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Mechanical Ventilation

* Primary support for patients with respiratory failure
e Maintaining lung recruitment

o Effective O2 delivery

e Provide good patient-ventilator interaction without
inducing further stress
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Mechanical Ventilation

* Primary support for patients with respiratory failure
e Maintaining lung recruitment
o Effective O2 delivery

e Provide good patient-ventilator interaction without
inducing further stress

* What is considered as effective ventilation?
* No further injuries
 Patient receiving sufficient O,
e Good patient interaction with ventilation
e Recovery
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How do we measure effective ventilation?
What is the surrogate of an effective mechanical ventilation?
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How do we measure effective ventilation?

* What is the surrogate of an effective mechanical ventilation?

* What do we measure?
o Arterial blood gasses: pH, PCO2, PaO2
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How do we measure effective ventilation?

What is the surrogate of an effective mechanical ventilation?

What do we measure?
 Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
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How do we measure effective ventilation?
* What is the surrogate of an effective mechanical ventilation?

* What do we measure?
e Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
e Asynchrony index
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m we measure effective ventilation?

What is the surrogate of an effective mechanical ventilation?

What do we measure?

 Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
e Asynchrony index

e Multiple organ dysfunction (MOD)

Onset of Multiple Organ Dysfunction Syndrome (MODS)
IAP > 20 mmHg

Increased peak pressure,
Brain swelling difficult ventilation and

Increased gut ischemia,
and ischemia oxygenation; VILI/ARDS

Cardiovascular Vena cava | Anuria/Acute Renal Further worsening
instability flattening Failure (ARF) of acidosis
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% we measure effective ventilation?

What is the surrogate of an effective mechanical ventilation?
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What do we measure?
 Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
e Asynchrony index
e Multiple organ dysfunction (MOD)
e Respiratory or other haemodynamic parameters




% we measure effective ventilation?

What is the surrogate of an effective mechanical ventilation?

What do we measure?
 Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
e Asynchrony index
e Multiple organ dysfunction (MOD)
e Respiratory or other haemodynamic parameters
» \entilator dependency: Weaning process

N \‘

/ ‘ 'w ‘
UCw
W BIOMEDICAL,
UNIVERSITY OF S .
CANTERBURY EMGIMEERING



% we measure effective ventilation?
What is the surrogate of an effective mechanical ventilation?
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What do we measure?
 Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
e Asynchrony index
e Multiple organ dysfunction (MOD)
e Respiratory or other haemodynamic parameters
» \entilator dependency: Weaning process
e Length of mechanical ventilation or ventilator free days




% we measure effective ventilation?
What is the surrogate of an effective mechanical ventilation?

What do we measure?
 Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
e Asynchrony index
e Multiple organ dysfunction (MOD)
e Respiratory or other haemodynamic parameters
» \entilator dependency: Weaning process
e Length of mechanical ventilation or ventilator free days
e Mortality
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% we measure effective ventilation?
What is the surrogate of an effective mechanical ventilation?

What do we measure?
 Arterial blood gasses: pH, PCO,, PaO,
e SPO, as desaturation events: drop less than 88%
e Asynchrony index
e Multiple organ dysfunction (MOD)
e Respiratory or other haemodynamic parameters
e \entilator dependency: Weaning process
* Length of mechanical ventilation or ventilator free days
e Mortality
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How do we measure effective ventilation?
What is the surrogate of an effective mechanical ventilation?

Why Ventilator Free Days (VDF) or Length of Mechanical ventilation (LOMV)?

YOUR INSURANCE wWaN'T COVER A
VENTILATOR ANY LOMGER, SO BoB
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Existing studies with LoMYV as primary or secondary outcome

Study No. Outcome Groups (Number of patient) p-value
Patient LoMV or Vent Free Days
(in mean + standard deviation or
median [interquartile range])
ARDSNet (The Acute Respiratory 861 VFD* Low Vt+ (432) High Vt(429) 0.0070
Distress Syndrome Network, 2000) 12+11 10+11
ALVEOLI (Brower et al., 2004) 549 VFD Lower PEEP# (273) Higher PEEP (276) 0.5000
14.5+10.4 13.8+10.6
EXPRESS (Mercat et al., 2008) 767 VFD Minimal distension (382) Increased recruitment (385) | 0.0400
3[0-17] 7 [0-19]
LOVS (Meade et al., 2008) 983 LoMV Control (507) Lung open (475) 0.9200
10 [6-16] 10 [6-17]
Meta-Analysis (Briel et al., 2010) 2299 VFD Lower PEEP (1136) Higher PEEP (1163) 0.1000
11[0-21] 13 [0-22]
Individualised PEEP (Pintado et 70 VFD Control (36) Intervention (34) 0.1600
al., 2013) 0[0-15.75] 1 [0-18]
Sedation Study (Strem et al., 2010) 113 VFD Control (58) No Sedation (55) 0.0191
18.0 [0-24.1] 6.9 [0-20.5]
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Existing studies with LoMYV as primary or secondary outcome

Study No. Outcome Groups (Number of patient) p-value
Patient LoMV or Vent Free Days
(in mean + standard deviation or
median [interquartile range])
ARDSNet (The Acute Respiratory 861 VFD* Low Vt+ (432) High Vt(429) 0.0070
Distress Syndrome Network, 2000) 12+11 10+11
ALVEOLI (Brower et al., 2004) 549 VFD Lower PEEP# (273) Higher PEEP (276) 0.5000
14.5+10.4 13.8+10.6
EXPRESS (Mercat et al., 2008) 767 VFD Minimal distension (382) Increased recruitment (385) | 0.0400
3[0-17] 7 [0-19]
LOVS (Meade et al., 2008) 983 LoMV Control (507) Lung open (475) 0.9200
10 [6-16] 10 [6-17]
Meta-Analysis (Briel et al., 2010) 2299 VFD Lower PEEP (1136) Higher PEEP (1163) 0.1000
11[0-21] 13 [0-22]
Individualised PEEP (Pintado et 70 VFD Control (36) Intervention (34) 0.1600
al., 2013) 0[0-15.75] 1 [0-18]
Sedation Study (Strem et al., 2010) 113 VFD Control (58) No Sedation (55) 0.0191
18.0 [0-24.1] 6.9 [0-20.5]
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This study aimed to:

Estimate the sample size required for a randomised
controlled trial for mechanical ventilation.

e Sample size for the change in LoMV detection

We compare two methods
e Using model-based method (Altman-nomogram)
e Using simulation-based method (Monte-Carlo)

Using ICU patients data from a single hospital Intensive
care unit (From 2011-2013)
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~_Christchurch ICU Record -

Age, Apache diagnostic code, ICU mortality, length of mechanical ventilation,
ventilation modes.

Of the 3907 patients admitted, 2921 patients (75%) required MV, and 2534
(65%) patients were invasively ventilated
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~_Christchurch ICU Record

/
Age, Apache diagnostic code, ICU mortality, length of mechanical ventilation,
ventilation modes.

Of the 3907 patients admitted, 2921 patients (75%) required MV, and 2534
(65%) patients were invasively ventilated
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Lenght of mechanical ventilation (days)
Cohort A LoMV mean (+ SD) LoMV for Cohort A is 3.23 + 7.03 days (median =

0.72 days [IQR: 0.24-2.62]). UCH
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tman Nomogram
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~Altman Nomogram
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~Altman Nom
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~Altman Nomogram

0.5 day difference >0
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~Monte-Carlo Simulation

Altman Nomogram assumes normally distributed data sets, and thus,
not suitable for data that are skewed to the left.

Hence, we tried a simulation based approach to estimated sample size

F

=4 BIDMEDICA;'
UNIVERSITY OF BNCRHOCO0oR
CANTERBURY EMGIMEERING
Te Whare Hiizl;:n\g‘u“u ;l«}zﬁu:t:



B

“Monte-Carlo Simulation

Altman Nomogram assumes normally distributed data sets, and thus,
not suitable for data that are skewed to the left.

Hence, we tried a simulation based approach to estimated sample size

Using Simulation based approach, we are able to impose a selection
criteria on patients

(1) Patients who are likely to be discontinued from MV within 24 hours

(2) Patients with increase intracranial pressure

(3) Patients who have significant weakness from any neurological disease

(4) Patients who have asthma as the primary presenting condition or a
history of significant chronic obstructive pulmonary disease, and

(5) Patients who are pregnant

How do we know which patient? APACHE II Diagnostic codes
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MCII ICU Record

—

200
300
400
500
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700
800
900

1000

Non - Operative

1100

Cardiovascular 1200
Respiratory 1300
Gastrointestinal Y 1400
Neurological '4(56‘ 1500
Sepsis 5 1600
Trauma i~ 1700
Metabolic OI 1800
Haematology = 1900
Renal disorder Q? 2100
Other medical disorders 2200

Musculoskeletal/ Skin disease

No diagnosis entered -

I

Cardiovascular
Respiratory
Gastrointestinal
Neurological

Trauma

Renal/ Genitourinary
Gynaecological
Musculoskeletal
Haematological

Metabolic
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“Monte-Carlo Simulation

Non-operative neurological (400)

Post-operative neurological (1500)

Chronic obstructive pulmonary disease (206)

Asthma (209)

Head trauma with or without multi trauma (601)

Multi trauma with spinal injury (604)

[solated cervical spine injury (605)

Post operation patients: head trauma with or without multi trauma (1601)
Post operation patients: multi trauma with spinal injury (1604)

Post operation patients: isolated cervical spine injury (1605)
Pregnancy-related disorder (1802).

Patients with LoMV less than 1 day and more than 30 days were also excluded.

These exclusion criteria were chosen based the clinical implication that these
patient may not benefit from a MV intervention, or could be harmed in some

cases. o)
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~Monte-Carlo Simulation

After imposing the exclusion criteria, the number of patients who might
benefit and be eligible for the study was reduced to 744 (19% of total patients
admitted to ICU or 29% of patients requiring invasive MV).
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~Monte-Carlo Simulation

After imposing the exclusion criteria, the number of patients who might
benefit and be eligible for the study was reduced to 744 (19% of total patients
admitted to ICU or 29% of patients requiring invasive MV).

Cohort B mean LoMV was 5.81 + 6.30 days (median = 2.92 days [IQR: 1.67-

7.38]),
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~Monte-Carlo Simulation

After imposing the exclusion criteria, the number of patients who might
benefit and be eligible for the study was reduced to 744 (19% of total patients
admitted to ICU or 29% of patients requiring invasive MV).

Cohort B mean LoMV was 5.81 + 6.30 days (median = 2.92 days [IQR: 1.67-

7.38]),

Significantly different from Cohort A (p < 0.05 using Student ¢-test and

Wilcoxon ranksum test and Kolmogorov-Smirnov test).
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~Monte-Carlo Simulation

Patient e  Select a patient cohort: e CohortA
Cohorts 1) Cohort A includes all invasively ventilated patients. e Cohort B
2) Cohort B is created from Cohort A by imposing exclusion criteria.
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/Wﬁe-Carlo Simulation

e  Patient is selected with replacement.
e  Various sample size of each treatment group is tested.

Patient e  Select a patient cohort:
Cohorts 1) Cohort A includes all invasively ventilated patients.

2) Cohort B is created from Cohort A by imposing exclusion criteria.
Sample e  Randomly select patients from the patient cohort and assign each
Size patients to a treatment group. 1) Control group or 2) Intervention
Selection group.

Cohort A
. Cohort B

o Total sample size N= 200,
300, 400... 5000 patients.

e  Orsample size with
higher resolution 200,
220, 240... 600 patients
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/Wlﬁe-Carlo Simulation

Patient e  Select a patient cohort:
Cohorts 1) Cohort A includes all invasively ventilated patients.

2) Cohort B is created from Cohort A by imposing exclusion criteria.

]

Sample e  Randomly select patients from the patient cohort and assign each
Size patients to a treatment group. 1) Control group or 2) Intervention
Selection group.

e  Patient is selected with replacement.

e  Various sample size of each treatment group is tested.
et Difference e  Impose a difference in LoMV between two groups.
in LoMV e  The LoMV in Intervention group is reduced by the chosen

percentage.
LoMYV intervention = LoMV patient x (100% -Percentage reduction)
The difference in LoMV ranges from 5 to 30% of total LoMV.

Cohort A
. Cohort B

o Total sample size N= 200,
300, 400... 5000 patients.

e  Orsample size with
higher resolution 200,
220, 240... 600 patients

e Difference of LoMV = 5,
10, 15, ... 30%
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/me-Carlo Simulation

-
Patient e  Select a patient cohort: Cohort A
I Cohorts 1) Cohort A includes all invasively ventilated patients. e Cohort B
2) Cohort B is created from Cohort A by imposing exclusion criteria.
Sample Randomly select patients from the patient cohort and assign each Total sample size N= 200,
Size patients to a treatment group. 1) Control group or 2) Intervention 300, 400... 5000 patients.
Selection group. Or sample size with
Patient is selected with replacement. higher resolution 200,
Various sample size of each treatment group is tested. 220, 240... 600 patients
e Difference Impose a difference in LoMV between two groups. Difference of LoMV = 5,
in LoMV The LoMV in Intervention group is reduced by the chosen 10, 15, ... 30%
percentage.
LoMYV intervention = LoMV patient x (100% -Percentage reduction)
The difference in LoMV ranges from 5 to 30% of total LoMV.
788 Statistical Perform statistical test comparing the LoMV between two groups. Student t-test
Test Using parametric and non-parametric tests. Student t-test (log scale)
A value of p < 0.05 is indicates that LoMV for intervention group is Wilcoxon Ranksum test
significantly different from control group. Kolmogorov-Smirnov test
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/me-Carlo Simulation

-
Patient e  Select a patient cohort: Cohort A
I Cohorts 1) Cohort A includes all invasively ventilated patients. e Cohort B
2) Cohort B is created from Cohort A by imposing exclusion criteria.
Sample e  Randomly select patients from the patient cohort and assign each e  Total sample size N= 200,
Size patients to a treatment group. 1) Control group or 2) Intervention 300, 400... 5000 patients.
Selection group. e  Orsample size with
e  Patient is selected with replacement. higher resolution 200,
e  Various sample size of each treatment group is tested. 220, 240... 600 patients
et Difference e  Impose a difference in LoMV between two groups. e  Difference of LoMV = 5,
in LoMV e  The LoMV in Intervention group is reduced by the chosen 10, 15, ... 30%
percentage.
LoMYV intervention = LoMV patient x (100% -Percentage reduction)
e  The difference in LoMV ranges from 5 to 30% of total LoMV.
"8 Statistical e  Perform statistical test comparing the LoMV between two groups. e  Student t-test
Test e  Using parametric and non-parametric tests. e  Student t-test (log scale)
e  Avalue of p <0.05is indicates that LoMV for intervention groupis e  Wilcoxon Ranksum test
significantly different from control group. e  Kolmogorov-Smirnov test
Power e  Each Monte-Carlo simulation iteration will generate a p-value for ¢ E.g. for 10000 Monte-
Analysis each statistical test. Carlo iterations, if p < «
e  Fora given sample size and significance level «, statistical power is for 84% (8400 iterations),
evaluated as the proportion of iterations for which the p < a. Power = 0.84.
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onte-Carlo Simulation
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onte-Carlo Simulation
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onte-Carlo Simulation
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ISCUSSION

One of the ideal inclusion criteria in other studies is to focus on patients with a
more severe form of respiratory failure, such as the acute respiratory distress
syndrome (ARDS).

LoMYV distributions may vary between centres ( ). This
variability in patient distribution means that the N, ., derived from this study
may only be applicable to the participating centre or other regional centres that
have similar characteristics ( ).

The changes of LoMV used in this study were arbitrarily chosen and may not
represent the true possible LoMV change for any given intervention (

).
Thus, given the effective sample size and percentage difference in LoMV
needed, the results suggest that the clinical outcome (LoMV) requires a large
sample size due to the high variability in the population.
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~~Final Thoughts

Trial inclusion and exclusion criteria is important to capture the
targeted group.

e A specific group or,

e A generalised group
There are other co-founding factors that can affect MV deliveries.
Intention to treat

Protocol deviation

Effective protocol

MV is a supporting therapy
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