Monitoring of mechanical ventilation
- wave forms, synchronization and others
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®Basic waveform in mechanical ventilator
®Patient-ventilator asynchrony
®(0Others for clinical care

® Conclusions



Goals of artificial ventilatory support

Support gas exchange
alveolar ventilation (PCO,, pH)
arterial oxygenation (Pa0,, Sa0,)

Increase lung volume
end 1nspiratory lung inflation
functional residual capacity (FRC)

Reduce the work of breathing



Goals of artificial ventilatory support

Prevent ventilator induced lung injury

Improve patient comfort

Liberate the patient from mechanical ventilation
as soon as possible
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flow
volume
i _ Avolume
compliance = Apressure

pressure =

Equation of Motion

volume

- + X i
compliance flow x resistance

5
Respir Care 1992;37



®Based on three main variables

Ohow t
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n starts

n 1S delivered by the machine

breat]

n 1S stopped

6

Current Pediatrics Reports (2021)



® Trigger
O Initiate the breath
O Time, flow, pressure

® Target (Limit)
O Parameter is sustained at a preset level during the breath
O Volume, Flow, Pressure

® Cycle (Termination)
O Causes the breath to end
O Time, Flow, Pressure



Concept of MV

I Cycle: inspiration
ends (T, F)

Limit or control:

IntenS|ty of inspiration
(P or V)

Airway pressures

Trigger: inspiration
starts (T, P, F)

time

T =time P = pressure F = flow V = volume



® Three scalars
OVolume-time

OPressure-time
OFlow-time

®Two loops
OPressure-volume
OFlow-volume



Volume-time

Volume 1s calculated from flow
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Inspiration Expiration
Time (seconds) Potential air leak or auto-PEEP
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Pressure-time

Pressure targeted mode Volume control or flow targeted mode

PEEP

Pressure (cm water)

Time (seconds)
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Pressure (cm water)

Pressure-time

PEEP

resistance
flow

Pplat
end-inspiratory
alveolar pressure

compliance

tidal volume —
auto-PEEP

Time (seconds)
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Normal Over-distention Tidal recruitment
Stress index = 1 Stress index > 1 Stress index < 1

Time (seconds)
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Flow (liters/minute)

Flow-time

Volume control or flow targeted mode Pressure targeted mode

Time (seconds)
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Flow-time

Five different 1inspiratory flow waveforms
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Flow-time

Waveform affect the peak 1nspiratory airway
pressure (PIP), mean airway pressure (Paw), and
1nspiratory time

Most pressure-controlled modes use the
decelerating or descending waveform

Square waveform used mainly on the volume-
controlled mode

Decelerating waveform was also reported to reduce

the dead space, the alveolar - arterial gradient
and the WOB
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Flow-time

\

Incomplete emptying
or air trapping

\

Prolonged expiration

Flow (liters/minute)

Shortened peak expiratory flow

Time (seconds)
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Basic graphics

Preset flow

Preset backup time
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® Three scalars
OVolume-time
OPressure-time
OFlow-time

®Two loops
OPressure-volume
OFlow-volume
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Volume (mL)

Pressure-volume

Pressure (cm water)
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Flow (Liters/minute)

Flow-volume

Volume (milliliters)
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Six Steps for Interpretation of Ventilator Graphics

Step

Description/Application

[dentify the type of breath,

Differentiate the pulmonary measurements,

[nterpret the ventilator plots.

[dentify display images of the common modes of

mechanical ventilation,
[nterpret inspiratory and expiratory graphics,

[dentify signs of asynchrony.

Volume or pressure.

The assessment of respiratory mechanics plays a central role in the management of critically
11l patients on mechanical ventilation,

The concept of gentle ventilation, or avoiding ventilator-induced lung injury, has made
analysis and careful monitoring of pressure-volume and flow-volume plots an integral part
of optimal care management.

All modes can be divided into 1 of 3 control variables: pressure, volume, or time; the vast
majority of modes are either volume control or pressure control.

Graphical displays are informative in assessing the adequacy of ventilatory support provided.

Asynchrony 15 disharmony 1n the patient-ventilator 1nteraction, which can lead to
deleterious effects; clinicians must be able to identify and understand asynchrony so that

: : . . : 24
necessary interventions can be performed to optimize patient care.



Volume-control ventilation

Time triggered, Flow limited, Time cycled Ventilation
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Pressure-control ventilation

Pressume

Flow

Walume

Time Triggered, Pressure Limited, Time Cycled Ventilation
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i EERCEN

Pressure support ventilation

P’t Triggered, Pressure Limited, Flow Cycled Ventilation
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Continuous positive pressure ventilation
P’t Triggered, Pressure Limited, Pressure Cycled Ventilation
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Adaptive support ventilation

Adaptive support ventilation

No respiratory Small respiratory Larger respiratory
effort effort effort
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Target tidal volume
set by operator

Inspiratory pressure is
adjusted to maintain
a target tidal volume
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The evolution of ventilation modes

Conventional ventilation modes

Advanced ventilation modes

Closed loop ventilation

VVVVYV VYVVV VV VYV

Controlled mechanical ventilation (CMV)
Assist-control mechanical ventilation (A/CMV)
Synchronized intermittent mandatory ventilation (SIMV
or IMV)

Pressure support (PS)

CPAP

Mandatory Minute Volume Ventilation(MMV)
Biphasic positive airway pressure(BiPAP)
Airway pressure release ventilation (APRV)
High-frequency ventilation (HFV)

Pressure-regulated volume control (PRVC)

Adaptive support ventilation (ASV)

\Volume support / Automatic Pressure Ventilation(APV)
Proportional Assisted Ventilation(PAV )

BERXAALFE! FEofMER!!
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Patient-Ventilator interaction




Patient-Ventilator interaction

Patient-ventilator
synchrony
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Patient-ventilator asynchrony

Patient focus, ventilator meet patient
requirement

Right tool for the right job

no one tool” (ie, set of ventilator parameters)
satisfies the needs of different patients

Sedation and neuromuscular blocking agents
should not be used routinely to 1mprove
patient-ventilator synchrony

34



Complication of Patient-ventilator asynchrony

Increased sedation needs

Increased work of breathing
Ventilation—-perfusion mismatch

Increased dynamic hyperinflation

Increased length of mechanical ventilation
Increased length of stay

Increased mortality

35



®Ineffective triggering

®Double triggering
®Auto-triggering
®Reverse triggering



®Patient attempts to 1nitiate a breath but
the trigger threshold 1s not reached

® Ineffective triggering
O1increases patient WOB
Oresult in respiratory muscle fatigue
O1increased duration of mechanical ventilation
Oincreased weaning failure

37



® Improper triggering threshold |
®Airtrapping (auto-PEEP)
®Muscle weakness

®Low respiratory drive

®(0Oversedation RA A N ANy A
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Double triggering

Second breath being triggered i1mmediately
after the first

Patient receives double V; with risk of lung
over—inflation

Double Triggering

\

Flow (liters/minute)

Time (seconds)
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®High patient ventilatory demand

® Inappropriate cycle threshold set
OV, too small

O1inspiratory time too short
Oflow-cycle threshold too high

® Troubleshoot:

OMatch patient inspiratory demand
®increase 1inspiratory time
®increase tidal volume

40



®Multiple breaths delivered by the ventilator

® Causes
OAir leaks 1n the system
OlInappropriately set trigger sensitivity
OCondensation in the ventilator tubing
ODetection of cardiac movement
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® Frequently under-recognized

® Passive 1nsufflation of the lungs activates the
patient’ s neurological respiratory center trigger
respiratory muscle contractions

® Main occur 1n patients with acute respiratory
distress syndrome or diagnosed of brain death

43
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®Reverse triggering could be associated with
lung or diaphragm 1njury

Ostretching in the dependent lung equivalent to
apply 15 ml/kg tidal volume

® Mechanisms poorly understand
Othe best treatment remains to be determined

Intensive Care Medicine Experimental 2019



Asynchrony Related to Flow

Flow starvation
flow from ventilator unmet the patient need

Flow starvation

Pressure

Flow

Time (seconds) Flow, Volume no change
46
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® Cause
O1nadequately set flow on the ventilator

Omore often in modes with constant flow (volume
control modes)

® Troubleshoot

O1increase the set flow
Ochange to non—-constant flow pattern
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®Related to the i1inspiratory time either being
too short or too long

Opremature and delayed

® Premature cycling
OVentilator stops before patient’ s inspiratory effort
finish
Oan additional upward deflection after inspiration on the
flow-time scalar
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Fix: changes to the delivered flow or

49

r Care 201
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Delayed cycling

Patient trying to exhale while 1nspiration
1s sti1ll occurring

rise 1n pressure at the end of the pressure -
time
a period of zero flow during 1nspiration

/ Pressur
__J [____J_JL___ Fix: adjust the flow rate or inspiratory time
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Others for clinical care




®Pulse oximetry: lack information about
ventilation and CO, removal

® Disadvantage of hypercarbia

Orespiratory ac1dosis }_

Ocardiovascular collapse

®Most common: end-tidal CO, pressure (PyCO, )

Respiratory Care 2020
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Use of capnometry

Ensure adequate ETT placement
Detect return of spontaneous circulation

Detect degree of ventilation/perfusion
m1smatch

Measure dead space (V)
Detect air-flow obstruction
Diagnose pulmonary embolism

Estimate changes 1n cardiac output



| TABLE 19-7 | n

Conditions Associated With Changes in PETCO, m
Change High PETCO, Low PETCO,

Sudden  Sudden increase Sudden hyperventilation
in cardiac output
Sudden release of Sudden decrease in cardiac
a tourniquet output
Injection of sodium  Massive pulmonary embolism
bicarbonate
Air embolism

Disconnection of ventilator
Obstruction of endotracheal tube
Leakage in the circuit

Gradual  Hypoventilation Hyperventilation
Increase in CO; Decrease in oxygen consumption
production

Decreased pulmonary perfusion

NoOTE: An absent PETCO, means that a system leak, esophageal intubation,
or cardiac arrest has occurred.

55
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® Time capnography

Odetect respiratory insufficiency
®during procedural sedation
®postoperative period

OIn MV patients

®ensure adequate ETT placement and provide an
approximation of V,

®Volumetric capnography

® further research is needed to define i1ts diagnostic
value and 1ts potential utility for guiding therapy
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®Driving pressure: stress applied to the
lungs

®Driving pressure: AP = V/Cp

®Difference between plateau pressure (P,,)
and PEEP

Volume

Respiratory Care 2020



In ARDS, lungs damage 1s heterogeneous

baby lung
delivered positive-pressure breath prefer to
healthier regions

normal V; may produce excessive regional dynamic
and static strain
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SPECIAL ARTICLE ‘

Driving Pressure and Survival in the Acute

Respiratory Distress Syndrome : .
Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D., retrospeCt lve re_analys 1 S
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®Driving pressure means the stress of lungs

®Mon1itor driving pressure ensure patients not
be excessively ventilated

®No prospective clinical trials performed
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Conclusions




®Recognize ventilator graphics can be
useful 1n
O1mprove patient - ventilator synchrony
Oreduce WOB
O1mprove patient comfort
Odecrease mortality ; improve outcomes
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Conclusions (2)

Table 1. Factors Contributing to Asynchrony

Patient-related/ Disease-related Ventilator-related

physiological

* Anxiety * High resistance Inappropriate
(e.g., COPD) ventilator settings

* Pain * Low compliance ?f tnglger, lnsfe
(e.9., ARDS) Ime, level o

pressure support,

* Fever * Auto-PEEP (e.g., cycling, inspiratory
COPD) flow, respiratory

* Delirium » Decreased/ rate, tidal volume,

Increased respiratory  INSPiratory time,
drive due to central  €tC.

and neuromuscular

problems
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Thanks for your attention!!




