How much stress 1s the alveoli seeing?
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Objectives

1. Noninvasive Monitoring of Transpulmonary Pressure
2. Sedation 1s Not Always The Answer



ARMA and PReVENT Trials

Ventilation With Lowet Tidal Volumes as Compared Pre ARMA: VT range 10-15ml/kg leading to stretch induced lung
injury

L WVETT E VIR I B Qe A A Tyl ARMA: Compared 6 to 12ml/kg VT with plateaus < 30 mmHg

and the Acute Respiratory Distress Syndrome A prospective study on patients with acute lung injury and
the acute respiratory distress syndrome, showing a lower

tidal volume strategy results in decreased mortality and

Published May 4, 2000 | N Engl | Med 2000;342:1301-1308 | DOI: 10.1056/NE|M200005043421801 increases the number of days without ventilator use.
VOL. 342 NO. 18

Author: The Acute Respiratory Distress Syndrome Network”  Author Info & Affiliations

EffeCt Of d LOW VS Interm?dlate Tldal Pendelluft phenomenon is defined as the
Volume Strategy NN E I ELOTE Ml displacement of gas from a more recruited
Days in Intensive Care Unit Patients [ullllEuE i IR 1) AR CEEL REER LS
Without ARDS. The PReVENT Trial recruited dependent (D) lung region. This

phenomenon may cause lung injury.
Simonis et al. JAMA 2018. Published online October 24, 2018. doi:10.1001/jama.2018.14280




Protecting the Functioning Aerated Lung
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Asynchrony Variables: Flow, Volume, Pressure and Time

How harmful is deep sedation?

Early Intensive Care Sedation Predicts Long-Term
Mortality in Ventilated Critically lll Patients

Yahya Shehabi', Rinaldo Bellomo®*55, Michael C. Reade’, Michael Bailey’, Frances Bass?
Belinda Howe®, Colin McArthur’, an M. Seppelt', Steve Webb""2, and Leonie Weisbrodt";
Sedation Practice in Intensive Care Evaluation (SPICE) Study Investigators and the ANZICS Clinical Trials Group*

RESEARCH Open Access

Patient-ventilator asynchrony, impact 2
on clinical outcomes and effectiveness

of interventions: a systematic review

and meta-analysis

PMID: 34390855



Respiratory Equation of Motion

Breath Delivery = Airway Resistance + Lung Compliance

National Library of Medicine

National Center for Biotechnology Information
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Ventilator-Induced Lung Injury (VILI)

Ajith Kumar AK; Fatima Anjum.

*» Author Information and Affiliations

Last Update: April 27, 2023.

Ventilator-induced lung injury is the acute lung injury
inflicted or aggravated by mechanical ventilation during
treatment and has the potential to cause significant
morbidity and mortality. The potential morbidity and the
mortality impact of ventilator-induced lung injury are
increasingly recognized across the world.




Mechanical Power: The Power of Each Delivered Breath

Mechanical power of ventilation is associated with mortality in
critically ill patients: an analysis of patients in two observational
cohorts.

As the understanding of VILI grows, there is a
greater focus on mechanical power (MP) as a

potential predictor of negative outcomes. Data
Serpa Neto A, Deliberato RO, Johnson AEW, et al. Mechanical power of ventilation is associated with currently SUggEStS that a MP Of >1 7.0 J/min iS

mortality in critically ill patients: an analysis of patients in two observational cohorts. Intensive Care . . . .
Med. 2018;44(11):1914-1922. doi:10.1007/s00134-018-5375-6 associated with higher risk of death
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The Mean Airway Pressure
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Cstat: Static Compliance

Virtuvent Masculin Pballon

. H |
Indian Joumal of . icee 170 cm e
\ ‘ Critical Care Medicine  stucions o fLR s Lo e

Official Publication of ndian Socity of Crtcal Care Medicine - Submit article

Indian J Crit Care Med. 2021 Jan; 25(1): 10-11. PMCID: PMC7874283
doi: 10.5005/jp-journals-10071-23700 PMID: 33603294

Respiratory Mechanics: To Balance the Mechanical Breaths!! ' .

Stat PetCO2 Sp0O2 ouls HLI

Iz

Manu Sundaram' and Manjush Karthika?
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cmH20A5 mllcmH20 mm Hg
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Plateau Pressure & Driving Pressure
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Driving pressure is [Pplat - PEEP] and is the pressure required for the alveolar opening [17]. Static

Active Patients: Driving Pressure & Plateau

lung compliance (Cstat) is expressed as [Vt / (Pplat - PEEP)]. Thus, driving pressure is also
expressed as [Vt / Cstat]. Driving pressure has an inverse relationship with Cstat and an

orthodromic relationship with Vr according to this formula. High driving pressure indicates poor

lung condition with decreased lung compliance.

Korean J Anesthesiol. 2020 Jun; 73(3): 194-204. PMCID: PMCT7280884
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Expiratory Time Constant T 29 ma
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What is the RCexp and minimum exhalation time?
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Calculating Airway Pressures
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Synchrony and Asynchrony with Safe Pressures can still be Injurious

Airway Occlusion Pressure As an Estimate of Respiratory Drive and
Inspiratory Effort during Assisted Ventilation

Irene Telias'*~, Detajin Junhasavasdikul'**, Nuttapol Rittayamai'*®, Lise Piquilloud®, Lu Chen'?,
Niall D. Ferguson'*"®, Ewan C. Goligher'**, and Laurent Brochard'**

'Interdepartmental Division of Critical Care Medicine and ‘Institute of Health Policy, Management, and Evaluation, University of Toronto,
Toronto, Ontario, Canada; “Keenan Research Centre, Li Ka Shing Knowledge Institute, St. Michael's Hospital, Toronto, Ontario,
Canada; “Division of Respirology, Department of Medicine, University Health Network and Sinai Health System, Toronto, Ontario,
Canada; “Department of Medicine, Faculty of Medicine Ramathibodi Hospital and “Division of R&sgratory Diseases and Tuberculosis,
Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand; "Adult Intensive Care and Burn Unit,
University Hospital and University of Lausanne, Lausanne, Switzerland; and "Toronto General Hospital Research Institute, Toronto,

Ontario, Canada
ORCID IDs: 0000-0001-6844-6314 (N.R.); 0000-0002-7512-1865 (L.C.); 0000-0002-0990-6701 (E.C.G.).

Strong effort during mechanical ventilation, even if synchronized, may cause injurious inflation,
including pendelluft (i.e., the early inspiratory transfer of gas from nondependent to dependent

lung). In this setting, strong effort may cause dependent overstretch and tidal recruitment,
worsening lung injury in dependent lung despite a low V1




Assessing the Drive to Breathe: Occlusion Pressure — Many Names
P0.1/P100

> Intensive Care Med. 2018 Sep;44(9):1532-1535. doi: 10.1007/s00134-018-5045-8. Epub 2018 Jan 19.

The airway occlusion pressure (P, ;) to monitor

respiratory drive during mechanical ventilation: 8 Fiow (e )
increasing awareness of a not-so-new problem k-

Irene Telias ' 2 3 4, Felipe Damiani ! 2 2, Laurent Brochard & 7

Affiliations + expand
PMID: 29350241 DOI: 10.1007/s00134-018-5045-8
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High respiratory drive Appropriate sedation Low respiratory drive PO.1 « 3.8 cmn,0
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High rate of weaning failure High rate of weaning success High rate of weaning failure
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End Result PO.1 and Airway Pressures
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Pocc: End Expiratory Occlusion Pressure

Apaw.cyn
Predicted P, , =-3/4 x Pocc
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T T B B T T
Esophageal pressure monitoring
3
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B = B SO
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- Time (se¢) PMCID: PMC7334114
Published online 2020 Jul 4. doi: 10.1007/s00134-020-06167-3 PMID: 32623476

Monitoring patient-ventilator interaction by an end-expiratory occlusion maneuver

Jose Dianti,1-2 Michele Bertoni,® and Ewan C. Goligher®1.2.4
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Pocc: Pmus and Dynamic Transpulmonary Driving Pressure

Ventilator Waveforms

eray Pressure

Peak airway pressure

~

Measure AP, every 4-8 hours
(3 single-breath
end-expiratory occlusions)

rrtmaven.com/pocc

Using occlusion pressure (Pocc)

Steps to using the calculator

Input the peak airway pressure from the ventilator during tidal breathing.

Input the PEEP setting.
Perform an expiratory hold, wait until the subject makes an inspiratory effort, then freeze the ventilator waveform (or record it if using a Servo i ventilator)
Using the ventilator cursor, measure the baseline and peak inspiratory (lowest drop in pressure) during the occlusion. Reference
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10 5
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Why is the Plateau Rising?
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Why is there no P0.1?

Ppeak
1 8 cmH20

Paw
cmH20

; ExpMinvol
I/min o
[

5024-02-22

08:08:55

Patient

(CAgetons)| (0 Modes

APVcmv

Adult

@)

345

Flow
| ¥min

fTotal

Pmean
1 cmH20

Adult Female

1 AUtoPEEP
. cmH20

cmH20

PTP
= cmH20%s

28,77 Insp Flow
1 73 E};{lgﬁnﬂ_ow

62 inch
IBW =51 kg

Rinsp _—

18 941

cmH20A4 ml/cmH20

%

For control
breaths Only

Rate
15 Rete

Ttotal

4.00 s
0.90 '
210
134

PauSe

TSNS

YT/1BWY
6.9 M

)

mmHg

(0

3

Tl

(s

ms

P-ramp

DGO

—cmH20

P-trigger

| | : cCmHZ0

Monitoring

Graphics (

Tools

Events i

%M* —

Vtarget

&

cmH20

PEEP/CPAP

(a0

%

Oxygen

Controls

INT | AC




Pocc: Pmus and Dynamic Transpulmonary Driving Pressure
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Summary: Prevent Trauma of the Functioning Lung
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