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Figure 2. Multitier iron lung used in poliomyelitis epidemics. Reproduced from Kacmarek
(2071) Respir Care; 56: 1170-1180 with permission from the publisher.
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Fig. 1. A patient with COPD using noninvasive ventilation in ad-
dition to supplemental oxygen. (From Reference 51, with

permission.) Respiration 2009:78(2):154-160




Noninvasive mechanical ventilation in acute
respiratory failure: trends in use and outcomes
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| Underutilization of NIV

T 2.18%
NN 3.80%
W 2.18%

Unknown reason
Doubt about the benefit of NIV

Lack of experienced physicians
SOOI N\

Lack of knowledge about NIV -2

,,,,,,,,,,,,,,

Limited financial resources

Understaffed

Lack of NIV experienced staff

No RC educators

Annals of Thoracic Medicine 20183:23%#242.



Indications and Failures of NIV

Thoracic trauma = 8.1

Palliation = 21.6

Asthme ~{ S 27

Pneumonia in non-immunocompromised patients = | 27
Pneumonia in immunocompromised patients || NN 29.7

Neuromuscular diseases—

Worsening of the respiratory failur

Deterioration of the level of consciousness

Inability to manage secretiong

91.9

1
100

Percentage (%)

Intolerance to the interface =

NIV-related complications i 29.7

Absence of skillful respiratory therapists =

Others -

151.3

64.9

16.2

T
40

Percentage (%)

Annals of Thoracic Medicine 20183:23%#242.
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Types of NIV

i Main means of NIV | Positive pressure
during the 1st half of delivered through mask
the 20th century I CPAP & BIPAP

I BExtensively used durng
polio epidemics

I Tank ventilator
Airdmngo

I Curass, Jacket

ventilator, Hayek

oscillator




Ventilators for NIV

AVolume controlled home ventilators
I First machines to be used
I Lmited abilty to compensate for leaks
ABilevel ventilators
I Most commonly used
I EPAP& IPAP
I Snge Imb circuit
I Good efficency & leak compensation
A Critical care ~  ventilators
I Limited leak compensation




Circuit configurations for noninvasive ventilation.

Leak
Single limb \]/ (
Mask

Ventilator

v (YXSNNANSAT A

Active exhalation
valve

Ventilator Double limb \‘ Mask
/

Dean R Hess Respir Care
2013;58:950-972
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A Supplement to the ERS/ATS Clinical Practice Guidelines for Noninvasive Ventilation for

Acute Respiratory Failure

Table 2. A comparison of ventilator designs for NIV.

Design

Description

Bilevel ventilator

Bilevel ventilators use internal blowers to generate flow through a single
limb circuit during both inhalation and exhalation. A passive leak port,
either in the circuit or the interface, is open throughout the respiratory
cycle. An active exhalation valve is not needed because the exhaled gas

passes through the leak port.

Intermediate

ventilator

These ventilators are most commonly used for patient transport or home
care ventilation. They utilize a single limb circuit with either an active
exhalation valve near the patient or a passive leak port. In the past, these
devices have been leak intolerant. However, newer designs offer leak

compensation.




R e IR R R

Critical care

ventilator without

In the past, critical care ventilators were designed primarily for invasive

ventilation. As such, they were leak intolerant. Although these ventilators

NIV mode have been used for NIV, the absence of leak compensation often
fted | | | h clinician i | off
leak.
Critical care Newer generation critical care ventilators have NIV modes, with dual limb

ventilator with

NIV mode

circuits that separate the inspiratory from expiratory gases. NIV modes

offer leak compensation, but the ability of the ventilator to compensate for
leaks varies among manufacturers. Additional embellishments available
from some manufactures include an adjustable flow termination and a

maximum inspiratory time during pressure support, both of which improve

synchrony with pressure support in the presence of leak. Some

manufactures also provide leak compensation in all modes, including




Modes of NIV

APressure  modes AVolume modes
Better tolerated than I Inial tdal volumes
voume myded vents range from 10 to 15
Constant positive mLkg
arway pressure I Control
(CPAP) i Assist control
Bievel or biphasic i Proportional  assist
posiive  alrway control

oressure  (BIPAP)

Pressure  support
ventilation

(YY)




Pressure/time curves Iin spontaneous, continuous

positive airway pressure (CPAP) aBidPAP

Spontaneous CPAP BIPAP
0
IN
£ A AYA
v IPAP 22 omH
g PS 12 cmH
¥
v
£




Ventilator Modes and
Settings for NIV

Aln an epidemiologic survey conducted
In the US, oveB0% of NIV
applications usedbileveltype
pressurelimited ventilators

Aonly 5% used

Chest 2014: 145(5): 9641




Continuous positive airway pressure
(CPAP)

A a single selected pressure applied via a
noninvasive interface to the upper airway.

A mainly forcardiogenicoulmonary edemaor
prophylacticallyfor postoperative patients

A disadvantage of CPAP is that it provides
active respiratory assistanceduring
Inspiration




Bilevel positive airway pressure
(bilevel  NIV)

A consists of a highanspiratorypressure (IPAP)
and lower expiratory pressure (EPAP).

A ashigher EPAP is used to improve
oxygenation and higher pressure support to
Increase tidal volume and redudgspnea



Pressure support ventilation
(PSV)

A similar tobilevelNIVbut is provided on
critical care ventilatorsor a few dedicated
NIV ventilators.

A Ventilator settings in PSV are essentially the
same as witlbilevelNIV

A terminology is differentEPAP equals PEEP,
but IPAP equals pressure support plus PEEP



Pressure Control Ventilation
(PCV)

A flow triggeredand uses presdhspiratoryand
expiratory pressures

A PCV is the same as with PSV, mgpiratory
time Is setusing absolute time or an I.E ratio.

A improve expiratory synchrony whenspiratory
pressure Is prolonged in the faceanf leaks

A or a delayed drop imspiratoryflow as may be
seen in COPD patients.

A




Average Volume Assured
Pressure Support (AVAPS)

A automatically adjusinspiratory airway
pressure to achieve a target tidal volume.

A sets atarget tidal volume range of
Inspiratorypressures, EPAP and a backup rate




Volume- targeted modes

Aset tidal volumes of 68 mL/kg PBW.
Ainability to compensate for leaks
A possibleauto-cycling as the




Considerations in the Selection of a Ventilator for
Noninvasive Ventilation

Leak compensation

Trigger and cycle coupled to patient’s breathing pattern

Rebreathing

Oxygen delivery (acute care)
Monitoring

Alarms (safety vs nuisance)
Portability (size, weight, battery)
Tamper-proof

Cost

(Data from reference 114.)




bpyrights apply

Protocol for initiation of noninvasive positive
pressure ventilation

1. Appropriately monitored location, oximetry, respiratory impedance,
vital signs as clinically indicated

2. Patient in bed or chair at =30-degree angle
3. Select and fit interface
4, Select ventilator

5. Apply headgear; avoid excessive strap tension (one or two fingers
under strap)

6. Connect interface to ventilator tubing and turn on ventilator

7. Start with low pressure in spontaneously triggered mode with backup
rate; pressure limited: 8 to 12 cmH- O inspiratory pressure; 3 to 5
cmH - O expiratory pressure

8. Gradually increase inspiratory pressure (10 to 20 cmH - 0) as tolerated
to achieve alleviation of dyspnea, decreased respiratory rate, increased
tidal volume (if being monitored), and good patient-ventilator synchrony

9. Provide O- supplementation as needed to keep O saturation =20
percent

10. Check for air leaks, readjust straps as needed
11. Add humidifier as indicated

12. Consider mild sedation (eg, intravenously administered lorazepam
0.5 mag) in agitated patients

13. Encouragement, reassurance, and frequent checks and adjustments
as needed

14. Monitor occasional blood gases (within 1 to 2 hours) and then as
needed

Reproduced with permission from International Concensus Conferences in

Intensive Care Medicine: Noninvasive positive pressure ventilation in acute
respiratory faifure. Am 1 Respir Crit Care Med 2001; 163:288. Copyright ©

2001 American Thoracic Society.
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Indications for NIV

> v I

v v v

>\

COPD Exacerbation
CardiogenicPulmonary Edema

Weaning ventilator and Post
Extubation

Immunocompromised Patients
ARDS
Acute Asthma

Community-Acquired
Pneumonia

Palliative care and at the end of
life

Pre-oxygenation Before
Intubation

Post-Operative Respiratory
Failure

Obesity Hypoventilation
Syndrome

Bronchoscopy

A Neuromuscular disorders
A Sleep apnea

A Motor neurone
disease/ALS

A Chest wall disorders
A Chronic COPD



RespirCare201257(11):1927193¢

Fig. 2. Bronchoscope inserted through the swivel adaptor of a face
mask for noninvasive ventilation. (From Reference 88.)




Contraindications of NIV

A Coma, seizures, or severe central neurologic
disturbances$ ‘hypercapnicencephalopathy)

A Inability to protect the airway or clear respiratory
secretions

A Unstable hemodynamic conditions (blood pressure
or rhythm instabllity)

A Upper airway obstruction
A Severe upper gastrointestinal bleeding

A Recent facial surgery, trauma, burns, deformity, or
Inability to fit the interface

A Recentgastroesophageasurgery
A Undrainedpneumothorax

A Recurrent vomiting
CritCareClin. 2018 Jul;34(3):39%612
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TN Oronasal mask*
‘ Covers mouth and nose

Special subtype: hybrid masks (a combination
of nasal pillows and an oral mask)
With or without forehead spacer

Full face mask*
Also called total face mask, cephalic or
integral mask

Covers mouth, nose and eyes and seals
around the perimeter of the face

TN Nasal mask* PN Nasal pillows

Subtype of nasal mask, also nasal plugs or
nasal slings

Applied externally to the nares

Covers the whole nose but not the mouth
With or without forehead spacer

PN Oral masks and mouthpieces 0 Helmet

/ . . td a1 S .

Placed between the patient’s lips . NI Transparent hood with collar

Mouthpieces have various degrees of § o= He Covers the whole head and all or part of the
flexion and are held in place by a lip seal ' neck, no contact with the head

or the teeth Has at least two ports

Oral masks can also have headgear as a Most helmets have an anti-asphyxia valve
securing system

Figure 1. The six main interface types for NIV. *: available as a vented or non-vented version. Image of the human head by Patrick J. Lynch reproduced
from Wikimedia Commons under CC BY 2.5 licence.
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Nasal mask OronasalMask




Nasogastridube
positioned through the
oronasalmask

FullHface mask. Helmet




Oronasal VS nasal mask

AE S T I'IﬁEﬁé
£ ®wOH A ¢ Y
o Ey

----- Girault Y Crit Care Med2009; 3% 1y
124-131

AN AiafnaoE

----- Kwok FY Crit Care Med2003; 31¥ 2y h468-

ACOPPy Wy mhmE Y Aéf
X EAtYMYZ hxl |

----- Anton AY Respir Care2003; 48Y 10y 922925




A E ) 0 U L
Y "E & &1 Moy
patient -ventilator interaction
(trigger and cycle) Y

----- Respir Care2011; 56Y 2y d153 165
Af AT @rE ¥ AKX M YT
N 0
------ Eur Respir J 2004; 23 Y 4y db 605 609



Oronasal mask VS Total face mask

A total face mask was more comfortable than
the oronasalmask and suggested that the
total face mask should be available as an
option in units where NIV Is routinely applied

A total face mask avoided pain on the bridge of
the nose and presented no air leaks around
the eyes and mouth
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Advantages and Disadvantages of Various
Interfaces for

Interface

Nasal mask

Oronasal mask

Advanta

Less risk for aspiration
Easier secretion clearance
Less claustrophobia
Easier speech

May be able to eat

Easy to fit and secure
Less dead space

Better oral leak control
More effective in mouth
breathers

NIV

Disadvantages

Mouth leak

Higher resistance througl

nasal passage:
Less effective with n:
bstruction
Nasal irritation and
rhinorrhea
Mouth dryness
Increased dead space
Claustrophobia
Increased aspiration risk
Increased difficulty
speaking and eating
Asphyxiation with
ventilator malfunction

Interface

Mouthpiece

Total face
mask

Nasal pillows

Less interference with
speech
 little dead space
May not require headgear

May be more comfortable
for some patients

Easier to fit (one size fits
all)

Less facial skin breakdown

Advantages of nasal mask,

omfortable
Less risk of facial skin
breakdown than nasal
mask

espir Care 2012:57(6):900-918.

Disadvantages

Less effective if patient
cannot maintain mouth
seal

Jsually requires nasal or
oronasal interface at
night

Potential for orthodontic
injury

Potentially greater dead
space

Potential for drying of the
eyes

Cannot deliver aerosolized
medications

Same as nasal mask




Table 2. Comparison of oronasal? and nasal masks

Aspect Oronasal mask Nasal mask
Mouth leak No Yes
Mouth breathing Possible Decreases NIV quality
Dead space Higher Low
First choice interface Acute care Chronic care
Communication Reduced Possible
Eating and drinking No Possible
Expectoration No Possible
Risk of aspiration Elevated Reduced
Risk of aerophagia Elevated Reduced
Claustrophobia Elevated Reduced
Comfort Lower Higher

. sometimes also known as facial or face masks. Reproduced and modified from Storre et al.
(2008), with permission from the publisher.



Table 2. Characteristics of the different interfaces

Oronasal Total Helmet Nasal Nasal Mouth
mask face mask prongs pieces
mask

Acute setting o o o o o o
Use outside HDU/ICU . o o . N
Chronic setting o o o o o
Less claustrophobic o) o) o o o
More likely to have o o o o
leaks in the acute
setting
Nasal patency o o
required
Coughing and o o
expectoration
is easier
Useful for prominent o o o o

facial anatomy
High level of noise .

No pressure on the

High gas flow required

Chance of eye . o o o
irritation

Speaking is easier

HDU: high-dependency unit; closed circles: applicable to the interface; open circles: an
alternative, but less common or less frequent option. Reproduced and modified from Brill (2014)
with permission from the publisher.



—

Start with oronasal mask

v

Start with nasal mask
(or interface of patient’s choice; consider patient’s
abilities, needs and comorbidities)

Yes

r—

Check for non-intentional leaks, asynchrony,
ventilator settings, circuit; adjust if necessary

v

Check for non-intentional leaks, asynchrony,
ventilator settings, circuit; adjust if necessary

"l

Patient still suitable for NIV?

|| Try alternative
interface

|| Yes s Ye ||‘~

Check for side-effects:
Pressure marks
Leak into the eyes
Comfort and sleep
Adjust if necessary

v

| Patient improvement |

| Try other types of interface and accessories Ii

Figure 2. Interface strategies for NIV in adult patients with ARF and chronic respiratory failure (CRF). NMD: neuromuscular disease.
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Inhaled aerosol therapy

A & NIVA 1 TKa 0uf 9n
K 6 H
A Aerosol therapy K W pressurized

metered dose inhaler with a spacer or
nebulizer X |
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Factors influencing aeroso
noninvasive ventilation (NIV).

Ventilator Related
Critical care ventilator ,
NIV ventilator |
Home care ventilator ;. “ﬁ,," 7

Breathing Parameters
Mode of ventilation

Tidal volume

Breathing frequency
Inspiratory air flow

Pressure settings

Type of Interface

Face mask
Nasal cannula

metered-dose In

delivery during
O0MDI = pressurized

naler.

Circuit Related Device Related - pMDI Drug Related
Type of circuit Type of spacer or adapter used Dose

Position of leak port Timing of pMDI actuation Aerosol particle size
Inhaled gas humidity Position of pMDI/spacer Duration of action

Inhaled gas density

Type of nebulizer used

Device Related - Nebulizer 3" \ Patient Related

Severity of airway obstruction

Continuous/intermittent operation ' Mechanism of airway obstruction

Duration of nebulization
Position in the circuit

Presence of intrinsic PEEP
Patient-ventilator synchrony
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Risk Factors for Noninvasive Ventilation Faillure

Acute hypercapnic respiratory failure
Poor neurologic score: Glasgow Coma Score < 11
Tachypnea: > 35 breaths/min
pH < 7.25
Acute Physiology and Chronic Health Evaluation score > 29
Asynchronous breathing
Edentulous
Excessive air leak
Agitation
Excessive secretions
Poor tolerance
Poor adherence to therapy
No initial improvement within first 2 h of noninvasive ventilation
No improvement in pH
Persistent tachypnea
Persistent hypercapnia
Acute hypoxemic respiratory failure
Diagnosis of ARDS or pneumonia
Age > 40y
Hypotension: systolic blood pressure < 90 mm Hg
Metabolic acidosis: pH < 7.25
Low P,o /Fio,
Simplified Acute Physiology Score 11 > 34

Failure to improve oxygenation within first hour of noninvasive
ventilation: P,o /Fio, > 175 mm Hg

(Data from reference 99.)



Acute NIV monitoring

Response Mask

Physiological Objective Subjective Fit
Oximetry Respiratory rate Dyspnoea Cpmfort
Air leaks

Exhaled V1 Blood pressure  Comfort

ABG Heart rate Mental alertness >ecretions

Skin necrosis

/

Z

/)

Z

Ventilatory monitoring
v Respiratory pattern
Patient- ventilator interaction v

9% &= \\W i
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Figure 1. Key points for monitoring of patients undergoing NIV for ARF. ABG: arterial blood
gas. Reproduced and modified from Umberto Meduri (1996) Clin Chest Med; 77: 5713-553,

with permission from the publisher.




~Monitoring of NIV

. Level of consciousness
. Comfort
. Chest wall motion
.Accessory muscle recruitment
. Patient-ventilator synchrony
. Respiratory rate
. Exhaled tidal volume
. Flow and pressure waveforms
. Heart rate
. Blood pressure
. Continuous electrocardiography
. Continuousoximetry

. Arterial blood gas at baseline, after 1 hour to &ours,
and as clinically indicated

J>~ Dy v v v D Dy D D D D J>

CritCareClin. 2018 Jul;34(3):39512




Criteria used to perform ETI

A . Patient intolerance
A . Inability to improve gas exchange

A . Inability to improvedyspneaor respiratory
muscle fatigue

A . Appearance of severe hemodynamic or
electrocardiographic instability

A . Severe neurologic deterioration

Crit CareClin. 2018 Jul;34(3):39%112




Optimal location for NIV
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Noninvasive Ventilation Outside the Intensive Care Unit
From the Patient Point of View: A Pilot Study

L.uca Cabrint MD, Elena Moizo MD. Elisa Nicelli MD. Gloria Licini MD, Stefano Turit MD.
Giovanni Landoni MD, Paolo Silvani MD, and Alberto Zangrillo MD
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Checklist at initiation of NIV

First Huddle, at initiation of NIV

Is NIV being used in lieu of intubation?
Does the patient have hypoxemic respiratory failure?

(not related to cardiogenic edema or immunocompromise) O
Will the patient be intubated if NIV fails? O
Are relative contraindications for NIV present? O

(altered mental status, airway protection, aspiration risk, copious secretions)
Is patient tolerating NIV poorly/appearing uncomfortable? O
Is much coaching required for patient to tolerate NIV? O
Will frequent titration of settings be required? O
Is patient hemodynamically unstable? O
Does patient remain hypoxemic? (SpO; < 92% or FIO; > 0.6) O O
A “yes” response to any of the above should prompt consideration of transfer to ICU.

What is the goal for NIV in this patient?
How will we decide if NIV is failing?

What is the alternative if NIV fails?

Has pulmonary medicine been consulted?

(Massachusetts General Hospital)




Checklist after 2 hours of NIV

Has gas exchange and dyspnea improved in past 2 hours?

Is the goal of NIV being met?

Does patient tolerate removal of the mask for at least 30 minutes?
Is patient tolerating NIV and comfortable?

Is SpO,; > 92% and FIO; < 0.67

Is patient hemodynamically stable?

Does patient tolerate NIV without excessive coaching? O O
Is patient stable on IPAP < 15 em H;07 O O
A “no” response to any of the above should prompt consideration of transfer to the ICU.

Will patient be moved to ICU? yes no
If no, has pulmonary medicine been consulted?
Has the medical attending been notified? yes

(Massachusetts General Hospital)
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Patient - ventilator asynchrony
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Figure 3. A typical patient-ventilator asynchrony pattern due to ineffective efforts during
NIV that may be easily identified by looking at the flow-pressure curves of the ventilator.
Arrows indicate the wasted efforts performed by the patient to successfully trigger the
ventilator. Reproduced from Vignaux et al. (2009) Intensive Care Med; 35: §40-846, with
permission from the publisher.
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Patient-ventilator synchrony Patient-ventilator asynchrony: “auto-triggering”
I | I

Pressure by
polygraphy

Thoracic
movement

L1

Pressure by
ventilator

Figure 3. Patient-ventilator asynchrony during mechanical ventilation after five reqular
breaths. Periodic breathing patterns by the subject (thoracic movements) are not detected by
the ventilator and breathing frequency (pressure curves) is increased without patient effort
(so-called “auto-triggering”). Reproduced and modified from Storre et al. (2074a), with
pelrission from the publisher.




edation for Interface intolerance

A 15%, 6%, and 28% never ussztation,
analgesia, or hand restraintsfor patients
receiving NIV.

A Sedation, analgesia, and hand restraints were
more commonly used ihNorth Americathan
In Europe.

A A benzodiazepinealone was the most
preferred (33%), followed by apioid alone
(29%)

CritCare Med20035(10):22982302




When to sedate

A NIV failure due to patient refusal to continue NIV
because of discomfort, claustrophobia or marked
agitation.

exclusion criteria were:

A poor respiratory state requiring immediate
Intubation

A severely altered consciousness

A any patient requiring an immediate lifesaving
Intervention such as cardiopulmonary resuscitation,
alrway control,cardioversioror inotropic support

(Intern Med 51: 22992305, 2012)




(starting at 0.025 A&g/min and
titrating up to0 0.12 AEg/min as needed).

A apotent short-acting synthetic opioid used
for pain relief and sedation

A sedated to a Ramsay scale f®by a
continuous infusion ofemifentanilduring
NIV.

A tolerance improved

A P, /Fq,increased

A breathing frequency decreased
A P,.o.decreased

Intensive Care Med2007;33(1):8287
Intensive Care Med2010;36(12):206€R065



Coul Alialy

Dexmedetomidine (1 mcghkgA @ |
0.2 3 0.7mcgkglhr A = )

A an ideal pharmacologic agent for sedation of
patients intolerant of NIV

A a prospective clinical investigation in 10
subjects in whom NIV was difficult because of
agitation.

A All subjects were successfully weaned from

NIV, and the respiratory state was not
worsened

AnesthAnalg2008107/1):164170
JAnesth 2009;23(1):14/150
RespirCare 2012;57(11):1961969
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Chest and abdomen radiographs of a patient who developed severe
gastric insufflation while receiving noninvasive ventilation.

(c) 2012 by Daedalus Enterprises, Inc.
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facial skin breakdown

A A potential problem withhasal andoronasal
masks

A most commonly occurs on thieridge of the
nose.

A Nasal skin breakdown has been estimated to
occur in5z20%of applications of NIV

A the most important approach to prevent skin
breakdown is taavoid strapping the mask
too tight



a) Grade lll pressure ulcer on the nasal bridge
b) grade Il pressure ulcers on the cheeks

© 2014 by European Respiratory Society



The two-finger rule: when the headgear is attached it
should be possible to pass two fingers beneath it [30].

© 2014 by European Respiratory Society



Example for skin protection: a self-cut foam (M6 Inlycke
Health Care, GOteborg, Sweden) dressing on a head
model.

© 2014 by European Respiratory Society
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Official ERS/ATS clinical practice
guidelines: noninvasive ventilation for
acute respiratory failure

Bram Rochwerg ®', Laurent Brochard®®, Mark W. Elliott*, Dean Hess”,
Nicholas S. Hill°®, Stefano Nava’ and Paolo Navalesi® [members of the steering
committee); Massimo Antonelli?, Jan Brozek', Giorgio Conti’, Miquel Ferrer'®,
Kalpalatha Guntupalli'', Samir Jaber'?, Sean Keenan'*'*, Jordi Mancebo'”,

Sangeeta Mehta'® and Suhail Raoof'”"'® (members of the task force)

Eur Respir J 2017; 50:



TABLE 1 Interpretation of strong and conditional recommendations for stakeholders [patients, clinicians and healthcare policy

makers)

For patients

For clinicians

For policy makers

Strong recommendation

Most individuals in this situation would want the
recommended course of action and only a small
proportion would not.

Most individuals should receive the recommended course
of action. Adherence to this recommendation according

to the guideline could be used as a quality criterion or
performance indicator. Formal decision aids are not
likely to be needed to help individuals make decisions
consistent with their values and preferences.

The recommendation can be adapted as policy in most
situations including for the use as performance
indicators.

Weak recommendation

The majority of individuals in this situation would want the
suggested course of action, but many would not.

Different choices are likely to be appropriate for different
patients and therapy should be tailored to the individual
patient’s circumstances. Those circumstances may
include the patient or family’s values and preferences.

Policy making will require substantial debates and
involvement of many stakeholders. Policies are also more
likely to vary between regions. Performance indicators
would have to focus on the fact that adequate deliberation
about the management options has taken place.



A
-Hypercapniavith COPD exacerbation
-Cardiogeniqoulmonary edema

A

-Immunocompromised
-Postoperative
-Palliative care
-Trauma
-Weaning inlhypercapnigatients
-Postextubationin high risk patient
A
-De novaespiratory failure
- Acute asthma exacerbation




HYPERCAPNIXNITH COPD
EXACERBATION




B Noninvasive positive pressure ventilation:
An effective therapy in acute exacerbations of COPD

In selected patients with hypercapnic respiratory failure due to an acute exacerbation of chronic obstruc-
tive pulmonary disease (COPD), noninvasive positive pressure ventilation, added to usual medical therapy,
reduces the need for endotracheal intubation, the length of hospital stay, and the risk of death.

= 1
The patient wears a tight-fitting e
nasal or full facial mask, which is ' fiia b—“—&f ""*:::?.j\,,
connected to a continuous positive %l 4
airway pressure unit, a bi-level air-
way pressure unit, or a standard
ventilator. <

The treatment provides a larger
tidal volume with the same
inspiratory effort, thus improving
alveolar ventilation and
decreasing the work of breathing.

L

E
“F&
5

=

4 L Obstructive
- (/ forces causing
auto-PEEP

A
X )

¥

-
This treatment can also decrease the \
work of breathing by partially overcoming \
auto-positive end-expiratory pressure
(auto-PEEP), ie, pressure remaining in the
alveoli at the end of exhalation that is
greater than the atmospheric pressure.




Bilevel NIV to prevent intubation in
respiratory acidosis

A improvement in pH or respiratory rate, is a
good predictor of a successful outcome

A response isalmost universally seen within the
first 1z4 h after NIV

A dz dyspnoea

A dzsintubation rate

A dz9CU admission

A dzshospital length of stay

A dgrespiratory and nonrespiratory infection
A ¥ survival

ERS/ATS guideline 2017




PH>7.35 PH:7.257.35

£ Strong Z Strong
recommend recommend

Weaning Prevention Failure treat

 Condition
recommend

 Condition

recommend

"ERS/ATS gwaehne 2007



Recommendation

AWe suggest NIVot be used in
patients with hypercapniawho
are not acidotic in the setting of
a COPDexacerbation.

A




Recommendations

AWe recommendbilevel NIV for
patients with ARF leading to
acute or acuteon-chronic
respiratory acidosis (pH 7.35)
due to COPD exacerbation.

A



Recommendations

AWe recommend a trial otbilevel NIV
INn patients considered to require
endotracheal intubation and
mechanical ventilation, unless the
patient is iImmediately deteriorating .

A



A There is of pH below which a
trial of NIV Is Inappropriate

A However, the lower the pH, the
and patients must be

with rapid access to endotracheal
Intubation and invasive ventilation if not
Improving.

ERS/ATS guideline 2017




NIV In Asthma Exacerbations

A IPAP:14 :cmH20 + EPAP: 6 cmHZDa 20% improvement
In FEV1 P< .05).

A A Cochrane review considered NIV for asthma promising
but controversial.

A some patients can deteriorate rapidly and develop very
severe obstruction

A European Respiratory Society/American Thoracic Society
guideline

C no recommendation due to a lack of evidence



Decompensated Obesity -
Hypoventilation Syndrome

A initiated in a monitored setting

A BiPAPsuccessfully avertsendotracheal
iIntubation In over patients
A
for insufficient
alveolar ventilation with BIPAP

Am JRespirCrit Care Med 2012;186(12):1278285.



HFNC in AcuteHypercapnicRespiratory Failure

—
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NIV . oxygenation when
higher inspiratory
pressure Is needed such
asCOPD exacerbations or
19 1. Mask press pulmonary edema.

by using a bi-level ven

and expiratory pressure 0O

tracing during high-flow nasz

60 L/min. Expiratory pressures aré

(declining during expiration as patie ¢ TTow arminishes),
but during inspiration, pressure rises <set 12 cm H,O during
NIV and drops to 2 cm H,O during HFRC. Data are from ventilator
tracings and Reference 60. lllustration was by W. Hill.
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Respir Care 2019:64(6):647-657.



NIV IN CARDIOGENIC
PULMONARY EDEMA




Physiological effect of NIV

Table 2 Main physiologic effects of positive
intrathoracic pressure

Cardiovascular

| Venous return — | RV preload — | LV preload

[ Pulmonary vascular resistance — | RV afterload — RV enlargement
—| LV Compliance

| LV afterload (] systolic wall stress)

| Systemic blood pressure — | Cardiac output®

Respiratory

Recruitment of collapsed alveoli — TFunctional residual capacity

Maintenance continuously opened alveoli— Gas exchange during the
whole respiratory cycle

Intra-alveolar pressure against cedema

| Work of breathing

[ Oxygenation




ERS/ATS guidelines

AWe recommend eitherbilevel NIV or
CPAP for patients with ARF due to
cardiogenicpulmonary edema

A or

excluded

A



ulaelines

Society Recommendation Evidence

ERS/ATS We recommend eithebilevelNIV or CPAP for patients  Strong

2017 with ARF due t@ardiogenicpulmonaryoedema recommend,
moderate
evidence

ESC Non-invasive positive pressure ventilation (CPBHRAPD  Classlla

2016 should be considered in patients with respiratory distres LOE: B

(respiratory rate >25breaths/min SpO2 <90%and
started as soon as possible in order to decrease respira
distress

8

Blood pressureshould be monitored regularly when this
treatment is used.

AHA (No NIV description)

2013

TSOC 88) O EO OAAT [-ihvAsivé\viniilatioreshoGld No grading
2012 be initiated as early as possible in acute heart failure

patlents W|thdyspneaand respiraiory distiess if NG

I AOET OO AT 1 OOAET AEAACET ]




| ACUTE HEART FAILURE |

|
Respiratory Failure

CNO >

=
| | [ |
AHF with Acute Cardiogenic Other Isolated

COPD |~ Pulmonary Shock forms AHF RV failure
Edema , o - . -’

o’

Intolerance =
CPAP or NIPSV' J i Conventional |}
Poor sdsptation i RS Oxygen Therapy )

Non-phan';\acologlcal '
measures v

Sedation > Rt El-Mechanical
Failure! | A
Re-Assessment—— - (atbhbiiih

'
1!
Prolonged vy

Rcsolu!ic_): | > NIPSV
- l -

'

4

A4

Room Air

EurHeart J. 2018 Jan 1;39(1):125




89 y/o male , ADHF with pulmonary edema
HCVD, NIDDM ,BNP 3500 pg/mL

AerosalMask 1.0

| pH 7.262
pCO2 80 mmHg
pO2 87 mmHg
HCO3 36 mmol/L
B.E. 6.7 mmol/L

Sa02 943 %




18 y/o female Infective endocarditis  with
severe MR & mild AR




NIV In ARF In the post
operative setting




I NIV In the treatment of ARF
INn postoperative patients

1.1.2 Treatment of ARF in postop patients

Auriant 2001 3 24 9 24 38.3% 0,33 [0.10, 1.08]
Squadrone 2005 0 105 3104 14.9% 0.14 [0.01, 2.71] +
Subtotal (95% CI) 129 128 53.2% 0.28 [0.09, 0.84)]
Total events 3 12

Heterogeneity: Chi® = 0.29, df = 1 (P = 0.59); I’ = 0%

Test for overall effect: 2 = 2.28 (P = 0.02)

Intubation

1.2.2 Treatment of ARF in postop patients

Auriant 2001 5 24 12 24 42.9% 0.42 [0.17, 1.00]
Sguadrone 2005 1 108 10 104 35.9% 0.10 [0.01, 0.76]
Subtotal (95% CI) 124 128 78.9% 0.27 [0.12, 0.61]
Total events & 22

Heterogeneity: Chi* = 1.85, df = 1 (P = 0.17); I¥ = 46%

Test for overall effect: Z = 3.13 (P = 0.002)

Chiumello DJntensive Care Med 2013; 37: 2929.




Recommendation

We suggest NIV for patients
with
post-operative ARF.




87 ylo female

A PPU, accepted Subtotal Gastrectomy
at XX

A Dirty ascites was noted with culture yielded
VRE (2017/01/06)

A Difficult weaning , patient was to undergo
tracheostomy at 01/22

A CPCRlurningtracheostomyfor 3 minutes
.\




NT-ProBNP pPg/mL

-20 cmH20
22 cmH20
VE 6.57 L/min
RSI 80.7
\VAl 286 ml

>y > > > D



2017/02/01 08:30  |ST f362 16/22 0.8/1:2.2 ! 85 i /8 18
2017/01/31 20:00  |ST f328 16/26 0.91:1.3 ! /8.0 i /8 18
201770131 11:05  [ST 571 15 1.0/1:1.5 i 79 i /8 18
2017/01/31 0840  |Mask ! ! { 100/ { i i i
2017/01/31 0750 |HENC ! 31 { 0L/ { i i i
P017/01/30 14:15 | —=HFNC i {26 I 0L/ I i i i
2017/01/30 0910 |—Mask ! f24 I 100/ I i i i
2017/01/30 08:05 |HFNC ! {29 I 0L/ I i /5 {
2017/01/29 1010 |HFENC ! {28 I 0L/ I i /5 {
2017/01/28 16:00 |HFNC ! 21 : 0L/ I i /5 {
2017/01/28 08:55 |CPAP 276 {25 I ! 76 11/ /2.0 {
.
2O17/01/27 0815 |PSY f385 15 f f 7.0 200 715.0 14.0¢
2017/01/26 0915 |—=PSV 322 123 f f 84 200 %/5.0 14.0¢
2017/01/26 08:45 |VCV 400/408 12.0113 1.0011.0:4 . |AutoFlow/ /5.8 23/ 9/5.0 /
2017/01/26 00:05 |VCV 420/659 —16.018 |1.00/1.0:2_. |AutoFlow/ /8.5 35/ 13/5.0 /
2017/01/25 16:25  |VCV 420/478 18.0/19 1.001.0:2_. |AutoFlow/ /9.0 26/ 11/5.0 /
2017/01/25 15:03  |VCV 420/368 18.0/28 1.0011.0:2_. |AutoFlow/ /135 38/ 18/5.0 /
2017/01/25 09:30  |VCV 420/518 12.0/20 1.00/1.0:4_. |AutoFlow/ (/9.4 26/ 11/5.0 /
0 0 e 0
0 0
PaCO 4() 0 4
=%-10 94 0 0[0
O d 0
B 9 0 [/
» = 0 ' 0






PALLIATIVE CARE




Noninvasive Ventilation in Patients With

Do-Not-Intubate and Comfort-Measures-Only
Orders: A Systematic Review and Meta-Analysis*

A 2,020 patients with acute respiratory failure & DNI orders
A survival rate>6%(95% Cl, 4%54%)
Survival rate: (95% CI, 245%)
i\
COPD:68%
Pulmonary edema: 68%
Pneumonia:41%
Malignancy.:37%
A Survival was comparable in hospital ward versus an ICU.

A Quality of life of survivors was not reduced compared with
baseline

Wilson MEet al. Crit Care Med.2018 Aug;46(8):12091216



https://www-ncbi-nlm-nih-gov.autorpa.mmh.org.tw/pubmed/?term=Wilson ME[Author]&cauthor=true&cauthor_uid=29498939
https://www-ncbi-nlm-nih-gov.autorpa.mmh.org.tw/pubmed/29498939

Recommendation

AWe suggest offering NIV to
dyspneicpatients for palliation
In the setting of terminal
cancer or other terminal
conditions.

A




AShould NIV be used to facilitate
weaning patients from invasive
mechanical ventilation?




PH>7.35 PH:7.257.35

£ Strong Z Strong
recommend recommend

Weaning Prevention Failure treat

 Condition
recommend

 Condition

recommend

"ERS/ATS gwaehne 2007



Recommendations

A We suggest NIV be used to facilitate
weaning from mechanical ventilation
In patients with hypercapnic
respiratory failure.

A We do not make any recommendation
for hypoxaemicpatients.




95 y/o male , COPD , CHF with pul .
Edema , smoking 1 PPD for 60







A Consult CV for CAG , Cardiologist
hesitated

A Extubationat FiO2:0.4
APressure support 12 cmH20
APEEP 8 cmH20




AShould NIV be used in ARF
following extubation from
Invasive mechanical

ventilation?







