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KEY POINTS

e Respiratory failure requiring mechanical ventilation is common; emergency medicine pro-
viders must have expertise in ventilator management.

e Ventilators overcome resistance and compliance of the respiratory system to deliver gas
flow. The relative contribution of each is easily measured and can help guide
management.

e There is no perfect mode of mechanical ventilation. Each has its strengths and weak-
nesses and can be adapted to most clinical scenarios. The best mode is often the one
that providers and staff are most familiar with.

INTRODUCTION

Emergency medicine (EM) providers are responsible for caring for a broad range of
critically ill patients in acute, uncertain states of disease. Many of these patients
require invasive mechanical ventilation for respiratory support and can spend pro-
longed periods of time under the care of EM providers.

With this responsibility, EM providers must have expertise in ventilator manage-
ment. Yet, surveys indicate limited education and comfort with ventilator manage-
ment."? Certainly, there is an opportunity for improvement.

This article aims to bridge the gap by providing an overview of ventilator management
with an emphasis on modes, patient-ventilator interactions, and troubleshooting.

GOALS AND GENERAL PRINCIPLES OF MECHANICAL VENTILATION
Goals

The primary goals of mechanical ventilation are to provide physiologic support while
minimizing harm. To this end, mechanical ventilation is used to maintain adequate
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gas exchange while minimizing harm due to excessive pressure, volume, and cyclic
deformation of the lung. Like many critical interventions, it is supportive; it does not
fix the underlying process that warrants its use.

Respiratory Mechanics

Mechanical ventilation provides respiratory support by generating positive pressure
gas flow into a patient’s lungs during inspiration and allowing for passive expiration.
In passive or paralyzed patients, inspiration will be entirely controlled by the ventilator.
In patients with respiratory drive, the inspiratory gas flow will occur as the result of pa-
tient effort and ventilator work.®

To deliver breaths, ventilators pressurize gas to overcome resistance to gas flow
(from the ventilator tubing, endotracheal tube, and airways) and the elastic recoil of
the lungs and surrounding structures. More simply, the pressure needed to inflate
the lung is determined by the resistance and compliance of the respiratory system.
Higher pressures are required when resistance increases, compliance worsens (the
respiratory system becomes stiffer as indicated by a smaller change in volume per
unit change in pressure), or both occur.

Understanding where the problem lies—high resistance or poor compliance—can
help identify the initial cause of respiratory failure or sudden decompensation on the
ventilator and guide management accordingly. Common causes for high resistance
and poor compliance are shown in Fig. 1.

Expiration is a passive process that results from the pressure gradient between
higher pressure in the alveoli and lower pressure at the ventilator. Importantly, venti-
lators can apply a positive end-expiratory pressure (PEEP) to lessen this pressure
gradient and prevent excessive lung collapse.

Defining a Breath

The amount and timing of gas flow are determined by the inputs to the ventilator. Pro-
viders specify when a ventilator breath will occur, how it will be delivered (eg, an

High resistance
Kink in ETT

Biting on ETT
Mucous plug
Airway secretions
Bronchospasm

Poor compliance
Pneumothorax

Alveolar consolidation / edema

" Right mainstem intubation
> abdominal pressure or chest restriction
Auto-PEEP due to air trapping

Fig. 1. Common causes for high airway resistance and poor compliance. Areas of the respi-
ratory circuit affecting resistance include the ventilator tubing, endotracheal tube, and air-
ways to the level of the bronchioles. Areas of the respiratory circuit affecting compliance
include the lung parenchyma (alveoli), pleural space, chest wall, abdomen, and anything
external to the chest wall that exerts collapsing force on the alveoli.
Descargado para Anonymous User (n/a) en Cayetano Heredia Pervuvian University de
ClinicalKey.es por Elsevier en agosto 11, 2022. Para uso personal exclusivamente. No se

permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos
reservados.



Basic Modes of Mechanical Ventilation

applied pressure or flow rate), and when it will end via the trigger, control, and cycling
variables.®*

e Trigger: The trigger variable determines when inspiration occurs. This is specified
as time (since the last breath) or either pressure or flow to detect when a patient
makes an inspiratory effort. Whether pressure or flow serves as the trigger for
patient-initiated breaths is rarely of clinical importance.

e Control (or limit): The control variable determines how a ventilator delivers a
breath. It is either flow or pressure. With flow, a breath is delivered at a specific
flow rate (eg, 60 L per min). With pressure, the ventilator maintains a specific
pressure during inspiration, and flow occurs as a result of the pressure differential
between the ventilator and the patient’s lungs.

The control variable must be either flow or pressure. It is impossible to specify both
at the same time.

e Cycling: The cycling variable determines when inspiration ends and expiration
begins. It is either time, volume, or flow—with flow specifying a percentage of
peak inspiratory flow when inspiration ends.

The combination of trigger, control, and cycling variables, among others,® helps
define specific ventilator modes.

COMMON MODES OF MECHANICAL VENTILATION

A ventilator mode is the set of rules, or algorithms, used to deliver breaths throughout
the respiratory cycle and is the first selection made when initiating mechanical
ventilation.

The names for ventilator modes and the specific algorithms used to define them can
vary across different ventilator manufacturers but generally work in the same way. The
most common ventilator modes are forms of volume control (VC)—also known as vol-
ume assist control, pressure control (PC)—also known as pressure assist control, and
pressure support (PS). These are sufficient for most, if not all, clinical scenarios. Other
modes rely on more complex algorithms and include pressure-regulated VC (PRVC),
synchronized intermittent mandatory ventilation (SIMV), and airway pressure release
ventilation (APRV).

The trigger, control, and cycling variables used for each mode are shown in Table 1.

Volume Control

In VC ventilation, the same prespecified tidal volume is delivered with each inspiratory
cycle, regardless of whether the breath is time or patient triggered (Fig. 2).
The key provider settings include:

Flow rate*

Tidal volume

Respiratory rate

PEEP

Fraction of inspired oxygen (FiO,)

* Depending on the ventilator, the user will input either the flow rate and tidal volume
or the inspiratory time and tidal volume.

In VC ventilation, pressure is not controlled. It is a dependent variable determined by
airway resistance and lung compliance. As resistance increases or compliance
worsens, the flow will remain constant, and pressures will rise.
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Table 1

Variables defining common ventilator modes

Mode Trigger Control Cycling

Volume control Time or patient initiated Flow Volume
(pressure or flow)

Pressure control Time or patient initiated Pressure Time

Pressure support Patient initiated Pressure Flow

Pressure regulated Time or patient initiated Pressure Time

volume control

SIMV and APRV are not included as they are beyond the scope of this article.

Advantages of VC ventilation include guaranteed tidal volumes, stable minute venti-
lation, and the ability to specify a flow rate, which could be advantageous in a setting
of high airway resistance.

Disadvantages are that injurious pressures may be generated in the setting of wors-
ening lung compliance or high resistance.

Pressure Control

In PC ventilation, a constant inspiratory pressure is applied throughout inspiration,
regardless of whether the ventilator or the patient initiates the breath (Fig. 3).
The key provider settings include:

e Inspiratory pressure*
e Inspiratory time

e Respiratory rate

e PEEP

e FiO,

* Depending on the ventilator, the user will input either the total inspiratory pressure
desired or the inspiratory pressure to be applied above PEEP.

In this mode, flow and resulting tidal volume are dependent variables and vary with
changes in airway resistance and lung compliance.

One advantage of PC is that airway and pulmonary pressures never exceed the
selected inspiratory pressure. Thus, the risk for barotrauma can be minimized. Another
advantage is that patients control their inspiratory flow rate —air flow will increase in
proportion to their inspiratory effort, improving patient comfort and minimizing
patient-ventilator dyssynchrony.

Pressure
Time
Flow
Time
Volume
/\ -

Fig. 2. Volume control waveforms.
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Fig. 3. Pressure control waveforms.

A disadvantage is that the delivered tidal volume can vary. As resistance decreases
or compliance improves, the same pressure may lead to excessive tidal volumes.
Alternatively, if resistance increases or compliance worsens, the same pressure will
generate much smaller volumes and result in poor ventilation, carbon dioxide reten-
tion, and ventilatory failure.

Pressure-Regulated Volume Control

PRVC is a mode of mechanical ventilation that uses an adaptive targeting scheme to
automatically adjust the inspiratory pressure to achieve a specified tidal volume®
(Fig. 4).

The key provider settings include:

Target tidal volume
Inspiratory time
Respiratory rate
PEEP

FiO,

The commonly used name for this mode, PRVC, is misleading. Flow and volume are
not controlled. Pressure is the control variable, and flow varies with changes in airway
resistance, lung compliance, and patient effort.

Pressure

/[ ]

Flow

— —

AN

Fig. 4. Pressure-regulated volume control waveforms. In this example, the ventilator auto-
matically increases the inspiratory pressure to achieve the desired tidal volume.

Time

Volume

Time
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To achieve a target tidal volume, PRVC monitors the tidal volume resulting from the
applied inspiratory pressure. If the tidal volume is higher than the target, the applied
pressure for the next breath is decreased. If it is less than target, the applied pressure
is increased for the next breath. In this way, PRVC allows for breath-by-breath pres-
sure adjustments to achieve the desired volumes in the face of changing resistance,
compliance, and patient effort. PRVC theoretically provides the benefits of variable
flow from PC with the guaranteed minute ventilation of VC without requiring the
user to adjust the inspiratory pressure.

A disadvantage of PRVC is the potential for patient-ventilator dyssynchrony in pa-
tients with high respiratory drives. If a patient develops increased work of breathing
and is generating large tidal volumes at a given inspiratory pressure, the adaptive tar-
geting scheme will continue to reduce the inspiratory pressure with each subsequent
breath. This results in less support from the ventilator and an increase in patient work
of breathing.® PRVC should, therefore, be used in patients who have stable respiratory
drives.

Pressure Support

PS ventilation is a mode of mechanical ventilation whereby the inspiratory pressure is
controlled, but all breaths, flow, and inspiratory time are determined by the patient
(Fig. 5).

The provider settings include:

e Inspiratory pressure

e Percentage of peak inspiratory flow rate to terminate inspiration
e PEEP

e FiO,

In PS, there is no set respiratory rate or inspiratory time. All breaths are triggered by
the patient, and inspiration continues until the inspiratory flow decays below a
selected value (eg, 30% of peak flow).

PS is often used in weaning patients off mechanical ventilation as patients control
the inspiratory flow rate, duration of inspiration, and respiratory rate. Patients with a
depressed respiratory drive, high oxygen consumption, or elevated airway resistance
are not appropriate candidates for PS that generally excludes its use in the emergency
department.

EVALUATING RESPIRATORY MECHANICS
Evaluating Respiratory Mechanics in Different Modes

Changes in resistance and compliance manifest differently with different modes of
mechanical ventilation.

Volume control
In VC ventilation, increased resistance or worsening compliance or both result in in-
creases in pressure. The two scenarios can be differentiated by comparing the
maximum pressure during inspiration or peak pressure, and the pressure required
to keep the lung inflated once the inspiratory flow has stopped or plateau pressure.
The peak pressure is simply the highest pressure observed on the pressure versus
time displayed on the ventilator. The plateau pressure is measured by performing an
inspiratory hold maneuver, where the ventilator ceases airflow at the end of inspiration
and measures the pressure in the respiratory circuit. Because the lungs are fully
inflated and exhalation has not yet occurred, this represents the total pressure in
the lungs, inclusive of PEEP, at a specified volume.
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Fig. 5. Pressure support waveforms, showing fixed inspiratory pressure but varying inspira-
tory time, respiratory rate, and tidal volume based on patient effort.

A large differential between the peak and plateau pressure will be observed when
the limiting factor to gas delivery is resistance to airflow (eg, obstructed airway and
normal lungs). A small differential will occur when the limiting factor is the compliance
of the respiratory systems (eg, widely patent airways, diffuse alveolar disease). This is
shown in the pressure versus time curve in Fig. 6.

Pressure control or pressure support

In PC and PS ventilation, the inspiratory pressure is fixed at the value set by the oper-
ator. Therefore, higher resistance or worsening compliance will both cause a decrease
in observed tidal volumes without a way to reliably differentiate between these two
scenarios.

Pressure-regulated volume control

As an adaptive mode, PRVC varies the inspiratory pressure based on the mechanics
of the respiratory system. Higher resistance or worsening compliance causes the
ventilator to increase the inspiratory pressure to achieve the target tidal volume. The
difference between the peak and plateau pressures can be measured with an inspira-
tory hold, just as in VC.

Auto-Positive End-Expiratory Pressure

A special cause of worsening respiratory compliance occurs when patients do not fully
exhale before the initiation of the next breath. Air becomes trapped in the lungs such
that there is retained pressure in excess of the applied-PEEP or auto-PEEP.

As auto-PEEP builds, higher and higher inspiratory pressures are required to deliver
a desired tidal volume. Left unchecked, this can lead to pneumothorax or compro-
mised venous return and cardiovascular collapse.

Auto-PEEP is measured using an end-expiratory hold maneuver. An end-expiratory
hold maneuver stops airflow at the end of expiration and evaluates the pressure at this
time. This pressure represents the sum of the retained pressure (auto-PEEP) and
applied pressure (PEEP) and is referred to as the total-PEEP. Normally, the total-
PEEP will equal the applied-PEEP. When air trapping occurs, the total-PEEP measure-
ment will be higher than the applied-PEEP due to auto-PEEP.

The flow versus time display can often give a clue to air trapping and the presence of
auto-PEEP when it does not return to the zero baselines by the end of expiration (rep-
resenting incomplete exhalation). However, relying on this can miss significant auto-
PEEP, so an end-expiratory hold maneuver should be performed.
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Fig. 6. (A) Normal pressure versus time curve in volume control ventilation. (B) Elevated
peak airway pressures without elevation of plateau pressure secondary to increased resis-
tance. (C) Elevated peak and plateau pressures due to poor compliance. (D) Elevated peak

A Peak pressure

Plateau pressure

Driving
pressure

B Peak pressure

Plateau pressure

Driving
pressure

Driving
pressure

PR §

D Peak pressure
Plateau pressure

Driving
i pressure
Total PEEP |

Set PEEP

and plateau pressures due to auto-PEEP from air trapping.

Auto-PEEP can occur because of severe bronchospasm or inappropriate ventilator
settings or both. Strategies to reduce auto-PEEP include decreasing respiratory rate

and shortening the inspiratory time to lengthen expiration (Fig. 7).

Driving Pressure

Driving pressure is defined as the difference between the plateau pressure and the
total-PEEP. Conceptually, it represents the pressure above the PEEP required to
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Auto-PEEP due to inspiration occurring prior to completion of expiratory flow

Flow

L — L

I/’ e

Fig. 7. Flow-time graph indicating auto-PEEP.

keep the lung inflated to a chosen tidal volume. The static compliance of the lung is
equal to the tidal volume divided by the driving pressure.

tidal volume tidal volume

tati li = = —
static compliance plateau pressure — total PEEP driving pressure

Therefore, driving pressure is inversely proportional with pulmonary compliance.
Less compliant, or “stiffer,” lungs will require higher driving pressures to achieve the
same tidal volume.

Driving pressures strongly correlates with mortality in patients with ARDS, with
values < 15 cm H,O thought to be protective.”

When to Measure Respiratory Mechanics

The inspiratory and expiratory hold maneuvers are key to understanding a patient’s
respiratory mechanics. However, they should only be measured when a patient is pas-
sive and compliant with the ventilator. Otherwise, a patient’s negative inspiratory ef-
forts can lead to an underestimate of the plateau pressure and an overestimation of
lung compliance. Importantly, paralytics should not be given for the sole purpose of
getting accurate measurements.

INITIAL SETTINGS
Tidal Volume

The initial tidal volume should be 6 to 8 cc/kg predicted body weight for most patients
and adjusted as needed to ensure that the plateau pressure is < 30 cm H,0.8°

Patients without ARDS may tolerate higher tidal volumes of 10 mlL/kg predicted
body weight without ill effect.'® However, ARDS is often underrecognized, so targeting
6 to 8 cc/kg predicted body weight for most patients, and certainly less than 6 cc/kg
predicted body weight in patients with ARDS is advised."'~'3

If using PC, the inspiratory pressure should be set to achieve these targets with an
ongoing patient reassessment to avoid excessive tidal volumes.

Positive End-Expiratory Pressure

A PEEP should be set for all patients to minimize traumatic opening and closing of
alveoli, known as atelectotrauma.’®

Higher PEEP values (>5 mmHg) should be selected in the setting of ARDS to mini-
mize atelectotrauma and intrapulmonary shunt and pulmonary edema to decrease
venous return and reduce afterload.’

PEEP optimization is a complex topic without a consensus approach. A straightfor-
ward approach is to set PEEP according to the PEEP/FiO, tables used by ARDS

Descargado para Anonymous User (n/a) en Cayetano Heredia Pervuvian University de
ClinicalKey.es por Elsevier en agosto 11, 2022. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos

reservados.

481



482

Ward & Noel

Network investigators, which showed a decreased mortality with low tidal volume
ventilation in ARDS.® Another strategy is to set PEEP to maximize compliance by
setting the PEEP at the level that results in the lowest driving pressure.

Respiratory Rate

The initial respiratory rate should provide adequate ventilation and be comfortable for
the patient. The 14 to 18 breaths per minute is reasonable for most patients. However,
for patients with metabolic acidosis (eg, salicylate overdose), the respiratory rate
should be increased to match or exceed their pre-intubation minute ventilation. Failing
to do so may worsen acidosis and can precipitate complications, such as cardiac
arrest.’

Fraction of Inspired Oxygen

FiO, should be initially set at 100% in the setting of hypoxia and rapidly weaned to
target a PaO, of 60 to 100 mmHg or SpO, 92% to 96% '>'6 (Fig. 8).

COMMON TROUBLESHOOTING SCENARIOS
Elevated Peak Airway Pressures

The plateau pressure should be measured with an inspiratory hold maneuver to differ-
entiate between high resistance (large peak-plateau pressure differential) and poor
compliance (small differential) scenarios, as previously discussed (Fig. 9).

Select Initial Ventilator Settings

Mode: Volume control
Tidal volume: 6-8 cc/kg IBW
FiO,: 100%

PEEP: 5-8 cm H20

Respiratoryrate  14-18 bpm?

2Select higherinitial RR (222 bpm) in setting of metabolic acidosis or high pre-intubation minute ventilation
Select lower RR (10-12 bpm) in setting of severe airflow obstruction (e.g. bronchospasm)

[ Ensure adequate sedation & ventilator synchrony l

1

] Titrate FiO2 to sp02 92-96% |

1)  PEEP
2) Deep sedation
3) Consider paralytics

Refractory hypoxia or ARDS

[ Check plateau pressure via inspiratory hold |

Plateau pressure >30
J TV (and 1 RR to maintainminute ventilation)

\ Check expiratory hold & waveforms for auto-PEEP l

Auto-PEEP present 1)  inspiratory:expiratory time ratio

2) L RRif auto-PEEP still present

| AdjustRRand TV to maintainpH 7.3 =7.45° |

2Tolerate pH 27.2 if needed to maintainPplat < 30cm and TV <8 cc/kg IBW in ARDS

Fig. 8. Algorithm for initiating mechanical ventilation. BPM, breaths per minute; H,O, wa-
ter; IBW, ideal body weight; RR, respiratory rate.
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High peak pressure

!

I Check plateau pressure via inspiratory hold l

Normal Elevated
Increased resistance Decreased compliance
Assess for: Assess for:
1. ETT kinking 1. Pneumothorax
2. Biting on ETT 2. Alveolar consolidation / edema
3. Mucus plug 3. Right mainstem intubation
4. Airway secretions 4. 1 abdominal pressure or chest restriction
5. Bronchospasm 5. Auto-PEEP due to air trapping
Treatment: Treatment:
¢ Suction * Address underlying cause
¢ Sedation ¢ liE ratio time, { RR if auto-peep
¢ Bronchodilation (temporarily disconnect ventilator if auto-PEEP
causing hemodynamic compromise)

Fig. 9. Management algorithm for addressing elevated peak airway pressure.

Dyssynchrony

Patient-ventilator dyssynchrony arises from mechanical ventilation mimicking, but not
matching, a patient’s spontaneous respiratory mechanics. It is common and increases
work of breathing, patient discomfort and reduces the effectiveness of ventilatory sup-
port'” (Fig. 10).

Dyssynchrony is important to recognize and can easily be identified on ventilator
waveforms. There are three major types of patient-ventilator dyssynchrony: flow,
trigger, and cycle.

Flow dyssynchrony, or flow starvation, occurs in VC ventilation when flow does not
meet patient demands. On a pressure versus time curve, the normal convex shape be-
comes concave, and the observed airway pressure decreases. Flow starvation can be
fixed by increasing the flow rate or changing to PC ventilation (Fig.11).

Trigger dyssynchrony refers to when too many or too few patient-triggered breaths
are delivered. The most common types of trigger dyssynchrony are ineffective trig-
gering, auto-triggering, or double triggering and can occur in any of the modes previ-
ously discussed.

Ineffective triggering occurs when the ventilator does not deliver a breath after a pa-
tient inspiratory effort. It is most commonly because of inappropriate flow or pressure
trigger settings. The clinician observes a negative deflection in the flow or pressure
versus time curve (indicating a patient inspiratory effort) not immediately followed
by a ventilator breath. Conversely, auto-triggering occurs when ventilator breaths
are delivered without patient inspiratory effort. This is commonly caused by conden-
sation in the ventilator tubing, vigorous cardiac activity, or circuit leaks when the flow
or pressure trigger sensitivity is too sensitive. Adjusting the trigger sensitivity usually
resolves ineffective and auto-triggering. Both scenarios are depicted in Fig. 12.
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l Sedation adequate? |

No I

Yes

v

| Identify type and address

v

v

v

Flow

Trigger

Cycle

a) Flow starvation

1

Ventilator change
a) A flow rate

(volume control)
/N inspiratory pressure
(pressure control)

a) Ineffective trigger
b) Inappropriate trigger

Ventilator change
a) 1 trigger sensitivity
b) { trigger sensitivity

a) Premature cycling
b) Delayed cycling

l

Ventilator change
a) " inspiratory time
or
/™ tidal volume
a) { inspiratory time

|
I—‘ Persistent dssynchrony?
1 Yes

¢ Consider deeper sedation
¢ Consider different ventilator mode

Fig. 10. Algorithm to manage common forms of ventilator dyssynchrony.

Cycle dyssynchrony occurs when inspiratory gas flow stops prematurely or con-
tinues into a patient’s natural expiratory phase. An example of a patient’s expiratory
phase beginning before the end of the ventilator delivered breath is shown in
Fig. 13.In PC, VC, and PRVC, this can be fixed by shortening or lengthening the inspi-
ratory time, respectively. In PS, this is addressed by reducing or increasing the per-
centage of peak flow when cycling from inspiration to expiration occurs (Fig. 14).

Double triggering occurs when a second breath is triggered immediately after the
first and is commonly referred to as "stacked breaths." This most often occurs in
VC, PC, or PRVC due to a form of cycle dyssynchrony known as premature cycling,
where the patient’s respiratory drive exceeds the ventilator-delivered volume or inspi-
ratory time. Increasing sedation, tidal volumes or flow, inspiratory pressure, or inspi-
ratory time can fix this form of double triggering.

Leak

A leak should be suspected if the measured exhaled volume does not equal the inspi-
ratory volume, or the volume versus time curve does not return to baseline before the
next breath.

Scooped out appearance of pressure waveform due to flow starvation

Y N el

Fig. 11. Pressure-time graph showing flow starvation.

Pressure

Time
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Ineffective triggering

Pressure

Time

Fig. 12. Pressure-time graph showing ineffective triggering whereby the ventilator does
not deliver a breath despite a negative pressure inspiratory effort by the patient due to
inappropriate trigger sensitivity settings.

PITFALLS
Inadequate Analgosedation

Attempting to troubleshoot respiratory mechanics or dyssynchrony without adequate
analgosedation will result in inaccurate measurements and misleading waveforms.
Therefore, ensure adequate analgosedation before measuring the plateau pressure,
checking for auto-PEEP, dramatically changing settings, or switching modes.

Assuming a Ventilator Mode Will Fix Poor Respiratory Mechanics

As discussed, ventilator settings should be chosen to target a plateau pressure less
than 30 cm H,0O and driving pressure less than 15 cm H,O. When pulmonary compli-
ance is extremely poor, however, these goals may not be possible. Switching modes
will not change the situation and may be harmful. For example, switching from VC to
PC to achieve a lower inspiratory pressure will result in smaller and possibly inade-
quate volumes and hypoventilation.

Failing to Reassess

As with any intervention, reassessment is the key. Airway pressures, tidal volumes,
oxygenation, and synchrony should be frequently monitored, particularly if the pa-
tient’s conditions change.

DISCUSSION

Mechanically ventilated patients are common in the ED. Unfortunately, these patients
sometimes remain in the ED for prolonged periods of time, with resulting in increased
duration of mechanical ventilation, longer ICU length of stay, and higher mortality.'-29

Early ventilator management represents an opportunity for improvement. Indeed,
less than half of ED patients with identified ARDS received low tidal volume ventilation
in one observational study.?' This is particularly concerning as ventilator-induced lung
injury can occur in as little as 20 minutes.?? Patients without ARDS may also be at risk
as large tidal volumes within the first 48 hours of care have been associated with sub-
sequent development of ARDS.?® Fortunately, best practice strategies can be suc-
cessfully implemented in the ED to decrease mortality, duration of ventilation, and
hospital length of stay.*

Double triggering

Flow

Fig. 13. Flow-time graph showing double-triggering.
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Scooped out appearance due

to patient inspiratory effort
P plratory Terminal peaking due to patient expiration

prior to end of ventilator inspiratory cycle

Pressure

Time

Fig. 14. Pressure versus time curve in volume control showing early scooping and a late
spike in pressure as a patient makes a vigorous inspiratory effort and then attempts to
exhale when the ventilator breath is still being delivered.

Education is another opportunity for improvement. Commonly, ventilated patients
are managed by physicians without subspecialty training, and there is evidence of
insufficient mechanical ventilation education and management for this group.?®
Furthermore, a survey of EM attending physicians showed many received 3 hours
or less ventilator training over the last year and many identified a respiratory therapist
as being primarily responsible for ventilator management. Higher ventilator manage-
ment scores correlated with prior emphasis on mechanical ventilation in the physi-
cian’s residency training; however, a previous study of EM residents reported an
infrequent exposure to and a little education on mechanical ventilation.-?

All of these data highlight several important findings. There is increasing importance
for EM providers to understand various modes of mechanical ventilation, initiate best
practice ventilator settings early, and identify and treat complications of the ventilator
when they arise. Understanding why changes in resistance and compliance occur,
how they are represented graphically, and where they correlate anatomically is para-
mount to troubleshooting.

SUMMARY

Acute respiratory failure requiring invasive mechanical ventilation is a common pre-
sentation in the emergency department. EM providers can further improve care for
these patients by understanding common modes of mechanical ventilation, recog-
nizing changes in respiratory mechanics, and tailoring ventilator settings and therapies
accordingly.

CLINICS CARE POINTS

e Respiratory failure requiring mechanical ventilation is common; emergency medicine
providers must have expertise in ventilator management.

e Ventilators overcome resistance and compliance of the respiratory system to deliver gas flow.
The relative contribution of each is easily measured and can help guide management.

e There is no perfect mode of mechanical ventilation. Each has its strengths and weaknesses
and can be adapted to most clinical scenarios. The best mode is often the one that
providers and staff are most familiar with.
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