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Introduction
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The Human Lung :
Diaphragm
* Primary function of the human lung e
e Ventilation and Perfusion (in other words... breath) Breathing n

e Ventilation: Transport of surrounding air into the lung

Breathing out

e Perfusion: Gas exchange in the alveoli and alveoli R pat gostons durg
nspiration and expiration
capillaries

* Acute Respiratory Failure (ARF)
e Impaired lung functions

o Essentially, the patient was not able to breath properly
and/ or not getting enough oxygen

e Pneumonia, sepsis, trauma, near drowning etc
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Acute Respiratory Distress Syndrome (ARDS)

1965 — Ashbaugh

Affecting up to 30% of ICU patients

Mortality up to 30~60%

Significant cost in treatment (~$1500/day extra)

TR INIUAANCE wWor'T COVER &
VEMTILATOR ANY LOMGER, 50 Bog
HEARE wILL BE GWING YO MOUTH
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~ Acute Respiratory Distress Syndrome (ARDS)

1965 — Ashbaugh

Affecting up to 30% of ICU patients
Mortality up to 30~60%
 Significant cost in treatment
Collapse lung (Collapse Alveoli)

=Y

> BIOMEDICAL,
CANTERBURY EMGIMEERING
Tehar Wisinow o Hanasa

UNIVERSITY OF



~ Acute Respiratory Distress Syndrome (ARDS)

1965 — Ashbaugh

Affecting up to 30% of ICU patients
Mortality up to 30~60%
 Significant cost in treatment
Collapse lung

e Fluid Build-up, Inflammation, Lost of
Surfactant in the Alveolar, Alveolar
Collapse, Gas Exchanged Impaired

o Stiffer, Smaller, Baby Lung

Ventilator
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' °. 2. Ventilation

@
1. Introduction

Human Lung, Respiratory
Failure and Mechanical
Ventilation
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/mcal Ventilation

* Mechanical Ventilation (MV) provides breathing support for the ARF/
ARDS patients
* MV delivers a supply of oxygen using positive pressure
* Some settings in a mechanical ventilator
e Fraction of Inspiration Oxygen (FiO2) 00:00:00:00

e Positive End Expiratory Pressure (PEEP)
e Tidal Volume

-
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3. The need of Model-
based method to select

PEEP

' °. 2. Ventilation

e PEEP

@
1. Introduction

Human Lung, Respiratory
Failure and Mechanical
Ventilation
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oblems

e “Humans are horribly variable” (Dickson et al, 2014)

UuCe

UNIVERSITY OF
CANTERBURY

Te Whare Wananga o Waitaha
CHRISTCHURCH NEW ZEALAND.

| BIOMEDIC
ENGENEEEII’«%.



oblems

e “Humans are horribly variable” (Dickson et al, 2014)
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Humans are horribly variable: The problem of variability in physiological measurement and modelling.
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e Need of Model-based mechanical ventilation

* “Humans are horribly variable” (Dickson et al, 2014)
* Disease and response is patient-specific

* (linicians rely on intuitions and experience to set MV (PEEP)
e Relatively little non invasive assessment method to assess lung condition

Pressure
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* You could go home tomorrow, but it will take the plumber
three days to disconnect you. *
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A need of a non-invasive method to individualise MV
Model-based Mechanical Ventilation

e Capture patient-specific condition and response to MV
setting

e Develop metric to aid clinical decision making

Improve the quality of care
e Setting MV in a consistent fashion
e Improve care, reduce MV dependency,
reduce mortality
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~ Model-based Mechanical Ventilatiorr— |-

Here are some models and metrics that I have worked on...

* Minimal Model, Gaussian Distribution model o Lang it
(Sundaresan et al., 2009, 2010, Chiew et al., 2012, Redmond et al. 2014)

* Functional Residual Capacity Estimation
(Sundaresan et al., 2010, Mishra et al., 2013, van Drunen et al., 2013) . _
* Pressure Recruitment and Multi Compartment Models B e AN
(Schranz et al., 2011, Docherty et al., 2013) T
* Patient-Ventilator Interaction, Asynchrony Analysis
(Moorhead et al., 2012, Chiew et al., 2013) = . :
* Expiratory Time Constant Model 3 7 T
(van Drunen et al., 2013) et A
* Time-Varying Elastance Model
(van Drunen et al., 2013, Chiew et al., 2014)
e Airway BranchingModel ¢ . od oo
(Damanhuri et al., 2014) L Mg
* Nonlinear Auto Regressive Modelling
(Langdon et al., 2015)
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| nly work on
Single Compartment Lung Model

P,_(t)=R, *Q(t) + E_*V(t) + P,
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4. Experimental and
Clinical Trials

e

3. The need of Model-
based method to select
PEEP

' °. 2. Ventilation

e PEEP

@
1. Introduction

Human Lung, Respiratory
Failure and Mechanical
Ventilation
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xperimental and Clinical Trials
Simulate ARDS in Animals
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. Animal 2. Ventilator

Airway
Pressure
Flow data

Induce ARDS through:

4A. Oleic Acid 4B. Saline Lavage

Ballard-Croft C, Wang D, Sumpter LR, Zhou X, Zwischenberger JB: Large-Animal Models of
Acute Respiratory Distress Syndrome. The Annals of Thoracic Surgery 2012, 93:1331-1339

3. Computer Platform

Other of methods inducing
ARDS in animal models

* Endotoxin

* Smoke/ burn
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Phase 3

Pressure
Elastance and Resistance

180

160

140

120

100

80

Increasing PEEP Decreasing PEEP___

Peak Airway Pressure (cmH20)
Ers IB (cmH2001)
1= Ers Vent {cmH20/1)

====Rrs B jcmH20s/l}

=11 | AN ———— 1 1 N U T —————————— N N 0 O OO —
40
20 f | (e ik |
UL egmersmon-pmn g OB Pasmm L 11t
L *]
% 1 2 3 ' 4 - ;

Time (minute)

UuCe

UNIVERSITY OF
CANTE
Te W/ a

c

BIOMEDICALy
ENGINEERING



Phase 3

180 —ncreasing PEEP

Decreasing PE EF— Peak Airway Pressure (cmH20)

Ers IB (cmH2001)
1= Ers Vent {cmH20/1)
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Phase 3

recruitment
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Findings

* Respiratory elastance (F,) can be used as an indicator for
recruitment and overdistension.

e PEEP can be set at minimal Elastance to maximise recruitment
while minimising the risk of overdistension

e Monitoring Elastance continuously provides information the
on patients disease state progression
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%l Studies

* Christchurch Hospital intensive care unit
* 10 +15 ARDS patients

* Perform a Recruitment Manoeuvre (PEEP change)
* Respiratory System Elastance with PEEP

5. PEEF Increment is stopped
once PIP 45 cmH20 is reached

) . 6. Decrease PEEP 7. Multiple PEEP

I by 5 cmH20 decrement

0 &

=W 1, Clinically 2
E selected I
(= FPEEP 3 Tncrease PEED I 4 Multiole DEED 8. Once reached
ARG by 5 emH20 - Hple Clinically Selected
collected o ncrements PEEF, EM stops
I I e\ B collected
Each PEEP iz maintained

30 mmutes after

l I for 10~15 breathing RM Stops

cycles

2. Decrease to

ZEET

Start of Recrnitment Time

Manoeuvre
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Exa

Pt 2:
(Trauma)

Minimal Elastance PEEP =

=15cmH20

Pt 8:

(Aspiration)

Minimal Elastance PEEP

=25cmH20
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- Variable PEEP with Respiratory Elastance

Pt 6:

(Intra-abdominal sepsis,

CHF)

Minimal Elastance PEEP

=15cmH20

Pt 10:

(Legionnaires, COPD)

Minimal Elastance PEEP

=20cmH20
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“Some research with minimal Elastance
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5. Preparing for RCT

. Clinical Trials:

4. Experimental and
Clinical Trials

. Experimental Animal

Trials: Oleic Acid, Lavage 3. The need of Model-

based method to select

Observational, pilot, etc PEEP

L,.- "o

[ ]
' O.ZB. Ventilation

° PEEP

o
1. Introduction

Human Lung, Respiratory
Failure and Mechanical
Ventilation
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/ . \/
Preparation for
Randomised Controlled Trial

Randomized controlled trial:

A study in which people are allocated at random to receive one of several
clinical interventions.

 identify factors that influence the effects of the intervention
» understand the processes through which an intervention influences change

They're like a shiny rock
Well RCTs are that only has value
the gold standard. because people with a
vested interest say so?
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| ERCT

* C(linical Utilisation of Respiratory Elastance

Clinical Utilisation of Respiratory Elastance

» Using real-time breath-to-breath respiratory system elastance to guide
mechanical ventilation PEEP selection, based on minimum elastance-
PEEP concept.

* Compared to standard practice

S SOl L L
B b, bt
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* a
' . \
h& 3.

UC@ | BIOMEDICAL

UNIVERSITY OF bl .
CANTERBURY ENGINEERING
Te Whare Wananga o Waitaha

CHRISTCHURCH NEW ZEALAND



UuCe

UNIVERSITY OF
CANTERBURY

Te Whare Wananga o Waitaha

CHRISTCHURCH NEW ZEALAND

__BIOMEDICAL

[ -l.

ENGINEERING



Protocol
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~Designing the studnyc\al protocol

We need to know our target patient group.

What are the sample size?
e What are the Primary and Secondary Outcomes.

« Blood oxygenation, Length of mechanical ventilation, mortality etc
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Power
@ Analysis

Inclusion &
Exclusion
Criteria

Protocol
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~_Christchurch ICU Record o

ICU admission record from 2011 to 2013 were analysed

Of the 3907 patients admitted, 2921 patients (75%) required MV, and 2534
(65%) patients were invasively ventilated.
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~_Christchurch ICU Record 0
ICU admission record from 2011 to 2013 were analysed

Of the 3907 patients admitted, 2921 patients (75%) required MV, and 2534
(65%) patients were invasively ventilated.

But the distribution of length of mechanically ventilation is skewed.

1500 T T T
@ Cohort A
T
.0
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©
o
©
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~_Christchurch ICU R

\\\

ecord

/

ICU admission record from 2011 to 2013 were analysed

Of the 3907 patients admitted, 2921 patients (75%) required MV, and 2534
(65%) patients were invasively ventilated.
But the distribution of length of mechanically ventilation is skewed.

It is important to target the cohorts that is likely to benefit for the trial.

This is screwed

Cohort A

1000

500

Number of patients

L

0 20 40 60

80

100

—

Lenght of mechanical ventilation (days)

This is skewed

Cohort B

Number of patients
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~_Designing the studyMIprotocol

We need to know our target patient group.
What are the sample size?

e What are the Primary and Secondary Outcome.

« Blood oxygenation, Length of mechanical ventilation, ventilator free days, EtCO2

Clinical protocol has to be feasible and not burdensome to current
clinical practice

* When should we titrate PEEP?

e How often should we titrate PEEP?

e What about other settings?
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Finding Minimal Respiratory System Elastance PEEP
5 | | | | |

Minimal Elastance
(Maximum Compliance)
was observed at PEEP
15cmH20
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ecruitment Manoeuvre
= * During the start of the trial

L
«C=»

PEEP
Titration

PEEP Adjustment and Monitoring Procedure Every 6 hours

I I
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Protocol

Screening
Procedure

Randomisation
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A /
ening and Randomisation
s LU

* Eligibility
B} Peigible balanced combinationa (ie, 2 19 contral groug,

* Block Randomisation (Random block size) pil sl ) ;

* Web-based, letter based etc... “{THTIJ 'm iﬁﬂj}*

4 & &

| e |
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[lli' Coritiel ' Teaatrenl

C) Random salection of blocks (e, 1,3,4,4,3,6,1, 2,58, 2)
Assignment of all 40 participants
1

3 1
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Hardware
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Clinicians

URE Implementation

[

Mechanical
Ventilator

Clinicians sets ventilator PEEP

=)
CURE Soft

'

CURE soft calculates respiratory mechanics
and recommends a PEEP setting

Airway pressure and flow is
transferred to the

computing platform

Respiratory
Failure Patient

Ventilator applies the
selected PEEP to the patient

Patients Breathing is monitored
and controlled by the ventilator
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~— Equipment

Software - CURE Soft

2012;
CURE Soft
Matlab version 1.0
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Equipment

Software - CURE Soft

RECETS |
Start Mazimwm Recrutment, CURE L Bessl
m JPawse St EUMP Cincal Uslisation of Respiratroey Ela wlnboive.,
Start Other AM _ Baye screen
(EEmE T rp—r——r——r——
) «PEEP » Siffness » SHTess Mecksn
1l “.. 1 ‘ . b2
32 T ’_'/"J”J_E_U"i_-\'— Vheaz ""”’f:rjj—}jl‘“ 25l - .Um_r:n
— 1.0 1 e F iacd a3 EEtn 30 o
n = I-iterations I = 2 el o
2012: :'__;‘..c EBE ]
CURE Soft FH .
. Current PEEP. 1098 cmH20 (Oftssl: 0.12)  Currert S3fine 2400 cmH20L - C:'ufmz?“ _Set
Matlab version 1.0 " — - e

2015 :
CURE Soft

JAVA version 1.0.22 pre
beta 9
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Equipment

CURE Soft System:
Consist of a Gechic

— Touchscreen monitor and Next

Unit of Computing (NUC) unit
for data processing

Mounting Support for CURE Soft:

Consist of stainless steel brackets
and holders
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Protocol

Screening
Procedure
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Protocol
Changes

Protocol

Screening
Procedure

Clinicians
and Staff
Trainings
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Trial Registration

Independent
Data Monitoring
Committee
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cs and Clinical Trial Registration

* Local ethics committee
* Independent data monitoring committee (Data safety)
* C(linical trial registry
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Trial Registration

Independent
Data Monitoring
Committee

Protocol
Changes

Protocol
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Protocol
Changes

Protocol

More
Changes

Clinicians
and Staff
Trainings
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Journals and
Conferences
Publication

Documentation

CONSORT
Guideline

SPIRIT
Guideline
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umentation Guideline
HSPIRITV

e SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials)
e http://www.spirit-statement.org/

S
&
%4

"Sure, it's a great invention, but does it

comply with all government guidelines?"
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umentation Guideline
== CONSORT

L% 0 TRAMSPARENT REPORTING of TRIALS

http://www.consort-statement.org/consort-2010

Most scientists regarded the new streamlined peer-review process
as “quite an improvement.”

CONSORT (Consolidated Standards of Reporting Trials)

UuCe

UNIVERSITY OF
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P . . .
@ Trial Registration
Independent O
Data Monitoring
Inclusion &

C itt L
= Publication
Exclusion
Criteria
Protocol
Changes

CONSORT

Guideline
Documentation

SPIRIT

Guideline
Protocol

More
Changes

Screening
Procedure

Clinicians

and Staff
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I'M AFRAID MY
BRAIN HAS LEFT
FOR THE DAY
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4. Experimental and
Clinical Trials
1. Experimental Animal
Trials: Oleic Acid, Lavage
2. Clinical Trials:
Observational, pilot, etc

3. The need of Model-
based method to select

PEEP
[}
5. Preparing for RCT .0'..°.. (‘""o.
1. Statistical analysis L." °e,
2. Documentation & o
3. Staff Trainings o® hZB Ventilati
4. Randomisation and Logging s o 2B. Ventilation
5. Repository... etc e e, PEEP
Y [ ]
o .’
® °
6. Commencement and v o

[ ]
[ ] ..
4 @
1. Introduction

Human Lung, Respiratory
Failure and Mechanical
Ventilation

Challenges °
° o0°’
[ J
[ ]
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/
Challenges in Mechanical Ventilation RCT
What is the best Protocol?

What is good MV?

Equipment implementation?

Adaptation? .
o .

L5

Curiosity killed the cat.
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1.

2.

w

5. Preparing for RCT
Statistical analysis
Documentation
Staff Trainings

Randomisation and Logging

Repository... etc

Challenges

[ J

Equipment °
[ J
[ ]

<

implementation
Asynchrony and
Spontaneous
breathing

Change of protocol
Adaptation

7. Final thoughts

[ ]
[ ]
[ ]
6. Commencement and v

4. Experimental and
Clinical Trials
1. Experimental Animal
Trials: Oleic Acid, Lavage
2. Clinical Trials:
Observational, pilot, etc

..000.o°. (Oooo...
‘ °® °
[} ..
[ J
[}
[ J
o 'O.ZB.VentiIation
[}

° PEEP

3. The need of Model-
based method to select
PEEP

[ ]
[ J
[ J
[ ]
@
®ee, 1. Introduction
° Human Lung, Respiratory
A Failure and Mechanical
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- I n a.l T h O u g h tS Question to ask before opting for an RCT...

RCT is where your work should be heading

What's your treatment? We don't have one,
wea just heard RCTs were
the gold standard.

Do I think model-based mechanical
ventilation will work?

e Yesand...

e No. Too many co-founding factors that can
effect quality of MV.

Can we solve MV issue?

e Maybe not all at once, but we wish to open a
path to standardise patient-specific MV in a
consistent fashion.

(i)
O
N
=
We need human resources. g -

| called you all here because 178 %
| need you to stop helping people. ﬁ Haq 1 8

It's really messing up my impact assessment.
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Clinical Trials
1. Experimental Animal
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1. Equipment °
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7. Final thoughts
There are still lots to do

3. The need of Model-
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"~ Others

* Exploring new ideas and Look for other ideas

* Not knowing... could be good for generating ideas
until you found out someone did the work

* Ventilation model does not directly link to patient outcome or quality
of the delivered MV

e Develop the relation of respiratory mechanics progression with patient-
specific outcome.

e PaO2, SPO2, Mortality, LoMV

* Perfusion Model. Setting FiO2 which link to PaO2 and SpO2 are may
be a solution. We need to adapt this model to clinical practice
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Models and metrics...

All models are ‘wrong’ because of limitations
All models are ‘correct’ because of assumptions

Engineers: Physiological Model -
More parameters = Less parameters =
More parameter = ...

- Optimal... what is optimal?

Clinicians: Physiological Model = As long as it works

(will be better if I can understand) o
UCH BIOMEDICAL
CANTERBURY ENGINEERING



e e
Surrogates of Good Mechanical Ventilation

Survival: 28-day mortality

Organ failure free days >9 P 2 ) ?
Ventilator Dependency
e Length of mechanical ventilation b )
e Ventilator free days \/&
CoFree TEA

e Weaning time
Oxygenation

e Partial Pressure of Arterial Oxygenation (PaO2)

e Oxygen Saturation SaO2 or Oxygen Saturation measured SpO2
(Desaturation events)

Asynchronous index (?)
Respiratory Mechanics (?)
lack d I, 0] fined in Clinical Trials of hanicall mr

Ventilated Adul and Children. American Journal of Respiratory and Crcal Care UCY _N_meﬁ

Medicine 2014, 189:886-893. CANTERBURY ENGINEERING
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