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SEVA Program
Standardized
Education for   
Ventilatory
Assistance

Introduction

What is SEVA?
• Standardized Education for Ventilatory Assistance
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What is SEVA?
• Standardized Education for Ventilatory Assistance
• Vision

– SEVA is a unique platform for standardizing training by unifying the 
concepts of, physics, physiology and technology of mechanical 
ventilation 

– SEVA will provide a globally available program, supported by peer-
reviewed articles, to help health care professionals master the skills of 
mechanical ventilatory support

What is SEVA?
• Standardized Education for Ventilatory Assistance
• Vision

– SEVA is a unique platform for standardizing training by unifying the 
concepts of, physics, physiology and technology of mechanical 
ventilation 

– SEVA will provide a globally available program, supported by peer-
reviewed articles, to help health care professionals master the skills of 
mechanical ventilatory support

• Mission
– SEVA provides a universal and standardized education program in the 

theory and practice of mechanical ventilation. 
– SEVA uses online and simulation-based instruction that is both self-

directed and instructor-led to elevate the competency of health care 
professionals to a mastery level
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Motivation for SEVA

• Better understanding of available technology
– New ventilators offer new capabilities and challenges

Motivation for SEVA

• Better understanding of available technology
– New ventilators offer new capabilities and challenges

• Better application of new ventilators
– New modes and new monitoring tools
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Motivation for SEVA

• Better understanding of available technology
– New ventilators offer new capabilities and challenges

• Better application of new ventilators
– New modes and new monitoring tools

• Better communication among caregivers
– Clearer orders and charting in Epic
– More efficient decision making at the bedside
– Enhanced training for MDs, NPs, and PAs
– Improved engagement of RCPs in care decisions

Motivation for SEVA

• Better understanding of available technology
– New ventilators offer new capabilities and challenges

• Better application of new ventilators
– New modes and new monitoring tools

• Better communication among caregivers
– Clearer orders and charting in Epic
– More efficient decision making at the bedside
– Enhanced training for MDs, NPs, and PAs
– Improved engagement of RCPs in care decisions

• Better patient outcomes
– Shorter duration of ventilation
– Fewer adverse events
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Growth in Ventilator Complexity

2nd gen 3rd gen 5th gen 6th gen4th gen

1st gen (varied design, NIV)

Growing Knowledge Gap
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Common Mode Names

496 unique modes!

2021

phone
app

SEVA Founders
Eduardo Mireles-Cabodevila, MD
Cleveland Clinic
Director Medical Intensive Care Unit
Director Simulation and Advanced Skills Center
Lerner College of Medicine of CWRU
Associate Professor of Medicine

Robert L. Chatburn, MHHS, RRT-NPS, FAARC
Cleveland Clinic
Enterprise Program Manager Respiratory Care Research
Lerner College of Medicine of CWRU
Professor of Medicine
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Landmark Papers Establishing SEVA

All these books have chapters based on SEVA-theory
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SEVA Curriculum Levels

SEVA Curriculum Topics

TOPICS Basic Theory Lab Team Sim Master VentRounds

Ventilator Taxonomy x xx xx xx x
Waveform anatomy x xx xx x

How to choose modes x xx xx
Patient ventilator interactions x xxx xx x

Knobology and Screenology xx x x
Ventilation of specific clinical conditions xx

Application of Modes of ventilation x xx xx x
Advanced physiological monitoring xxx

SEVA
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SEVA Curriculum Descriptions

SEVA-master

SEVA-sim

SEVA-team

SEVA-lab

SEVA-theory

SEVA-basic

Vocabulary

Basic Taxonomy
Mode Selection
Basic Graphics

Basic Knobology

Self-Directed
Online
2 hours

SEVA-basic

diaphragm

lungs & chest wall

ventilator

PUSHPULL

airways

𝑷𝒎𝒖𝒔 + 𝑷𝒗𝒆𝒏𝒕 = 𝑬 × 𝑽 + 𝑹 × �̇�
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SEVA-basic
• Taxonomy

– A classification system 
– Identifies generic modes (similar to generic vs brand names 

for drugs)
• TAG

– Abbreviation for mode: Control Variable, Breath Sequence, 
Targeting Scheme

• Breath Control Variable
– What is pre-set (either pressure or volume/flow)

• Breath Sequence
– Pattern of mandatory vs spontaneous breaths

• Targeting scheme
– Software that achieves pre-set values (targets)

SEVA-basic

Control
Variable

Targeting
Scheme

Breath
Sequence

Mode
TAG

+ + =Pressure
Volume

CMV
IMV
CSV

I  = intelligent
D = dual
A = adaptive
B = bio-variable
O = optimal
S  = set-point
S  = servo

PC-CMVs
PC-CSVs

PC-IMVs,s

All modes have these 3 components
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SEVA Curriculum Descriptions

SEVA-master

SEVA-sim

SEVA-team

SEVA-lab

SEVA-theory

SEVA-basic

Advanced Vocabulary
Advanced Taxonomy

Lung Mechanics
Advanced Graphics

Self-Directed
Online
8 hours

airways

lungs &
chest

 pressure

PAO

PBS

flow

volume

resistance = pressure / flow

elastance = pressure / volume

compliance = volume / pressure
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SEVA Curriculum Descriptions

SEVA-master

SEVA-sim

SEVA-team

SEVA-lab

SEVA-theory

SEVA-basic

Simulator Experiments
Advanced Graphics

Self-Directed
Online
4 hours
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Course tool: Patient-vent simulator 

SEVA Curriculum Descriptions

SEVA-master

SEVA-sim

SEVA-team

SEVA-lab

SEVA-theory

SEVA-basic

Theory Review
Patient Assessment
Mode Selection
Advanced Graphics
Synchrony Analysis

Proctored
Team-Based

Online or 
In Person
4 hours
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SEVA-team Workbook  
• Review of theory

SEVA-team

Duration of Ventilation

VC-CMVs PC-IMV(1)s,s PC-CSVs
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SEVA-team (in person)

SEVA-team (online)
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SEVA Curriculum Descriptions

SEVA-master

SEVA-sim

SEVA-team

SEVA-lab

SEVA-theory

SEVA-basic

Mode Selection
Disease States
Advanced Graphics
Synchrony Analysis
Advanced Knobology

Proctored
Team-Based

In Person
Sim Center

4 hours

SEVA-sim
• Awakening from anesthesia
• ARDS
• Asthma/COPD
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SEVA-sim Class

SEVA Curriculum Descriptions

SEVA-master

SEVA-sim

SEVA-team

SEVA-lab

SEVA-theory

SEVA-basic

Esophageal Pressure
Work of Breathing 
Optimal VT and PEEP
Volumetric CO2
Weaning
NAVA, PAV, ASV

Proctored
Team-Based

In Person-sim center
8 hours
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SEVA-master
• Esophageal pressure monitoring using

– Patient BP monitor adapted for Pes
– Ventilators equipped with Pes capabilities

SEVA-master
• Stand-alone and ventilator monitors for volumetric 

capnography
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SEVA-master
• Recruitment maneuver and PV curves

Educational Aspects

1. SEVA-basic
– Required for all RTs working ICUs
– 2 CEUs

2. SEVA-theory
– Optional for staff, required for Fellows, Clin Specs
– 8 CEUs 

3. SEVA-lab
– Optional for staff, required for Fellows, Clin Specs
– 4 CEUs 

4. SEVA-team
– Optional for staff, required for Fellows, Clin Specs

5. 4 CEUs SEVA-sim
– Optional for staff, required for Fellows, Clin Specs
– 4 CEUs 

6. SEVA-master
– Optional for staff, required for Fellows, Clin Specs
– 8 CEUs 
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Every other Tuesday 2:00 – 2:30 pm EST

WEBEX
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Epic Order Entry Screen for Drugs
• Drug lookup by generic name (brand name)

Epic Order Entry for Ventilator Mode
• Vent modes ordered by generic mode name (brand name)
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Epic Order Entry for Ventilator Mode

Phone App
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Curriculum

SEVA-CrashCourse

Standardized
Education for   
Ventilatory
Assistance

Outline

• The equation of motion (simplified)
• Taxonomy (simplified) 

– what a TAG  is and why we need it

• Choosing a mode of ventilation based clinical goals
• Basic ventilator waveform interpretation
• Outline of patient ventilator interactions
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The Equation of Motion
Basic Model of 

Patient-Ventilator Interaction

airways

lungs &
chest
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airways

lungs &
chest

 pressure

PAO

PBS

 flow

 volume

airways

lungs &
chest

 pressure

PAO

PBS

flow

volume

resistance = pressure / flow
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airways

lungs &
chest

 pressure

PAO

PBS

flow

volume

resistance = pressure / flow

elastance = pressure / volume

compliance = volume / pressure

P = Pelastance + Presistance

elastic load resistive load

The Equation of Motion

Paction = Preaction
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P = Pelastance + Presistance

elastic load resistive load

The Equation of Motion

elastance
(constant)

resistance
(constant)

Equation of Motion

diaphragm

lungs & chest wall

ventilator

PUSHPULL

airways

𝑷𝒎𝒖𝒔 + 𝑷𝒗𝒆𝒏𝒕 = 𝑬 × 𝑽 + 𝑹 × �̇�
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Taxonomy of Modes
Using the Same Vocabulary

https://pubmed.ncbi.nlm.nih.gov/25118309/

Why Use a Mode Taxonomy?

• Over 500 unique names of modes on US ventilators alone
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Why Use a Mode Taxonomy?

• Over 500 unique names of modes on US ventilators alone
• Same need as for generic drug names in pharmacology

– Improve communication
– Improve patient safety
– Improve patient care through better use of technology

Why Use a Mode Taxonomy?

• Over 500 unique names of modes on US ventilators alone
• Same need as for generic drug names in pharmacology

– Improve communication
– Improve patient safety
– Improve patient care through better use of technology

• Taxonomy is essential for ordering modes just like for drugs
– Epic now uses mode taxonomy at Cleveland Clinic
– Other electronic medical record products will follow
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Key Words
• Taxonomy

– A classification system 
– Identifies generic modes (similar to generic vs brand names 

for drugs)

Key Words
• Taxonomy

– A classification system 
– Identifies generic modes (similar to generic vs brand names 

for drugs)
• TAG

– Abbreviation for mode: Control Variable, Breath Sequence, 
Targeting Scheme 
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Key Words
• Taxonomy

– A classification system 
– Identifies generic modes (similar to generic vs brand names 

for drugs)
• TAG

– Abbreviation for mode: Control Variable, Breath Sequence, 
Targeting Scheme

• Breath Control Variable
– What is pre-set (either pressure or volume/flow) 

Key Words
• Taxonomy

– A classification system 
– Identifies generic modes (similar to generic vs brand names 

for drugs)
• TAG

– Abbreviation for mode: Control Variable, Breath Sequence, 
Targeting Scheme

• Breath Control Variable
– What is pre-set (either pressure or volume/flow)

• Breath Sequence
– Pattern of mandatory vs spontaneous breaths 
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Key Words
• Taxonomy

– A classification system 
– Identifies generic modes (similar to generic vs brand names 

for drugs)
• TAG

– Abbreviation for mode: Control Variable, Breath Sequence, 
Targeting Scheme

• Breath Control Variable
– What is pre-set (either pressure or volume/flow)

• Breath Sequence
– Pattern of mandatory vs spontaneous breaths

• Targeting scheme
– Software that achieves pre-set values (targets)

Key Words

• Target
– A parameter set by you or automatically by the ventilator 

(eg, inspiratory pressure, tidal volume, flow, minute 
ventilation, SpO2, ETCO2, etc) that is a goal of the ventilator’s 
targeting scheme 
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Key Words

• Target
– A parameter set by you or automatically by the ventilator 

(eg, inspiratory pressure, tidal volume, flow, minute 
ventilation, SpO2, ETCO2, etc) that is a goal of the ventilator’s 
targeting scheme 

• Trigger
– To start inspiration

• Initiated by patient or machine

Key Words

• Target
– A parameter set by you or automatically by the ventilator 

(eg, inspiratory pressure, tidal volume, flow, minute 
ventilation, SpO2 ETCO2 etc) that is a goal of the ventilator’s 
targeting scheme 

• Trigger
– To start inspiration

• Initiated by patient or machine
• Cycle

– Top end inspiration
• Initiated by patient or machine
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Key Words

• Spontaneous Breath
– Inspiration is both patient triggered (started) and patient 

cycled (ended) 

Key Words

• Spontaneous Breath
– Inspiration is both patient triggered (started) and patient 

cycled (ended)
• Mandatory Breath

– A breath for which inspiration is either machine triggered, or
machine cycled (or both)
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The Components of a Mode of Ventilation

Control
Variable

Targeting
Scheme

Breath
Sequence

Mode
TAG

+ + =Pressure
Volume

CMV
IMV
CSV

I  = intelligent
D = dual
A = adaptive
B = bio-variable
O = optimal
S  = set-point
S  = servo

PC-CMVs
PC-CSVs

PC-IMVs,s

All modes have these 3 components

The Components of a Mode of Ventilation

Control
Variable

+ + =Pressure
Volume
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Pressure Control Modes

pressure
control

𝑷𝒗𝒆𝒏𝒕 = 𝑬 × 𝑽 + 𝑹 × �̇�

• Preset values
– Inspiratory pressure target

 Constant inspiratory pressure, or
 Inspiratory pressure is proportional to inspiratory effort

– Inspiratory time

Volume Control Modes

𝑷𝒗𝒆𝒏𝒕 = 𝑬 × 𝑽 + 𝑹 × �̇�
volume
control

• Preset values
– Inspiratory volume (tidal volume)
– Inspiratory flow (peak and waveform)
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Ideal Waveforms

What is a Mode of Ventilation?

Control
Variable

Breath
Sequence

+ + =Pressure
Volume

CMV
IMV
CSV
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Key Idea – 4 Kinds of IMV

IMV(1): mandatory rate delivered independent of patient action

Key Idea – 4 Kinds of IMV

IMV(1): mandatory rate delivered independent of patient action

IMV(2): mandatory breaths suppressed if spontaneous breath rate 
higher that set mandatory breath rate
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Key Idea – 4 Kinds of IMV

IMV(1): mandatory rate delivered independent of patient action

IMV(2): mandatory breaths suppressed if spontaneous breath rate 
higher that set mandatory breath rate

IMV(3): mandatory breaths suppressed if spontaneous minute 
ventilation higher than set mandatory minute ventilation

Key Idea – 4 Kinds of IMV

IMV(1): mandatory rate delivered independent of patient action

IMV(2): mandatory breaths suppressed if spontaneous breath rate 
higher that set mandatory breath rate

IMV(3): mandatory breaths suppressed if spontaneous minute 
ventilation higher than set mandatory minute ventilation

IMV(4): individual mandatory breaths suppressed if inspiratory 
effort high enough

79
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Five Basic Ventilatory Patterns

Symbol

Breath

Sequence

Control 
Variable

VC-CMVContinuous Mandatory VentilationVolume

VC-IMVIntermittent Mandatory Ventilation

PC-CMVContinuous Mandatory VentilationPressure

PC-IMVIntermittent Mandatory Ventilation

PC-CSVContinuous Spontaneous Ventilation

What is a Mode of Ventilation?

Control
Variable

Targeting
Scheme

Breath
Sequence

+ + =Pressure
Volume

CMV
IMV
CSV

I  = intelligent
D = dual
A = adaptive
B = bio-variable
O = optimal
S  = set-point
S  = servo
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Targeting Schemes (abbreviations)

1. Set-point (s) 
• All targets are operator pre-set  

Example: Volume Assist/Control 

Targeting Schemes (abbreviations)

1. Set-point (s) 
• All targets are operator pre-set  

Example: Volume Assist/Control
2. Dual (d) 

• Ventilator switches between VC and PC 
Example: “flow adaptation” (Servo-U) 
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Targeting Schemes (abbreviations)

1. Set-point (s) 
• All targets are operator pre-set  

Example: Volume Assist/Control
2. Dual (d) 

• Ventilator switches between VC and PC 
Example: “flow adaptation” (Servo-U)

3. Bio-variable (b)
• Ventilator randomly changes inspiratory pressure

Example: variable pressure support (Dräger V500) 

Targeting Schemes (abbreviations)

1. Set-point (s) 
• All targets are operator pre-set  

Example: Volume Assist/Control
2. Dual (d) 

• Ventilator switches between VC and PC 
Example: “flow adaptation” (Servo-U)

3. Bio-variable (b)
• Ventilator randomly changes inspiratory pressure

Example: variable pressure support (Dräger V500)
4. Servo (r) 

• Inspiratory pressure proportional to effort
Example: NAVA (Servo-U) or PAV+ (PB980)

85
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Targeting Schemes (abbreviations)

5. Adaptive (a)
• Ventilator adjusts target with changing patient condition

Example: Pressure Regulated Volume Control (Servo-U) 

Targeting Schemes (abbreviations)

5. Adaptive (a)
• Ventilator adjusts target with changing patient condition

Example: Pressure Regulated Volume Control (Servo-U)
6. Optimal (o)

• Ventilator adjusts target to maximize or minimize some 
desired parameter
Example: Adaptive Support Ventilation (Hamilton C6) 
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Targeting Schemes (abbreviations)

5. Adaptive (a)
• Ventilator adjusts target with changing patient condition

Example: Pressure Regulated Volume Control (Servo-U)
6. Optimal (o)

• Ventilator adjusts target to maximize or minimize some 
desired parameter
Example: Adaptive Support Ventilation (Hamilton C6)

7. Intelligent (i) 
• Ventilator adjusts target using artificial intelligence tools

Example: SmartCare (Dräger V500) or IntelliVent (Hamilton C6)

The Components of a Mode of Ventilation

Control
Variable

Targeting
Scheme

Breath
Sequence

Mode
TAG

+ + =Pressure
Volume

CMV
IMV
CSV

i  = intelligent
d = dual
a = adaptive
b = bio-variable
o = optimal
s  = set-point
r  = servo

PC-CMVs
PC-CSVs

PC-IMV(1)s,s
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Choosing the Right Mode
Goals of Mechanical Ventilation

https://pubmed.ncbi.nlm.nih.gov/22710796/

What is your Goal?

• There are only 3 basic goals of mechanical ventilation:
– Safety

• ensure adequate gas exchange
• minimize risk lung injury 

91
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What is your Goal?

• There are only 3 basic goals of mechanical ventilation:
– Safety

• ensure adequate gas exchange
• minimize risk lung injury

– Comfort
• maximize patient-ventilator synchrony
• minimize work shifting (balance work of breathing)  

What is your Goal?

• There are only 3 basic goals of mechanical ventilation:
– Safety

• ensure adequate gas exchange
• minimize risk lung injury

– Comfort
• maximize patient-ventilator synchrony
• minimize work shifting (balance work of breathing) 

– Liberation
• minimize duration of ventilation
• minimize risk of adverse events
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94



9/23/2023

48

Safety, Comfort or Liberation
There can be only one…

End of 
mechanical 
ventilation

Duration of Ventilation
Start of 

mechanical 
ventilation

Safety Goal

Clinical Objective
• Provide 

adequate gas 
exchange

• Protect the 
lung

Mode Capabilities
• Manual adjustment 

rate and VT targets

• Automatic adjustment 
of pressure to achieve 
average VT = target

• Automatic lung 
protection parameters

Mode Examples
• VC-CMVs 

– Volume 
Assist/Control

• PC-CMVa
– PRVC

• PC-IMVoi,oi
• Adaptive Support 

Ventilation

95
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Safety Goal

Clinical Objective
• Provide 

adequate gas 
exchange

• Protect the 
lung

Mode Capabilities
• Manual adjustment 

rate and VT targets

• Automatic adjustment 
of pressure to achieve 
average VT = target

• Automatic lung 
protection parameters

Mode Examples
• VC-CMVs 

– Volume 
Assist/Control

• PC-CMVa
– PRVC

• PC-IMVoi,oi
• Adaptive Support 

Ventilation

Safety Goal

Clinical Objective
• Provide 

adequate gas 
exchange

• Protect the 
lung

Mode Capabilities
• Manual adjustment 

rate and VT targets

• Automatic adjustment 
of pressure to achieve 
average VT = target

• Automatic lung 
protection parameters

Mode Examples
• VC-CMVs 

– Volume A/C  

• PC-CMVa
– PRVC

• PC-IMVoi,oi
• Adaptive Support 

Ventilation
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Comfort Goal

• Optimize 
synchrony

• Adequate 
support of 
work of 
breathing

• Spontaneous breaths 
allowed

• Unrestricted flow
• Coordination of 

mandatory and 
spontaneous breaths

• Automatic 
adjustment of 
support

• Proportional support

• PS-CSVs 
– Pressure Support

• PC-IMV(2)a,a
– Automode (PRVC-VS)

• PC-CSVr
– PAV or NAVA

Clinical Objective Mode Capabilities Mode Examples

Comfort Goal

• Optimize 
synchrony

• Adequate 
support of 
work of 
breathing

• Spontaneous breaths 
allowed

• Unrestricted flow
• Coordination of 

mandatory and 
spontaneous breaths

• Automatic 
adjustment of 
support

• Proportional support

• PS-CSVs 
– Pressure Support

• PC-IMV(2)a,a
– Automode (PRVC-VS)

• PC-CSVr
– PAV or NAVA

Clinical Objective Mode Capabilities Mode Examples
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Comfort Goal

• Optimize 
synchrony

• Adequate 
support of 
work of 
breathing

• Spontaneous breaths 
allowed

• Unrestricted flow
• Coordination of 

mandatory and 
spontaneous breaths

• Automatic 
adjustment of 
support

• Proportional support

• PS-CSVs 
– Pressure Support

• PC-IMV(2)a,a
– Automode (PRVC-VS)

• PC-CSVr
– PAV or NAVA

Clinical Objective Mode Capabilities Mode Examples

Comfort Goal

• Optimize 
synchrony

• Adequate 
support of 
work of 
breathing

• Spontaneous breaths 
allowed

• Unrestricted flow
• Coordination of 

mandatory and 
spontaneous breaths

• Automatic 
adjustment of 
support

• Proportional support

• PS-CSVs 
– Pressure Support

• PC-IMV(2)a,a
– Automode (PRVC-VS)

• PC-CSVr
– PAV or NAVA

Clinical Objective Mode Capabilities Mode Examples
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Comfort Goal

• Optimize 
synchrony

• Adequate 
support of 
work of 
breathing

• Spontaneous breaths 
allowed

• Unrestricted flow
• Coordination of 

mandatory and 
spontaneous breaths

• Automatic 
adjustment of 
support proportional 
to effort

• PS-CSVs 
– Pressure Support

• PC-IMV(2)a,a
– Automode (PRVC-VS)

• PC-CSVr
– PAV or NAVA

Clinical Objective Mode Capabilities Mode Examples

Comfort Goal

• Optimize 
synchrony

• Adequate 
support of 
work of 
breathing

• Spontaneous breaths 
allowed

• Unrestricted flow
• Coordination of 

mandatory and 
spontaneous breaths

• Automatic 
adjustment of 
support proportional 
to effort

• PS-CSVs 
– Pressure Support

• PC-IMV(2)a,a
– Automode (PRVC-VS)

• PC-CSVr
– PAV or NAVA

Clinical Objective Mode Capabilities Mode Examples
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Liberation Goal

• Minimize 
duration of 
ventilation

• Minimize 
adverse 
events

• Automatic 
reduction of 
support

• Automatic 
initiation of SBT

• Automatic 
messaging on 
readiness to 
breath unassisted

• PC-CMVa
– PRVC ?

• PC-CSVi
– Smart Care

• PC-IMVoi,oi
– Intellivent

Clinical Objective Mode Examples

Liberation Goal

• Minimize 
duration of 
ventilation

• Minimize 
adverse 
events

• Automatic 
reduction of 
support

• Automatic 
initiation of SBT

• Automatic 
messaging on 
readiness to 
breath unassisted

• PC-CMVa
– PRVC ?

• PC-CSVi
– Smart Care

• PC-IMVoi,oi
– Intellivent

Clinical Objective Mode ExamplesMode Capabilities
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Liberation Goal

• Minimize 
duration of 
ventilation

• Minimize 
adverse 
events

• Automatic 
reduction of 
support

• Automatic 
initiation of SBT

• Automatic 
messaging on 
readiness to 
breath unassisted

• PC-CSVa
– Volume Support ?

• PC-CSVi
– Smart Care

• PC-IMVoi,oi
– INTELLiVENT ASV

Clinical Objective Mode ExamplesMode Capabilities

Choose the mode to serve the goal

Duration of Ventilation

VC-CMVs PC-IMV(1)s,s PC-CSVs

107
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Pick Mode Based on Goal and Objectives

Pick Mode Based on Goal and Objectives
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Waveform Analysis
Know the Lingo

https://pubmed.ncbi.nlm.nih.gov/34470804/
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Key Terms
• total-PEEP

– Static end-expiratory pressure above atmospheric pressure
• during expiratory hold maneuver

Key Terms
• total-PEEP

– Static end-expiratory pressure above atmospheric pressure
• during expiratory hold maneuver 

• auto-PEEP or intrinsic PEEP
– Static end-expiratory pressure above set PEEP 

• during expiratory hold maneuver
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Key Terms
• total-PEEP

– Static end-expiratory pressure above atmospheric pressure
• during expiratory hold maneuver 

• auto-PEEP or intrinsic PEEP
– Static end-expiratory pressure above set PEEP 

• during expiratory hold maneuver 
• Plateau Pressure

– Static end-inspiratory pressure above atmospheric pressure
• during inspiratory hold maneuver

Key Terms
• total-PEEP

– Static end-expiratory pressure above atmospheric pressure
• during expiratory hold maneuver 

• auto-PEEP or intrinsic PEEP
– Static end-expiratory pressure above set PEEP 

• during expiratory hold maneuver 
• Plateau Pressure

– Static end-inspiratory pressure above atmospheric pressure
• during inspiratory hold maneuver 

• Tidal Pressure or Driving Pressure (E x VT)
– Static end-inspiratory pressure above total PEEP

• during inspiratory hold maneuver 

115

116



9/23/2023

59

Key Terms

• Work Shifting
– Any Pmus > 0 results in some work shifting

• work by vent is shifted to patient

Key Terms

• Work Shifting
– Any Pmus > 0 results in some work shifting

• work by vent is shifted to patient

– If Pvent > 0 then work shifting may be acceptable
• Paw > PEEP
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Key Terms

• Work Shifting
– Any Pmus > 0 results in some work shifting

• work by vent is shifted to patient

– If Pvent > 0 then work shifting may be acceptable
• Paw > PEEP

– If Pvent < 0 (VC modes) work shifting is inappropriate
• Paw < PEEP 

• This is also called flow starvation
• No mode or setting can fix this
• May need to sedate and paralyze

Key Terms

• Patient-Ventilator Synchrony
– Pvent and Pmus start and end at the same time
– Pmus is the reference signal
– Pmus surrogates

• esophageal pressure, Pes

• diagphragmatic electromyogram, Edi
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Key Terms

• Synchrony
– Pvent and Pmus start and end at the same time
– Pmus is the reference signal

• Asynchrony
– Absence of one signal (Pvent or Pmus)
– Examples:

• Failed trigger: Pmus without Pvent

• False trigger: Pvent without Pmus

Key Terms

• Synchrony
– Pvent and Pmus start and end at the same time
– Pmus is the reference signal

• Asynchrony
– Absence of one signal (Pvent or Pmus)

• Failed trigger: Pmus without Pvent

• False trigger: Pvent without Pmus

• Dyssynchrony
– Pvent and Pmus start and end at different times

• Early trigger or cycle: Pvent before Pmus

• Late trigger or cycle: Pvent after Pmus
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VC-CMVs (Volume control)
PC-CMVa (PRVC, VC+)
PC-CSVa (Volume support)

P v
en

t

Pmus

Work Shifting

Zero
Effort

Highest
Effort

VC-CMVs (Volume control)
PC-CMVa (PRVC, VC+)
PC-CSVa (Volume support)

P v
en

t

Pmus

PC-CMVs (pressure control)
PC-CSVs  (pressure support)

Work Shifting

Zero
Effort

Highest
Effort
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PC-CSVr (PAV, NAVA) 

VC-CMVs (Volume control)
PC-CMVa (PRVC, VC+)
PC-CSVa (Volume support)

P v
en

t

Pmus

PC-CMVs (pressure control)
PC-CSVs  (pressure support)

Work Shifting

Zero
Effort

Highest
Effort

Time Constant
• Time Constant = Resistance x Compliance (units: seconds)

– time to change 63%  
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Basic
Waveform Interpretation

Standardized Procedure

https://pubmed.ncbi.nlm.nih.gov/34470804/

Step 1 – Define the TAG
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Ideal Waveforms

Step 2 – Define the Load
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Time

𝑷𝒗𝒆𝒏𝒕 = 𝑬𝑽 + 𝑹�̇�
            = 𝑷𝑹 + 𝑷𝑬

Volume Control 
Square flow wave

Pressure

Flow

Volume

𝑃ா = 𝐸𝑉

Increased 
Elastic Load

Effects of Increased Loads
Increased 

Resistive Load

Volume Control 
Ramp flow wave

Time

Flow

Volume

Pressure

𝑃ா = 𝐸𝑉

𝑷𝒗𝒆𝒏𝒕 = 𝑬𝑽 + 𝑹�̇�
            = 𝑷𝑹 + 𝑷𝑬

Increased 
Elastic Load

Effects of Increased Loads
Increased 

Resistive Load
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Pressure Control 
Square pressure wave

Flow

Volume

Time

Pressure

𝑃ா = 𝐸𝑉

𝑷𝒗𝒆𝒏𝒕 = 𝑬𝑽 + 𝑹�̇�
            = 𝑷𝑹 + 𝑷𝑬

Increased 
Elastic Load

Effects of Increased Loads
Increased 

Resistive Load

Pvent + Pmus =  E  V  +  R  V

Volume Control
this side preset

pressure waveform volume waveform flow waveform 

Effects of Insipratory Effort (Pmus)
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Pressure Control
this side preset

pressure waveform volume waveform flow waveform 

Pvent + Pmus =  E  V  +  R  V

Effects of Insipratory Effort (Pmus)

Step 3 – Define the PVI
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Pressure

Flow

Pmus

Trigger Synchrony - Normal

Trigger Synchrony - Late

Pressure

Flow

Pmus
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Trigger Synchrony - Early

Pressure

Flow

Pmus

Trigger Synchrony - False

Pressure

Flow

Pmus
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Trigger Synchrony - Failed

Pressure

Flow

Pmus

Step 3 – Define the PVI
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Work shifting Severe work shifting

Work Shifting in Volume Control

Pressure

Flow

Pmus

Work Shifting in Pressure Control

Pressure

Flow

Pmus
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Step 3 – Define the PVI

Cycle Synchrony - Normal

Pressure

Flow

Pmus
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Cycle Synchrony - Late

Pressure

Flow

Pmus

Cycle Synchrony – Early

Pressure

Flow

Pmus
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Step 3 – Define the PVI

Expiratory Work
Pmus present, exp workPassive,  normal load

A B
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Step 4 – Recommend Interventions

Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal

151

152



9/23/2023

77

Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal

constant flow at start
flow augmentation 

with effort

consistent tidal 
volume and 

inspiratory time

Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal
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Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal

distorted pressure 
during inspiration

Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal
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Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal

normal flow trigger with 
sustained inspiratory effort

Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal

pressure drop 
below PEEP 

indicates work 
shifting

“flow starvation”
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Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal

no distortion of 
peak expiratory flow

Example
1. What is the mode TAG

• VC-CMVd
2. What is the load

• Inspiratory Pmus
3. What is the patient-

ventilator interaction status
A. Trigger: normal flow trigger
B. Inspiratory phase: work 

shifting
C. Cycle: normal
D. Expiratory phase: normal

no indication of Pmus
during expiration
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Summary

• The equation of motion is essential to understand mechanical ventilation

Summary

• The equation of motion is essential to understand mechanical ventilation
• We now have taxonomies for

– Modes of ventilation
– Patient-ventilator interactions
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Summary

• The equation of motion is essential to understand mechanical ventilation
• We now have taxonomies for

– Modes of ventilation
– Patient-ventilator interactions

• Learning to interpret ventilator waveforms is just as important as learning to 
interpret ECG waveforms
– This skill helps us optimize the mode and settings required to serve the goal of ventilation and 

meet the patient’s needs

Simulator – Hamilton C6 Ventilator

• Free
• Fully simulated user interface with most modes
• Real-time waveforms and digital displays
• Standard patient models (normal, ARDS, COPD)
• Monitoring parameters for the patient’s oxygenation and 

ventilation, including a simulated BGA
• Responds to recruitment maneuvers and changes in PEEP

163

164



9/23/2023

83

Next steps
• Attend SEVA-VentRounds, online (free) 

– We review ventilator waveforms live, applying the SEVA method
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