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CME: RESPIRATORY MEDICINE

Acute non-invasive ventilation - getting it right on the

acute medical take

Authors: Dipansu Ghosh” and Mark W Elliott®

Non-invasive ventilation (NIV) given to the right patient,

in the right setting, in the right way and at the right time
improves outcomes. However, national audits reveal poor
practice in patient selection, clinical judgement, treatment
initiation and availability of trained staff. NIV is indicated

for persistent acute hypercapnic respiratory failure (AHRF)
with acidosis after usual medical management in chronic
obstructive pulmonary disease (COPD) exacerbation and even
without acidosis in neuromuscular disorders or other restric-
tive conditions eg obesity hypoventilation or kyphoscoliosis.
Having trained staff in a suitable environment with adequate
equipment are keys to its success, along with close monitor-
ing. A plan should be put in place at the time of initiating NIV
about the ceiling of care, eg escalation to intubation or pallia-
tion, if the patient is not improving with NIV. Early NIV failure
is most likely due to technical issues, such as inadequate
pressures or mask leak, while late failure is usually the conse-
quence of advanced disease. Any presentation with AHRF is a
poor prognostic indicator and outpatient respiratory follow-up
is indicated following discharge. For selected patients with
COPD who remain hypercapnic 2 weeks after an exacerbation,
domiciliary NIV can reduce admissions and improve survival.
For patients with neuromuscular disorders or kyphoscoliosis a
presentation with AHRF almost always indicates the need for
domiciliary NIV.

Introduction

Non-invasive ventilation (NIV) applied to the right patient, in
the right setting, in the right way and at the right time improves
outcomes. British Thoracic Society (BTS) quality standards dictate
that all patients who meet the criteria should receive acute NIV
and all hospitals should have adequate capacity to provide an
effective service." National audits®® and a National Confidential
Enquiry into Patient Outcome and Death (NCEPOD)* on the
application of acute NIV raise several concerns.

These include poor patient selection, delay in initiating
treatment (due to organisational issues and a failure by the
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treating clinician to recognise that NIV indicated), ineffective
treatment delivery, availability of competent staff and monitoring
of progress.

Key points

Right patient

Acute non-invasive ventilation in acute hypercapnic respiratory
failure can reduce intubation rate and improve survival in
chronic obstructive pulmonary disease exacerbation, respiratory
decompensation due to neuromuscular conditions and
restrictive ventilatory conditions eg obesity hypoventilation
syndrome, kyphoscoliosis.

Non-invasive ventilation is only indicated for treatment of
hypoxaemic respiratory failure in an intensive care unit setting
where advanced monitoring and emergency intubation and
ventilation is available.

Acute hypercapnic respiratory failure may be the first
presentation of undiagnosed neuromuscular conditions
(eg motor neurone disease) or other restrictive conditions
(eg obesity hypoventilation syndrome, kyphoscoliosis).

The possibility of acute hypercapnic respiratory failure should
be considered in any hospitalised patient with neuromuscular
disorder, chest wall deformity or obesity.

Any patient with acute hypercapnic respiratory failure should be
referred to a specialist for advice about ongoing management.

Right environment

Non-invasive ventilation should be started in an area where staff
have had adequate training and equipment.

Right way

Starting inspiratory positive airways pressure should be set at
15 cm H,0 with rapid titration upwards depending on clinical
response including respiratory rate, SpO, (targeted to a value
between 88 and 92 % ), PaCO, and PaO,.

KEYWORDS: N1V, respiratory failure, COPD, neuromuscular,

IPAP m
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In this article we focus on conditions that are commonly
encountered on an acute medical take for which NIV is indicated.

Right patient

All patients at risk of hypercapnic respiratory failure should receive
oxygen targeted to an oxygen saturation of 88-92% (Table 1).°

Obstructive airways diseases

NIV is indicated for persistent acute hypercapnic respiratory failure
(AHRF; pH <7.35 and PaCO, >6 kPa) due to an acute exacerbation
of chronic obstructive pulmonary disease (AECOPD) following
immediate medical therapy. It is strongly recommended with

a high certainty of the evidence.% There is no role for NIV in
gmﬁhmg,w but given the possibility of overlap between
asthma and COPD, NIV may be considered in a sub group of
patients diagnosed with asthma but behaving more like patients
with COPD (ie with a degree of irreversible airflow obstruction).®
Physiologically severe bronchiectasis is usually characterised by
airflow obstruction and the same recommendations for NIV in
AECOPD should be used.® This should be combined with regular
specialist respiratory physiotherapy; physiotherapy treatments
may be best delivered after a period of NIV or with breaks for NIV
if the patient is very breathless.

Obesity hypoventilation syndrome

The decision to start acute NIV should be based on the same
criteria as for AECOPD, with the exception that NIV can be

CME: Respiratory Medicine

considered for some hypercapnic patients even in the absence of
acidosis.®

Neuromuscular disorders and chest wall deformity

Respiratory muscle weakness is invariable in some neuromuscular
disorders (NMDs), eg motor neurone disease, but may occur
in any patient with a generalised neuromuscular disease. Even
though it may occur rarely in a particular condition (Shahrizaila
et al provide a review of respiratory muscle involvement in
NMDs)® the possibility of respiratory failure should be considered
in any patient with an NMD admitted to hospital with an acute
illness. Symptoms can be very non-specific and breathlessness
and respiratory distress may be mild or absent. There should be
a very low threshold for arterial blood gas analysis. The same
is true for a patient with severe chest wall deformity (CWD),
most commonly due to early onset scoliosis. Conversely, an
undiagnosed NMD should be considered in any patient with
unexplained AHRF.?

For patients with NMD and normal lungs, hypercapnia
only occurs with severe muscle weakness; domiciliary NIV
is almost always indicated and NIV should be started
acutely if the carbon dioxide is raised. It is not necessary for
the patient to be acidotic. NIV should be considered even
if the patient is normocapnic, there is a significant reduction
in vital capacity and the patient is tachypnoeic. In this
situation the patient cannot maintain adequate ventilation
indefinitely and the respiratory muscles may fatigue, leading to
AHRF.

Table 1. Indications for non-invasive ventilation by aetiology of respiratory failure, level and strength of

evidence and implications for domiciliary non-invasive ventilation

Level and strength of

Strong recommendation
with high certainty’

Strong recommendation
with moderate certainty’

Condition Acute indication
evidence
AECOPD pH <7.35 and PaCO, >6 kPa
Grade A®
CPO Acute respiratory failure (PaO,
<8 kPa and/or PaCO, >6 kPa
OHS pH <7.35 and PaC0O, >6 kPa  Grade B®
In some cases PaCO, >6 kPa
without acidosis
NMD and CWD PaCO, >6 kPa Grade D®
Normal PaCO, with reduced
vital capacity and tachypnoea
Asthma Not indicated except in small

Bronchiectasis

Pneumonia

Pneumonia complicating
AECOPD

subset behaving like COPD
pH <7.35 and PaCO, >6 kPa

NIV not indicated (except in
ICU)

See COPD

Grades C and D°

Grade B®

Given uncertainty
of evidence, no
recommendation made’

Implications for domiciliary NIV

Consider domiciliary NIV if PaCO, >7 kPa
at least 2 weeks after first episode of AHRF
requiring NIV

Domiciliary NIV not indicated

Domiciliary NIV may be indicated. CPAP should
be usual first choice of positive pressure support
unless PaCO, >8 kPa. Chronic respiratory failure
may resolve with treatment of fluid overload

Domiciliary NIV almost always indicated
following an episode of hypercapnic respiratory
failure

Usually not indicated but see COPD

See COPD

AECOPD = acute exacerbation of chronic obstructive pulmonary disease; AHRF = acute hypercapnic respiratory failure; CPAP = continuous positive airways pressure;
CPO = cardiogenic pulmonary oedema; CWD = chest wall deformity; ICU = intensive care unit; NIV = non-invasive ventilation; NMD = neuromuscular disease; OHS =
obesity hypoventilation syndrome.
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Acute cardiogenic pulmonary oedema

Patients must receive standard medical therapy, including
diuretics and nitrates. Meta-analyses'® have shown a reduction
in intubation rates and improved survival with NIV (continuous
positive airway pressure (CPAP) or bi-level ventilation), which is
recommended when patients present with respiratory distress
and respiratory failure.” There is no difference between CPAP and
bi-level ventilation and CPAP is probably the ventilatory modality
of choice, because of greater ease of application. It is important
to note that in the Three Interventions in Cardiogenic Pulmonary
Oedema trial'’ there was quicker resolution of the blood gas
abnormality and reduction in severe dyspnoea with NIV, but
probably at the cost of more discomfort.

Pneumonia and other conditions causing hypoxaemic
respiratory failure

The role of NIV is limited in patients presenting with hypoxaemic
respiratory failure, eg pneumonia. However, if a patient with
underlying COPD or NMD etc presents with AHRF and coincident
pneumonia, a trial of NIV is reasonable.' It is important to make
the distinction between pneumonia causing acute respiratory
failure and pneumonia complicating a condition known to cause
AHRF in its own right (eg COPD or NMD etc).

For example there is a big difference between a COPD patient
with severe airways obstruction and a small patch of pneumonia
(responds well to NIV)'? and a patient with mild/moderate COPD
and multi-lobar pneumonia (less likely to respond to NIV and, if
they need ventilatory support, they should usually be on intensive
care unit (ICU)).

Contraindications

NIV has few absolute contraindications but these include facial
burns and severe facial deformity where physically a mask

cannot be applied. Low Glasgow Coma Score (GCS) isnota
contraindication, indeed results comparable to those obtained in
patients without coma have been reported in patients with a GCS
<8.1 The patient must be monitored closely in case of vomiting;
the mask must then be removed immediately to reduce the risk
of aspiration. If the patient is agitated it must first be ensured
that the agitation is not due to inappropriately applied NIV or

a poorly fitting mask etc and then low dose sedation can be
considered though only in an environment where close monitoring
is possible.'

Right environment

Acute NIV for AHRF should be delivered in a clinical area

where staff are trained to manage NIV machines, settings and
interfaces.” This could be the emergency department (ED), high
dependency unit (HDU), ICU or on a ward. A study from Australia
showed no difference in outcomes when NIV was delivered on
ICU. HDU or a ward.”” However, more patients received NIV, which
was also more cost effective, in the ward model. Key factors in
delivering NIV successfully were daily specialist respiratory input
and staff education, training and support. The nurse to patient
staffing ratios on the ward were better than would usually be seen
in many other health care systems, including the UK (one nurse

to four patients during the day and one to eight at night). This

© Royal College of Physicians 2019. All rights reserved.

study however confirms the importance of the skills of the staff

delivering NIV over the location in which it is delivered. The BTS
quality standards for acute NIV state that NIV must be delivered

in a designated area and that all staff who prescribe, initiate or
make changes to acute NIV treatment have evidence of training
appropriate to their role and been assessed as competent.”
Departments should have a governance mechanism to ensure
that this is done when staff start working in the department

and that this is maintained. There must be adequate equipment
available to meet demand and there should be a choice of

masks. The best location will vary from hospital to hospital and

will depend upon the skills and experience of the local team, the
ability to monitor the patient and the level of staffing." Factors
that need to be taken into account include the severity of the
respiratory failure and the early response to NIV. For example a
patient with very severe acidosis due to an AECOPD, who responds
rapidly to NIV does not need to be managed in a critical care
environment, whereas a patient with less severe acidosis, who does
not respond to NIV initially, is at higher risk of failure and should be
treated in a more intensively monitored and staffed environment.
The more severe the physiological disturbance and the less the
likelihood of a successful outcome with NIV the more intensive the
environment, but this does not necessarily need to be an ICU.

The NCEPOD report showed that in 27% of patients there was a
delay in initiating NIV and recommended that the ED is probably
the best place to start NIV." However in most cases the first focus
should be on starting standard medical therapy, including oxygen
delivered to a target saturation of 88 to 92%; 20% of patients
presenting with acidosis to the ED correct their pH within the first
hour with these measures alone.'®

NIV for hypoxaemic respiratory failure should only be
applied in an environment where the patient can be intubated
rapidly should this be necessary. While hypercapnia develops
aradually, hypoxaemia can develop rapidly. Oxygenation can be
maintained when the NIV mask is in place but if it is displaced,
sudden oxygen desaturation can occur. NIV in this situation can
give rise to a false sense of stability; it should not be delivered

outside of the ICU

Right way

Acute NIV should usually be delivered using a bi-level ventilator
through a full face mask starting at inspiratory positive airways
pressure (IPAP) of 15 cm H-0. The expiratory positive airways
pressure (EPAP) should be started at 3 or 4 cm H,0 depending
on the ventilator specifications followed by up titration every
10-30 minutes, depending on response. The aim should be
to maintain oxygen saturation between 88 to 92%, ideally by
increasing ventilation rather than increasing the FiO, and to
see an improvement in pH, PaCO, and respiratory rate.””'® The
patient should be observed closely for signs of patient ventilator
asynchrony, excessive use of accessory muscles and mask leakage
and discomfort.®

Higher levels of IPAP (20 to 30 cm H,0) may be needed in
patients with AECOPD, OHS and CWD, but lower pressures may be
sufficient in NMDs with no lung parenchymal abnormality. Higher
levels of EPAP may be necessary in patients with upper airways
obstruction during sleep or OHS (Fig 1). In obstructive conditions,
enough time must be allowed for expiration.

Oxygen can be delivered into the mask or the ventilator circuit, in
which case it should be positioned as close to the mask as possible.
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Fig 1. Summary for providing acute
non-invasive ventilation. ABG = arte-
rial blood gas; AHRF = acute hyper-
capnic respiratory failure; BMI = body
mass index; COPD = chronic obstructive
pulmonary disease; CWD = chest wall
deformity; DMD = Duchenne muscular
dystrophy; EPAP = expiratory positive
airways pressure; GCS = Glasgow coma
score; ICU = intensive care unit; IMV =
invasive mechanical ventilation; IPAP =
inspiratory positive airways pressure;

1V =intravenous; KS = kyphoscoliosis;
NIV = non-invasive ventilation; NM =
neuromuscular; OHS = obesity hypoven-
tilation syndrome; OSA = obstructive
sleep apnoea; PEEP = positive end expi-
ratory pressure; PS = pressure support;
RR =respiratory rate; VC = vital capacity.
Adapted with permission from Davidson
AC, Banham S, Elliott M et al. BTS/ICS
guideline for the ventilatory manage-
ment of acute hypercapnic respiratory
failure in adults. Thorax 2016;71 (Suppl
2)ii1-35°

Indications Contraindications
for NIV for NIV NIV setup
COPD Mask
pH <7.35 Full face mask (or own if home user of NIV)
p<r:(oR2>>253.5 - Initial pressure settings
EPAP: 3 (or higher if OSA known/expected)
If persisting after

bronchodilators and
controlled oxygen therapy

Obesity

pH <7.35, pCO, >6.5 and
RR >23 or

daytime pCO, >6.0 and
somnolent

NIV not indicated
Asthma/pneumonia

Refer to ICU for consideration IMV if
increasing respiratory rate/distress
or pH <7.35 and pCO, >6.5

IPAP in COPD/OHS/KS 15 (20 if pH <7.25)
Up titrate IPAP over 10-30 minutes to IPAP 20-30 to
achieve ion of chest, i
movement and slow RR
IPAP should not exceed 30 or EPAP 8*
without expert review

IPAP in NM 10 (or 5 above the usual setting)

Backup rate
Backup rate of 16-20. Set appropriate inspiratory time
I:E ratio
COPD1:2t01.3
OHS, NM and CWD 1:1

Inspiratory time
0.8-1.2 seconds COPD
1.2-1.5 seconds OHS, NM and CWD

Use NIV for as much time as possible in first 24 hours
Taper depending on tolerance and ABGs over next
48-72 hours

SEEK AND TREAT REVERSIBLE CAUSES
OF AHRF

NIV monitoring

Oxygenation
Aim 88-92% in all patients

Note: home style ventilators cannot

=~ provide >50% oxygen

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

Red flags
pH <7.25 on optimal NIV
RR persisting >25
New onset confusion or
patient distress
Actions
Check synchronisation, mask fit,

exhalation port: give physiotherapy/
bronchodilators, consider anxiolytic

CONSIDER IMV

Some ventilators are equipped with an integral blender, which

both ensures accurate delivery of O, and allows delivery of a higher

FiO, when necessary. With an increasing level of IPAP the oxygen

flow rate may need to be increased, but it should be noted that

higher flow rates may interfere with ventilator triggering, leading to

patient ventilator asynchrony,”® There is emerging evidence about
non-inferiority of high flow nasal oxygen over NIV in hypoxaemic

respiratory failure but its role in AHRF is still mzo 2l
One study showed that NIV could be discontinued in AECOPD

once physiological stability was obtained but this needs to be
confirmed in other studies.?” Expert consensus recommends that
NIV should be used as much as possible in the first 24 hours, with
gradual reduction of support over the next 2 d(:lys.6 It can be
stopped sooner if the patient is clinically improved, the acidosis
resolved and PCO, normalised.

What to do when N1V fails

Most of the evidence is from AECOPD. A number of studies have
shown that intubation after a failed trial of NIV carries a worse
prognosis than intubation from the outset.?>=?” As NIV is indicated
for most patients with an AECOPD, intubation will usually be
considered after a failed trial of NIV. The reason why NIV has
failed is important.™ Failure to improve at an early stage is usually
due to technical factors eg mask intolerance, inadequate pressure
support, excessive mask leak, patient ventilator asynchrony or
agitation (Table 2). These are all potentially correctable but, if not,
more effective ventilation may be delivered through a different
interface, eg an endotracheal tube.

However if despite optimally applied NIV blood gases fail to
improve the most likely explanation, in the absence of a potentially
reversible cause, is that the underlying chronic lung disease is very
severe and that any form of ventilation, even via an endotracheal
tube, is unlikely to be successful.?®

240

A decision about what should happen if NIV fails should be
made when NIV is started. A decision to proceed to invasive
mechanical ventilation (IMV) may be made, but this should be
reviewed at regular intervals. An initial decision for full escalation

Table 2. Technical issues: a guide for when non-

invasive ventilation is failing

Problem

Ventilator cycling
independently of
patient effort

Ventilator not
triggering despite
visible patient
effort

Inadequate chest
expansion despite
apparent triggering
Chest/abdominal
paradox

Premature

expiratory effort by
patient

Cause(s)
Inspiratory trigger
sensitivity is too
high

Excessive mask
leak

Excessive mask
leak

Inspiratory trigger
sensitivity too low

Inadequate tidal
volume

Upper airway
obstruction

Excessive Ti or
IPAP

Solution (s)

Adjust trigger

Reduce mask leak

Reduce mask leak
Adjust trigger

For NM patients
consider switch to PCV

Increase IPAP. In NM
or chest wall disease
consider longer Ti

Avoid neck flexion
Increase EPAP
Adjust as necessary

EPAP = expiratory positive airway pressure; IPAP =

inspiratory positive

airway pressure; NIV = non-invasive ventilation; NM = neuromuscular; PCV =

pressure-controlled ventilation; Ti =

duration of inspiration. Reproduced with

permission from Davidson AC, Banham S, Elliott M et al. BTS/ICS guideline for
the ventilatory management of acute hypercapnic respiratory failure in adults.
Thorax 2016;71 (Suppl 2):ii1-35°

© Royal College of Physicians 2019. All rights reserved.
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CME: Respiratory Medicine

Box 1. Questions to determine whether escalation

to invasive mechanical ventilation is appropriate if
non-invasive ventilation is failing

> Has non-invasive ventilation been delivered optimally (in
terms of quality of mask fit, patient—ventilator synchrony, and
appropriate escalation of pressures)?

o If not, adjust or change interface and make appropriate
changes to ventilator settings

> How long has the patient been in hospital?

o The longer the patient has been in hospital, the less likely a
favourable outcome with non-invasive ventilation

> Are any factors still potentially reversible?
o If not, there is a risk of prolonging the dying process
> What was the patient's functional status before admission?

o A poor functional status is associated with a worse outcome

The more yes answers, the less likely a successful outcome will be reached even
with invasive mechanical ventilation. Reproduced with permission from Bourke

SC_Pirgino T Pisani LB Eliott MW, B f _

invasive ventilation in iratory failure: implications for practice. L

may no longer be appropriate a few days later if the patient
deteriorates or fails to improve despite optimally applied NIV.
AHRF developing, or worsening, after admission also carries a
worse prognosis.’

Clinicians tend to underestimate the likelihood of a successful
outcome from IMV particularly in those with apparently the worst
prognosis.>? Prognostic tools such as the DECAF score® aid, but
cannot replace, clinical decision making; decisions must always
be made on an individual basis. It is important for patients and
relatives to understand that successful ventilation will at best only
get the patient back to their premorbid level of function.

Factors which suggest that IMV may not be appropriate are
summarised in Box 1, the more yes answers the less the likelihood
of a successful outcome even with IMV.

Complications

Complications are rare with acute NIV. Care should be taken

not to over-tighten the mask; this can lead to nasal bridge
ulceration. Aerophagia and gastric distension may occur with
higher inspiratory pressures; a nasogastric tube may relieve the
discomfort. Very rarely acute pneumothorax can develop. Sudden
deterioration with desaturation or chest pain should trigger

an urgent chest X-ray; if possible NIV should be discontinued
temporarily until a pneumothorax has been excluded.

Prognosis and follow-up

Presentation with AHRF is a poor prognostic marker irrespective

of the underlying diagnosis. Recent studies in COPD suggest that
domiciliary NIV might reduce readmissions and improve outcomes
if the patient remains hypercapnic at 2 weeks post exacerbation.”'
In NMDs or CWD, long term domiciliary ventilation is almost always
indicated following an episode of AHRF. Most patients with OHS
can be managed with domiciliary CPAP. In one study, patients with
OHS, even with significant hypercapnia (=8 kPa) presenting acutely

© Royal College of Physicians 2019. All rights reserved.

showed similar PaCO, at 3 months with NIV and CPAP3? In some
patients, resolution of hypercapnia may occur after the acute event
and there may be no need for respiratory support. A proportion will
have obstructive sleep apnoea requiring treatment independently
of the PaCO,. In all cases, patients who have received NIV acutely
should be assessed within 2 to 6 weeks by a specialist. m
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Medical Care

Are you involved in planning respiratory medicine services?

Medical Care is the online evolution of the
well-known RCP publication Consultant
physicians working with patients. Written
by leading medical specialty experts, it is a
comprehensive web-based resource for the
efficient and effective design of medical

services covering all the specialties, including

respiratory medicine.

www.rcpmedicalcare.org.uk

The resource looks in detail at the services delivered by
respiratory medicine, including:

> inpatient services

> general outpatient services

> specialist clinics, including asthma and lung cancer

> procedural services

> ventilation services.

Medical Care has been designed to help those involved in
the planning and provision of medical services to get a
clearer picture of the specialty services that need to be in
place to provide great patient care.

© Royal College of Physicians 2019. All rights reserved.


Default User
Highlight

Default User
Highlight

Default User
Highlight


		2019-05-04T12:11:59+0530
	Certified PDF 2 Signature




