The Basics

PEEP - Positive End Expiratory Pressure

Invasive Ventilation

The Next Steps

The ventilator maintains a baseline positive pressure between breathes. Analogous to EPAP in NIV.
Increasing PEEP can improve oxygenation in conditions with recruitable alveoli such as atelectasis
and consolidation.

Mandatory Ventilation

The ventilator delivers breathes at a constant rate set on the ventilator.

Pressure Control Ventilation

The ventilator delivers a breath at a set pressure above the PEEP. The resultant volume generated is
variable and needs to be monitored in case of hyper or hypoventilation.

Volume Control Ventilation

The ventilator delivers a breath of set volume above the PEEP. The pressure required can vary and
needs to be monitored in case it gets too high.

Spontaneous Ventilation

The patient initiates their own breathes with or without support from the ventilator.

CPAP - Constant Positive Airway Pressure

Constant positive pressure allowing unsupported spontaneous ventilation over the top. Can be set on
a ventilator as with NIV. Often used in short sprints to build up respiratory muscle strength during
weaning.

Complications

Ventilator Induced Lung Injury (VILI)

Volutrauma
Over-distention of alveoli causes damage. This happens most commonly in heterogenous diseased lung with
a markedly reduced functional volume (e.g. ARDS). Normal alveoli are more compliant and so receive more
ASB - Assisted Spontaneous Breathing
Sometimes referred to as pressure support, the ventilator senses the patient's respiratory effort and volume than less compliant diseased lung, resulting in damage to the preserved well functioning lung.
provides assistance to the breath by adding a set amount of synchronised positive pressure aiding Barotrauma
It can be difficult to differentiate between the harmful effects of over-distention and pressure damage as
inspiration.
volume and pressure are directly related, however it seems likely that controlling pressure is at least as
SIMV - Synchronised Intermittent Mandatory Ventilation
important as volume in lung protection.
Ventilator mode which delivers mandatory breathes at a set rate. Can be volume controlled breathes
Atelectotrauma
(SIMV-VC) or pressure (SIMV-PC). The ventilator simultaneously senses for patient's respiratory
Repeated alveolar collapse and expansion (RACE) with ventilatory breathes causes damage to the lungs.
effort and provides a set pressure support for spontaneous breathes.
Recruitment strategies to keep collapsed lung open throughout the breath cycle (e.g. increasing the PEEP)
should be used.
Biotrauma
Tissue damage associated with ventilation can cause a cytokine and chemokine inflammatory response
leading to white blood cell activation and resultant pulmonary and systemic inflammatory response. This can
To Improve Oxygenation
be minimised with lung protective ventilation and perhaps neuromuscular blockade (although this is a risk for
• Increase inspired oxygen levels (fiO2)
• Consider if there is recruitable lung. Increasing PEEP and/or recruitment manoeuvres (holding the other complications).
lung open at increased pressure for a short period to open airways and reduce atelectasis/collapse)
may improve oxygenation.
Ventilator Associated Pneumonia (VAP)
Defined as a pneumonia with onset occurring within 48 hours of (or during) mechanical ventilation. It is
To Improve Clearance of Carbon Dioxide
• Increase volume of ventilation (Minute Volume MV) - just as hyperventilation blows off CO2 in the common, occurring in 15-20% of those invasively ventilated for more than 48 hours and difficult to
diagnose, with no good test available. The longer the patient is intubated for at the time of development of
spontaneous breathing patient.
• Minute ventilation = Respiratory Rate x Tidal Volume, so increasing respiratory rate or tidal volume the pneumonia, the more likely the pneumonia is caused by a resistant organism.
will increase CO2 clearance.
• When adjusting respiratory rate, ensure the I:E ratio is checked, as the inspiratory time (Tinsp) is set Cardiovascular
independently and so changes in RR will change the I:E ratio and potentially result in gas trapping.
Positive pressure ventilation increases intrathoracic pressure causing:
• Decreased right ventricular preload due to increased pressure on the central veins and right atrium.
Consider what paCO2 you are aiming for
• Ventilation can cause damage, particularly in uncompliant lungs (e.g. in ARDS). A strategy of • Increased right ventricular afterload due to increased pressure on the pulmonary arteries and increased
permissive hypercapnia is often used. This involves reduced ventilation with the aim of causing less pulmonary vascular resistance as a result of an increased alveolar pressure.
damage to the lungs, but results in an increased paCO2. This does not cause any deleterious effects • Decreased left ventricular preload due to reduced pulmonary venous pressure.
• Decreased left ventricular afterload due to a reduction in left ventricular transmural pressure.
so long as the patient's acidosis does not become uncontrolled (typically pH stays > 7.2).
• If there is a concern about raised intracranial pressure (e.g. neurosurgical and liver patients), then a These effects are exaggerated in an intravascularly deplete patient. The overall effect is most often a
target for the paCO2 of 4.5 - 5kPa is often used, as high paCO2 causes cerebral vasodilation and reduction in cardiac output, although the reduction in left ventricular afterload can be particularly
pronounced and beneficial in the context of pulmonary oedema.
so an increased ICP. This can require frequent minor adjustments in RR and tidal volume.

Troubleshooting the Ventilator

UHW ICU one pager
Invasive ventilation involves the use of positive pressure to push air mix into the lungs and as
such is a fundamentally unphysiological process that can cause damage to the lungs.
• ARDSnet (2000) showed that alongside a PEEP increased based on fiO2 and a maximum
plateau pressure of 30cmH2O, ventilating ARDS patients with 6ml/kg of predicted body weight
was associated with a lower mortality and shorter time on the ventilator when compared with
12ml/kg.
• PReVENT (2018) showed no difference for ICU patients without ARDS in 28 day mortality
or ventilator free days between 6-8ml/kg and 10ml/kg.
Further attempts to understand VILI have suggested that transpulmonary pressure (i.e. the
difference between alveoli pressure and pleural pressure, that is directly responsible for distention
of the lungs) may be the most important causative factor. This is difficult to measure directly, but
for patients on mandatory ventilation, it can be approximated by the driving pressure.

Driving Pressure

• When ventilating using volume control modes, the airway pressure trace consists of three
components, the PEEP, the pressure due to airway resistance and chest wall compliance, and the
pressure due to lung compliance, as shown in the diagram.
• The pressure to overcome airway resistance and chest wall resistance does not act on the
lungs, so is not part of the injurous process.
• As the PEEP is a constant pressure, not causing changes in pressure or volume of the lungs, it
is postulated that it has minimal damaging effect.
• Therefore the important pressure is considered to be the driving pressure - the change in
pressure which directly distends the lung. It is calculated as the plateau pressure minus the
PEEP, with an acceptable figure being less than 15cmH2O.
• The plateau pressure is the pressure during an inspiratory hold, i.e. when there is no gas flow or
chest wall movement, so therefore the resistive pressures are equal to zero.

Mechanical Power

• A newer alternative is to consider the mechanical power of the system.
• The energy per breath is derived from the equations of motion which is found to be the area
under the pressure-volume curve where the total pressure for the system uses the 3 components
of the airway pressure (PEEP, lung elastance, resistive pressure) and there is assumed to a
linear relationship between pressure and volume at the range of volumes considered.
• The power (unusually measured as energy per minute, J/min) is then calculated by multiplying the
energy per breath by the respiratory rate
• A good approximation for the mechanical power is given by the equation below (for volume
control modes, the pressure control equation is more complicated)

• A study comparing mechanical power with outcome showed a good correlation with a mechanical
power of over 20J/min the inflection point for worse outcome.

AutoPEEP

Incomplete emptying of the lungs during a respiratory cycle causes trapped gas in the alveoli
known as autoPEEP or intrinsic PEEP.
AutoPEEP increases end-expiratory lung volume and thus causes dynamic hyperinflation
AutoPEEP is measured after an end expiratory pause as the pressure above the PEEP
PEEP should be set at 60-80% of the autoPEEP to prevent closure of the airways
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