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Noninvasive respiratory support (BiPAP and high-�ow nasal cannula) have revolutionized critical care medicine over the last decade.  When used
properly, these techniques may facilitate avoidance of intubation, reduced length of stay, and better outcomes.  Unfortunately, we're only
beginning to understand how to use them.

when noninvasive support is less useful
(back to contents) (#top)

general situations where noninvasive support doesn't work well

Inadequate monitoring:
The remainder of this chapter assumes that patients are receiving ICU-level monitoring, with immediate capability to intubate if needed.
 If this isn't the case, then these techniques may be less safe.

Multiorgan failure:
Noninvasive respiratory support is best suited to patients with isolated respiratory failure.
For patients with multi-organ failure, these techniques are less likely to be successful (unless the cause of respiratory failure is very
rapidly reversible).

indications for immediate intubation

Examples of why a patient might need immediate intubation:
Inability to protect airway.
Cardiac arrest, severe multi-organ failure.
Logistic considerations (e.g. patient needs procedures/scans which mandate intubation).

Two scenarios where patients may look absolute terrible, yet do well without intubation:
(1) Acute pulmonary edema (may turn around rapidly with BiPAP and high-dose nitroglycerine infusion).
(2) Bronchospasm (asthma or COPD).

When in doubt, a reasonable approach is often to support the patient on BiPAP while simultaneously preparing for intubation.
If the patient responds well to BiPAP, then BiPAP may be continued.
If the patient requires intubation, then the BiPAP will help pre-oxygenate prior to intubation.

goals & assessment
(back to contents) (#top)

The goal of noninvasive respiratory support is essentially to support the patient long enough for other therapies to work (e.g. antibiotics,
bronchodilators, steroids).  This may take a bit of time.  As long as the patient is comfortable, protecting their airway, and stable/improving, that's
OK.

appropriate goals for a patient receiving noninvasive respiratory support: 

Maintain adequate oxygenation.
Provide adequate ventilatory support so that the patient is comfortable and doesn't develop respiratory muscle fatigue.
Allow for secretion clearance, if that is an issue (e.g. in pneumonia).
The patient should be able to protect their airway from aspiration.
Serial clinical evaluation should show that the patient's condition is stable or improving.

inappropriate goals 

The patient must immediately improve.
The ABG/VBG must immediately improve, or meet some arbitrary target (noting that such targets usually aren't evidence-based).

Some retrospective studies demonstrate that failure of the blood gas to improve correlates with a requirement for intubation.  However,
such studies are generally confounded because clinicians are utilizing these very same blood gas values as an indication for
intubation!  Thus, circular logic creates to a self-ful�lling prophecy.  

The patient must be able to be weaned off noninvasive respiratory support within a few hours.

assessment of patient on noninvasive respiratory support
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Oxygenation should be adequate (e.g. >88%).
If the patient has an reliable pulse oximetry waveform (https://emcrit.org/pulmcrit/pulse-oximetry/) , this is the preferred assessment of
oxygenation.
To be clear: there are generally no advantages (and potentially some disadvantages) to using serial ABGs to assess oxygenation. 
 ABGs should only be used if pulse oximetry is unreliable (e.g. due to a poor waveform or hemoglobinopathy).

Work of breathing should be tolerable, and improved by noninvasive respiratory support.
Respiratory rate trends are extremely useful.
Other examination �ndings may re�ect work of breathing (retractions, tri-podding, ability to speak in sentences, the patient's perception
of their breathing).

Global overall appearance (including mentation)
How does the patient look?
As long as the patient is mentating normally, their PaCO2 isn't profoundly elevated.
When in doubt, frequent re-assessment will often clarify the patient's trajectory.  Discussion with other team members (e.g. nurse and
respiratory therapist) can help enormously.

ABG/VBG?
These are generally not needed.  If the other parameters are reassuring (i.e. oxygenation, work of breathing, appearance, mentation),
then an ABG/VBG is unnecessary.  Alternatively, if the patient is deteriorating clinically, then a normal ABG shouldn't be reassuring.
The main indication for blood gas analysis is if the patient's mental status is abnormal, but it's unclear whether mental status is altered
due to hypercapnia or medication (e.g. patients receiving sedation to tolerate the BiPAP).
Venous blood gas is entirely adequate in nearly all cases (unless the VBG oxygen saturation is incredibly low (https://emcrit.org/pulmcrit/vbg-

abg/) ).

interface
(back to contents) (#top)

https://emcrit.org/pulmcrit/pulse-oximetry/
https://emcrit.org/pulmcrit/vbg-abg/
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oronasal mask (often called “facial mask”)

More commonly used interface in critical care.
It does introduce a risk of aspiration if the patient vomits and is unable to remove the mask.

nasal mask

Use of a nasal mask eliminates aspiration risk.  However, air leak out of the mouth reduces the amount of ventilatory support provided
(10890620 (https://www.ncbi.nlm.nih.gov/pubmed/10890620) , 19050635 (https://www.ncbi.nlm.nih.gov/pubmed/19050635) ).
Overall, nasal masks seem to be less commonly used in critical care (and for the remainder of the discussion, “BiPAP” refers to the use of an
oronasal mask).
Nasal masks could potentially be an option for patients at high aspiration risk, especially if HFNC isn't available.

helmet

This has several unique advantages:
Easier to perceive facial expression & speak with the patient.
Lower aspiration risk (vomitus may collect within the mask, but outside of the patient's airway).
Lower risk of skin ulceration (avoids placing pressure over the bridge of the nose).
Patients can drink liquids through a straw.

Drawbacks:
Noise exposure.
Delayed triggering of the ventilator may reduce the mechanical support of breaths.

One RCT of patients with ARDS found that the helmet interface reduced intubation rates and mortality rates.  Unfortunately, the study was
terminated early, leading to some controversy regarding these results (27179847 (https://www.ncbi.nlm.nih.gov/pubmed/27179847) ).
Currently the helmet interface isn't widely available in the United States.  Once this becomes available, it will be a useful tool to add to our
noninvasive ventilatory support toolbox.

contraindications to BiPAP/CPAP
(back to contents) (#top)

1) obvious contraindications

Inability to tolerate the BiPAP mask (although sedation can sometimes help with this; see below).
Anatomic barriers to mask seal (e.g. facial trauma or burns).
Requirement for immediate intubation (e.g. cardiac arrest).

2) respiratory secretions

BiPAP generally impairs expectoration, by reducing the pressure gradient which forces secretions out of the airway.
BiPAP can be used for COPD patients with a mild amount of secretions (sometimes with intermittent breaks on HFNC, to allow for coughing
and clearing secretions).
BiPAP should be avoided for patients with copious secretions.  In this situation, patients may initially improve on BiPAP, but eventually
develop mucus plugging with subsequent deterioration.

3) aspiration risk (contraindication only for BiPAP via an orofacial mask)

The risk of aspiration is a function of mental status and emesis risk:  
(a) Mental status:  Patients with depressed mental status are at increased risk of aspirating.  However, many patients with somnolence due
to hypercapnia will do �ne on BiPAP.
(b) Emesis risk:

i) Active or recent vomiting is probably the strongest risk factor.
ii) Gastrointestinal pathology may increase risk of emesis (e.g. pancreatitis, bowel obstruction, gastrointestinal hemorrhage).
iii) Gastric distension on imaging studies (including point-of-care ultrasonography) could conceivably be used to gauge risk.

diseases which are highly responsive to BiPAP

https://www.ncbi.nlm.nih.gov/pubmed/10890620
https://www.ncbi.nlm.nih.gov/pubmed/19050635
https://www.ncbi.nlm.nih.gov/pubmed/27179847
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(back to contents) (#top)

strongest evidence:  Heart failure & COPD 

RCTs on patients with heart failure and COPD have shown that BiPAP reduces intubation rates and mortality among sicker patients.
The bene�t is greatest among sicker patients (e.g. COPD patients with pH < 7.30).
It's unclear whether patients with more mild disease would also bene�t from BiPAP (e.g. in a COPD patient with normal pH yet severe
dyspnea).  Currently, this is a clinical determination made at the bedside, based largely on patient appearance.
In heart failure, CPAP is as effective as BiPAP.

Heart failure and COPD are somewhat unique in this chapter, as situations where there is a de�nitive front-line therapy.  Of course, not all
patients will respond favorably to noninvasive ventilation.  Occasional patients with COPD or heart failure may do better with HFNC, but in
general BiPAP should be front line therapy (especially in the sickest patients).

asthma

The physiology of asthma is often similar to COPD, although the two diseases aren't identical (with each disease containing various
phenotypes).

Asthmatics may have acute bronchospasm as a primary problem.
COPD patients often have greater problems with diaphragmatic fatigue.

There is fairly compelling evidence to support the use of noninvasive respiratory failure in asthma.  Overall, there is a growing consensus that
noninvasive ventilation is a front-line therapy here (with persistent controversy regarding which pressures to use).
For more, see the asthma chapter (https://emcrit.org/ibcc/asthma/#BiPAP) .

diaphragm-workload mismatch 

In some situations, the primary problem is a mismatch between the mechanical load on the diaphragm versus the strength of the
diaphragm.  For example:

(1) Obesity hypoventilation syndrome:  Normal diaphragm versus increased work of breathing.
(2) Neuromuscular weakness (e.g. muscular dystrophy):  Weak diaphragm versus a normal work of breathing.

BiPAP provides the greatest amount of mechanical support for the work of breathing.  Therefore, BiPAP might theoretically be a front-line
therapy in these conditions.  However, most of the evidence here pertains to chronic nocturnal BiPAP, rather than using BiPAP for acute
respiratory failure.

sedation to tolerate the mask
(back to contents) (#top)

This may be worthwhile for patients with a highly BiPAP-responsive disease process (section above).  In other situations, it may be wise to
transition to HFNC if there are di�culties tolerating BiPAP.

dexmedetomidine

Often a �rst-line sedative to allow tolerance of BiPAP within the ICU.  Possibly the agent with the greatest amount of evidentiary support
(24577019 (https://www.ncbi.nlm.nih.gov/pubmed/24577019) , 24683260 (https://www.ncbi.nlm.nih.gov/pubmed/24683260) , 22975538
(https://www.ncbi.nlm.nih.gov/pubmed/22975538) ).
Advantages:  titratable agent, doesn't suppress respiratory drive.
Disadvantages:

Gradual onset (a loading bolus is generally avoided, as this may cause marked hemodynamic instability).
May cause bradycardia and hypotension.
Limited availability.

IV droperidol or haloperidol

Advantages:
Hemodynamically stable.
Don't suppress respiratory drive.
Widely available (haloperidol particularly, although the availability of droperidol is improving).

https://emcrit.org/ibcc/asthma/#BiPAP
https://www.ncbi.nlm.nih.gov/pubmed/24577019
https://www.ncbi.nlm.nih.gov/pubmed/24683260
https://www.ncbi.nlm.nih.gov/pubmed/22975538
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Reasonably rapid onset (roughly 5-15 minutes).
Some anti-emetic properties as a bonus.

Disadvantages:
Cannot be immediately down-titrated (if the patient becomes over-sedated, this will last for a while).
May prolong QT and cause Torsades de Pointes (but the risk is extraordinarily low at the doses used for mild sedation).

When provided via an intravenous route, both drugs are fairly similar.  Haloperidol seems to be roughly half as potent as droperidol, but
haloperidol can achieve similar clinical effects when dosed appropriately.

The primary advantage of droperidol over haloperidol seems to be faster onset when given via an intra-muscular route.

IV ketamine dissociation (e.g. >1-1.5 mg/kg bolus)

Advantages:
Achieves immediate behavioral control and sedation.
Hemodynamically stable.
Doesn't suppress respiration.

Disadvantages:
Short-term solution (patients will wake up within ~30-60 minutes).
Some risk of emesis as patients emerge from sedation.

Overall, ketamine is useful for patients who are truly crashing (and thus unable to wait long enough to use another agent).  This isn't a long-
term sedation solution, but rather a bridge to another strategy, for example:

(1) Ketamine dissociation, patient improves on BiPAP –> re-evaluate, consider initiation of dexmedetomidine or droperidol as needed.
(2) Ketamine dissociation, patient fails to respond to BiPAP –> intubation.

Further information:  Delayed sequence intubation (DSI) (https://emcrit.org/dsi/) .

IV fentanyl (or other opioid)

Effects:
(1) It will reduce the respiratory rate – which can be helpful for patients with marked tachypnea (if the tachypnea and increased work of
breathing are themselves detrimental).
(2) It may provide some sedative effects.

Possibly useful in the following situations:
(1) Asthma or COPD with marked tachypnea (may reduce respiratory rate, allowing for more effective exhalation).
(2) Pneumonia with marked tachypnea (reduction in respiratory rate may prevent the patient from tiring out).

Disadvantages
(1) It can cause hypercapnia and hypoventilation.
(2) With opioids on board, a reduction in respiratory rate isn't necessarily indicative of clinical improvement – so this makes it harder to
assess the patient.

Cautions!
It should be used only by practitioners who are skilled in the management of respiratory failure, and also with intensive monitoring.
Some mode of ventilatory monitoring should be employed in patients receiving opioids (e.g. monitoring of tidal volumes and minute
ventilation on the BiPAP machine).

Further information:
Rational for using opioids to brake the respiratory drive here (https://emcrit.org/pulmcrit/respiratory-drive/) .
Use of opioid in asthma:  point (https://emcrit.org/pulmcrit/crashing-asthmatic/) & counterpoint (https://emcrit.org/emcrit/discussion-guest-post-on-

asthma/) .

benzodiazepines

These are widely used, but probably aren't the best agents (unless the patient was previously on benzodiazepines and is known to respond
favorably to them).
Drawbacks to benzodiazepines:

(1) Tendency to cause delirium.
(2) May cause paradoxical agitation (https://emcrit.org/pulmcrit/recognizing-and-managing-paradoxical-reactions-from-benzodiazepines-propofol/) .
(3) Unpredictable dose-response curve.

https://emcrit.org/dsi/
https://emcrit.org/pulmcrit/respiratory-drive/
https://emcrit.org/pulmcrit/crashing-asthmatic/
https://emcrit.org/emcrit/discussion-guest-post-on-asthma/
https://emcrit.org/pulmcrit/recognizing-and-managing-paradoxical-reactions-from-benzodiazepines-propofol/
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One small RCT comparing midazolam versus dexmedetomidine found that midazolam increased the risk of intubation (22975538
(https://www.ncbi.nlm.nih.gov/pubmed/22975538) ).

mode of support
(back to contents) (#top)

continuous positive airway pressure (CPAP)

This very simply provides a continuous level of positive airway pressure (analogous to PEEP on a ventilator).
CPAP is useful in situations where all you need is to increase the airway pressure:

(1) For heart failure, CPAP is as effective as BiPAP.  CPAP will reduce preload and afterload, exerting a physiologic effect which is similar
to an ACE inhibitor.
(2) CPAP might conceivably be useful in patients with compressive atelectasis, where you're trying to increase the mean airway
pressure as much as possible to maximize lung recruitment.

bilevel positive airway pressure (BiPAP or BPAP)

This provides the following:
(1) A baseline level of positive pressure at all times (the expiratory Positive Airway Pressure, or ePAP).
(2) An increase in the pressure when the patient triggers a breath (the inspiratory Positive Airway Pressure, or iPAP).

BiPAP is analogous to pressure support mode on a mechanical ventilator.  The patient determines the respiratory rate, the length of each
breath, and the �ow rate.
This is the most widely used mode of noninvasive support.
Technically, “BPAP” is the most proper term for this mode (since “BiPAP” was originally used as a trade-name by Respironics).  However,
nobody really cares.  This chapter uses the term BiPAP, because BiPAP is the most commonly used term in clinical practice.

modes which include ventilator-triggered breaths

Occasionally, modes may be used which include ventilator-triggered breaths (sometimes referred to as a “backup rate”).
Ventilator-triggered breaths may be volume-cycled or pressure-cycled (as with an invasive ventilator).
The use of ventilator-triggered breaths in acute respiratory failure is somewhat questionable.  If the patient is so sick that they aren't
generating a reliable respiratory rate, they probably ought to be intubated.
Potential indications to use ventilator-triggered breaths:

(a) Very sick patients who are unwilling to be intubated (DNI).
(b) Patients with central sleep apnea, who bene�t from chronic use of nocturnal noninvasive ventilation with ventilator-triggered
breaths.
(c) Ventilator-triggered breaths are excellent for supporting respiration during the apneic period of rapid sequence intubation (more on
this here (https://emcrit.org/pulmcrit/apneic-ventilation-using-pressure-limited-ventilation/) ).

setting BiPAP in various situations
(back to contents) (#top)

limits of inspiratory pressure

Increasing the pressure may increase the risk of gas insu�ation into the gastrointestinal tract, increasing the risk of aspiration.
The exact pressure at which aspiration risk increases is unclear, but this probably occurs around 20 cm (24317204
(https://www.ncbi.nlm.nih.gov/pubmed/24317204) ).  Consequently, it may be wise to avoid inspiratory pressures above ~20 cm.

https://www.ncbi.nlm.nih.gov/pubmed/22975538
https://emcrit.org/pulmcrit/apneic-ventilation-using-pressure-limited-ventilation/
https://www.ncbi.nlm.nih.gov/pubmed/24317204
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setting BiPAP for congestive heart failure

Expiratory pressure (ePAP) is the key here.  A high ePAP will maintain high intrathoracic pressures throughout the respiratory cycle, which will
off-load the heart.
Example:

Start at 10 cm inspiratory pressure / 5 cm expiratory pressure (allowing the patient to get used to the mask).
Increase to 15 cm inspiratory pressure / 10 cm expiratory pressure.
Increase to 18 cm inspiratory pressure / 15 cm expiratory pressure.

CPAP is also perfectly �ne and is equally effective.

setting BiPAP for neuromuscular weakness (e.g. myasthenia gravis)

The key here is the difference between the inhaled pressure and the exhaled pressure.  This is the “driving pressure” which provides
mechanical support for each breath.
Example:

Start at 10 cm inspiratory pressure  / 5 cm expiratory pressure.
Increase to 15 cm inspiratory pressure / 5 cm expiratory pressure.
Increase to 18 cm inspiratory pressure / 5 cm expiratory pressure.

COPD/Asthma

BiPAP achieves two things for these patients:
The ePAP balances out AutoPEEP (positive pressure due to gas trapping in the patient's lungs).  This makes it easier for patients to take
each breath.
The driving pressure (inhaled pressure – exhaled pressure) provides support for each new breath.

Example:
Start at 10 cm inspiratory pressure / 5 cm expiratory pressure.
Increase to 15 cm inspiratory pressure  / 8 cm expiratory pressure.
Increase to 18cm inspiratory pressure / 8 cm expiratory pressure.

The optimal strategy for setting BiPAP is unknown (and in all likelihood, no universally applicable strategy exists).  The best approach is
titration at the bedside, depending on the patient's comfort and tidal volumes.

ventilator type
(back to contents) (#top)
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“black box” ventilator

These are devices which are designed for outpatient therapy of sleep apnea or obesity hypoventilation syndrome.
These are not preferred for treatment of acute respiratory failure, for the following reasons:

(1) They lack any graphical display of the patient's respiratory behavior.
(2) Some may be unable to generate high �ow rates (leaving the ventilator unable to provide enough support for a very dyspneic
patient).

full mechanical ventilator

These are standard mechanical ventilators, designed for use with intubated patients.
These are a major improvement compared to the “black box” ventilator (for example, they can provide graphics and fast �ow rates).
Depending on the device, they may not compensate well for gas leaks around the mask.

ventilator designed for BiPAP

A purpose-designed ventilator speci�cally intended for BiPAP may be the best option in many situations.
These devices are designed speci�cally to optimize both breath triggering and leak compensation.

HFNC
(back to contents) (#top)

(https://i1.wp.com/emcrit.org/wp-content/uploads/2016/10/fog.gif)

background:  low-�ow devices

“Low-�ow” devices include a standard nasal cannula, venturi mask (“venti mask”), or non-rebreather face-mask (“NRB”).  Low-�ow devices
have the following drawbacks:

(1) They can deliver only up to ~60% FiO2 (even a “100% non-rebreather facemask” provides only ~60% FiO2).
(2) They don't provide full heating and humidi�cation (which is potentially uncomfortable).
(3) They can't provide precisely titrated amounts of FiO2.  If the patient is breathing rapidly, the patient will inhale air from around the
mask, thereby reducing the inhaled FiO2.

If HFNC is available, then HFNC is generally superior to venturi masks or non-rebreather face-masks (especially for prolonged respiratory
support).

https://i1.wp.com/emcrit.org/wp-content/uploads/2016/10/fog.gif
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what is HFNC?

HFNC involves generation of warmed, humidi�ed air which is then delivered via nasal cannula at �ow rates up to ~70 liters/minute.
Patients can usually tolerate high �ow rates because the gas is heated and humidi�ed (otherwise this is very uncomfortable).

Fresh gas will typically �ll the patient's oropharynx (thus, the upper airway may function analogously to a non-rebreather reservoir).
HFNC achieves three things:

(1) This will deliver an inspired FiO2 which is fairly close to the set FiO2.   For example, a HFNC set at 100% FiO2 can provide
substantially more oxygen than any low-�ow device (providing nearly 100% FiO2).
(2) The high �ow rate may provide a little positive pressure in the upper airway (similar to PEEP).
(3) Washout of carbon dioxide in the upper pharynx reduces the work of breathing via dead space washout…

what is dead space washout?

Dead space is the volume of gas which is moved in and out of the airway, but doesn't participate in CO2 clearance from the blood.
Dead space is detrimental to the patient because the patient has to expend work to move this gas, but it provides no effective ventilation.
Dead space can generally be divided into alveolar and anatomic components:

Anatomic dead space is the volume of the upper airways (extending from the mouth to the respiratory bronchioles).  This is roughly
equal in ml to the patient's weight in pounds (e.g. an average-sized 170 pound person may have 170 ml anatomic dead space).
Alveolar dead space is gas which gets into the alveoli, but doesn't participate in gas exchange (e.g. due to lung disease such as ARDS).

HFNC jets fresh gas into the nose and upper pharynx, which reduces the anatomic dead space.
Normally the anatomic dead space extends from the respiratory bronchioles to the mouth (the site of fresh gas exchange).
With HFNC, the anatomic dead space extends from the respiratory bronchioles to only the mid-tracheal level (since fresh gas is being
pumped into the upper airway).
By reducing the anatomic dead space, HFNC makes ventilation more e�cient.   This allows the patient to achieve the same amount of
CO2 clearance while moving less gas into their lungs, which reduces the work of breathing.

indications for HFNC
(back to contents) (#top)

general properties of HFNC

1. Generally well tolerated.
2. No signi�cant contraindications (other than obvious ones, such as bilateral nasal packing).  This allows HFNC to be used in situations where

BiPAP may be contraindicated (e.g. patients at high risk of emesis).
3. No real risks (aside from potentially delaying intubation).
4. Can be continued for prolonged periods of time (unlike BiPAP, which eventually causes nasal ulceration).
5. Allows patients to eat.
6. Allows unimpaired ability to communicate (facilitating patient assessment).
7. Provides powerful support of oxygenation (with up to 100% FiO2 and some PEEP).
8. Provides some support of ventilation (due to washout of dead space).

use of HFNC

Can be widely applied, to a variety of disease processes.  For example, there's probably no form of respiratory failure which wouldn't derive
some bene�t from HFNC (when compared to low-�ow oxygen).

Of course, in many cases this amount of bene�t might be small and thus clinically insigni�cant.
HFNC is arguably front-line therapy for patients with parenchymal lung disease (e.g. pneumonia or interstitial lung disease).

The FLORALI trial (https://emcrit.org/pulmcrit/pneumonia-bipap-secretions-and-hfnc-new-lessons-from-�orali/) found superior outcomes with HFNC
compared to BiPAP for patients with acute lung injury (predominantly due to pneumonia)

how to set HFNC
(back to contents) (#top)

�ow rate

https://emcrit.org/pulmcrit/pneumonia-bipap-secretions-and-hfnc-new-lessons-from-florali/
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Main consequences of higher �ow rate:
i) Greater dead space washout – which may translate into a reduction in the work of breathing.
ii) Increased PEEP (but this is a fairly minimal effect).

The usual range of �ow rate is ~20-60 liters/minute.
How to titrate �ow rate:

i) Flow rate is titrated predominantly against the patient's work of breathing (e.g. respiratory rate).
ii) For patients with refractory hypoxemia, increasing the �ow could theoretically increase the oxygenation a wee bit (due to PEEP).

For patients who are in acute respiratory failure and doing poorly, it may be helpful to increase the �ow rate as high as the patient will
tolerate (e.g. 60 liters/minute)

FiO2

May be adjusted between 21%-100%.
This is titrated against oxygen saturation.

There is no need to check an ABG to measure the pO2, if the patient has a functioning pulse oximeter (more on this here
(https://emcrit.org/pulmcrit/pulse-oximetry/) ).

weaning o� HFNC

If the patient can be weaned down to 20 liters/minute �ow at 50% FiO2, then they may be ready to tolerate a nasal cannula at 6 liters/minute.
When in doubt, empiricism is king here:  empirically trial the low-�ow nasal cannula.
Note that a standard nasal cannula at 6 liters/minute can provide ~40-50% FiO2, so patients may be ready to transition to a low-�ow cannula
earlier than may be obvious.

MacGyver's HFNC
(back to contents) (#top)

A standard nasal cannula can be immediately converted into a high-�ow nasal cannula by continuing to increase the �ow rate beyond 15
liters/minute.

The maximal �ow rate varies, but it can be excessive.  So it's potentially unsafe to completely max out the �ow meter.  If you're lucky,
the �owmeter will specify the max �ow rate on it (example above).
If you keep opening the �ow a fair amount past 15 liters/minute, this may achieve a moderate degree of �ow (e.g. perhaps roughly 30-
50 l/m).  The goal is a �ow rate ~40 liters/minute, which will achieve a FiO2 very close to 100%.

Lack of heating and humidi�cation makes this uncomfortable (but the amount of nasal pressure generated is not dangerous).
MacGyver's HFNC can be used in emergencies when patients are desaturating and need more FiO2 immediately.  Common examples:

(a) Awake bronchoscopy with precipitous desaturation.
(b) Preoxygenation prior to crash intubation.

https://emcrit.org/pulmcrit/pulse-oximetry/
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when neither BiPAP nor HFNC are the answer
(back to contents) (#top)

treat emergent pleural disease with drainage

Severe pleural disease can cause frank respiratory failure.  Examples of this include:
(1) Tension pneumothorax.
(2) Massive pleural effusion (which can also cause a tension phenomenon – although this is less common than tension
pneumothorax).

Patients with acute respiratory failure due to pleural disease require emergent pleural drainage.  This is obviously true for pneumothorax, but
often gets overlooked in patients with pleural effusions.

upper airway obstruction can be temporized with Heliox

Heliox is a mixture of helium and oxygen which has reduced viscosity compared to air or oxygen.   This is a nice temporizing measure for
patients with upper airway obstruction (e.g. stridor).  Heliox will often reduce their work of breathing substantially.
Examples of the use of Heliox:

Post-extubation laryngeal edema often will improve over a period of hours with the use of steroid and racemic epinephrine.  Heliox may
be used as a bridge towards recovery, avoiding intubation.
For a patient with undifferentiated stridor, Heliox may be used to buy time while obtaining materials and colleagues needed for
de�nitive management (e.g. nasolaryngoscopy, intubation with a double-setup).

Heliox is available only in �xed ratios (typically containing 60%-70% Helium and 30-40% FiO2).  Therefore, Heliox cannot be used for a patient
with signi�cant hypoxemia who requires >40% FiO2.

avoid BiPAP or HFNC for primary CNS disease

A very common error is to try to treat a patient with drug intoxication (e.g. opioids) with BiPAP.  This isn't appropriate or safe.
If the patient is so intoxicated that respiratory support is needed, then antidotal therapy is indicated (e.g. naloxone).  If this fails, the patient
should be intubated.
Note that patients with mild hypercarbia who are protecting their airway don't necessarily require any respiratory support at all!  The goal is
not for the patient to have a normal PaCO2 (see “goals” above).

overall guide to choosing modality
(back to contents) (#top)
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This is a general cognitive rubric for how to select different devices.  However, the following points should be stressed:

Large randomized trials may not apply perfectly to the unique patient in front of you (e.g. there are considerable inter-individual variations, for
example regarding claustrophobia and secretion volume).
When in doubt, the key is close monitoring while trialing various devices.  It's impossible to predict exactly how any speci�c patient will
respond to a given therapy.
Please note that arterial blood gas values aren't needed to determine which device to use.  The key to device selection is the underlying
diagnosis.

oxymizer
(back to contents) (#top)

basics

Oxymizers might be the best-kept secret of respiratory therapy.
This is essentially a nasal cannula with a built-in oxygen reservoir.  While the patient is exhaling, oxygen �owing from the tank will
accumulate in the oxygen reservoir.  When the patient inhales, they entrain this accumulated bolus of oxygen from the reservoir.  Overall, this
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leads to a more e�cient transfer of oxygen to the patient, thereby achieving a higher effective FiO2.
For any given �ow rate (e.g. 2 liters/minute), the oxymizer will increase the FiO2 which the patient experiences.

Various designs are available as shown above.  They work similarly, with marked differences in fashion:
A mustache-style device is sometimes preferred for inpatients, as this reminds providers that the patient is on an oxymizer.
The oxymizer pendant is more stylish for outpatient wear.

use of an oxymizer?

The primary use is for patients with chronic hypoxemic respiratory failure.
i) An oxymizer may reduce the �ow rate of oxygen needed (so patients don't require as many oxygen canisters for trips).
ii) For severe hypoxemic respiratory failure, an oxymizer may be the only way to achieve an adequate oxygen saturation using a nasal
cannula.

podcast
(back to contents) (#top)

(https://i1.wp.com/emcrit.org/wp-content/uploads/2016/11/apps.40518.14127333176902609.7be7b901-15fe-4c27-863c-7c0dbfc26c5c.5c278f58-912b-4af9-

88f8-a65fff2da477.jpg)

Follow us on iTunes (https://itunes.apple.com/ca/podcast/the-internet-book-of-critical-care-podcast/id1435679111)

questions & discussion
(back to contents) (#top)

To keep this page small and fast, questions & discussion about this post can be found on another page here (https://emcrit.org/pulmcrit/hyperthermia/) .

(https://i0.wp.com/emcrit.org/wp-content/uploads/2016/11/pitfalls2.gif)

The goal of noninvasive respiratory support isn't necessarily to improve the ABG values, it is to reduce the work of breathing and improve
patient comfort (thereby avoiding respiratory exhaustion).   Focus on the patient, not the ABG!
In order to be effective, all of these techniques must be applied early in the course of respiratory failure (before the patient has developed
severe diaphragmatic fatigue).
Don't use BiPAP blindly in any patient with hypercarbia.  The underlying diagnosis is more important than the ABG values in determining how
to treat the patient.

The Internet Book of Critical Care is an online textbook written by Josh Farkas (@PulmCrit), an associate professor of
Pulmonary and Critical Care Medicine at the University of Vermont.
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