.

HFNC therapy is well tolerated, therefore 
reducing the need for sedation. Complications 
reported by the use of HFNC oxygen therapy 
are rare and similar to those reported with 
CPAP and bi-level vent, including gastric insuf-
flation, eye irritation, inability to continuously 
monitor capnography, and air leak (e.g., pneu-
mothorax, pneumomediastinum). The success-
ful use of these therapies relies upon appropriate 
case selection and the presence of expert staff, 
trained to closely monitor the child and the 
equipment and to modify settings and inter-
faces accordingly.

53.5  Summary

NIV has shown significant promise for the man-
agement of acute respiratory failure in infants 
and children and may be used safely and effec-
tively with careful patient selection, meticulous 
monitoring, and ongoing care by a well-trained 
team. The studies have shown that NIV is a good 
choice of respiratory support in acute bronchiol-
itis, status asthmaticus, and mild to moderate 
pneumonia. The careful selection of patient and 
appropriate delivery modality and the interface 
along with close cardiorespiratory and blood gas 
monitoring over the first 2 h are integral to suc-

cess. If there is worsening of clinical status, the 
escalation to invasive ventilation via endotra-
cheal intubation should be considered immedi-
ately. As health-care providers, we must 
recognize key differences in the operation of 
various devices to safely set up, control, and 
manage the patient.
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Abbreviations

BPAP Bilevel positive airway pressure
CO2 Carbon dioxide
CPAP Continuous positive airway pressure
EPAP Expiratory positive airway pressure
IPAP Inspiratory positive airway pressure
NIV Noninvasive ventilation
NMD Neuromuscular diseases
OSAS Obstructive sleep apnea syndrome
S/T Spontaneous/timed
SMA Spinal muscular atrophy

54.1  Introduction

In recent years, the number of children who 
need long-term mechanical ventilation has 
increased. Long-term mechanical ventilator 
support at home can be performed via tracheos-
tomy or noninvasively with an interface. 
Noninvasive ventilation (NIV) has become more 
preferable as long-term supportive therapy in 
recent years, and use of invasive ventilation via 
tracheostomy has decreased [1]. The main rea-
sons for this are the technological advances in 
NIV treatment as well as interfaces which have 
facilitated the use of this treatment in children, 
and NIV became an acceptable alternative to 
tracheostomy for clinicians and families. 
Increased survival of children with complex 
underlying disease and shift in healthcare from 
hospital to home-based care were contributing 
factors to increased use of home NIV in children 
[2]. Long-term NIV has been used in many dif-
ferent diseases that cause chronic respiratory 

pump failure. Airway disorders, neuromuscular 
disorders, and central nervous system disorders 
are main conditions that cause respiratory insuf-
ficiency or sleep disordered breathing in infants 
and children [3]. Main purposes of NIV in these 
children are to overcome upper airway obstruc-
tion, control hypoventilation, reduce the work 
of breathing, manage central apneas, improve 
sleep consolidation, and improve gas exchange 
[4]. There are two main types of NIV: continu-
ous positive airway pressure (CPAP) and bilevel 
positive airway pressure (BPAP). CPAP pro-
vides constant single-level pressure throughout 
the entire breath cycle and aims to prevent upper 
airway collapse and increase the cross- sectional 
area of airways [5]. BPAP generates inspiratory 
pressure on continuous airway pressure during 
every inspiration to augment patient’s own 
respiratory effort [6] (Fig. 54.1).

54.2  Methodology

To identify all of the current concepts and up-to- 
date notions in long-term pediatric noninvasive 
ventilation, we screened the review articles in the 
last 5 years for the articles and data about long- 
term/home/domiciliary/chronic use of noninva-
sive ventilation in pediatric patients [2, 4, 6–8]. 
After defining the subjects and suitable subject 
headings for indications, equipment, technical 
issues, ventilation logic and strategies, organiza-
tion, and complications, we searched PubMed for 
each of these concepts to list the studies that are 
relevant from the aspect of contributing with new 
clinical data and that are carried out within the 
last 2 years which is the scope of this yearbook.
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54.2.1  Patient Selection

Disequilibrium in the respiratory balance is the 
main indication for NIV. The load imposed on the 
respiratory system, the capacity of respiratory 
muscles, and the central drive are components of 
respiratory balance. In previous reviews, 73 med-
ical conditions were defined to require NIV in 
disease course [2]. NIV indication is not based on 
the presence of a particular disease but is depen-
dent on the type and severity of the respiratory 
failure caused by this disease [7]. Most common 
diseases reported to require long-term NIV are 
obstructive sleep apnea syndrome (OSAS), spi-
nal muscular atrophy (SMA), neuromuscular dis-
eases (NMD), upper airway disorders, and 
pulmonary parenchymal diseases [2].

It is important to emphasize that not all chil-
dren are proper candidates for home NIV treat-
ment. For NIV treatment a child should be able to 
protect upper airway patency and should have 
respiratory autonomy. NIV may be contraindi-
cated in children with significant gastroesopha-
geal reflux, excessive sialorrhea, and severe 
bulbar palsy because of risk of aspiration. 

Management of secretions is very important in 
children that are candidates for NIV. Besides fre-
quent suctioning, pharmacological and surgical 
treatment options must be considered in children 
with excessive secretion. Children requiring NIV 
more than 16  h/day are not ideal candidates 
because of skin breakdown and facial develop-
mental problems. Inability to tolerate NIV or to 
find adequate interface may be another contrain-
dication for NIV usage. Caregivers who are fre-
quently parents should undergo formal education 
and should be evaluated in terms of competence 
and compliance [4].

There is no validated criterion for timing of 
initiation of long-term NIV in children. Long- 
term NIV may be indicated because of failure to 
wean a patient off from noninvasive ventilation in 
pediatric intensive care unit, or home NIV treat-
ment may be initiated with a planned procedure 
due to the foreseen disease course in NMD [1]. 
Ikeda et  al. compared patients with non- 
neuromuscular diseases to those with neuromus-
cular diseases and found that the latter group had 
significantly more planned initiations and less 
frequent use of oxygen [1]. Long-term NIV may 

Elements of successful Home NIV Therapy

Check for
‐airway patency

‐respiratory autonomy Rule out
‐severe gastro‐esophageal reflux

‐excessive sialorrhea
‐severe bulbar palsy

Proper interface suitable
for patient anatomy and

disability

Type of ventilator and
mode according to

character /severity of
respiratory problem

Family adaptation,
education, set‐up at the
home and local health

care

Outpatient
multidisciplinary
Follow up team

Fig. 54.1 Summary (diagnosis-treatment)
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also be initiated in case of nocturnal hypoventila-
tion and in patients with a high apnea-hypopnea 
index in polysomnography [3]. In the study by 
Amaddeo et  al., the researchers found that in 
clinical practice, CPAP/NIV was initiated mostly 
in subacute and chronic setting with most patients 
having an association of several abnormal gas 
exchange or sleep study parameters [6]. The 
effectiveness and benefits of the initiation criteria 
need to be studied.

54.3  Equipment and Settings

Home NIV system consists of the following 
components: ventilation machine, ventilation 
interface, expiratory system, and humidification 
system.

54.3.1  Ventilator

Clinicians should ensure that the prescribed ven-
tilator is approved for children. Many devices are 
not able to generate small volumes reliably espe-
cially for younger children. Triggering ventilator 
may be very difficult for children with muscle 
weakness, and trigger system in ventilator must 
be pediatric specific. Sensitive trigger is essential 
to adapt patient to ventilator without significant 
increase in work of breathing. Devices with pres-
sure presets are more useful to adapt variable 
breathing patterns of children and should be pre-
ferred rather than devices with volume presets. 
Alarm limits of devices must be adjustable for 
pediatric patients [7].

54.3.2  Interfaces

There are different types of interfaces: nasal 
prongs, nasal mask, oronasal mask, full-face 
mask, and the helmet. The helmet is not suitable 
for home NIV. These interfaces come in different 
shapes and sizes and are made of different mate-
rials [9]. Proper interface selection is a very 
important decision affecting NIV success in 
children. Interface represents the main connec-

tion between the ventilator and the patient, so 
patient’s preferences should be considered [8]. 
The choice of interface is chosen according to 
patient’s age, weight, and skull and facial anat-
omy, nasal obstruction, presence of mouth 
breathing, ventilator mode, and the patient’s tol-
erance with the interface and ability to remove 
the interface unaided [6]. Choice of interface 
may be challenging in children with facial or 
skull deformity or asymmetry. The appropriate 
properties can be listed as good adhesion, easy to 
fit and remove, light weight, non-traumatic, 
cheap, low resistance to airflow, minimal dead 
space and minimal leak, and having appropriate 
and well-adapted headgear. Interfaces can be 
vented or non-vented. Non-vented interfaces are 
commonly used in intensive care unit with con-
ventional ventilators and double-limb respira-
tory circuits. Most of home CPAP or BPAP 
devices use vented interfaces with single-limb 
circuit. Appropriate selection of device, mask, 
circuit, and device settings are critical for NIV 
success. The choice between vented and non-
vented masks is based on the type and severity of 
the respiratory failure, ventilator mode, the 
experience of the medical team, and patient 
compliance. The headgear has crucial impor-
tance, and most important characteristics of a 
headgear are its suitable size, its stability, and its 
easiness to fit and remove.

54.3.2.1  Nasal Interface
Nasal masks cover only the nose, and the mouth 
remains uncovered. Nasal masks offer greater 
patient comfort because they allow coughing, 
eating, and talking and are easy to fit. Nasal 
masks have low risk of claustrophobia, aspira-
tion, and gastric distention. These masks are 
available in different sizes for different ages. 
Mouth leaks and nasal obstruction are disadvan-
tages for nasal masks, and there is a risk of skin 
ulcers for the nasal mask, even if it is less than the 
oronasal mask [4].

54.3.2.2  Nasal Prongs
Nasal prongs or pillows occlude the outer part of 
the nostrils. This interface is comfortable and 
well tolerated by children. Nasal prongs are com-
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mercially available only for older children and 
adolescents. The use of high pressure with nasal 
prongs is usually not tolerated, and efficacy 
decreases in case of mouth breathing.

Rojas et al, reported 94% successful imple-
mentation rate for nasal NIV with a nasal RAM 
cannula in the outpatient home setting in 18 chil-
dren. They list the indications as CPAP/BPAP 
masks intolerability (11%), dyspnea secondary to 
chest wall weakness (38%), and tracheostomy 
avoidance (50%). The authors report significant 
decrease in CO2 levels and conclude that this 
interface may prove to be a feasible and safe 
treatment alternative. Larger studies in different 
patient groups are needed to validate the feasibil-
ity, but it is worth mentioning among the alterna-
tives [10].

54.3.2.3  Oronasal Masks
Oronasal masks cover both the mouth and nose. 
This interface minimizes unintentional leak from 
the mouth. Oronasal mask can be used in case of 
nasal obstruction and significant mouth breath-
ing. Oronasal masks have been shown to be more 
effective in improving gas exchange and minute 
ventilation. Oronasal masks limit eating and talk-
ing because of mouth coverage. Oronasal masks 
have higher risk of claustrophobia, aspiration, 
and gastric distention. These masks may cause 
skin ulcers secondary to pressure particularly in 
patients with long-term need. In the event of 
device malfunction, it is very difficult for chil-
dren with muscle weakness to remove the orona-
sal mask, and this situation may cause asphyxia 
and/or aspiration [4]. Midface hypoplasia is 
another risk for especially long-term use of oro-
nasal mask.

54.3.2.4  Full-Face Mask
This interface covers the eyes, nose, and mouth. 
When using full-face mask, mask-fit pressure is 
spread over a larger surface beyond the nose area, 
and this results in lower risk of skin ulcer and 
patients feel more comfortable. Larger volume of 
full-face mask may prevent carbon dioxide elimi-
nation because ratio between the tidal volume 
and the volume of interface is important for car-
bon dioxide rebreathing [9].

Appropriate selection of interface should be 
done by well-educated and experienced medical 
team. Medical team must be aware of the differ-
ent interfaces available and should be ready and 
willing to try alternatives if one interface fails.

54.3.3  Expiratory System

Home NIV devices are usually used with 
vented interfaces and single-limb circuits. The 
position and type of exhalation openings is 
important for carbon dioxide (CO2) elimina-
tion [8]. There are open-outlet expiratory sys-
tem and controlled exhalation valve system. In 
the case of double- limb circuit, controlled 
exhalation valve system can be integrated to 
ventilator machine, but in single-limb respira-
tory circuit, the valve should be placed closer 
to the patient side [8]. In the open-outlet sys-
tem, an opening adjacent to patient (on mask or 
circuit) serves to wash out expired CO2. In this 
case efficient positive end- expiratory pressure 
should be applied; otherwise there will be risk 
of carbon dioxide rebreathing of patient from 
tubing system. In hypoxic patients, controlled 
valve system must be preferred because the use 
of an open-valve system is associated with a 
markedly lower concentration of inhaled oxy-
gen fraction [8].

54.3.4  Humidification and Warming

Humidification is not absolutely necessary for 
adult patients on home NIV, but pediatric patients 
usually require humidification. Most of the pedi-
atric patients requiring home NIV are NMD 
patients in whom secretion management is a 
major problem. Without humidification, secre-
tion management in these patients becomes dif-
ficult because of thick secretions. Dry mouth and 
nasal mucosa are problems that lead to patient 
discomfort and NIV failure because of increased 
resistance. Active humidification system with 
water passover humidifiers must be preferred in 
children because of minimal dead space and 
advantage of warm air.
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54.4  Ventilator Settings

54.4.1  CPAP

The CPAP pressure provides a constant single- 
level pressure throughout the entire breathing 
cycle, and CPAP is proven to be efficacious in 
children with upper airway obstruction. In infants 
with severe upper airway obstruction, it is recom-
mended to set highest CPAP level which is toler-
ated by patient because it is shown that setting 
CPAP pressure according to noninvasive vari-
ables such as sufficient gas exchange and 
decrease in respiratory and heart rate underesti-
mate the optimum CPAP level by a mean of 2 cm 
H2O [11].

54.4.2  BPAP

54.4.2.1  Mode

Spontaneous Mode
In this mode, each breath is initiated by the 
patient and expiratory and inspiratory support 
pressures are set, and there is no backup rate. 
This mode is not commonly used in children, but 
this can be useful for adolescents with obesity 
hypoventilation and OSAS.

Spontaneous/Timed Mode
In spontaneous/timed (S/T) mode, a backup rate 
is added to spontaneous mode, and the device 
starts to deliver breath when the patient’s sponta-
neous respiratory rate decreases below the set 
backup rate. An inspiratory time is set, and this 
time is applied to all spontaneous and timed 
breaths in some devices and applied to only timed 
breaths in some devices. It is recommended to set 
backup rate closer to physiological respiratory 
rate during sleep.

54.5  Pressure Settings

Inspiratory positive airway pressure (IPAP) is the 
pressure that is delivered during inspiratory phase 
of breath. Expiratory positive airway pressure 

(EPAP) is the pressure delivered throughout the 
entire breath.

54.5.1  Rate

The rate represents the number of device breaths 
to be delivered per minute. In spontaneous/timed 
mode, set rate shows the minimum number of 
breaths that will be delivered by machine in case 
the patient’s spontaneous respiratory rate falls 
below the backup rate.

54.6  Inspiratory Time

This represents the time in seconds in which the 
patient will receive IPAP.  Depending on the 
device, inspiratory time can be applied either to 
all spontaneous and timed breaths or just timed 
breaths.

54.7  Sensitivity

Sensitivity represents the effort that must be gen-
erated by patient either to initiate a breath (trig-
ger) or to terminate a breath (cycle). Both trigger 
and cycle sensitivity can be set to improve the 
patient-device synchrony. Sensitive trigger is 
necessary to adapt children to ventilator without 
increase in the work of breathing. The ventilator 
should be approved for children, and children 
with muscle weakness have difficulty in trigger-
ing breathing even in ventilators approved for 
children.

During BPAP, IPAP that is delivered during 
inspiration can be set according to either the tar-
get volume or target pressure. In volume-tar-
geted, ventilation device provides a fixed volume 
throughout a given time span. Strict delivery of a 
preset volume is an advantage of this mode. But 
this mode is not able to adapt to the physiological 
changes of patient, and compensation of leaks is 
not possible which leads to insufficient volume 
delivery to patient [12]. In pressure-targeted 
mode, airflow is adjusted to generate fixed posi-
tive pressure during a given time span. This mode 
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is able to compensate unintentional leaks, and 
synchrony between device and patient improves 
because of variation of flow on a breath-to-breath 
basis. Because of their adaptation to variable 
respiratory patterns of children, devices with 
pressure presets are almost always more suitable 
for children [13].

Patient’s underlying disease and type of respi-
ratory insufficiency and indication of NIV are 
important for medical team while setting up 
BPAP. In children with NMD, goal of NIV is usu-
ally delivery of sufficient tidal volume, and this 
goal is achieved with low IPAP in most of 
patients, and these patients do not require high 
EPAP either, because they usually have a patent 
airway. S/T mode must be preferred in patients 
with NMD, and backup rate close to physiologi-
cal respiratory rate during sleep should be set 
because of risk of inability of patients triggering 
the device for breath initiation [6]. It is important 
to set higher EPAP pressures in patients with ana-
tomical or functional airway obstruction. Higher 
IPAP may be required in patients with restrictive 
lung problem such as pulmonary parenchymal 
disease, chest wall deformity, or scoliosis.

NIV treatment in children in acute settings 
and in long-term use is usually a challenging situ-
ation, and besides device and interface choice, 
settings of device should be set and adapted indi-
vidually considering clinical benefit and compli-
ance of the patient.

54.8  Organization of Home NIV

NIV in children is technically challenging espe-
cially in patients requiring long-term support and 
whose treatment will continue at home. NIV 
treatment is almost always initiated in hospital, 
and goals of hospital admission are to determine 
the needs of the patient; to adapt the patient to 
NIV treatment; to identify the best ventilator, 
mode, interface, and settings for patient; to fol-
low the short-term beneficial effects of NIV on 
the patient; and to train the caregiver of the 
patient. Training of caregivers is crucial, and 
caregivers should be evaluated in terms of their 
competence and compliance. Lack of sufficient 

caregiver support may be a relative contraindica-
tion for home NIV treatment. Caregivers are not 
only trained about how to put on interface and 
device; they must also be trained about different 
problems that they may encounter at home. 
Secretion management is one of main problems 
in pediatric patients requiring home NIV treat-
ment, and caregivers should be aware of this situ-
ation and must be trained for physiotherapy, 
postural drainage, and suctioning [7]. Caregivers 
should have training about action plan that they 
will apply in emergency situations. Home care 
system must be informed about individual fea-
tures of NIV therapy and needs of patient and 
family before the discharge of the patient.

Admitting the patient to hospital is the com-
mon practice while starting NIV therapy. Since 
this causes shortage of hospital beds and eco-
nomic constraints, there is a tendency to start 
NIV with an outpatient program. Amaddeo et al. 
report successful implementation of CPAP in a 
group of patients who had persistent OSAS, age 
>6 months, stable condition, and family agreeing 
with a regular follow-up [14]. They found a very 
good compliance rate of 87%, and the therapy 
was successful from the aspect of OSAS treat-
ment and gas exchange. The strategy, however, is 
shown to be feasible and effective in selected 
patients with OSAS. Further studies are needed 
to define other patient groups in which this prac-
tice can be encouraged.

The underlying diseases that cause chronic 
respiratory failure in children are generally com-
plex and usually connected to multiple disabili-
ties which require multidisciplinary medical 
team follow-up. Children on home NIV therapy 
must be followed by multidisciplinary medical 
team concerning course of underlying disease, 
infection prophylaxis, adequate nutrition, 
mechanical ventilation assessment, and pulmo-
nary physiotherapy.

In their study which evaluates the use of a sta-
bility guideline in long-term ventilator-dependent 
children discharging to home, Hanks et  al. 
reviewed the use of an institutional guideline 
based on expert opinion which was used for 
patients who were first discharged home on 
mechanical ventilation. They demonstrated a low 
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utilization rate [15]. Guidelines like these can 
improve the patient experience and success rate 
as well as decrease failure and complication rate. 
The effect should be studied in further studies, 
and we predict similar guidelines will become 
widely used in time since the practice of home 
NIV is growing around the world.

54.9  Follow-Up

There are no validated guidelines for long-term 
follow-up of children undergoing home NIV 
therapy. Timing of follow-up visits is usually 
individualized depending on the age and medical 
condition of the child [6]. The first ventilation 
check-up must be organized within 1–3 months 
of NIV initiation [7]. Modification of ventilator 
settings or interface should be performed under 
the supervision of a physician. Since patients 
who receive NIV treatment at home are followed 
by many departments, the patient should be eval-
uated by all following departments during the 
same hospital visit.

54.10  Complications of Home NIV 
Therapy

54.10.1  Skin Ulcer

Skin erythema/ulcer is a common complication 
especially in patients using nasal and oronasal 
masks. The injury ranges from transient erythema 
to skin necrosis [16]. Preventing development of 
skin ulcer can be achieved by using different 
mask compositions, careful skin care and dress-
ings, increasing the ventilator free time, alternat-
ing interfaces, and reminding caregivers not to 
seal mask too tightly.

54.10.2  Midface Hypoplasia

This is a specific complication seen in pediatric 
patients who started treatment at a very young 
age. Younger children undergoing home NIV 
therapy must be evaluated regularly in terms of 
maxillomandibular growth.

54.10.3  Nosebleeds and Nasal 
Congestion

High pressurized airflow may cause drying of 
nasal mucosa, and this can lead to nose bleeding 
or nasal congestion. Use of a humidification sys-
tem may reduce this complication. Nasal conges-
tion secondary to acute illness may reduce the 
effectiveness of NIV with nasal mask and lead to 
patient discomfort; patient may require alternate 
oronasal mask during this illness period.

54.10.4  Eye Irritation

Eye irritation appears usually secondary to 
improper fit of mask which is leading to air leak 
toward eyes. Proper fit of mask and frequent con-
trol of the mask position will overcome this 
complication.

54.10.5  Rebreathing

Rebreathing of patient’s exhaled gases can occur 
in case of larger mask use and low EPAP presets. 
To avoid rebreathing, the smallest and best fitting 
mask must be used, and higher EPAP must be set 
in case of open-outlet exhalation system use.

54.10.6  Gastric Distention 
and Gastroesophageal 
Reflux

NIV therapy may cause gastric distention and 
increase the existing reflux and feeding intoler-
ance. This complication can be treated by gas-
trostomy or nasogastric tube. NIV must be 
avoided in case of ongoing emesis. During the 
initiation of NIV, feeding can be held and reintro-
duced cautiously after tolerance of NIV.

54.10.7  Pneumothorax

Patients with pulmonary parenchymal disease 
such as cystic fibrosis have increased risk of 
pneumothorax. Careful pressure settings and 
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avoidance of higher pressures in risky patients 
and regular physical examination with X-ray will 
reduce the occurrence of pneumothorax.

54.10.8  Cardiac Side Effects

Elevation of intrathoracic pressure secondary to 
NIV therapy may reduce cardiac output because 
of decrease of venous return. This situation may 
cause significant clinical problem in hypovole-
mic states and in patients with congenital heart 
disease. NIV must be initiated cautiously in 
patients with underlying congenital heart disease 
especially single ventricle disorders.

54.10.9  Weaning

Children requiring long-term NIV should be 
evaluated regularly for tolerance and efficacy 
and also the need to continue NIV.  Mastouri 
et  al. in their retrospective cohort of patients 
with long- term NIV treatment who were even-
tually weaned defined the underlying disor-
ders, weaning criteria, and clinical outcomes 
[17]. Discontinuation of NIV was authorized 
when their preset criteria were fulfilled. Forty 
percent of the patients could be weaned after 
surgery, 57% had spontaneous improvement, 

and another 3% were transitioned to oxygen 
therapy. Bronchopulmonary dysplasia, Pierre 
Robin syndrome, laryngomalacia, laryngeal 
paralysis, and Prader-Willi syndrome were the 
underlying diagnosis in patients who had spon-
taneous improvement, with the longest dura-
tion of CPAP being observed in patients with 
achondroplasia.

In long-term clinical follow-up, 35 patients 
with craniofacial or upper airway malformations 
had a second sleep study, and 7 (20%, 12% of the 
whole group) patients had a relapse of their 
OSAS after discontinuation of CPAP. The authors 
conclude weaning in children treated with long- 
term NIV is possible but is highly dependent on 
the underlying disorder. The relapse of previous 
conditions in some of the patients after weaning 
underlines that long-term follow-up by special-
ists both during therapy and after discontinuation 
of NIV is necessary in children with associated 
disorders (Table 54.1).

54.11  Final Conclusions

54.11.1  Learning Points

Noninvasive ventilation (NIV) has become more 
preferable as long-term supportive therapy in 
recent years. The main reasons for this are the 

Table 54.1 Summary of best clinical/bench trials

Study, year Design
No of 
patients Main results Conclusions

Ikeda et al., 
2018 [1]

Retrospective review 
of records

53 Planned implementation and 
continuation rate was high 
among neuromuscular disorders

Long-term NIV is possible in 
multiple disabilities but 
particularly challenging in 
degenerative diseases

Rojas et al., 
2017 [10]

Retrospective case 
series

18 Successful implementation in 
94% significant decrease in 
arterial PaCO2

May prove feasible 
alternative for mask 
intolerance and tracheostomy 
avoidance

Amaddeo 
et al., 2018 
[14]

Prospective enrollment 
of selected patients in 
outpatient program, 
retrospective study

31 27 patients with good 
compliance and resultant good 
CPAP efficacy (for OSAS and 
gas exchange)

Initiating CPAP outpatient is 
feasible and effective in 
selected patients

Mastouri 
et al., 2017 
[17]

Retrospective cohort 
follow-up of children 
who were weaned from 
long-term NIV

213 58 children weaned, longest 
duration in achondroplasia. 35 
patitents with malformations had 
a second sleep study; 7 had a 
relapse of OSAS

Weaning in long-term NIV is 
dependent on the underlying 
disorder. Weaning failure can 
be seen in children with 
associated disorders
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technological advances in NIV treatment as well 
as new interfaces.

• Patients are usually admitted to hospital when 
implementing home NIV therapy, but it is pos-
sible to commence this therapy in outpatient 
clinic in certain patient groups like OSAS 
patients.

• Patients, families, and institutions can benefit 
from the use of a guideline or routine checklist 
to be applied before discharging the patient 
(Table 54.2).

54.11.2  Critical Points

• The patient population and diversity of under-
lying diagnoses are growing as the equipment 
and experience on home NIV grow and health-
care shifts from hospital- to home-based care.

• For some selected patient groups, it can be 
possible and even better to start the treatment 
in outpatient circumstances.

• There is a need for institutional protocols, 
increased compliance to them, and regular 
follow-up visits and evaluations of both the 
therapy success and ongoing need for therapy 
for this patient population.

54.11.3  Key Summary

When implementing home NIV treatment, not 
only underlying diagnosis but also the feasibility 
of the treatment at home should be taken into 
consideration. The discharge protocol and 
 follow- up plan should be outlined and carried out 
according to the needs of the patient and the fam-
ily to increase compliance.
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Abbreviations

BAE Bronchopulmonary adverse event
BIPAP Bi-level positive airway pressure
CPAP Continuous positive airway pressure
CPF Cough peak flow
DMD Duchenne muscular dystrophy

EPAP Expiratory positive airway pressure
FEV1 Forced expiratory volume in 1 s
FRC Functional residual capacity
FVC Forced vital capacity
IFR Inspiratory flow reserve
IPAP Inspiratory positive airway pressure
LRTI Lower respiratory tract infection
MEP Maximal expiratory pressure
MIC Maximal insufflation capacity
MI-E Mechanical insufflation-exsufflation
MIP Maximum inspiratory pressure
NH Nocturnal hypoventilation
NIV Noninvasive ventilation
NMDs Neuromuscular disorders
OSA Obstructive sleep apnoea
PEEP Positive end-expiratory pressure
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PEF Peak expiratory flow
PIP Positive inspiratory pressure
QOL Quality of life
RCT Randomised controlled trial
REM Rapid eye movement
RNA Ribonucleic protein
RSV Respiratory syncytial virus
SDB Sleep disordered breathing
SMA Spinal muscular atrophy
SMN Survival motor neuron
SNIP Sniff nasal inspiratory pressure
VC Vital capacity
XLMTM X-Linked myotubular myopathy

55.1  Introduction

Neuromuscular disorders (NMDs) are clinically 
and genetically heterogeneous conditions with 
muscle weakness presenting at variable age 
groups. Muscle weakness can affect the respira-
tory function and airway protection through 
reduced tone. There can be additional factors like 
problems with clearance of secretions and scolio-
sis affecting respiratory function. The muscle 
weakness often leads to restrictive respiratory 
deficiency, reducing the vital capacity (VC), total 
lung capacity, and functional residual capacity 
[1, 2]. The respiratory deterioration is insidious, 
and early detection of nocturnal hypoventilation 
(NH) is crucial as it can be treated by prompt 
noninvasive ventilation (NIV) reducing its pro-
gression to daytime hypercapnia [3, 4] or clinical 
symptoms of hypoventilation [1, 5, 6].

Antisense nucleotide, nusinersen, is available 
in certain countries for treatment of spinal mus-
cular atrophy (SMA) type 1, 2, and 3 related to 
SMN1 gene mutation. Patients previously dying 
before the age of 2 years due to respiratory fail-
ure are now showing clinically improved survival 
and motor function following the introduction of 
nusinersen. Gene therapy trials are under way for 
SMA type 1 and X-linked myotubular myopathy 
(XLMTM) which has a potential to impact the 
clinical course of these conditions. The respira-
tory care is crucial for the survival of these chil-
dren, and its delivery is increasingly challenging 

not just for clinicians but also for the carers. In 
this chapter, the latest development in the princi-
ples of respiratory management of these patients 
with noninvasive ventilation is discussed.

55.2  Clinical Update and Clinical 
Trials’ Results

A bibliographic search was made using Medline 
database and Cochrane library. The following 
keywords were selected and combined in multi-
ple steps: “Noninvasive ventilation”, “Continuous 
positive airway pressure”, “Bi-level positive air-
way pressure”, “Pulmonary function”, 
“Neuromuscular disorder”, “Congenital myopa-
thy”, “Duchenne muscular dystrophy”, “Spinal 
muscular atrophy”, “Congenital muscular dystro-
phy”, “Myotubular myopathy”, “Nocturnal 
hypoventilation”, “Nusinersen”, “Raxone”, and 
“Idebenone”. Articles in all languages were 
selected for this review. The time period of the 
review was January 2017 to 4 March 2019. We 
only selected paediatric studies. In this time 
period, standard of care has been revised for 
Duchenne muscular dystrophy [7] and spinal 
muscular atrophy [8]. There were only two ran-
domised controlled studies. Evidence is mainly 
from observational studies, case reports, and 
expert opinion using the Delphi method. 
Table 55.1 summarises all the studies included in 
our analysis.

55.3  Recent Technological 
Advances

55.3.1  Airway Clearance 
and Secretion Management

A clear airway is dependent on healthy muco-
ciliary function and an effective cough for clear-
ance of secretions. Effective cough has three 
components, including inspiration, glottic clo-
sure requiring bulbar function, and effective 
contraction of expiratory abdominal and inter-
costal muscles. In NMD muscle weakness can 
cause ineffective coughing and the function of 
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Table 55.1 Clinical update and clinical trials’ results

Author Year of publication Outcome
Trucco 
et al. [12]

2018 The aim of the study was to detect early nocturnal hypoventilation in 
neuromuscular disorders prior to onset of altered gas exchange. A total of 46 
patients with dystrophinopathy, SMA, and congenital myopathy/dystrophy had 
transcutaneous CO2 and SpO2 monitoring. Thirteen patients had isolated 
nocturnal hypercapnia without NH suggesting that this measurement can be 
used in addition to the other respiratory sleep measurements to detect NH

Luo et al. 
[16]

2017 This Cochrane review looked into the role of invasive versus NIV for acute 
respiratory failure in neuromuscular diseases and chest wall disorders. There 
were no randomised trials for or against the use of NIV for acute respiratory 
failure. Observation studies support the trial of NIV for respiratory failure 
except those with bulbar dysfunction

Birnkrant 
et al. [7]

2018 This is a review article describing the latest care considerations for patients with 
DMD for respiratory, cardiac, bone health, and orthopaedic care. Guidance is 
prepared from expert consensus as there is lack of randomised controlled trials 
(RCTs). The outcome strongly endorses NIV for treating respiratory dysfunction 
for DMD. The criteria for NIV are defined. Indication of nocturnal NIV for 
asymptomatic hypoventilation of sleep disordered breathing or abnormal sleep 
study. For asymptomatic individuals if FVC is <50% predicted, MIP < 60 cm 
water or a weak base line SpO2 < 95% or pCO2 > 45 mmHg
Daytime NIV for symptomatic dyspnoea or SpO2 less than 95% or 
pCO2 > 45 mmHg

DELOS 
study

Multicentre, randomised, double-blind, placebo- controlled efficacy and safety 
study for patients with DMD (ambulatory and non-ambulatory) aged 
10–18 years not taking steroids studying the benefit of idebenone (Raxone®) on 
lung function. Patients were randomised in a 1:1 ratio to receiving either 
idebenone (900 mg/day) or placebo three times a day with meals for 52 weeks

McDonald et al. 
[27]
2016

More patients in the placebo group compared to the idebenone group 
experienced bronchopulmonary adverse events (BAEs): placebo, 17 of 33 
patients, 28 events; idebenone, 6 of 31 patients, 7 events; the overall duration of 
BAEs was 222 days (placebo) vs. 82 days (idebenone); antibiotic usage in the 
placebo group, 13 patients (39.4%) compared to 7 patients (22.6%) in the 
idebenone group. There was a protective effect of idebenone on respiratory 
function with a reduced risk of bronchopulmonary complications and a reduced 
need for systemic antibiotics

Mayer et al. [28]
2017

The change over 1 year in FVC and FVC% predicted showed a consistent 
pattern in favour of idebenone treatment across multiple analysis methods, and 
fewer patients in the idebenone group declined by a margin of 10% or more in 
FVC and FVC% predicted compared to placebo supporting that idebenone can 
slow the respiratory deterioration

Meier et al. [10]
2017

Upper limb function was monitored using Brooke score. There was a 
considerable drop in dynamic lung function associated with loss of upper limb 
function from Brooke score category 4 to category 5

Buyse et al. [29]
2017

Highest flow generated during an inspiratory FVC manoeuver (maximum 
inspiratory flow; V′I,max(FVC)) and the ratio between the largest inspiratory 
flow during tidal breathing (tidal inspiratory flow; V′I,max(t)) and the 
V′I,max(FVC) were assessed in the study group. The fraction of the maximum 
flow that is not used during tidal breathing has been termed inspiratory flow 
reserve (IFR). Patients in both treatment groups of DELOS (idebenone, n = 31; 
placebo, n = 33) had comparable and abnormally low V′I,max(FVC) at baseline. 
During the study period, V′I,max(FVC) further declined by −0.29 L/s in patients 
on placebo (95% CI, −0.51, −0.08; P = 0.008 at week 52), whereas it remained 
stable in patients on idebenone (change from baseline to week 52, 0.01 L/s; 95% 
CI, −0.22, 0.24; P = 0.950). During the study period, IFR improved by 2.8% in 
patients receiving idebenone and worsened by −3.0% in placebo group. These 
findings suggest that idebenone preserved inspiratory muscle function as 
assessed by V′I,max(FVC) and IFR

(continued)
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Table 55.1 (continued)

Author Year of publication Outcome
Finkel 
et al. [8]

2018 This is the standard of care recommendations for SMA. This article has 
recommendations for pulmonary and acute care, medications, supplements, and 
immunisation. The guidance for non-sitters suggests airway clearance with 
cough assist and mechanical ventilation, chest physiotherapy, and suction. NIV 
should be used for all symptomatic patients. For asymptomatic patients, 
initiation of NIV is judged on the basis of adequate gas exchange or sleep study
For sitters regular spirometry at each visit and surveillance with sleep study are 
recommended. NIV should be initiated in symptomatic patients or any evidence 
of NH

Grychtol 
et al. [19]

2018 This is a review article about sleep diagnostics and NIV in children with 
SMA. Summary of existing knowledge about sleep disordered breathing and 
respiratory failure in patients with SMA1 is given. Practical consideration and 
ethical concerns in the new landscape of the advent of new therapies suggests 
Nusinersen is explained

Fitzgerald 
et al. [31]

2018 Review article concentrates on the strategies of respiratory management of 
children with SMA type 1 in the light of changing expectations since availability 
of treatment with Nusinersen

Deborah 
Boroughs 
[23]

2017 This study analyses the use of education programme for carers of ventilation- 
dependent SMA children. Eleven children were enrolled in this study aged 
between 6 months and 18 years. A training curriculum involving pre-test to 
check the baseline of emergency care scenarios was tested. This was followed 
by training in simulation lab teaching them correct techniques by nurse educator. 
Carers were tested after the training. One hundred percent participants reported 
increase in confidence in responding effectively to the emergencies. This small 
study showed that repeated caregiver education is essential to retain memory and 
training is needed to care for ventilated patients

Inoue et al. 
[20]

2017 Case study of an infant with SMA type I commenced on NIV that helped to 
improve ventilation, prevent atelectasis, and improve quality of life (QOL)

Inoue et al. 
[25]

2018 Case report of an infant with XLMTM and pectus excavatum responding 
positively from NIV after a year. The chest deformity improved

 mucocilia being hampered by multiple chest 
infections. Approach is now very pro-active espe-
cially for patients with SMA type 1 with early 
initiation of chest physiotherapy and mechanical 
insufflation- exsufflation (MI-E, Cough AssistR). 
The insufflation-exsufflation pressures are to be 
titrated to the level of maximal tolerance. Oral 
suctioning with mechanical suction pump is 
important for very weak patients with ineffective 
cough.

Several airway clearance techniques are avail-
able which should be individualised depending 
on patient co-operation and level of weakness. 
Cough augmentation for older children can be 
effective when the bulbar muscle function is ade-
quate. The maximal insufflation capacity (MIC) 

is attained when patient able to take deep breath 
and hold breath and then air stacking is applied 
with glossopharyngeal breathing or bag-valve 
mask device. Glossopharyngeal breathing also 
called “frog breathing” consists of series of 
pumping strokes of lips, tongue, soft pallet, phar-
ynx, and larynx. The high-frequency chest wall 
oscillation (VEST) therapy can be provided by 
intermittent compression of the chest wall by a 
snug inflatable jacket on thorax. Vibrations of 
chest wall produce oscillatory flow with mobili-
sation of secretions. This technique though useful 
for older children is not effective for SMA 
patients [8], although it can be used for younger 
patients along with positive pressure ventilation 
to maintain airway patency. Manual assisted 
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cough involving synchronous compression of 
abdomen when patient coughs increases the expi-
ratory flow which in combination of air stacking 
can enhance expiratory airflow while coughing.

There is no clear evidence about routine use of 
antibiotics to prevent infections as a useful 
 therapy for secretion management, and MI-E 
device is more suitable for this purpose. The use 
of glycopyrrolate or topical/oral hyoscine can be 
tried with caution as it can cause thickening of 
secretions which would be tackled with hyper-
tonic saline nebulised treatment. The other phar-
macological interventions would be nebulised 
ipratropium bromide or salbutamol or oral atro-
pine. Botulinum toxin injection of salivary gland 
has been tried in children with neurodisability as 
a temporary measure [9] for 3–6  months. 
Figure  55.1 summarises the methods useful for 
secretion management.

Standard of care for SMA [8] recommends 
using palivizumab during RSV (respiratory syn-
cytial virus) season for first 2 years of life along 
with annual influenza vaccination after 6 months 
of age. Pneumococcal vaccination is adopted for 
routine childhood vaccinations in the UK, and in 
most developed countries. Gastro-oesophageal 
reflux should be promptly treated, and insertion 
of nasojejunal tube should be considered if there 
is recurrent aspiration.

55.3.2  Detection of Early Nocturnal 
Hypoventilation

Children with NMD need regular assessment for 
respiratory symptoms and function. Regular 
monitoring with spirometry is recommended for 
all patients with NMD who are able to perform 
and co-operate. Height, arm span or ulna length, 
and age are used to predict expected lung func-
tion. Forced vital capacity (FVC) correlates with 
survival in patients with Duchenne muscular dys-
trophy (DMD), and there is considerable drop 
with loss of upper limb function [10]. Respiratory 
muscle strength can be assessed by maximum 
inspiratory pressure (MIP), sniff nasal inspiratory 
pressure (SNIP), and maximal expiratory pres-
sure (MEP) [11]. Effectiveness of cough is mea-
sured by cough peak flow (CPF). Children with 
CPF <270 L/min at risk of chest infections and 
CPF <160 L/min are not able to clear the airway.

Sleep disordered breathing (SDB) may be an 
effect of NH or obstructive sleep apnoea (OSA) 
or a combined effect of both of them. NH occurs 
first in active sleep (AS or rapid eye movement, 
REM) when the function of intercostal, upper air-
way, and accessory muscles is compromised. 
Symptoms of hypoventilation are tiredness, early 
morning or continuous headaches, poor concen-
tration, nausea, hypersomnolence, dyspnoea, and 

• Positioning
• Suction
• Nebulisers: saline, ipratroprium
• Humidification: MyAirvo
• Anti-sialogogues:
         hyoscine, glycopyrronium, atropine
• Mucolytics:
         carbocysteine, N-acetyl cysteine,
         erdosteine, deoxyribonuclease
• Cough Assist
• Vest / RTX oscillator
• Ventilation
• Tracheal toilet / bronchial lavage

Fig. 55.1 Summary 
(pathophysiology or 
diagnosis/treatment) 
(Obligatory)
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nocturnal awakening. OSA presents as snoring, 
increased breathing effort, and arousal. 
Progressive muscle weakness may affect all 
stages of sleep before proceeding to daytime 
hypoventilation. Daytime hypoventilation pres-
ents as headache, nausea, dyspnoea, tachycardia, 
sweating, vasodilation/vasoconstriction, fatigue, 
or anxiety. Overnight monitoring should include 
a measure of carbon dioxide and can be done by 
oxycapnography (using transcutaneous or end- 
tidal carbon dioxide), respiratory polygraphy 
(cardiorespiratory sleep study), and polysomnog-
raphy (continuous electroencephalograph, elec-
tromyogram, and electro-oculogram in addition 
to cardiorespiratory function). Recent study by 
Trucco et al. [12] emphasised on monitoring for 
nocturnal hypoventilation in patients with NMD.

55.3.3  Assisted Noninvasive 
Ventilation

Assisted ventilation in children with NMD is 
used to treat symptomatic and asymptomatic 
nocturnal hypoventilation, daytime hypoventila-
tion, and frequent chest infections.

In DMD treatment with mechanical ventila-
tion is necessary in the advanced non-ambulatory 
stage of the condition. Progressive muscle weak-
ness results in weak cough, increasing the risk of 
atelectasis, pneumonia, and ventilation-perfusion 
mismatch leading to respiratory failure. The risk 
of respiratory failure is exacerbated with respira-
tory tract infections. Assisted ventilation has 
shown to prolong the survival of the patients with 
DMD [13]. Standard of care 2018 [7] endorses 
NIV for assisted ventilation in preference to ven-
tilation via tracheostomy. It recommends noctur-
nal assisted ventilation for symptomatic 
hypoventilation or SDB irrespective of pulmo-
nary function. For asymptomatic patients, 
assisted ventilation should be commenced if 
there is evidence of significant hypoxaemia or 
hypoventilation. Ventilation devices should have 
a safe backup rate to avoid apnoea.

NIV for patients with NMD is not only recom-
mended for hypoventilation but also can be used 
for acute procedures involving sedation or anaes-
thesia or a step down from extubation during 

respiratory infections [14]. With the disease pro-
gression, patients may increase the duration of 
NIV to 24  h/day. The indication of daytime 
assisted ventilation is low SpO2  <  95% or 
pCO2  >  45  mmHg or symptomatic dyspnoea. 
Continuous NIV can be delivered via mouthpiece 
(sip ventilation) with a portable pressure ventila-
tion when awake and nasal ventilation with a bi- 
level pressure device when asleep. Alternatively 
nasal ventilation with a bi-level pressure device 
can be used for all day effectively and is well tol-
erated [15]. Consider tracheostomy and invasive 
ventilation if using >16 h/day of NIV.

The use of NIV during acute respiratory ill-
ness or failure can be challenging if there is 
swallowing difficulty. The Cochrane review 
[16] comparing invasive versus noninvasive 
ventilation for acute respiratory failure found no 
evidence in favour of either from randomised 
studies. Evidence from observation studies sug-
gest that NIV should be trialled in all patients 
except for the ones with bulbar dysfunction 
[16]. The decision to progress to ventilation via 
tracheostomy is substantial and involves discus-
sion with the family about relative risks and 
benefits [17].

In SMA, NIV tends to be used mostly to help 
treat LRTIs (lower respiratory tract infections) 
and manage secretions. Problem with gaseous 
exchange is seen at later stage of the disease. 
NIV should be used in all symptomatic infants 
with SMA [18] and in non-sitters before the 
onset of respiratory failure to prevent chest wall 
distortion and palliative dyspnoea. The ventila-
tion mode of choice is bi-level positive airway 
pressure which can support inspiration by 
application of peak inspiratory pressure (PIP). 
Continuous positive airway pressure (CPAP) 
ventilation is not generally suitable for treating 
respiratory failure but may be used with caution 
in younger babies who are unable to synchro-
nise with the ventilator and are not markedly 
hypercapnic. The aim is to improve the func-
tional residual capacity (FRC). In CPAP as 
exhalation is against positive end- expiratory 
pressure (PEEP) increasing the duration of ven-
tilation to prevent a bell-shaped chest deformity 
with high amplitudes, inspiratory positive air-
way pressure (IPAP) and expiratory positive 
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airway pressure (EPAP) can be used but in clin-
ical experience are uncomfortable. The titration 
of NIV is done clinically with a focus on cor-
recting gaseous exchange and reducing the 
work of breathing. The clinical profile will be 
complicated with additional complications of 
bulbar dysfunction, swallowing difficulties, 
scoliosis, and chest wall deformity. Children 
with SMA type 1 are very vulnerable and can 
decompensate with minor chest infections due 
to poor cough, aspiration, and mucus blocking 
making these children at risk of multiple hospi-
tal admissions [19]. Protocols for intensive 
secretion clearance with the use of MI-E 
devices along with increasing ventilation pres-
sures and increasing the extension of NIV up to 
24 h [8] can help to prevent hospitalisation and 
intubation. A case study of an infant treated 
with NIV reported prevention of atelectasis and 
good quality of life (QOL) [20].

The choice of ventilator should safely deliver 
low tidal volumes and sensitive flow trigger for 
good synchronisation. Very weak children will 
not be able to trigger, even with the maximum 
sensitive fitting, and hence a backup rate and an 
adequate (minimum) inspiratory time are recom-
mended [21].

The latest review of NIV in SMA, especially 
type 1 children, elaborates the practical and ethi-
cal consideration in the back drop of new thera-
pies like nusinersen [19]. Children with SMA1 
with aggressive respiratory treatment on ventila-
tion experience discomfort and are at risk of suf-
fering [19]. Equally carers are at risk of 
psychological burden leading to physical exhaus-
tion, social isolation, and financial difficulty [22]. 
Increased complexity of care highlights the need 
for training of adult carers in looking after such a 
vulnerable population [23].

Wallgren-Pettersson et al., at the 117th ENMC 
workshop have published guidance about ventila-
tory support for patients with congenital myopa-
thies and muscular dystrophies [24]. Nocturnal 
mechanical ventilation showed improvement of 
arterial blood gas and survival advantage in this 
group of population. A recent case study showed 
that using NIV in severe XLMTM with high PIP 
and daily MI-E had improvement of pectus exca-
vatum after a period of 12 months [25].

55.3.4  Set-Up of the Ventilator

The two main ventilators available for the patients 
with NMD are volume-targeted and pressure- 
targeted devices, and some can be a hybrid. 
Volume-targeted device has the advantage to 
assist with air stacking for assisted coughing but 
is limited as would not be able to overcome the 
leaks. Pressure-targeted device on the other hand 
is good for overcoming leaks but as a single- limb 
circuit being used, exhaled air is vented through 
the ports near the face or nasal mask. Different 
modes of ventilation are available to allow better 
synchronisation between the child and ventilator. 
Asynchrony between the ventilator and the child 
can be identified effectively by polysomnography 
or cardiorespiratory polygraphy [1, 26] or less 
precisely by clinical observation with oxycap-
nography [1].

The mask fit is important for the success of 
NIV. Different varieties of nasal and face mask 
are available for children. Nasal masks are pre-
ferred in non-sitters, due to the bulbar dysfunc-
tion and risk of aspiration. Nasal masks are well 
tolerated and usually are first choice but can have 
air leaks that can occur from open mouth which 
can be reduced by a chin strap. Skin breakdown 
on the bridge of the nose or forehead can be pre-
vented using hydrocolloid wound care tape. 
Pressure from the mask can also cause midface 
hypoplasia by affecting maxillary growth, caus-
ing dental malocclusion giving a concave facial 
appearance.

55.3.5  New Pharmacological 
Treatments

DELOS study [10, 27–29] was a multicentre, 
randomised, double-blind, placebo-controlled 
efficacy and safety study for patients with DMD 
(ambulatory and non-ambulatory) aged 
10–18  years studying the benefit of idebenone 
(Raxone®) on lung function. Patients were ran-
domised to either idebenone (900  mg/day) or 
placebo three times a day with meals for 
52 weeks. The primary end point was the differ-
ence between Raxone® and placebo in the change 
from baseline to week 52 in peak expiratory flow 
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(PEF as percent predicted, PEF%, a measure of 
respiratory muscle strength) as measured by hos-
pital-based spirometry. PEF was also measured 
by the patient at home using the handheld device 
(secondary end point). Other respiratory end 
points included forced expiratory volume in 1 s 
(as percent predicted, FEV1%p, an additional 
measure of respiratory muscle strength) and 
forced vital capacity (as percent predicted, 
FVC%p, a measure of restrictive lung disease 
predictive of morbidity and mortality in DMD). 
The main outcomes of this study showed that 
there was a protective effect of idebenone on 
respiratory function with a reduced risk of bron-
chopulmonary complications a reduced need for 
systemic antibiotics [27] and reduced respiratory 
decline over a year as measured by FVC and 
FVC% predicted [28]; pulmonary function 
parameters considerably declined with loss of 
upper limb function from Brook score category 4 
to category 5 [10]; idebenone preserved inspira-
tory muscle function as assessed by V′I,max 
(FVC) and IFR (inspiratory flow rate) [29]. The 
outcome of this study has limited significance; 
no patients in the study were treated with 
corticosteroid.

ENDEAR study [30] examined the clinical 
efficacy of nusinersen administered intrathecally 
to patients with infantile-onset SMA. Nusinersen 
is an antisense oligonucleotide drug that modifies 
pre-messenger ribonucleic acid (RNA) splicing 
of the SMN2 (survival motor neuron) gene and 
thus promotes increased production of full-length 
SMN protein. This was a double-blind, ran-
domised sham-controlled study. The primary end 
points were a motor-milestone response (defined 
according to results on the Hammersmith Infant 
Neurological Examination) and event-free sur-
vival (time to death or the use of permanent 
assisted ventilation). In the interim analysis, a 
significantly higher percentage of infants in the 
nusinersen group than in the control group had a 
motor-milestone response (21 of 51 infants 
[41%] vs. 0 of 27 [0%], P < 0.001). In the final 
analysis, a significantly higher percentage of 
infants in the nusinersen group than in the control 

group had a motor-milestone response (37 of 73 
infants [51%] vs. 0 of 37 [0%]), and the likeli-
hood of event-free survival was higher in the 
nusinersen group than in the control group (haz-
ard ratio for death or the use of permanent 
assisted ventilation, 0.53; P  =  0.005). Authors 
concluded that patients who received nusinersen 
were more likely to be alive and have improve-
ments in motor function. Nusinersen is approved 
in many developed countries, but its direct effect 
on respiratory function is not analysed. Fitzgerald 
et  al. have described the changing respiratory 
expectations following treatment with nusinersen 
for patients with SMA type 1 [31]. The efficacy 
of this treatment in improving respiratory func-
tion is yet to be proven (Table 55.2).

Table 55.2 Expert opinion

Main conclusion Future perspective
Respiratory health assessment 
should be part of regular medical 
assessment for children with 
NMD. This should involve 
identifying progressive muscle 
weakness, frequency of chest 
infections, aspiration, and 
evidence of SDB

Benefit of new 
novel therapies to 
be correlated with 
respiratory 
function and 
events

For very weak children, 
secretion management and 
maintaining patent airway are 
challenging

Development of 
effective 
treatments for 
secretion 
management

Measurement of FVC and PCF 
should be done for patients who 
are capable of performing 
spirometry at each visit

Development of 
‘apps’ that can 
monitor 
respiratory 
function at home

Patients who have FVC <60%, 
never walked, or lost the ability 
to walk should have annual 
surveillance for SDB

Development of 
home monitoring 
devices and 
accuracy of 
measurement

Hypoventilation as defined by 
nocturnal hypercapnia should be 
considered for NIV

Systematic review 
of the reference 
ranges of blood 
gas parameters

Once established on NIV, 
children should be regularly 
assessed with sleep study to 
ensure effective treatment of 
hypoventilation

Cost-effectiveness 
assessed by 
reduced frequency 
of hospital 
admissions
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55.4  Recommendations 
and Practical Guidelines

55.4.1  Learning Points

• Respiratory care is crucial to the management 
of children NMD.

• NMD can present with respiratory compro-
mise at differing stages of illness.

• Very weak children with SMA type 1 or con-
genital myopathy/dystrophy have problems of 
copious secretions compromising airway.

• Recurrent chest infections and aspiration are 
the main reasons for multiple hospital 
admissions.

• Regular monitoring for respiratory and motor 
decline helps to identify the need for assisted 
ventilation.

55.4.2  Critical Points

• NMD is a varied population, and some very 
weak children pose a major challenge for 
respiratory care.

• The changing landscape with introduction of 
novel treatments and better supportive care is 
changing the natural history of condition.

• Longer survival of patients means extra need 
for provision of high dependency beds adding 
pressure to health costs for managing patients 
with NMD.

• The psychological burden on caregivers look-
ing after these patients needs to be considered 
as a part of holistic management.

55.4.3  Key Summary

Respiratory care is crucial in the management of 
NMD, and clinical assessment requires monitor-
ing of lung function and level of motor weakness. 
The progression of disease is variable, and 
assisted ventilation is commenced for managing 
NH or daytime hypercapnia. In some very weak 
children, maintenance of clear airway can be 

challenging due to excess secretion and ineffec-
tive cough. Antisense oligonucleotides and gene 
therapy trials in specific diseases are changing 
the landscape of this group of disorders. This will 
come with extra burden for health-care providers, 
and the psychological burden of carers should not 
be overlooked (Fig. 55.2).
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56.1  Introduction

Definition of rare disease changes according to 
the area of the world it is defined. For example, in 
the United States, a condition that affects fewer 
than 200,000 people is considered a rare disease, 
while in the European Union, a disease is defined 
as rare when it affects fewer than 1 in 2000 peo-
ple. There are many different etiologies of rare 
diseases. Most of these diseases are genetic 
which are either passed in the family or occur 
randomly.

In this chapter we will discuss articles pub-
lished within the last 2 years concerning noninva-
sive ventilation in pediatric patients with rare 
diseases. There may be as many as 5000–8000 
rare diseases. So it is not feasible to screen for 
every disease according to whether there is docu-
mented use or clinical trial of NIV in these 
patients.

Although we know from published literature 
and clinical experience that noninvasive ventila-
tion is universally used in patients with (1) ana-
tomic abnormalities of the face or the airway, (2) 
anomalies of the central nervous system disturb-
ing the respiratory drive, (3) genetic disorders 
which cause metabolic diseases affecting either 
one or both of the central nervous system and/or 
airway (e.g., by storage of material or degenera-
tion of tissue), and (4) neuromuscular diseases 
mainly, we can come across many rare diseases 
that do not fit into any of these four categories 
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and in which any component of the respiratory 
system is primarily or secondarily affected [1]. 
Immune deficiencies, chronic lung diseases, 
autoimmune diseases, and vasculitic diseases can 
be listed as examples. For this reason, we fol-
lowed a methodology which allows us to pick 
any clinical paper that includes data about the use 
of NIV in pediatric patients with rare diseases.

56.2  Methodology

Separate searches were carried out in PubMed 
with the group of words “noninvasive ventila-
tion” “continuous positive airway pressure” “bi- 
level positive airway pressure,” and “high-flow 
nasal cannula” since some of the published arti-
cles include the latter three concepts within the 
noninvasive ventilation and some don’t. Data 
was filtered for 2017–2019 period as well as 
human studies, category of child (birth–
18 years), and English language. A total of 517 
(183 + 246 + 6 + 82) results were obtained. After 
elimination of surveys, guidelines, in vitro stud-
ies, and duplications, all of the titles and abstracts 
were screened.

Articles solely on irrelevant diagnostic tools, 
medical devices, or therapies or invasive ventila-
tion with endotracheal intubation; articles on a 
single type of acute disease states which are not 
rare diseases (e.g., acute bronchiolitis, asthma 
exacerbation); and articles on groups of neonates 
or premature newborns (none of which were 
reported to have a rare disease) were excluded 
during screening. Neuromuscular diseases were 
not included in order to avoid repetition since 
they are discussed in another chapter of this book. 
Articles on obstructive sleep apnea (OSA) were 
included only if the patient group has a specific 
rare disease.

Seventeen articles were evaluated for eligibil-
ity. These included (1) five articles which were 
studies on characteristics or clinical course of a 
defined group of patients which included patients 
with rare diseases, (2) four case reports of patients 
with a rare disease in which NIV was used, (3) 
three series of patients in which a diagnostic or 
therapeutic procedure was carried out and some 

of the patients used NIV in any part of the clinical 
process, and (4) five articles on a rare disease 
managed with NIV.

Since there is no abundance of articles with 
data solely on NIV use in a specific rare disease, 
we aimed to extract the data of rare diseases from 
the first group of articles. One study was excluded 
because only two patients with genetically inher-
ited interstitial lung disease were mentioned and 
it is without any comment about the effect of NIV 
treatment [2]. Another three was excluded 
because a number of patients with rare diseases 
were included but none of the study end points 
were studied specifically in these patients [3–5].

The three articles in the third group and one 
article in the fourth group mentioned NIV only as 
a therapeutic strategy and didn’t give any specific 
data on NIV [6–9]. Eventually remaining nine 
articles will be discussed with a critical perspec-
tive in this chapter emphasizing clinical implica-
tions. The best five studies are summarized in 
Table 56.1.

56.3  Clinical Data

There are a number of anatomical abnormalities 
of the face or airway which are treated with 
NIV. The first clinical study we will discuss is a 
retrospective review of sleep studies and manage-
ment of 43 children with achondroplasia [10]. In 
these patients, upper airway obstruction and OSA 
are caused by the combination of midface hypo-
plasia, micrognathia, and depressed nasal bridge 
causing narrow nasal passages, relative adenoid 
and tonsil hypertrophy, relative macroglossia, a 
high palate and decreased temporomandibular 
joint mobility, and airway muscle hypotonia. 
Twenty-four of the 43 children had OSA in poly-
somnography (PSG) and 4 of them were treated 
with NIV. NIV therapy was successful clinically 
from the aspect of nocturnal gas exchange and 
apnea-hypopnea index (AHI). In two patients it 
was combined with surgery. The authors argue 
that persistent OSA after surgery is not uncom-
mon in this disease. Although studies earlier than 
2017 are out of the scope of this book, the referred 
articles also confirm NIV is an effective  treatment 
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as well as surgery, and continuous positive air-
way pressure (CPAP) should be regarded as a 
therapeutic option in patients who do not benefit 
from surgery. The decision to adopt a strategy 
with or without surgery should be given by a 
multidisciplinary approach (pediatric ENT, max-
illofacial specialists), but the literature agrees 
that NIV stands as a noninvasive primary or 
adjunctive therapy in these patients and OSA is 
not the only indication. One patient in this study 
among the patients without sleep apneas, who 
has an alveolar hypoventilation due to a restric-
tive syndrome, was successfully treated by CPAP.

Another condition frequently presenting with 
airway obstruction is Pierre Robin sequence 
(PRS). The combination of cleft palate, glossop-
tosis, and micrognathia causes tongue-based air-
way obstruction. Goudy et  al. in a logistic 
regression analysis of PRS patients requiring sur-
gical intervention [11] analyzed 38 neonates and 
aimed to find factors associated with the need for 
surgery. Six of these patients had neurological 
abnormalities in addition to PRS. Nine patients 
were treated with positive airway pressure (CPAP, 
BiPAP) after admittance. Eight patients required 
surgical intervention. Among the variables of 
interest, several characteristics were associated 
with the need for a surgical airway, and with a 
stepwise regression model, there were significant 
independent associations with neurologic disease 
(P = 0.031) and use of CPAP/BiPAP (P = 0.017). 
The odds ratio for progressing to surgical airway 
among patients requiring positive pressure sup-
port via CPAP/BiPAP compared to those who 
needed less advanced airway support was 10.43. 
As the authors underlined, predicting which 
patients will fail conservative treatment and 
require surgical airway is clinically relevant. 
Many of these patients require prolonged hospi-
talization before a decision is made for surgery. 
NIV has positive impact on patient management 
in various clinical situations, but clinicians 
should be aware that arising need for NIV or 
escalation of therapy settings can be the sign of 
more severe or worsening condition.

Demonstrating underestimated rate of sleep- 
disordered breathing in children with osteogene-
sis imperfecta (OI), Léotard et al. reviewed files 

of 188 patients, and among the 15 patients (8%) 
with polysomnographic recordings, 12 (6.4%) 
had sleep-disordered breathing [12]. Besides the 
skeletal complications of the disease including 
multiple fractures, kyphoscoliosis, and skull base 
abnormalities, OI is a generalized connective tis-
sue disorder with multiple extraskeletal manifes-
tations, and pulmonary complications come 
forward as frequent causes of death. In spite of 
the small number of patients which prevented 
them from doing multivariate analyses, the 
authors study clinical factors such as scoliosis, 
arthrodesis, facial abnormalities, and obesity to 
find out if respiratory impairments caused by 
these factors result in OSA.  They don’t report 
significant correlation with any of the factors 
other than walking autonomy. The authors dis-
cuss that kyphoscoliosis may result in trunk 
deformation with muscular weakness, mostly 
responsible for nocturnal hypoventilation instead 
of obstructive apnea. Two children received 
CPAP. In both cases, the treatment was effective, 
with disappearance of sleep respiratory events. 
They encourage the reader to systematically and 
repeatedly search for symptoms suggesting 
sleep-disordered breathing in OI patients. We 
recommend this approach for all of the genetic 
syndromes with anatomical or neurological 
abnormalities or obesity, in order not to miss the 
opportunity of successful treatment with either 
CPAP or BiPAP [9].

Cases of Fragile X syndrome and Goldenhar 
syndrome that had obstructive sleep apnea were 
reported to be treated by continuous positive air-
way pressure (CPAP) [13, 14]. Facial morphol-
ogy, anatomical obstruction, connective tissue 
dysplasia, and hypotonia are the precipitating 
factors for OSA. In both patients, the treatment 
resulted in improvement in sleep study parame-
ters, specifically apnea-hypopnea index (AHI). 
Obstructive sleep apnea and its results affect the 
quality of life in patients with multiple comor-
bidities or cognitive dysfunction. Any improve-
ment is highly appreciated by both the patient 
and the caregiver.

Anomalies of the airway are not limited to the 
face. Severe tracheomalacia or bronchomalacia 
can present as a single phenomenon or  accompany 
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stigmata of syndromes. High-flow nasal cannula 
(HFNC) treatment has found a wide range of 
clinical application areas. User comfort and 
avoiding invasive procedures like tracheostomy 
are main factors. Vezina et  al. reported use of 
HFNC in an infant with severe tracheomalacia 
[15]. The authors discussed improvement of the 
delivered oxygen concentrations and providing 
low-level distending pressure to the upper airway 
just like CPAP; but they were criticized for using 
nasojejunal tube feeding decreasing the effectiv-
ity of the treatment. Commenters also draw atten-
tion to the high HFNC pressures and possible 
side effects as well as to the possibility of CO2 
retention in patients with tracheomalacia and 
bronchomalacia [16]. As with any ventilatory 
support strategy, institution of HFNC treatment 
should be decided and watched by clinicians 
experienced on the field, and both advantages and 
disadvantages should be considered.

In the report of anesthetic management of a 
child with hypoplastic lungs because of Jeune 
syndrome, Kotoda et al. [17] argue that preopera-
tive management of the patient should have 
included recruitment of lung volume by adjust-
ment of CPAP parameters. Actually, during any 
intervention in a child maintained in noninvasive 
ventilation, adjustment of therapy should be con-
sidered according to potential needs and risks, 
including possible transition to another mode of 
respiratory support. Any setting that is sufficient 
for basal needs can become insufficient in emerg-
ing circumstances. Recruitment of lung function 
and assistance in airway clearance by NIV have 
been documented in cystic fibrosis [18, 19]. Not 
only in chronic lung diseases but also in acute 
loss of function, noninvasive ventilation can be 
utilized for recruitment. Although we didn’t 
come across any pediatric article on this issue eli-
gible for inclusion in this chapter, we can refer 
our own clinical experience on NIV to be suc-
cessful in primary or secondary immune defi-
ciencies and vasculitis patients complicated by 
pulmonary hemorrhage. Other than patient com-
fort and adherence, these vulnerable patients with 
rare conditions benefit by decreased secondary 
infections and avoiding complications of intuba-
tion [20–23]. General schematic drawing of the 

potential uses of NIV in various types of underly-
ing pathophysiology/diagnosis is given in 
Fig. 56.1.

Diseases of the central nervous system also 
cause respiratory impairments which result in the 
need for treatment by NIV.  Congenital central 
hypoventilation syndrome (CCHS) is character-
ized by ventilatory insensitivity to hypercapnia 
and hypoxemia during sleep and/or wakefulness. 
There is variability in control of breathing 
between NREM (non-rapid eye movements) and 
REM sleep in these children. Central and periph-
eral chemoreceptor sensitivity is impaired. In 
patients with CCHS, carbon dioxide levels are 
highest during NREM sleep when ventilatory 
responses are primarily regulated by the chemo-
receptors. Because of the impaired response in 
CCHS, tidal volume and respiratory rate do not 
increase sufficiently and the result is alveolar 
hypoventilation. Khayat et al. carried out a retro-
spective chart review of CCHS patients who 
underwent both a titration polysomnogram (PSG) 
with standard BiPAP S/T mode and a consecutive 
follow-up study with BiPAP intelligent volume- 
assured pressure support (iVAPS) mode [24]. In 
this mode of BiPAP, the pressure support is auto-
matically modulated to ensure a constant alveolar 
ventilation. Patients were included if they were 
positive for genetic mutation and previously 
established on nocturnal BiPAP therapy and if 
they were ≥30  kg. The only PSG variable that 
was significantly different between the two 
BiPAP modes was the peak NREM transcutane-
ous CO2 (tcCO2). The peak pressures appeared 
higher with iVAPS. Although the authors stress 
the importance of patient comfort in CCHS, 
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which is a disease for which patients use BiPAP 
mainly at nights, there were no difference in 
adherence to therapy. The peak tcCO2 was below 
50  mmHg in all patients except one during a 
BiPAP therapy S/T mode titration. There was no 
difference in sleep architecture or sleep quality 
between the two modes.

When choosing an equipment or mode of NIV 
and adjusting the settings, end points of therapy 
should be defined. The therapeutic option should 
have as many advantages as possible for the 
underlying condition but also shouldn’t underes-
timate the importance of patient comfort. It 
should be kept in mind that although new tech-
nology has evolved the assisted ventilation 
broadly, usage of these devices is not without 
complications like sores on the face or air leaks. 
Optimal benefit should be sought from each 
device and mode, but the clinician shouldn’t set 
incompatible targets at the expense of side 
effects. Also in many patients and disease types, 
discontinuation of NIV can be possible regard-
less of the long period of support. Although rare 
diseases—most of them being genetic—are not 
usually expected to be cured completely, the 
respiratory disturbance in many of them, as men-
tioned above, are caused by anatomical abnor-
malities and can be surgically ameliorated.

Follow-up of children requiring long-term 
NIV should include the evaluation of tolerance 
and efficacy but also the need to continue NIV 
[25]. Mastouri et al. in their retrospective cohort 
of patients with long-term NIV treatment who 
were eventually weaned defined the use of NIV 
for more than 2 months after hospital discharge 
as long term and aimed to line out the underlying 
disorders, weaning criteria, and clinical out-
comes. They included patients who could be 
weaned for at least 3 months. Discontinuation of 
NIV was authorized when all four major criteria 
were fulfilled with at least two minor criteria. The 
major criteria were (1) disappearance of noctur-
nal and daytime symptoms of sleep-disordered 
breathing after several nights sleeping without 
CPAP/NIV, (2) percentage of recording time 
spent with a SpO2 ≤ 90% <2%, (3) percentage of 
recording time spent with a PtcCO2 ≥ 50 mmHg 
<2%, and (4) OAHI <10 events/h for patients 
who underwent a PSG/PG.  The minor criteria 

were (1) minimal SpO2  >  90%, (2) maximal 
tcCO2 < 50 mmHg, and (3) ODI ≤1.4 events/h. 
Forty percent of the patients could be weaned 
after surgery, 57% had spontaneous improve-
ment, and another 3% were transitioned to oxy-
gen therapy. Bronchopulmonary dysplasia, Pierre 
Robin syndrome, laryngomalacia, laryngeal 
paralysis, and Prader-Willi syndrome were the 
underlying diagnoses in patients who had sponta-
neous improvement. The median length of NIV 
therapy in weaned patients was 1.12 years (0.16–
8.85). NIV was started at an older age in children 
with achondroplasia or Prader-Willi syndrome 
with the longest duration of CPAP being observed 
in patients with achondroplasia.

In long-term clinical follow-up, 35 patients 
with craniofacial or upper airway malformations 
had a second sleep study, and 7 (20%, 12% of the 
whole group) patients had a relapse of their OSA 
after a discontinuation of CPAP since 1–3 years. 
Among these, a patient had neurosurgical inter-
vention and CPAP was resumed for the other 6 
patients 2 of which had maxillofacial surgery 
afterwards. No patient died or required a trache-
otomy. The authors conclude weaning in children 
treated with long-term NIV is possible but is 
highly dependent on the underlying disorder. 
They report no neuromuscular patients weaned 
from NIV with acknowledgment of prior reports 
of weaning these patients. The results of this 
study underline that long-term follow-up by spe-
cialists both during therapy and after discontinu-
ation of NIV is necessary in children with 
associated disorders. Main conclusions of this 
review is summarised in Table 56.2.

56.4  Final Conclusions

56.4.1  Learning Points

• Obstructive sleep apnea in patients with ana-
tomical abnormalities may persist after sur-
gery, and NIV may be a good adjunctive 
therapy option.

• High-flow nasal cannula treatment may be 
used for upper airway anomalies providing 
low level of distending pressure, but patients 
should be monitored for carbon dioxide reten-
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tion as well as efficient oxygenation.
• Weaning from NIV is possible in many rare 

diseases even after long-term support; sponta-
neous improvement may occur, but most chil-
dren with anatomical abnormalities require 
surgical intervention.

56.4.2  Critical Points

• In any patient with decreased lung capacity 
and chronic need for assistance, even tempo-
rary removal of support may result in col-
lapse which should be foreseen and 
prevented.

• Long-term follow-up is necessary after wean-
ing off NIV, since clinical conditions like OSA 
may relapse especially in patients with ana-
tomical abnormalities and syndromes with 
comorbid factors.

56.4.3  Key Summary

Children with rare diseases usually have multiple 
abnormalities, comorbidities, or risk factors 
which multiply disease burden. NIV is an impor-
tant alternative for other more invasive therapies 
(intubation, tracheostomy, or other surgery), or it 
can be used as temporary or adjunctive therapy. 
Follow-up of children requiring long-term NIV 
should include evaluation of tolerance, efficacy, 
and possibility of weaning NIV.
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Abbreviations

AHI Apnea-hypopnea index
AT Adenotonsillectomy
CPAP Continuous positive airway pressure 

therapy
FRC Functional residual capacity
HFNC High-flow nasal cannula

NAFLD Non-alcoholic fatty liver disease
NPPV Noninvasive positive pressure 

ventilation
OSAS Obstructive sleep apnea syndrome
PAP Positive airway pressure therapy
PSG Polysomnography
REM Rapid eye movement
SDB Sleep disordered breathing

57.1  Introduction

Obstructive sleep apnea syndrome (OSAS) is a 
respiratory disorder that consists in episodic 
complete cessation of respiratory airflow (apnea) 
or partial prolonged airflow limitation  (hypopnea) 
during sleep due to upper airway obstruction [1].
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OSAS is the most common form of obstruc-
tive sleep disordered breathing (SDB) in children 
and affects about 4% of the pediatric population 
with a peak prevalence between ages 3 and 
6 years because of the pharyngeal lymphatic tis-
sue hypertrophy compared to the limited size of 
the upper airway.

Craniofacial abnormalities as midfacial hypo-
plasia, high arch palate, macroglossia, microgna-
thia and retrognathia, Pierre Robin syndrome, 
Beckwith-Wiedemann syndrome, Crouzon syn-
drome, or other syndromal diagnoses are addi-
tional underlying etiological factors as well as 
neuromuscular disorders. Children with Down 
syndrome have increased vulnerability to OSAS 
due to confluence of smaller bony structure, 
larger soft tissues, and lower airway tone. OSAS 
peak incidence reaches up to 66% in children 
with Down syndrome [2].

Severe OSAS disrupts the normal sleep pat-
tern and leads to impairments in ventilation; the 
respiratory pauses may induce hypercapnia and 
hypoxia. OSAS is associated with short- and 
long-term consequences including neuropsycho-
logical dysfunction and cardiovascular disease. 
The patients are at risk of ventricular hypertro-
phy, hypertension, tachycardia, pulmonary 
hypertension, and autonomic dysregulation. This 
pathology can lead to neurocognitive deficits, 
learning disability, behavior abnormalities, and 

metabolic derangements such as insulin resis-
tance [3, 4]. The early recognition and treatment 
is essential to prevent deleterious sequelae.

The economic burden of OSA disease is high 
due to treatments, visits, hospitalizations, and 
high rates of upper respiratory tract infections 
[5].

57.2  Methods

A systematic search was made using PubMed/
MEDLINE, EMBASE, and Cochrane Library 
databases. The following Medical Subject 
Headings (MeSH) were identified to build the 
search: “Sleep Apnea Syndromes,” “Noninvasive 
Ventilation,” and “Continuous Positive Airway 
Pressure.” Custom date range from January 2017 
to March 2019 and child age additional filter 
were applied. Inclusion criteria were prospective 
and retrospective studies conducted in pediatric 
ages and narrative reviews and systematic reviews 
focusing on obstructive sleep apnea syndrome 
epidemiology, pathophysiology, recent innova-
tive investigations, and treatments. Articles writ-
ten in languages other than English were 
excluded. The search resulted in 40 citations; 
after excluding studies that did not meet inclu-
sion criteria based on abstracts review, 15 articles 
were selected and analyzed (Table 57.1).

Table 57.1 Summary of recent literature included

Author [ref], year 
of publication, 
state Study design Objective Main results
Pullano et al. 
[14]
2017
Italy/USA

Review To review sleep apnea monitoring 
and therapy devices employed in 
pediatric treatment and the emerging 
technologies proposed for domestic 
and clinical use

In recent years technology attempts to 
overcome monitoring and therapy 
devices limitations have been made, but 
further development still needs together 
with trials to prove their effectiveness

Khirani et al. 
[18]
2017
France

Observational To compare the automatic scoring of 
residual respiratory events by the 
built-in software of continuous 
positive airway pressure (CPAP) 
devices with a manual scoring on the 
CPAP tracing, integrated SpO2, and 
in-lab polysomnography (PSG)

The manual scoring of respiratory 
events by CPAP devices with the 
addition of an integrated SpO2 signal 
may be helpful to assess CPAP efficacy
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Table 57.1 (continued)

Author [ref], year 
of publication, 
state Study design Objective Main results
Katz et al. [22]
2017
Canada

Prospective 
multicenter 
cohort study

To determine (1) the prevalence of 
cardiometabolic disease associated 
with obesity and sleep disordered 
breathing (SDB) and (2) whether PAP 
improves markers of cardiometabolic 
disease, in youth with obesity and 
newly diagnosed moderate-severe 
SDB

Metabolic dysfunction and 
hypertension are highly associated with 
obesity and SDB
There are no statistically significant 
improvements in cardiometabolic 
markers 1 year after the prescription of 
PAP therapy, although clinically 
relevant improvements were seen in 
insulin resistance and systolic blood 
pressure load

Riley et al. [5]
2017
USA

Observational To estimate costs and benefits of an 
intensive program that aimed to 
improve adherence in CPAP 
treatment relative to a standard 
approach

An intensive CPAP program leads to 
substantially higher adherence, 
follow-up, and CPAP titration rates; 
however costs are higher

Kaditis et al. [6]
2016
Europe

Review—
European 
Respiratory 
Society (ERS) 
statement

To summarize the evidence and 
current practice on the diagnosis and 
management of obstructive SDB in 
childhood referring to children aged 
2–18 years

Seven management steps regarding 
diagnosis (risk factors, coexisting 
morbidity, factors predicting long-term 
persistence, objective diagnosis and 
assessment of severity) and treatment 
(indications, stepwise treatment 
approach, recognition and management 
of persistent forms) are suggested

Kaditis et al. 
[15]
2017
Europe

Review—
European 
Respiratory 
Society (ERS) 
statement

To summarize the evidence and 
current practice on the diagnosis and 
management of obstructive SDB in 
children aged 1–23 months

Similar to previous statement, six 
management steps are suggested. 
Obstructive SDB in children aged 
1–23 months is a multifactorial 
disorder that requires assessment and 
treatment of all underlying 
abnormalities that cause upper airway 
obstruction during sleep

Sundaram et al. 
[23]
2018
USA

Pilot 
prospective

To determine the effects of treating 
obstructive sleep apnea/nocturnal 
hypoxia on pediatric nonalcoholic 
fatty liver disease (NAFLD) severity 
and oxidative stress

Treatment of obstructive sleep apnea/
nocturnal hypoxia with CPAP in 
children with NAFLD may reverse 
parameters of liver injury and reduce 
oxidative stress

Fleck et al. [16]
2018
USA

Review To address clinical indications for 
magnetic resonance imaging (MRI) 
protocol techniques and 
interpretation of the findings that 
help guide surgery. To suggest the 
ideal team members to involve in an 
effective multidisciplinary program 
and the basic anesthesia 
requirements

Dynamic cine MRI of the upper airway 
is a useful adjunct to evaluate children 
with persistent obstructive sleep apnea 
(OSA) and to identify anatomical and 
physiological causes of airway collapse 
that can be addressed surgically

Alsubie and 
BaHammam 
[10]
2017
Saudi Arabia

Review To analyze the major differences 
between pediatric and adult OSA 
and demonstrate why children are 
not little adults

Differences in sleep and respiratory 
physiology as well as OSA symptoms 
and treatment options between pediatric 
and adults are illustrated

(continued)
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Table 57.1 (continued)

Author [ref], year 
of publication, 
state Study design Objective Main results
Xanthopoulos 
et al. [25]
2017
USA/China

Survey To evaluate the relationship between 
caregiver- and patient-reported 
self-efficacy, risk perception, 
outcome expectancies, and 
adherence to CPAP and moreover 
how demographic factors influence 
these relationships

Strategies to improve self-efficacy 
when initiating CPAP with children, 
adolescents, and their families may 
promote adherence. There is a 
significant association between a 
greater caregiver-reported self- efficacy 
and adherence

Chen et al. [24]
2017
USA

Case-control To determine if real-time MRI 
(RT-MRI) method during CPAP can 
be used to measure neuromuscular 
reflex and/or passive collapsibility of 
the upper airway in adolescent with 
OSA and obesity

Simultaneous multi-slice (SMS) 
RT-MRI during CPAP can reproducibly 
identify physiological traits and 
anatomical risk factors that are valuable 
in the assessment of OSA. Furthermore 
this technique can locate the most 
collapsible airway sites with higher 
treatment priority

Mihai et al. [27]
2017
Australia

Retrospective To compare autotitrating PAP 
(autoPAP)-derived treatment 
pressure to CPAP treatment pressure 
following titration PSG

Manual CPAP treatment pressure 
following titration PSG is the gold 
standard for establishment of treatment 
adequacy and fixed CPAP pressure 
prescription, but the use of autoPAP 
while waiting for such a test optimizes 
CPAP therapy over that period
Mean autoPAP pressure is usually 
below treatment pressure determined 
by titration PSG

Dudoignon 
et al. [2]
2017
France

Retrospective 
cohort

To describe characteristics, sleep 
respiratory parameters, and 
management of OSA in a large 
cohort of children with down 
syndrome

The prevalence of OSA is high in 
Down syndrome, and upper airway 
surgery is not always able to correct 
OSA. Noninvasive respiratory support 
represents an effective treatment, and 
good compliance may be achieved in a 
majority of these patients

Brockbank [1]
2017
USA

Review To update the pathophysiology and 
treatment of pediatric OSAS

Mechanical airway obstruction, 
neuromotor abnormalities, and central 
ventilatory control instability are all 
involved in the pathophysiology of 
childhood OSAS. Several surgical and 
non-surgical treatment are discussed

Hawkins et al. 
[28]
2017
USA

Observational To report the efficacy, titration 
protocol, and potential mechanisms 
of high-flow nasal cannula (HFNC) 
treatment in children with OSA and 
CPAP intolerance

HFNC reduces respiratory events, 
improves oxygenation, reduces heart 
rate, and may be effective for CPAP-
intolerant children with moderate-to-
severe OSA

DelRosso et al. 
[21]
2018
USA/Italy

Retrospective To evaluate the effect of CPAP 
treatment on blood pressure (BP) in 
children with OSA

Treatment with CPAP for 6 months in 
children with OSA reduces systolic BP 
suggesting that early treatment is 
effective in reducing BP and, possibly, 
other cardiovascular complications
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This chapter also included the relevant con-
tents of the European Respiratory Society (ERS) 
statement on the diagnosis and management of 
obstructive sleep disordered breathing in children 
aged 2–18  years albeit this seminal paper was 
published in 2016 [6].

57.3  Results

57.3.1  Update on Pathophysiological 
Mechanisms

The pathophysiology of OSAS is multifactorial 
(Fig. 57.1). In childhood OSAS the obstruction 
of the upper airway by tonsils and adenoids is a 
major factor, but it is not the only one since not 
all children also with severe adenotonsillar 
hypertrophy develop OSAS.  Neuromotor fac-
tors and abnormalities in ventilatory control 
systems must significantly contribute to the 
pathogenesis [7].

Hypercapnia, hypoxia, or subatmospheric 
pressure in the upper airway activate upper air-
way dilator muscles. The tone increase of these 
accessory muscles of respiration is centrally con-

trolled and may compensate for a narrow airflow. 
Children with OSAS could be unable to maintain 
adequate neuromuscular tone during changes in 
upper airway pressure [8, 9].

OSAS is different between adult and child 
because of different features in sleep and respira-
tory physiology.

REM (rapid eye movement) sleep is charac-
terized by an irregular breathing pattern with 
variable respiratory rate and tidal volume. 
Because children sleep more than adults and have 
a higher percentage of REM sleep, they can more 
easily develop REM-associated sleep disorders 
such as OSAS [10].

Infants and young children have a lower func-
tional residual capacity (FRC) consequent to an 
increased chest wall compliance which predis-
poses to atelectasis. Furthermore, infants show a 
lower diaphragmatic fatigue threshold due to a 
very low muscle mass, so they are prone to 
decompensate [11].

Arousal is an important protective mechanism 
against sleep disordered. In healthy children, 
arousals are less frequent than in adults because 
they have a higher arousal threshold which 
responds more to increased upper airway 

Pathophysiology of OSAS in children - predisposing factors

Anatomical factors CNS factors Neuromotor factors

Adenotonsillar hypertrophy
Nasal obstruction
Laryngeal obstruction
Craniofacial anomalies

Ventilatory control systems
abnormalities
Impairment in central control of
upper airway dilator muscles
Diminished ventilatory response
to carbon dioxide (CO2)

Hypotonia
Muscular incoordination

REM-associated sleep modifications

Breathing is irregular
Ventilatory drive decreases Upper airway muscle tone decreases

Intercostal muscle tone decreases

Children have relatively more REM sleep

Fig. 57.1 Pathophysiology of OSAS
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 resistance and hypercapnia and less to mild 
hypoxia. Children with OSAS seem to have an 
even loftier threshold for arousal in response to 
inspiratory resistive loads [12, 13].

57.3.2  Update on Diagnosis

Obstructive sleep disordered breathing (SDB) 
includes a spectrum of clinical entities with vari-
able severity. The prevalence of habitual snoring 
in children is about 7%, while OSAS prevalence 
ranges from 1% to 5%. The first step to diagnos-
ticate SDB is to identify children at risk, recog-
nizing pathologies frequently associated with 
this condition, and then to make a careful physi-
cal examination. History and clinical assessment 
should be deepened with instrumental evalua-
tions and finally with polysomnography. In some 
situations where polysomnography is not readily 
available, other tests can be considered, such as 
nighttime pulse oximetry or other approaches for 
the automated detection of apneic events [14].

Children presenting with snoring and mouth 
breathing are considered at risk for SDB. Other 
significant medical conditions, as reported above, 
are obesity or failure to thrive, craniofacial abnor-
malities, and neuromuscular disorder. Complex 
abnormalities (achondroplasia, Chiari malforma-
tion, Down syndrome, Ehlers-Danlos syndrome, 
mucopolysaccharidoses, Prader-Willi syndrome) 
are independent factors associated with the devel-
opment of OSAS.

Tonsillar size (Brodsky score) is informative 
together with oral cavity evaluation but a weak 
predictor of presence or severity of SDB [15].

Instrumental examinations such as lateral 
neck radiography, flexible nasopharyngoscopy, 
magnetic resonance imaging (MRI), dynamic 
cine MRI, and computed tomography (CT) are 
useful for the evaluation of the airway size in 
selected cases or to determine surgical indica-
tion [16].

Polysomnography (PSG) is the gold standard 
for the diagnosis and assessment of SDB sever-
ity; it involves monitoring and recording multiple 
physiological signals in parallel that together 
reflects sleep physiology. PSG is indicated when 

children show symptoms of SDB and prior to 
adenotonsillectomy.

Rules for the scoring of sleep, respiratory, and 
associated events in polysomnographic record-
ings are provided from the American Academy of 
Sleep Medicine (AASM) in the AASM manual. 
The AHI (the number of mixed, obstructive, and 
central apneas and hypopneas per hour of total 
sleep time) is the most commonly used polysom-
nography parameter for the description of SDB 
severity.

OSAS is defined as an AHI ≥2 episodes/h or 
an obstructive apnea index (obstructive apneas 
per total sleep time) ≥1 episode/h in the presence 
of SDB symptoms, adenotonsillar hypertrophy 
with or without obesity, and no other abnormali-
ties. Mild OSAS is defined with an AHI of 2–5, 
moderate-to-severe OSAS is defined with an AHI 
>5, while severe OSAS is defined with an AHI 
>10.

Nighttime pulse oximetry is used for the 
diagnosis and assessment of SDB when PSG is 
not available, but the rate of inconclusive results 
for this test is high. Polysomnography is manda-
tory also to titrate continuous positive airway 
pressure (CPAP) or noninvasive positive pres-
sure ventilation (NPPV) and is then repeated at 
least annually (or earlier if there is a clinical 
indication).

To complete the diagnostic pathway, in some 
cases the drug-induced sleep endoscopy is indi-
cated as a second line, after PSG [6].

57.3.3  Update on Treatment

Treatment interventions should be applied step-
wise until the goal of resolution of OSA is 
reached.

Adenotonsillectomy (AT) is the first-line 
treatment in most cases. Other more invasive sur-
gical procedures may be indicated for complex 
craniofacial abnormalities, subglottic stenosis, or 
laryngomalacia.

In children with OSAS due to mild craniofa-
cial anomalies that predispose to narrowed upper 
airway some effective treatment options should 
be encouraged. An oral appliance, oropharyngeal 
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exercises, and functional orthodontic devices, as 
rapid maxillary expansion, must be evaluated as a 
unique treatment or additionally to adenotonsil-
lectomy [17].

Regarding the NIV treatment, the indications 
for positive airway pressure (PAP) are residual 
OSAS after adenotonsillectomy; OSAS related to 
obesity, craniofacial abnormalities, or neuromus-
cular disorders; and OSAS in children with surgi-
cal contraindication or in children awaiting 
surgery. Indication for NPPV is nocturnal 
hypoventilation (e.g., end-tidal carbon dioxide 
tension (PCO2) >50  mmHg for >25% of total 
sleep time or peak end-tidal PCO2 ≥55 mmHg) 
or failure of CPAP [6].

NIV treatment must be titrated and regularly 
reassessed by PSG [18]. In pediatrics, indeed, 
anatomic and neurofunctional growth of the 
pharynx, larynx, and maxillo-mandibular-frontal 
complex involves periodic changes in PAP level. 
PAP was successfully introduced by Guilleminault 
et al. for children with OSAS by severe underly-
ing craniofacial disorders, as an alternative to the 
tracheotomy [19].

PAP is usually administered noninvasively 
using interfaces applied to the nose, mouth, and 
nose combined or full-face. The most common 
form of PAP ventilation is CPAP. CPAP acts as 
a pneumatic “splint” preventing upper airway 
collapse during sleep. Positive pressure 
increases the cross-sectional upper airway area 
and provides an increase in the lateral airway 
diameter; it also reduces both edema resulting 
from chronic vibration and occlusion and lateral 
pharyngeal wall thickness. Even a small increase 
in airway diameter can significantly decrease 
the airway resistance since this is inversely pro-
portional to the fourth power of the airway 
radius [20].

Children with OSAS have higher systolic 
blood pressure; failure to treat OSA may result in 
an increased blood pressure, while treatment with 
CPAP decreases the systolic blood pressure. This 
finding suggests that early treatment is effective 
in reducing hypertension and probably other car-
diovascular complications [21, 22].

Emerging evidence demonstrates that obesity- 
related obstructive sleep apnea is associated with 

nonalcoholic fatty liver disease (NAFLD) even in 
children. Pediatric patients with NAFLD and 
OSAS have more advanced liver disease and 
fibrosis than those without OSAS. A recent study 
showed that CPAP treatment in children with 
NAFLD may reverse liver injury and reduce the 
oxidative stress preventing progression of 
NAFLD [23].

The underlying mechanisms of airway tissue 
response to CPAP level change remain unclear. 
In a recent study, a simultaneous multi-slice real- 
time MRI (RT-MRI) technique is applied to 
image and quantify upper airway changes during 
rapid changes in CPAP pressure level. Four ado-
lescents with OSA and obesity and three healthy 
volunteers were studied to determine if RT-MRI 
can be used to measure neuromuscular reflex and 
collapsibility of airway during CPAP.  Authors 
measured upper airway loop gain (UALG) and 
fluctuation of airway area (FAA), the first param-
eter as an indicator of the stability of neuromus-
cular reflex system indicator and the second of 
the passive collapsibility of upper airway. The 
authors concluded that airway behavior in OSAS 
patients possesses large variations. Patients may 
deserve personalized examination before pro-
ceeding to a specific and personalized treatment. 
They also demonstrated that RT-MRI measure-
ment can help to locate the most collapsible air-
way site. This experiment can be useful for a 
detailed CPAP titration or surgery planning [24].

CPAP is effective, but adherence is poor, 
mostly in the early stages. During pressure titra-
tion at the initiation of CPAP treatment, in fact, 
the drop-out rate may be high because children 
and parents do not quickly find the expected ben-
efits [25].

Newer CPAP technologies and different vari-
eties of interface have improved in recent years, 
to enhance acceptance and adherence of treat-
ment [14]. Establishing a comfortable but effec-
tive interface is key to the treatment success, but 
comparative studies between different varieties 
are limited in children. In younger children and 
in those with craniofacial anomalies may be dif-
ficult to find a correctly fitting mask [26]. A 
poorly fitting mask leads to air leak and ineffec-
tive pressure, and tightening it around the face 
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can develop injuries or long-lasting 
deformations.

Autotitrating CPAP (autoPAP) or self- 
adjusting PAP provides variable pressure by con-
stantly monitoring the patient’s airflow at the 
interface level using different algorithms, 
depending on the device manufacturer. Therefore, 
autoPAP delivers different pressures in the differ-
ent phases of sleep (REM or NREM) and based 
on sleeping positions (supine or non-supine), in 
response to the degree of upper airway obstruc-
tion. Although autoPAP may improve the com-
pliance and the rapid achievement of therapeutic 
pressure in adult OSAS, it is not well studied in 
children. A retrospective review analyzed a group 
of children who initiated on auto-PAP showing 
that autoPAP was a safe and effective method to 
quickly reach the therapeutic CPAP pressure dur-
ing time of CPAP initiation. The same authors 
had previously shown that establishing the cor-
rect treatment pressure early in therapy avoids 
long periods of uncomfortable subtherapeutic 
treatment and enhances adherence. Thus, auto- 
PAP use during the initiation process may con-
tribute to improved adherence. Authors concluded 
that manual CPAP titration PSG is still the gold 
standard to determine optimal CPAP pressure 
prescription, but the use of autoPAP while wait-
ing for such a test optimizes CPAP therapy over 
that period [27].

A recent economic analysis estimated the 
effectiveness of an intensive CPAP program in 
improving adherence to treatment, proving that 
an intensive care model may lead to substantially 
higher follow-up and CPAP titration rates though 
costs are higher. A multidisciplinary healthcare 
team of nursing, physician, psychologist, and 
respiratory therapist from the patient’s home 
hospital was involved. The team took care of 
patients and their families allowing earlier initia-
tion of CPAP therapy and providing educational 
support [5].

Drug therapy with an intranasal corticosteroid 
and oral montelukast was used as CPAP alterna-
tives for mild OSAS and may show, after several 
weeks of treatment, reduction in AHI.  Postural 
and behavioral therapies may be adjuvant effec-
tive at reducing the severity of OSA.

High-flow humidified air via open nasal can-
nula (HFNC) has been proposed for CPAP- 
intolerant children with moderate-to-severe 
OSA.  In the Hawkins et  al. pilot study, authors 
evaluated the efficacy of HFNC in the treatment 
of ten OSAS pediatric patients (eight prospective 
evaluated) CPAP-intolerant. They concluded that 
HFNC is effective in treating moderate-to-severe 
OSAS. This treatment reduces respiratory events, 
improves oxygenation, reduces heart rate, and 
does not alter sleep quality. Potential HFNC 
mechanisms of action may be the activation of 
the protective airway reflex via stimulation of 
mechanoreceptors and thermoreceptors that 
increase airway tone and improve its patency. 
Moreover, HFNC reduces the dead space improv-
ing gas exchange [28].

57.3.4  Infant Features

In this chapter the term “infant” includes children 
aged between 1 and 23 months. Infants represent 
a unique subgroup with a predisposition to OSAS 
and thus require a specific diagnostic pathway 
and treatment (Table  57.2). Spontaneous neck 
flexion, high nasal resistance, reduced airway 
stiffness, and the abovementioned reduction in 
FRC predispose to obstructive events and desatu-
ration during sleep. Furthermore daily sleep lasts 
longer ranging from 17 h in newborns to 12 h at 
2 years. Nasal occlusion results in a switch to oral 
breathing only in a minority of infants [29].

Craniofacial syndromes, choanal stenosis, 
laryngomalacia, and subglottic stenosis may be 
associated with sleep-related airway obstruction. 
In infants the most common symptoms related to 
OSAS are movements during sleep, repeated 
awakenings, and failure to thrive. During the first 
3 months of life, physical examination may reveal 
adenoidal hypertrophy, whereas tonsillar hyper-
trophy appears after the 6  months of age. The 
PSG is the gold standard both for diagnosis and 
staging even in infant OSAS, with the same AHI 
limits of adults for the severity degree. In some 
complex syndromes, nocturnal pulse oximetry 
can be preferred. Drug-induced sleep endoscopy 
may be used to select therapeutic strategy and the 
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sequence of treatment interventions. In this age 
group, risk associated with adenotonsillectomy is 
increased. CPAP is indicated for moderate-to- 
severe OSAS in children <24 months of age who 
are not candidates for or do not improve after sur-
gical intervention. Noninvasive positive pressure 
ventilation (NPPV) is indicated in case of OSAS 
coexisting with hypoventilation. In children 
<23 months of age, following initiation of CPAP, 
PSG is mandatory every 2–4 months in the first 
year of life and then every 6 months to confirm 
the continued need for treatment and to titrate 
positive airway pressure (PAP) [15].

57.4  Final Conclusions

57.4.1  Learning Points

• Surgical intervention is the first-line treatment 
in most cases of OSAS. Noninvasive ventila-
tion treatment by continuous positive airway 
pressure (CPAP) is prescribed for patients 
who have residual syndrome after surgical 
treatment or who are not candidates for 
surgery.

• Positive pressure level must be titrated and 
regularly reassessed by PSG.

Table 57.2 Differences in obstructive sleep apnea between infants and children

Characteristics Children 2–18 years Infants <24 month
Comorbid 
conditions

Adenotonsillar hypertrophy, obesity Nasal obstruction, laryngeal obstruction 
(laryngomalacia), craniofacial 
abnormalities, complex syndrome, 
neuromuscular disorders

Signs/symptoms Snoring, apnea, mouth breathing during sleep Restless sleep, repeated awakenings, 
mouth breathing, symptoms reflecting 
obstruction frequently present also 
during wakefulness

Morbidity Systemic hypertension, increased sympathetic 
nervous system activity, metabolic dysfunction, 
attention-deficit/hyperactivity disorder (ADHD), 
cognitive deficiencies, nocturnal enuresis

Pulmonary hypertension, failure to 
thrive

Diagnosis Polysomnography, lateral neck radiography, 
flexible nasopharyngoscopy, magnetic resonance 
imaging (MRI), dynamic cine MRI, and computed 
tomography (CT)

Polysomnography (at least 4 h), 
nocturnal pulse oximetry, endoscopy

Assessment of 
severity: AHI 
cutoff values

No differences

Surgical treatment Adenotonsillectomy, supraglottoplasty, 
glossectomy, mandibular distraction, midface 
advancement, tracheostomy

Supraglottoplasty (laryngomalacia)
Craniofacial surgery
Adenoidectomy from age 3 months, 
adenotonsillectomy from age 6 months

Tonsillectomy risk Normal Highest for <2 years (double compared 
with 3–5 years)

NIV indications Continuous positive airway pressure (CPAP): 
moderate-to-severe OSAS who are not candidate 
or do not improve after surgical intervention. 
OSAS related to obesity
Noninvasive positive pressure ventilation (NPPV): 
Neuromuscular disorders
High-flow nasal cannula (HFNC)

CPAP: moderate-to-severe OSAS who 
are not candidate or do not improve 
after surgical intervention
A temporary intervention while waiting 
craniofacial surgery
NPPV: Neuromuscular disorders

Medical treatment Maxillary expansion
Oral and functional orthodontic appliances
Nasal steroids therapy
Oral montelukast

Oral and functional orthodontic 
appliances
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• Some patients, before proceeding to a specific 
and personalized treatment, may deserve 
emerging imaging, like dynamic MRI, in 
order to quantify upper airway changes and 
detailed CPAP pressure titration.

• Autotitrating CPAP may improve the compli-
ance and the rapid achievement of therapeutic 
pressure during time of CPAP initiation.

• CPAP is effective also in reducing serious 
sequelae associated with OSAS such as sys-
tolic hypertension, metabolic dysfunction, and 
oxidative stress.

• For CPAP-intolerant children with moderate- 
to- severe OSAS, high-flow humidified air via 
nasal cannula (HFNC) has been recently 
used with promising results, but which still 
need more evidence.

57.4.2  Critical Points

• The economic burden of OSA disease is high 
due to treatments, visits, hospitalizations, and 
high rates of upper respiratory tract 
infections.

• Adherence to CPAP is an increasingly critical 
clinical concern.

• It is difficult to compare different technologies 
and methodologies for monitoring and treat-
ment of pediatric OSA, due to the poor defini-
tion of standard parameters that take into 
account the different physiological and matu-
rational changes of children breathing.

• Moreover, Randomized Controlled Trials 
comparing ventilation modalities as well as 
treatment strategies are currently lacking and 
most of the evidence comes from retrospective 
studies, case series or expert opinions.

57.4.3  Future Directions

• Develop adherence-promoting interventions 
to treatment strategies.

• Organize effective treatment management 
programs involving multidisciplinary team: 
pediatric pneumologist, intensivist, surgeon, 
respiratory physiologist, and orthodontist.

• Develop new medical devices and technolo-
gies for monitoring and therapy to ameliorate 
patient comfort.

• Investigate on the efficacy and safety of HFNC 
improving evidence on its indication and 
appropriate flow rate.
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Abbreviations

ARF Acute respiratory failure
BPAP Bilevel positive airway support
COPD Chronic obstructive pulmonary disease
CPAP Continuous positive airway pressure
EPAP Expiratory positive airway pressure
HFNC High-flow nasal cannula therapy
HR Heart rate
IPAP Inspiratory positive airway pressure
LOS Length of stay
NIV Noninvasive ventilation treatment
OAHI Obstructive apnea-hypopnea index
OSA Obstructive sleep apnea
PICU Pediatric intensive care unit
RCTs Randomized controlled trials
RF Respiratory failure

RR Respiratory rate
SA Severe asthma
SpO2 Oxyhemoglobin saturation

In this chapter, we described high-flow nasal can-
nula therapy (HFNC) and noninvasive ventilation 
treatment (NIV) modalities and told about their 
usage in pediatric intensive care unit (PICU). We 
discussed articles published within the last 
2  years comparing NIV, especially continuous 
positive airway pressure (CPAP) and HFNC ther-
apies in pediatric patients of different health situ-
ations as hypoxemic respiratory failure (RF), 
severe asthma exacerbations, acute bronchiolitis, 
pneumonia, and acute respiratory failure (ARF) 
after cardiac surgery. We paid special attention to 
choose the systematic reviews and meta-analysis 
and original articles with the largest study popu-
lation issued in years between 2017 and 2019. 
However, our search for some of these topics 
resulted in only one or a few studies in childhood, 
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and the issue dates were earlier than 2017. To 
ensure the integrity of the subject, we included 
some of the earlier studies and some of the adult 
studies where pediatric studies were not found.

58.1  High-Flow Nasal Cannula 
in Pediatric Intensive Care

Over the last decade, HFNC therapy has emerged 
as a new method to provide respiratory support 
for bronchiolitis. Nasal cannulae, which were 
first used to administer supplemental oxygen 
(low-flow therapy) on a large scale, also showed 
the capability for the administration of nasal 
CPAP through HFNC as it developed. Needless 
to say, apart from meeting specific physical crite-
ria, a relative humidity of 100% and a tempera-
ture of 37 °C are the basic requirements of this 
intervention. The application of HFNC in the 
neonatal intensive care unit and PICU has devel-
oped significantly during the last decade due to 
the fact that not only is this system capable of 
providing a specific percentage of the respiratory 
oxygen, but it can also administer noninvasive 
respiratory support of constant-flow CPAP with-
out the need for any further equipment [1].

HFNC is a well-tolerated noninvasive method 
of ventilatory support that permits high inspired 
gas flows at rates up to 8 L/min in infants and up 
to 60 L/min in children and adults with or with-
out increased oxygen concentration [2, 3]. The 
increased flows are tolerated because the air is 
humidified; provision of HFNC requires a special 
circuit—it cannot be provided by simply turning 
up the flow from the wall unit. Flow rates ≥6 L/
min can generate positive expiratory pressures in 
the range of 2–5 cm H2O. The size of the nasal 
cannula, which is determined by fit, affects the 
size of the circuit and maximum amount of flow. 
In observational studies, HFNC has been associ-
ated with decreased respiratory rate, decreased 
work of breathing, and better oxygenation in 
patients of all ages and with a variety of condi-
tions, including premature infants with respira-
tory distress syndrome, infants with bronchiolitis, 
and adults with hypoxemic respiratory failure. 
For the treatment of bronchiolitis in infants and 

children younger than 2 years, 8 L/min is gener-
ally the maximum flow rate, but higher rates may 
be used if cannula size permits [4, 5].

HFNC oxygen therapy is a simple system ini-
tially consisting in an air-oxygen blender directly 
connected to a flow meter (set up to 70 L/min) or 
in a turbine connected to an oxygen flow meter. 
The gas mixture containing up to 100% of oxy-
gen is routed to a heated humidifier delivering 
gas conditioned at 37  °C and completely satu-
rated with water (relative humidity, 100%). Gases 
are delivered to the patient via a simple interface, 
nasal prongs or cannulae, which are configured to 
provide high flow and limit water condensation.

Contraindications to HFNC include abnor-
malities of the face or airway that preclude an 
appropriate-fitting nasal cannula [6]. Relative 
contraindications include confusion or agitation, 
vomiting, excessive secretions, and bowel 
obstruction. In an observational study, nonre-
sponse to HFNC has been associated with lower 
pretherapy pH and higher pretherapy PCO2, high-
lighting the importance of early initiation [7].

Complications of HFNC include abdominal 
distension, aspiration, barotrauma, and pneumo-
thorax (rare) [6]. However, the risk of pneumo-
thorax is lower with HFNC than with mechanical 
ventilation following endotracheal intubation.

Infants receiving HFNC who are clinically 
deteriorating may develop significant respiratory 
acidosis (hypercapnia) despite high oxygen satu-
rations (if they are receiving supplemental O2). 
Oxygen saturation is a poor indicator of impend-
ing respiratory failure, which is better indicated 
by marked retractions, decreased or absent breath 
sounds, fatigue, and poor responsiveness to stim-
ulation (e.g., weak or no cry). Blood gas analysis 
to assess ventilation (i.e., PCO2 levels) may be 
warranted in infants receiving HFNC who 
become more dyspneic and/or tachycardic.

58.2  Noninvasive Ventilation Use 
in Pediatric Intensive Care

Noninvasive ventilation describes the delivery of 
mechanical respiratory support without the need 
for endotracheal intubation through an interface 
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(e.g., nasal prongs or mask, face mask, or helmet) 
that delivers CPAP or bilevel positive airway sup-
port (BPAP) [8]. CPAP refers to the administra-
tion of continuous positive airway pressure 
during all phases of the respiratory cycle of a 
spontaneously breathing patient, whereas BPAP, 
as the name implies, delivers two set levels of 
positive airway pressure, one during inspiration 
(IPAP) and one during expiration (EPAP). When 
the ventilator detects inspiratory flow, it delivers 
a higher inspiratory pressure until sensing a 
reduction in flow or when reaching a set inspira-
tory time limit. When inspiration terminates 
(based on flow or time), the device cycles to a 
lower expiratory pressure.

Both CPAP and BPAP are referred to as NIV 
and have a goal that is consistent with improving 
or adequately restoring the functional residual 
capacity in the lung while minimizing the inspi-
ratory work of breathing. The primary goal for 
the use of CPAP is to improve oxygenation by 
improving functional residual capacity and lung 
inflation in patients with an adequate respiratory 
drive. NIV improves the effective minute ventila-
tion enhancing CO2 elimination by augmenting 
inspiration in patients with respiratory failure or 
expected respiratory failure without the use of an 
artificial airway. NIV also offers avoiding the 
risks and complications related to the placement 
of an endotracheal tube, administration of seda-
tion and neuromuscular blockade, and delivery of 
invasive mechanical ventilation. NIV can be initi-
ated during critical care transport, in the emer-
gency department, in an intensive care unit, and 
in some “step-down” (e.g., intermediate or pro-
gressive care) units [9]. The first contraindication 
of NIV is the need for emergent intubation in 
some circumstances such as cardiac or respira-
tory arrest. Other contraindications of NIV are 
inability to cooperate, protect the airway, or clear 
secretions; impaired consciousness; nonrespira-
tory organ failure that is acutely life threatening; 
facial surgery, trauma, or deformity; high aspira-
tion risk; prolonged duration of mechanical ven-
tilation anticipated; and recent esophageal 
anastomosis. The major complications of NIV 
are barotrauma, aspiration risk, and hemody-
namic instability. Minor complications can be 

regarded as skin breakdown, gastric distension, 
nasal mucosal trauma, and ocular injury.

58.3  Can High-Flow Nasal 
Cannula Be an Alternative 
for Noninvasive Ventilation 
in Pediatric Patients?

The use of HFNC is firstly begun in neonatal 
intensive care unit for its ease of use and increased 
patient tolerance. Then its use widened to chil-
dren and adults. In recent years its use is more 
frequent, and we are now discussing whether it is 
an alternative of NIV in children. In literature 
search, studies describing the comparison of 
HFNC use versus NIV are more frequent in chil-
dren with bronchiolitis, asthma, and all-cause 
ARF. However, there are few studies describing 
the postextubation and postoperative use in 
children.

Sarkar et al. [10] compared CPAP and HFNC 
in children with bronchiolitis in PICU of a ter-
tiary care hospital in India. Sixteen infants 
received CPAP through a nasal mask (SERVO-i®, 
Maquet; Getinge Group, Sweden). CPAP was 
usually started at 4 cm H2O and increased as nec-
essary up to a maximum of 8  cm H2O.  Nasal 
prong or nasal mask (SERVO-i®, Maquet; 
Getinge Group, Sweden) of appropriate size 
which was snugly fitted and produces minimum 
leak and maximum comfort was used as inter-
face. Fifteen infants received oxygen through 
HFNC (AIRVO™ 2, Fisher and Paykel 
Healthcare Limited, New Zealand), applied con-
tinuously through large-bore binasal prongs, 
with a gas flow rate of 2 L/kg/min for the chil-
dren less than or equal to 10 kg and for children 
>10 kg 2 L/kg/min for the first 10 kg + 0.5 L/kg/
min for each kg above that and FiO2 of 0.4 at 
initiation. The fraction of oxygen in the gas flow-
ing in the system was subsequently adjusted to 
maintain an oxyhemoglobin saturation (SpO2) of 
94% or more. One patient in each group had NIV 
failure and had to be intubated; hence, intubation 
rates were similar in both groups (p  =  0.29). 
Functional and subjective respiratory parameters 
such as SpO2, respiratory rate (RR), PaO2, PCO2, 
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and respiratory distress assessment index scores 
were compared between the two groups. All the 
parameters were improved steadily in both 
groups. Improvements in all end-points tested 
were comparable for both groups. Compared to 
CPAP, HFNC was better tolerated as indicated 
by better normalization of heart rate (HR) 
(p < 0.001) and better comfort score (p < 0.003). 
When secondary outcomes were evaluated, inci-
dence of nasal injury was higher (p = 0.021) in 
CPAP (n  =  12, 75%) as compared to HFNC 
(n = 4, 26.66%). Mean duration of NIV on CPAP 
(3.8 ± 0.80 days) and HFNC (3.6 ± 0.63 days) 
were comparable (p  =  0.33). Average PICU 
lengths of stay (LOS) on CPAP (5 ± 1.788 days) 
and HFNC (5 ± 1.6 days) were also comparable 
(p = 0.105).

In the review by Oakley et  al. [11], of 204 
(5.7%) infants with bronchiolitis admitted to 
ICU, 133 (82.1%) received noninvasive ventila-
tion (HFNC or CPAP), 7 (4.3%) received inva-
sive ventilation alone, and 21 (13.6%) received 
a combination of ventilation modes. Infants 
with comorbidities such as chronic lung disease, 
congenital heart disease, neurological disease, 
or prematurity and infants 2–6  months of age 
were more likely to be admitted to ICU. HFNC 
use changed from 13/53 (24.5% [95% CI 13.7–
38.3]) patient episodes in 2009 to 39/91 (42.9% 
[95% CI 32.5–53.7]) patient episodes in 2011. 
The authors pointed out that although being 
admitted to PICU is an uncommon occurrence 
in infants admitted with bronchiolitis, it is 
becoming common in infants with comorbidi-
ties and prematurity. They reported that major-
ity of children with bronchiolitis are managed 
with noninvasive ventilation, with increasing 
use of HFNC.

In the study by Dohna-Schwake et al. [1], 146 
infants with bronchiolitis requiring respiratory 
support in winter season 2015/2016 treated in 
either one of two regions in Central Europe, 
South of greater Paris region in France (group 1) 
and Ruhr area in Germany (group 2), were com-
pared. Ninety percent of infants in group 1 were 
treated by nasal CPAP, while 80% of infants in 
group 2 were treated by HFNC.  Duration of 
respiratory support was significantly shorter in 
group 1. Infants in group 2 received more fre-

quently infusion therapy, more antibiotics, and 
more inhalation therapy. They concluded there 
was better outcome in children treated in France 
for bronchiolitis where CPAP was a more pre-
ferred treatment modality.

Pedersen et al. [12] in a retrospective study 
compared the use of a nasal CPAP to HFNC in 
infants with acute bronchiolitis. There were 27 
children in nasal CPAP group and 22 children 
in HFNC group. Respiratory rate decreased 
faster in the CPAP group (p  <  0.05). FiO2 
decreased in the CPAP group and increased in 
the HFNC group during the first 12 h, where-
after it decreased in both groups (p  <  0.01). 
Heart rate development was similar in both 
groups. Twelve children (55%) changed sys-
tems from HFNC to CPAP due to disease pro-
gression. There was no difference in length of 
treatment, hospital stay, or transmission to 
intensive care unit between the groups. CPAP 
was more effective than HFNC in decreasing 
respiratory rate and FiO2. The authors con-
cluded CPAP was superior to HFNC in lower-
ing RR and FiO2 in infants with bronchiolitis.

In a meta-analysis by Mikalsen et  al. [13], 
there were two studies comparing HFNC and 
CPAP in children, one with bronchiolitis and the 
other with ARF. Metge et al. [14] in a retrospec-
tive study compared the use of a nasal continu-
ous positive airway pressure to an HFNC in 
infants with acute bronchiolitis. Parameters such 
as LOS in PICU and oxygenation were similar in 
the two groups. Oxygen weaning occurred dur-
ing the same time for the two groups. There were 
no differences between the two groups for RR, 
HR, FiO2, and CO2 evolution. HFNC therapy 
failed in three patients, two of whom required 
invasive mechanical ventilation, versus one in 
the nasal CPAP group. Ten Brink et al. [15] in a 
prospective observational study compared 
HFNC and CPAP use in 109 children with mild 
to moderate ARF. There was no significant dif-
ference in the number of children requiring a 
higher level of respiratory support in the two 
groups. One-fourth of all children on HFNC 
required higher level of respiratory support, 
these had failure of  normalization of heart rate 
and respiratory rate and not fall in FiO2 after 2 h 
on HFNC.

E. Kockuzu et al.



539

In a systematic review and meta-analysis by 
Lin et al. [16], 2121 children with bronchiolitis 
in nine randomized controlled trials (RCTs) 
were compared. There was no significant differ-
ence in length of stay in hospital, length of oxy-
gen supplementation, transfer to intensive care 
unit, incidence of intubation, respiratory rate, 
SpO2, and adverse events in HFNC group com-
pared with nasal continuous positive airway 
pressure group. There was a significant increase 
of the incidence of treatment failure (RR 1.61, 
95% CI 1.06–2.42, p  =  0.02) in HFNC group 
compared with nasal CPAP group. The authors 
concluded HFNC is safe as an initial respiratory 
management, but the evidence is still lacking to 
show benefits for children with bronchiolitis 
compared to nasal CPAP.

Vitaliti et  al. [17] conducted a prospective 
interventional study in 40 children with respira-
tory distress between 1 and 24  months of age, 
with hemodynamically stable hypoxemia. All 
included subjects were randomly treated with 
helmet CPAP or HFNC in a 1:1 fashion until 
their clinical condition, oxygen saturation, and 
arterial blood gas parameters improved. They 
reported a more rapid clinical response to helmet 
CPAP than HFNC with fewer days of hospital-
ization in the first group of subjects. Furthermore, 
one of the HFNC-treated subjects was admitted 
to the PICU due to HFNC failure, with subse-
quent requirement of endotracheal intubation 
and invasive ventilation. No case of failure was 
reported in subjects treated with helmet 
CPAP. The authors concluded that being the first 
RCT in children with mild to moderate respira-
tory distress, clinical response to helmet CPAP 
was more efficient and rapid when compared to 
HFNC.

Shioji et  al. [18] compared 35 children who 
received HFNC therapy for ARF after cardiac 
surgery in 2014–2015 (the HFNC group) with 35 
children who had received NIV therapy for ARF 
after cardiac surgery in 2009–2012 as a control 
group. The reintubation rate within 48  h in the 
HFNC group tended to be lower than that in the 
NIV group (3% vs. 17%, p = 0.06). The reintuba-
tion rate within 28 days was significantly lower 
in the HFNC group compared to the NIV group 
(3% vs. 26%, p = 0.04). The HFNC group’s ICU 

stays were significantly shorter than those of the 
NIV group: 10 (IQR, 7–17) days vs. 17 (11–32) 
days, p  =  0.009. The authors concluded HFNC 
therapy might be associated with a reduced rein-
tubation rate in children with ARF after cardiac 
surgery. In a prevıous observational study, Shioji 
et  al. [19] reported that HFNC therapy started 
immediately after postextubation ARF after car-
diac surgery in 20 children less than 48 months of 
age improved the RR of patients without any 
adverse events.

The role of HFNC in weaning patients with 
chronic obstructive pulmonary disease (COPD) 
with hypercapnia from invasive ventilation is 
unclear. In an adult study by Jing et  al. [20], 
HFNC was compared to NIV on postextubation 
vital signs and arterial blood gases among 
patients with COPD. The study also evaluated 
the outcomes including comfort scores, need 
for bronchoscopy, use of pulmonary medica-
tions, and chest physiotherapy. At 3  h after 
extubation, pH in the NIV group was lower 
than HFNC group (7.42 ± 0.06 vs. 7.45 ± 0.05, 
p  =  0.01). At 24  h after extubation, patients’ 
mean arterial pressure (82.97  ±  9.04 vs. 
92.06  ±  11.11  mmHg, p  =  0.05) and pH 
(7.42 ± 0.05 vs. 7.46 ± 0.03, p = 0.05) in the 
NIV group was lower than in the HFNC group. 
No significant differences were found at 48  h 
after extubation. In the HFNC group, comfort 
scores were better (3.55 ± 2.01 vs. 5.15 ± 2.28, 
p = 0.02), and fewer patients needed bronchos-
copy for secretion management within 48  h 
after extubation (2/22 vs. 9/20, p  =  0.03). 
Summarizing all these studies, the authors con-
cluded that HFNC may be considered as an 
intermediate level of oxygen therapy between 
conventional oxygen therapy and NIV.

Hawkins et al. [21] reported ten school-age sub-
jects with varied medical conditions, moderate to 
severe obstructive sleep apnea (OSA), and CPAP 
intolerance who wore HFNC from 10 to 50 L/min of 
room air with oxygen supplementation if needed 
(room air alone for 6 of 10). HFNC reduced median 
obstructive apnea-hypopnea index (OAHI) greater 
than 1 event/h from 11.1 events/h (interquartile 
range 8.7–18.8 events/h) to 2.1 events/h (1.7–2.2 
events/h; p  =  0.002); increased SpO2 mean from 
91.3% (89.6–93.5%) to 94.9% (92.4–96.0%; 
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p  <  0.002); increased SpO2 from 76.0% (67.3–
82.3%) to 79.5% (77.2–86.0%; p = 0.032); decreased 
SpO2 desaturation index from 19.2 events/h (12.7–
25.8 events/h) to 6.4 events/h (4.7–10.7 events/h; 
p  =  0.013); and reduced heart rate from 88  bpm 
(86–91 bpm) to 74 bpm (67–81 bpm; p = 0.004). 
Stratified analysis of the six subjects with only room 
air via HFNC, the OAHI, obstructive hypopnea 
index, and mean SpO2 still demonstrated improve-
ments (p = 0.031). They concluded HFNC reduces 
respiratory events, improves oxygenation, reduces 
heart rate, and may be effective for CPAP-intolerant 
children with moderate to severe OSA.

In an observational study, Pilar et al. [22] com-
pared 20 children who received HFNC therapy for 
severe asthma exacerbation (SA) with 22 children 
who received NIV for SA as initial respiratory sup-
port. The primary outcome measure was failure of 
initial respiratory support (need to escalate from 
HFNC to NIV or from NIV to invasive ventilation). 
Secondary outcome measures were the duration of 
respiratory support and PICU length of stay. There 
were no treatment failures in the NIV group, though 
8 children (40%) in the HFNC group required esca-
lation to NIV. The PICU LOS was similar in both the 
NIV and HFNC groups. However, on considering 
the HFNC failure subgroup, the median length of 
respiratory support was threefold longer (63 h) and 
the PICU LOS was also longer compared with the 
rest of subjects exhibiting treatment success. In the 
multivariate logistic regression analysis, when HR is 
>146 bpm and RR is >55 bpm, it is a possibility that 
HFNC might fail in children with SA. The authors 
concluded that the use of HFNC in children with sta-
tus asthmaticus admitted to the PICU may delay ini-
tiation of NIV and therefore prolong the duration of 
respiratory support and the LOS in the PICU.

In an observational previous study by Kelly 
et  al. [23], 38 children with SA were evaluated 
for HFNC, and they reported that triage RR 
greater than 90th percentile for age (OR, 2.11; 
95% CI, 1.01–4.43), initial venous PCO2 greater 
than 50 mmHg (OR, 2.51; 95% CI, 1.06–5.98), 
and initial venous pH less than 7.30 (OR, 2.53; 
95% CI, 1.12–5.74) are associated with increased 
risk of HFNC therapy escalation to intubation. 
The authors concluded that HFNC is more likely 
to fail in hypercapnic subjects than in hypoxemic 

subjects. Similar to this study, Pilar et  al. [22] 
identified heart rate and respiratory rate prior to 
respiratory support as factors related to failure of 
HFNC.

In the only randomized controlled trial comparing 
CPAP and HFNC in children with severe pneumonia in 
Bangladesh, 79 (35%) children got bubble CPAP, 67 
(30%) children got low-flow oxygen therapy, and 79 
(35%) children got high- flow oxygen therapy. Treatment 
failed for 31 (14%) children, of whom 5 (6%) had 
received bubble CPAP, 16 (24%) had received low-flow 
oxygen therapy, and 10 (13%) had received high- flow 
oxygen therapy. Significantly fewer children in the bub-
ble CPAP group had treatment failure than in the low-
flow oxygen therapy group (relative risk 0.27, 99.7% CI 
0.07–0.99; p = 0.0026). No difference in treatment fail-
ure was noted between patients in the bubble CPAP and 
those in the high-flow oxygen therapy group (relative 
risk 0.50, 99.7% CI 0.11–2.29; p = 0.175). The authors 
concluded there was no difference in outcome of intuba-
tion, death, and clinical failure between children sup-
ported by HFNC or CPAP [24].

When we searched about the postextubation 
usage of HFNC versus CPAP, we could find only a 
few studies. In the study by Manley et  al. [25], 
HFNC and CPAP were compared for the treatment 
failure in infants within 7 days of extubation. In the 
study, 34.2% of the HFNC infants experienced treat-
ment failure, whereas 25.8% of the CPAP group 
demonstrated failure. Of the failures, 50% were suc-
cessfully treated with CPAP without reintubation. 
Based on their predetermined criteria, this led to a 
conclusion that the use and efficacy of HFNC was 
not inferior and was therefore similar to that of 
CPAP as a form of respiratory support for very pre-
term infants following extubation. In the study by 
Coletti et al. [26], a total of 620 children were man-
aged with HFNC for different purposes in a 
PICU. HFNC was used for postextubation period in 
98 (16%) of all the children. Ninety-two percent of 
63 subjects with congenital heart disease were 
treated successfully with HFNC in the postextuba-
tion period in the study.

In literature search for the alternative use of 
HFNC for NIV in immunocompromised patients, 
we could not find any pediatric age study. 
However, in the systematic review and meta- 
analysis conducted by Sclar et al. [27], random-
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ized controlled trials or observational studies 
reporting the use of HFNC in immunocompro-
mised subjects were evaluated to show its impact 
on mortality and invasive mechanical ventilation. 
The predominant cause of immunocompromised 
status was cancer. Bacterial pneumonia was the 
most common cause of acute hypoxemic respira-
tory failure with a median PaO2/FIO2 of 
145 mmHg (interquartile range 115–175). HFNC 
was used as the first oxygen strategy in 474 sub-
jects compared to NIV (242 subjects) and conven-
tional O2 therapy (703 subjects). There was a 46% 
rate of invasive mechanical ventilation and 36% 
mortality. Mortality at the longest available fol-
low-up was lower with HFNC compared to the 
oxygen therapy controls (NIV or conventional O2 
therapy) in seven studies (1429 subjects; relative 
risk 0.72, 95% CI 0.56–0.93, p = 0.01). There was 
a lower rate of invasive mechanical ventilation 
with HFNC compared to the oxygen therapy con-

trols across eight studies (1529 subjects, relative 
risk 0.81, 95% CI 0.67–0.96, p  =  0.02). These 
results were robust across a series of sensitivity 
analyses. The authors specified that HFNC was 
found to decrease mortality and use of invasive 
mechanical ventilation compared to alternative 
noninvasive oxygen controls. They concluded that 
there was a need to develop a greater evidence 
base evaluating the utility of HFNC in immuno-
compromised subjects and called for higher-qual-
ity studies evaluating a more homogeneous 
population to further elucidate its benefit.

Summarizing all these studies, the authors 
concluded that HFNC may be considered as an 
intermediate level of oxygen therapy between 
conventional oxygen therapy and NIV.  Large 
multiple center RCT is required to obtain robust 
data to compare effectiveness of these two meth-
ods of respiratory support for pediatric patients 
(Table 58.1).

Table 58.1 Summary of best clinical/bench trials

Author
Year
Citation Type of study

Study 
population Results PICU LOS Tolerability

Treatment 
failure

Sarkar 
2018 [10]

Child 
bronchiolitis

16 CPAP, 15 
HFNC

SpO2, RR, PaO2, 
PCO2: similar
Nasal injury: 
CPAP > HFNC

Similar HFNC > CPAP Similar

Pedersen 
2017 [12]

Child 
bronchiolitis

27 CPAP; 22 
HFNC

RR: CPAP > HFNC
FiO2: 
CPAP > HFNC
HR: similar

Similar No comment No comment

Metge 
2014 [14]

Child 
bronchiolitis

19 CPAP, 15 
HFNC

RR, HR, FiO2, and 
CO2: similar

Similar No comment HFNC > CPAP

Ten Brink 
2013 [15]

Child acute 
respiratory 
failure

72 HFNC, 37 
CPAP

Escalation to a 
higher level of 
respiratory support: 
similar
Prediction of 
escalation is due to: 
RR and HR

HFNC < CPAP Good but not 
compared

Similar

Lin 2019 
[16]

Child 
bronchiolitis

9 RCTs
Total 2121 
HFNC/CPAP

LOO: similar
HR RR, SpO2: 
similar

Similar No comment HFNC > CPAP

Vitality 
2017 [17]

Child acute 
respiratory 
failure

20 CPAP; 20 
HFNC; 20 
COT

Clinical response to 
helmet CPAP was 
more efficient and 
rapid compared 
with HFNC

HFNC > CPAP No comment HFNC > CPAP

COT conventional oxygen therapy, COPD chronic obstructive pulmonary disease, CPAP continuous positive air pres-
sure, HFNC high-flow nasal cannula, HR heart rate, NIV noninvasive ventilation, RR respiratory rate
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