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Overview

- Noninvasive ventilation (NIV) refers to the administration of ventilatory
support without using an invasive artificial airway (endotracheal tube or
tracheostomy tube).

- In the the past two decades, and noninvasive ventilation has become an
integral tool in the management of both acute and chronic respiratory failure.

- Noninvasive ventilation has been used as a replacement for invasive
ventilation, and its flexibility also allows it to be a valuable complement in
patient management.




Historical background

- Negative-pressure tank-type ventilator, was a prototype developed by Dalziel
in 1832.

- This led to the Drinker-Shaw iron lung in 1928, which was the first widely used
negative-pressure ventilator.

- The Emerson tank ventilator was especially crucial in the treatment
of poliomyelitis victims.




Source: Tobin Ml: Principles and Practice of Mechanical vVentilation,
3rd Edition: www.accessanesthesiclogy.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.







General Considerations

- The key to the successful application of noninvasive ventilation is in
recognizing its capabilities and limitations.

- ldentification of the appropriate patient for the application of noninvasive
ventilation (NIV).

- Patient selection is crucial for the successful application of noninvasive
ventilation.

- This requires evaluation on several levels and time.

- The following variables and factors help identify patients who may be
candidates for noninvasive positive-pressure ventilation.




Absolute contraindications

Coma

Cardiac arrest

Respiratory arrest

Any condition requiring immediate intubation

Other contraindications (rare exceptions) are as follows:
Cardiac instability - Shock and need for pressure support,
ventricular dysrhythmias,

complicated acute myocardial infarction

Gl bleeding - Intractable emesis and/or uncontrollable bleeding

Inability to protect airway - Impaired cough or swallowing, poor clearance of secretions, depressed
sensorium and lethargy

Status epilepticus

Potential for upper airway obstruction - Extensive head and neck tumors, any other tumor with extrinsic
airway compression, angioedema or anaphylaxis causing airway compromise



Indication

-Chronic obstructive pulmonary COPD

-Cardiogenic pulmonary edema




- After discontinuation of mechanical ventilation (COPD)

« Community-acquired pneumonia (and COPD)

« Asthma
- Immunocompromised state (known cause of infiltrates)
- Postoperative respiratory distress and respiratory failure

- Neuromuscular respiratory failure (better in chronic than acute; avoid if upper airway
issues)

- Decompensated obstructive sleep apnea/cor pulmonale
- Cystic fibrosis

- Mild Pneumocystic carinii pneumonia

- Rib fractures, lung contunsion

- Use with caution in the following clinical conditions:
- Idiopathic pulmonary fibrosis (exacerbation)

- Acute respiratory distress syndrome (consider helmet ventilation



http://emedicine.medscape.com/article/304068-overview
http://emedicine.medscape.com/article/234240-overview
http://emedicine.medscape.com/article/296301-overview

Application of Noninvasive Ventilation

- Location of application:

- It can be used in the ICU, especially if there is the possibility of intubation.

- It can be used in an Intermedium ward (lower severity of illness)

Emergency department - Local considerations, expertise with ICU training doctors and nurses

Patient ventilator




atient interraces

Nasal masks

orofacial masks were the earliest interfaces
mouthpieces

nasal pillows

helmets

Nasal masks and orofacial masks are still the most commonly used interfaces.

Orofacial masks are used almost twice as frequently as nasal masks.

Both have advantages and disadvantages in the application of noninvasive ventilation.




Orofacial mask general :

Best suited for less cooperative patients

Patients with a higher severity of illness

Patients with mouth-breathing

In edentulous patients
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REsSMED REsSMED

Disposable Masks

Quick to fit. Effective to use.

PRODUCT CODE

ResMed Hospital Full Face Mask (vented)

Small 60700
Medium 60701
Large 60702
Head {10 per pack) 60710

ResMed Hospital Nasal Mask (vented)
Medium

Large

| {10 per pack)

ResMeq, a teading global supplier of masks, has developed 3 line of custom-designed preducts for hospital use

Quick to fit and easy to use, ResMed s disposable masks and circuits provide cost-effective, ti 1 for the clinical environment.
AesMad Corp Poway. CA, USA +1 858 746 2400 OR 1 8O0 424 0737 {08 #ecd, 1 Blizsbeth MacArttur Drave Balls Vista NSW 2153 Australa +57 (21 28684 1000 or 1 800 858 189 {1o¥ fre2). Dffices in Austra, Finland, Ideally suited for CPAP bilevel pressure treatment and non-invasive ventilation therapy. Singlh 5 use only. 7 days.
france, Genmany, Hong Koog, Jagan. Malaysia, Netheriands, New Zeatand. Singapore, Spain, Sweden, Switzeriand, United Kagsom [see website Tor detaiis] Hospital Full Faoe Mask protected by gatems: AL 784583,
AU T7S051. CA 2251790, EP DESB063. US 6112745, US 6357441, US B374826. US 6513526, US 6581602 US 6534358 US 6701927 Other patants and desqn tegisestinns panding. Hospal Nass! Mask patans and
dasign registrations pending. Mirage is a trademark of Resded Lid © 2005 ResMed Lid. Specifications may change withows cotica. 101061072 06 €6

www.resmed.com
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Modes of ventilation
Choosing the initial mode of ventilation is based in part on:
past experience
the capability of ventilators available to provide support.
the condition being treated.

Most patients who are provided noninvasive ventilation with continuous
positive airway pressure (CPAP),may be especially useful in patients with
congestive heart failure or obstructive sleep apnea.

Bilevel positive airway pressure (BiPAP) is probably the most common mode
noninvasive positive pressure ventilation and requires provisions for

inspiratory positive airway pressure (IPAP) and expiratory positive airway
pressure (EPAP



Predictors of success, with a response to a trial of NIV (12-2 h), are as follows:
- Decrease in PaCO , greater than 8 mm Hg
- Improvement in pH greater than 0.06

» Correction of respiratory acidosis

Predictors of failure are as follows:

- Severity of illness - Acidosis (pH <7.25)

- hypercapnia (>80 and pH <7.25)

- Acute Physiology and Chronic Health Evaluation Il (APACHE 1) score higher than 20

- Level of consciousness - Neurologic score (>4 = stuporous, arousal only after vigorous
stimulation; inconsistently follows commands), encephalopathy score (>3 = major confusion,
daytime sleepiness or agitation), Glasgow Coma Scale score lower than 8

- Failure of improvement with 12-24 hours of noninvasive ventilation



http://emedicine.medscape.com/article/301574-overview
http://reference.medscape.com/calculator/glasgow-coma-scale
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INTRODUCTION — Noninvasive positive pressure ventilation (NPPV) is now commonly used, especially at night, to assist ventilation in patients with a variety of neuromuscular and chest
wall diseases. Most patients have some difficulty adapting to nocturnal use of NPPV, although occasional patients adapt within days. Facilitating adjustment to NPPV is important as
regular use of NPPV has been shown to lengthen survival in patients with neuromuscular disease [1]. In addition, greater than four hours of use per night has been associated with
increased CO, responsiveness and lower partial pressure of carbon dioxide (PaCO,) levels when compared to less than four hours per night [2].

Approaches to resolving the most common side effects of NPPV and to addressing failure of NPPV to improve gas exchange are reviewed here. The indications for and the initiation of
nocturnal and daytime NPPV are discussed separately. (See "Practical aspects of nocturnal noninvasive ventilation in neuromuscular and chest wall disease" and "Continuous
noninvasive ventilatory support for patients with respiratory muscle dysfunction” and "Types of noninvasive nocturnal ventilatory support in neuromuscular and chest wall disease".)



https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/contributors
https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/contributors
https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/contributors
https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/contributors
https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/contributors
https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/contributor-disclosure
https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/abstract/1
https://www.uptodate.com/contents/troubleshooting-problems-with-noninvasive-positive-pressure-ventilation/abstract/2
https://www.uptodate.com/contents/practical-aspects-of-nocturnal-noninvasive-ventilation-in-neuromuscular-and-chest-wall-disease?source=see_link
https://www.uptodate.com/contents/continuous-noninvasive-ventilatory-support-for-patients-with-respiratory-muscle-dysfunction?source=see_link
https://www.uptodate.com/contents/types-of-noninvasive-nocturnal-ventilatory-support-in-neuromuscular-and-chest-wall-disease?source=see_link

NASAL CONGESTION OR DRYNESS —

Both nasal congestion and dryness occur commonly during noninvasive
positive pressure ventilation (NPPV), sometimes in the same patient..

Dryness may also respond to nasal saline and water based nasal gels. These
thicker gels can be applied in a thin layer along the inside of the nose and can
help with mucosal discomfort. These gels are also helpful to decrease local
irritation, when using the nasal pillow interface.

Nasal congestion may be ameliorated by use of inhaled nasal glucocorticoids
or antihistamine decongestant combinations



- SECRETION CLEARANCE

- Secretion clearance and cough assistance for patients on noninvasive
ventilation, particularly those with neuromuscular disease, is discussed
separately

- AL BRIDGE REDNESS OR ULCERATION

- Nasal bridge redness or ulceration is caused by excessive mask tension on the

- Some patients develop acneiform skin rashes where the mask contacts the

skin. Low potency corticosteroid creams, oral doxycycline,
or clindamycin lotion may be helpful. Washing the face with a mild soap prior
to application of the mask may help as well.



https://www.uptodate.com/contents/doxycycline-drug-information?source=see_link
https://www.uptodate.com/contents/clindamycin-drug-information?source=see_link

- GASTRIC INSUFFLATION

- Pressures used during NPPV rarely exceed 25 cm H,O. However, a reduction in inflation
pressure or addition of oral simethicone may help if intolerable symptoms occur.

- AIR LEAKING THROUGH THE MOUTH

- Leakage of air through the mouth is universal among users of nasal noninvasive positive
pressure ventilation (NPPV).



https://www.uptodate.com/contents/simethicone-drug-information?source=see_link

- FAILURE TO IMPROVE DAYTIME GAS EXCHANGE —

- Most patients have improvements in gas exchange within weeks of initiating noninvasive
positive pressure ventilation (NPPV).

- Rebreathing has been identified as a potential problem when blood gases fail to improve
during use of portable pressure support-type ventilators (such as bilevel positive airway
pressure [BiPAP])




- AIR LEAKING THROUGH THE MOUTH

- Leakage of air through the mouth is universal among users of nasal
noninvasive positive pressure ventilation (NPPV).

- Leak compensation during volume-limited ventilation requires an upward

adjustment in tidal volume. Some ventilators can sort out leaking itself







Esquinas Rodriguez A, Tratado de Ventilacion no invasive

Nasal vs. oronasal (full-face) masks: advantages and
disadvantages

Variables
Comfort

Claustrophobia
Rebreathing
TLowers COZ2

Permits expectoration™

A O

Permits speech-

Permits eatingA

t

Function if nose
obstructed




British Thoracic Society/Intensive Care Society Guideline for the ventilatory
management of acute hypercapnic respiratory failure in adults. 2016

Indications
for NIV

Contraindications

for NIV

NIV SETUP

COPD
pH <7.3S
pCO2 >6.5
RR>23
If persisting after
bronchodilatorsand
controlled oxygen therapy

Neuromuscular

disease
Respiratory illness with
RR > 20 ifusual VC<1L even
if pCO2<6.5
Or
pH< 7.35Sand pCO2>6.5

Obesity
pH <7.35, pCO2>6.5, RR>23
or

Daytime pCO2>6.0and
somnolent

Absolute
Severe facial deformity
Facial burns
Fixed upperairway
obstruction

Relative
pH<7.15S5
(PH<7.25 andadditional
adversefeature)
GCsS <8
Confusion/agitation
Cognitive impairment
{warrantsenhanced
observation)

Indications for

referral to ICU

AHRF with impending
respiratory armrest

NIV failing to augment
chestwallmovement or
reduce pCO2

Inability tomaintainSaoc2 >
85-88% on NIV

Need for IV sedation or
adversefeatures indicating
need for closer monitoring

and/for possibledifficult
intubation asin OHS,
DMD.

Mask

Full face mask {or own if home user of NIV)

Initial Pressure settings
EPAP: 32 (or higher if OSA known/expected)

IPAP in COPD/OHS/KS 15 (20ifpH <7.25)

Up titrate lIPAP over10-20mins to IPAP20—30 to achieve
adequate augmentation of chest/abdo movementand slow RR

IPAP should not exceed 30 or EPAP 8%
without expert review

IPAP in N 10 (or S above usual setting)

Backup rate
Backup Rate of 16-20. Set appropriate inspiratory time

I:E ratio
COPD 1:2t0 1.3
OHS, NM & CWD 1:1

Inspiratory time
©.8-1.2sCOPD
1.2-1.Ss OHS, NM & CWD

Use NIV for as much timeaspossiblein 1*-24hours.
Taper depending ontolerance & ABGsover next48-72 hours

SEEK AND TREAT REVERSIBLE CAUSES OF
AHRF

NIV Monitoring

™

* Possible need for EPAP > 8
Severe OHS [(BMI >35), lung recruitment eg hypoxia in severe
kyphoscolios, oppose intrinsic PEEP insevere airflow
obstruction or to maintain adequate PS when high EPAP
required

Oxygenation
Aim 88-923¢ in all patients

Note: Home style ventilators CANNOT
provide > 505 inspiredoxygen.

Iif high oxygen need or rapid desaturation
on disconnection from NIV consider IMV.

Red flags
pPH <7.25S on optimal NIV
RR persisting > 2S5
New onsetconfusion orpatient distress

Actions
Check synchronisation, mask fit, exhalation
port : give physictherapy/bronchodilators,
consider anxiolytic

CONSIDER IMV




- Bronchoscopy During Non-Invasive Mechanical Ventilation: A Review of
Techniques and Procedures. Dr A. Esquinas. 2102.




Intensicve Care Medicine 2013 Jul;39(7):11271-80. doi: 10.1007/500134-
013-2901-4. Epub 2013 Apr 10.
Noninvasive ventilation in chest trauma: systematic review and meta-
analysis.

Abstract:
RESULTS:

Ten studies (368 patients) met the inclusion criteria and were included for the meta-analysis. Five
studies (219 patients) reported mortality and results were quite homogeneous across studies, with a
summary relative risk for patients treated with NIV compared with standard care (oxygen therapy
and invasive mechanical ventilation) of 0.26 (95 % confidence interval 0.09-0.71, p = 0.003). There was
no ac_iva_ntagl\el in mortality of continuous positive airway pressure over noninvasive pressure support
ventilation. NIV significantly increased arterial oxygenation and was associated with a significant
reduction in intubation rate, in the incidence of overall complications and infections.

CONCLUSIONS:

These results suggest that NIV could be useful in the management of acute respiratory failure due to
chest trauma


https://www.ncbi.nlm.nih.gov/pubmed/23571872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiumello D[Author]&cauthor=true&cauthor_uid=23571872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coppola S[Author]&cauthor=true&cauthor_uid=23571872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Froio S[Author]&cauthor=true&cauthor_uid=23571872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gregoretti C[Author]&cauthor=true&cauthor_uid=23571872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Consonni D[Author]&cauthor=true&cauthor_uid=23571872
https://www.ncbi.nlm.nih.gov/pubmed/23571872

Critical Care Medicine | January 2016New versus Conventional Helmet for Delivering
II;lor_nnvaswe Ventilation: A Physiologic, Crossover Randomized Study in Critically Il
atients.

Carlo Olivieri , Federico Longhini et als.

Results: Compared with SH, NH improved comfort (5.5 [5.0 to 6.0] vs. 8.0 [7.8 to 8.0]),
respectively, P < 0.001),

inspira’_cory_trigger delay (0.31 [0.22 t0 0.43] vs. 0.25 [0.18 tO o./31] s, P =0.007), and
pressurization (PTP,,; i 4..: 0.8 [0.1t0 1.8] vs. 2.7 [7.1 t0 10.0]%; PTP oo-index-.4-8 [2.5 tO
9] vs. 27.3[16.2t0 4.§T%; PTP,,,:13.6 [10.1tO :_II._9.6] VS. 30.4 f24.9 to 35.4] cm
,O/s, P <o0.01 for al comparlsonsfand Time I ., (0.64[0.48t00.72] vs. 0.71[0.61
to0 0.81], P = 0.007).

synch/ neu

Respiratory drive and frequencY, ABGs, and rate of asynchrony were not different
between helmets. Endotracheal tube outperformed both helmets with respect to all
variables, except for respiratory rate, ABGs, and asynchronies.

Conclusions: Compared with a H, a NH improved comfort and patient-ventilator
interaction
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