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OBJECTIVES:

 Describe the physiology of patient (PILI) and/or
ventilator induced lung injury (VILI)

 Discuss current evidence of potentially modifiable
factors that may limit Lung injury.

 Describe a rational approach to providing safe
ventilatory support.




VENTILATORY SUPPORT GOALS

1. Maintain adequate gas exchange

2. Provide appropriate level of support
a) Limit excessive work of breathing
b) Pt comfort

c) Ptlvent synchrony

3. Protect the lung

a) Limit stress and strain




GOALS OF LUNG PROTECTIVE STRATEGY
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Potentially modifiable factors
contributing to outcome from acute respiratory

John G. Laffey

distress syndrome: the LUNG SAFE study meiuesaremesigaiors

Intensive Care Med
DO 101007 /5001 34-016-4571-5

o

_ Median 7.61 ml/k b -
S0 Tidal Volume (ml/Kg) ( g) o0
B Low (<&}
W High (=8)

PEEPF (cmH-0]
O Low (<12)
W High (212) =

RR (85% CI)
11 {0.90;1.38)

RFL (5% CI)
85 (0.621.11)

R (55% CI)
0.96 (0.67-1.35)

RIR (8% CI)
1.26 (1.00:1.58)

RR [25% CI)
100 (0,807 .24y

Hospital mortality (%)
Hospital mortality (%)

=1
= |

nild Moderate Severe Moderate

| oriving Pressure (cmHa0)

3 Lo (=14
W High (=14) *

“IPlateau prassure (cmiHs0)

O Low [<25]
W High [EESI

Hospital mortality (%)
Hospital mortality (%)

RR (95% CI)
o7 {0.72;1.58)

RR (95% Cl)

| ) RF (95% 1)
75 (0.59;0.96)

67 (0.47,0.95)

RIR {95% Cl)
1.09 (0,681,753}

RIR (255 CI)
jo.a7 (D.89;1.10)

RR [(25% CI}
0,69 (0,420 97

=]
=
=]

Moderate Severe Moderate



Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Epidemiology, Patterns of Care, and Mortality

for Patients With Acute Respiratory Distress Syndrome

in Intensive Care Units in 50 Countries JAMA. 2016315878580
LUNG SAFE Investigators and the ESICM Trials Group
« 50 countries, 459 ICUs, 29144 patients receiving mechanical ventilation

* ARDS incidence 10.4 % (3022 patients)
« Recognition of ARDS 60% (40% under recognized)

» Less than 2/3 of ARDS pts received Vt 8ml/kg PBW or less (1/3 received
Vt too high)

e 82.6% received PEEP of 12 cmH20 or less (PEEP too low)

 Plateau pressure only monitored in 40.1% (Driving pressure?)

* Mortality ranged from 34.9, 40.3, 46.1 % for mild, moderate, and severe
ARDS respectivel

CONCLUSIONS AND RELEVANCE Among ICUs in 50 countries, prevalence of ARDS was 10.4% of ICU admissions.
This syndrome appeared to be under recognized and undertreated and associated with a high mortality rate. These

findings indicate the potential for improvement in the management of patients with ARDS.




TIDAL VOLIUME PER PREDICTED BODY WEIGHT

PREDICTED BODY WEIGHT
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ASSsociation

SBetween Use o

Ventilation With Lower Tidal Volumes
and Clinical Outcomes Among Patients

Without Acute Respiratory Distress Syndrome

A Meta-analysis

Ary Serpa Neto, MD, MSec

JAMA. 20712;308(16):1657-1659

ung-rrotective

Figure 2. Effect of Ventilation With Smaller Tidal Volume in Patients With Healthy Lungs at the End of the Follow-up Pericd for Each Study
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RADFORD NOMOGRAM N ENGL J MED 1954; 251:877-884

B BREATHING
Tmar VoLuME FrEQUENCY
cc. at 24°C. saturated with water vapor cycles/min.

12 Corrections to be applicd as required: 50
Daily Activity. Add 10% 45
Fever: Add 5% for each degree F above 992 (rectal) 40
Altitude: Add 5% for cach 2000 feet above sea lovel

35
Metabolic Aridosis during Anesthesia: Add 2096

Tracheolomy and Endolracheal Intubalions: Subtract a volume 30
equal to 32 the body weight

Added Dead Space with Anesthesia Apparatus: Add volume of
apparatus and mask dead space.
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A Quantile Analysis of Plateau and Driving
Pressures: Effects on Mortality in Patients With
Acute Respiratory Distress Syndrome Receiving
Lung-Protective Ventilation™ Jesusvila, Mb, phb, Fcom

Critical Care Medicine. 45(5):843-850, May 2017.

Spanish Initiative for Epidemiology, Stratification and Therapies of ARDS (SIESTA) Network

* Is driving pressure superior to its’
defining variables in predicting
outcome? (PEEP, Vt, Pplt)

Retrospective analysis from 778
pts with moderate to severe
ARDS

 Lung protective strategy

Vit 4-8ml/kg PBW, Pplt < 30cmH20,

PEEP 10 -15cmH20 (Sp02> 90%),
PaC02 35-50mmHg

Cumulative survival

1 Pplat <30
Pplat =30
DP <19

Conclusion: Plateau pressure slightly ~— DP =19

better than driving pressure in predicting
morta“ty o 15,00 30,00 45,00
Days after ARDS onset




DRIVING PRESSURE

Driving Pressure (DP) =Tidal
volume/Compliance

or

Plateau pressure minus
PEEP (total)

l.e. Pplt 30cmH20 - 20
cmH20 PEEP = DP 10cmH20
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Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

M Engl ] Med 2015;372:747-55.

P=0.001

Driving Pressure =
Pplat — PEEP
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Driving Pressure and Survival in the Acute
Marcelo B.P. Amato

Respiratory Distress Syndrome euueczossmzmmss.

Resampling A: Resampling B: Resampling C:
Matched PEEP Matched AP Matched Plateau Pressure

Airway Pressure (cm of water)

566 577 696 268 582

Mo. of Patients in Subsample

Recruitable lung

Multivariate Relative Risk
of Death in the Hospital

P<0.001

“~-.___Contrast ____---"" Tte-..___Contrast ____---""
Higher plateau pressure: Mot always risky Higher PEEP: Mot always protective




METHODS TO SELECT PEEP

 PEEP/FIO2 table
e Stress Index

« Best Compliance
(Decremental)

e PV Curve
 Transpulmonary pressure

Goals: Oxygenation, reduce cyclic
sheer injury, improve compliance,
improve lung homogenaity (reduce
stress raisers)

Key point: PEEP is related to FRC
Lung recruitment is an inspiratory

phenomenon.




STRESS RAISERS

Lung Inhomogeneity/heterogeneity
Increases with ARDS severity

Dynamic junction pressure increase

* Multiplied by factors of 2:1 to 4.64:1

Pplt 30cmH20 x 2 = 60 cmH20,
Pplt 30 cmH20 x 4 = 120 cmH20!

Injures normal alveoli

Decreasing inhomogeneity reduces
stress raisers (Early lung recruitment)

Lung Inhomogeneity in Patients with Acute Respiratory

Distress Syndrome

Am J Respir Crit Care Med Vol 189, Iss 2, pp 149-158, Jan 15, 2014

Massimo Cressoni’




Lung Recruitment Maneuvers for Adult Patients with Acute
Respiratory Distress Syndrome

A Systematic Review and Meta-Analysis Ewan C. Goligher

Ann Am Thorac Soc Vol 14, Supplement 4, pp S304-5311, Oct 2017

LRMs No LRMs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% ClI
Co-intervention with higher PEEP

Amato 1998 11 29 17 24 8.9% 054[0.31,0.91] 1998 —_—
Meade 2008 145 475 178 508 50.3% 0.87[0.73,1.04] 2008 -+
Huh 2009 14 30 13 27 8.4% 0.97[0.56,1.68] 2009 —=
Hodgson 2011 3 10 2 10 1.1% 1.50[0.32,7.14] 2011
Kacmarek 2016 22 99 27 101 10.4% 0.83[0.51,1.36] 2016 —_—

swoal - Gonclusions: Randomized trials suggest that LRMs in

Total events

Heterogenei cOmbination with a higher PEEP ventilation strategy reduce

festlroe - mortality, but confidence in this finding is limited. Further

Yoo trials are required to confirm benefit from LRM:s in adults with

subtotal (% A RDS.

Total events
Heterogeneity: Not applicable
Test for overall effect: Z=2.06 (P =0.04)

Total (95% Cl) 698 725 100.0% 0.81[0.69, 0.95]
Total events 213 266

Heterogeneity: Tau® = 0.00; Chi® = 5.30, df = 5 (P = 0.38): I = 6%

Test for overall effect: Z=2.57 (P =0.01)

Test for subgroup differences: Chi® = 1.58, df = 1 (P = 0.21), F = 36.7%




RECRUITMENT MANEUVERS

Sustained inflation (insp hold)
e 40-45 cmH20 for 10 - 40 sec

Incremental/decremental PEEP

* Best compliance
« Sp02

Pressure Control Modes

 Inverse I:E ratio (APRV,Bilevel)
* HFO

Slow pressure volume maneuver
 Super syringe

Sustained Inflation

“lﬁfu‘\h 'li'ﬁHm
”Hlﬁll lm ’ T | lLMqut

35 Peak

Pressure Controlled Ventilation

’U il




DETERMINANTS OF RM SUCCESS

e ARDS category

* Intrapulmonary vs extrapulmonary

* ARDS Stage

« Early vs. late
 Post maneuver PEEP

e Maintain recruitment

* Response duration

* Recruiting method




Effect of Lung Recruitment and Titrated Positive
End-Expiratory Pressure (PEEP) vs Low PEEP on Mortality

in Patients With Acute Respiratory Distress Syndrome

A Randomized Clinical Trial o
 Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial (ART) Investigators JAMA. 2017:318(14):1335-1345. doi:101001/lama. 201714171

Methods

Control group: Vt 6ml/Kg PBW, Pplt 30cmH20
02 349 40 50|50 60 70| 0 70|80 90 50|30 10

PEEP | 5518 8 101010 12| 1414|1416 18| 2024

cmH;0

Lung recruitment
and titrated PEEP

Intervention group:

Low PEEP

Mortality, %

PC driving pressure 15cmH20 and
iIncremental/decremental PEEP recruitment

Incremental PEEP 25 (1 min), 35 (1 min), 45 (2 min) =
max Pplt 60cmH20 !

DSMB changed to PEEP 25, 30, 35 = max Pplt
50cmH20 due to SAEs (death, barotrauma, 1 inotropes)

63% OLV Intrapulmonary ARDS CONCLUSIONS AND RELEVANCE In patients with moderate to severe ARDS, a strategy with
lung recruitment and titrated PEEP compared with low PEEP increased 28-day all-cause

mortality. These findings do not support the routine use of lung recruitment maneuver and
PEEP titration in these patients.

Hazard ratio, 1.20 (95% Cl, 1.01-1.42); P=.041

§ 12 16 1 24 28
Days After Randomization

(56% Pneumonia)




Recruitment Maneuvers Modulate Epithelial and
Endothelial Cell Response According to Acute

Lung Injury Etiology*

(Crit Care Med 2013: 41:e256—-e265)
Animal study comparing effects of rate of increase in Paw and duration of RM on
intrapulmonary vs. extrapulmonary ARDS

RM Methods: 30cmH20/30 seconds, Stepwise of 5 cmH20, 8.5sec/step (step51),
Stepwise of 5 cmH20 for 5sec/step with sustained 30cmH20/30sec (STEP 30/30)

Measured biological markers of apoptosis, fibrogenesis, and cell damage

Results:

Sustained RM 30cmH20/30 seconds resulted in worse endothelial injury.

Both RM of 30/30 and stepwise 30/30 with sustained inflation had increased
markers of endothelial injury in extra-pulmonary ARDS

Stepwise RM Stepwise 5cmH20 for 8.5 seconds without sustained pressure
resulted in least adverse biological impact

Key point: Both rate and duration of RM matter: Slower rise and shorter duration
least harmful.



Optimal duration of a sustained inflation

recruitment maneuver in ARDS patlents

Jean-Michel Arnal  [yia0cive Care Med (20117 371588150

* 50 pts early onset ARDS

 Slow inflation (5¢cmH20/sec)
sustained inflation of 40cmH20 for 30
seconds

* Measured HR, BP, Sp02 and recruited
volume at 10 sec intervals

VRM (mlL)

Results:

* 089% of volume recruited within first 10
seconds

« No significant decrease in BP at 10 O Time
seconds




BUT WHAT ABOUT THE SPONTANEOUS
BREATHING PATIENT?
B~z Szl
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BJORN AAGE IBSEN, INTENSIVIST/ ANESTHESIST
ESTABLISHED THE WORLDS FIRST ICU:
COPENHAGEN 1953

~ “Andactually it does not
~ matter what is the source of
the patient’s gasping. You
simply have to bring his
breathing back in order."




Mechanical Ventilation-induced Diaphragm Atrophy Strongly Impacts
Clinical Outcomes

Ewan C. Goligher AmJ Respir Crit Care Med Vol 197, Iss 2, pp 204-213, Jan 15, 2018

Table 2. Clinical Outcomes in Relation to Changes in Diaphragm Thickness during Mechanical Ventilation

Initial Change in Diaphragm Thickness during
First Week of Ventilation Patients with =2 Statistical Comparisons Adjusted Count Ratio
Measurements (n=191) or Adjusted Odds Ratio (95% CI)*

=10% Decrease | <10% Change |=10% Increase in| =10% Decrease in =10% Increase in
in Thickness in Thickness Thickness Thickness vs. <10% Thickness vs. <10%
Outcome (n=78: 41%) (n = 66; 35%) (n=47: 24%) Change in Thickness Change in Thickness

Atrophy Excess WOB

Ventilator-free days to 46 (0-53) 51 (0-55) 37 (0-51) 0.7 (0.59-1.00) 0.91 (0.67-1.22)
Day 60

Duration O PPN H X Py ) N e -17"11' lf f4 ny AN 8 ")")"11' : 4 2N i4 A0 N 04y 4 38 {1 .DD_1 .90}
(in ICU 4 Conclusion: Development of diaphragm atrophy during the early course of

Durati . i | v . |
in1cU 4 mechanical ventilation predicts prolonged ventilation and an increased risk of

Dl;if*:]‘;’;; complications. Similar but weaker results were found for increased diaphragm g3 (0-71-1.60)

Complicati| thickness. 84 (0.77-4.43)
respirato
Reintubatig _ o o _ P4 (0.97-10.88)
Tracheostq Targeting an inspiratory effort level similar to that of healthy subjects at rest |11 (0.66-6.70)
Mec?f’ljcf might accelerate liberation from ventilation. 16 (0.87-5.40)
Readmission o ICU 517) g (5) 3 (20) 0.78 (0.27-2.84) 32 (0.70-7.67)
dunng same hospital
admission, n (%)
Death in ICU, n (%) 19 (24) 12 (18) 11 (23) 1.55 (0.61-3.95) 1.28 (0.45-3.65)
Death in hospital, n (%) 28 (37) 21 (3) 17 (37) 1.66 (0.73-3.76) 0.94 (0.38-2.34)

31 (0.94-1.83)




Ventilator-Associated Lung Injury during

Assisted Mechanical Ventilation reesaa. w. us

Semin Respir Crit Care Med 2014;35:409-417.

» Assisted ventilation may minimize VALI by:
* Recruitment of dependent lung regions
* More homogenous distribution of pleural pressure

» Assisted modes may exacerbate VALI:

Increased asynchrony

Allows inappropriate tidal volumes and transpulmonary pressures

Conclusions:

» Assisted pressure limited time cycled modes that allow spontaneous ventilation
may be used in patients with mild to moderate ARDS: P/F >150 (APRV, ACPC).

« The following parameters should be monitored:

 Inspiratory drive (driving pressure)

* Transpulmonary-pressure T <
 Tidal volume (6ml/kg PBW)

» Assisted modes should not be used in severe ARDS.




Do spontaneous and mechanical breathing
have similar effects on average

transpulmonary and alveolar pressure? A
Bellani et al. Critical Care (2016) 20:142

clinical crossover StUdy DOI 10.1186/513054-016-1290-9
Airway pressure

30 Transpulmonary pressure

Pressure cmH20

CMV High PS Medium PS Low PS
Pt Effort None Low Medium High

Level of Support Adapted from Bellani
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DEFINING VENTILATOR PRESSURES

Pressure




The Application of Esophageal Pressure Measurement

In Patients with Respiratory Failure

Am J Respir Crit Care Med Vol 189, Iss 5, pp 520-531, Mar 1, 2014

Determination of “better PEEP”

Tallor tidal volume to lung size

Differentiate between chest wall and lung compliance

Estimate true driving pressure

Assess work of breathing

Improve patient ventilator synchrony




VENTILATOR MONITORING
TRANSPULMONARY PRESSURES




BERLIN DEFINITION

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging® Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload
Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

D:r:ygenatiﬂnb
Mild 200 mm Hg < Pa0./H0O; = 300 mm Hg with PEEP or CPAP =5 cm H;0°¢

Moderate 100 mm Hg << Pao./Fo; = 200 mm Hg with PEEP =5 cm H;O
Severe Pac./Fio; = 100 mm Hg with PEEP =5 cm H:0O

Abbreviations: CPAP, continuous positive airway pressure; FIO,, fraction of inspired oxygen; Pa0; partial pressure of
arterial oxygen; PEEF, positive end-expiratory pressure.

ElCll"es’[ rfudlugrapl" or computed tormography scan.
bif altitude is higher than 1000 m, the comection factor should be calculated as follows: [Pao./Fio, % (barometric pressure/

. "EDH

“This may be delverad noninvasiely inthe mid acute raspratory distress syndrome qroup.




Non-invasive Ventilation (NIV) of Patients with ARDS:
InS|ghts from the LUNG SAFE Study smccu zs o

436/2813 (15.5%) of ARDS patients were initially managed with NIV
regardless of severity

NIV use independently associated with under recognition of ARDS
23.2%

NIV Vttoo large
e 8.46 +2.77 ml/Kg vs. 7.53 + 1.75 ml/kg invasive MV (p<<.001)
NIV PEEP inadequate

e NIV 7cmH20 + 2 vs. 8 cmH20 + 3.1 invasive MV (p <.001)
* NIV failure occurred in 22.2% of mild, 42.3% moderate, 47.1% severe ARDS
e |CU mortality 10.6% NIV success vs. 42.7% NIV failure (p < .001)
» Hospital mortality 16.1% NIV success vs. 45.4 % NIV failure (p <.001)
e |CU Mortality P/F <150: NIV _36.2% vs. 24.7% Invasive MV (p = 0.033)

Conclusions: NIV was used in 15% of patients with ARDS. irrespective of severity category. NIV

appears to be associated with higher ICU mortality i patients with a PaOyF10; lower than 150

mmHg.




Noninvasive Ventilation of Patients with Acute Respiratory

Distress Syndrome
|nSightS from the LUNG SAFE StUdy ;ﬁiiczziir[afﬁit'ag;m Med Vol 195, Iss 1, pp 67-77, Jan 1, 2017

=1
o
E
E

el
o
L
Las |
o
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Timing of Intubation and Clinical Outcomes in
Adults With Acute Respiratory Distress Svndrome*

Kirsten Neudoerffer Kangelaris  Cfit Care Med. 2016 Jan;44(1):120-9

* Prospective observational study 8

of 457 pts meeting ARDS criteria ) ‘Lli_\:‘\

TABLE 3. Cllnlcal Outcomes in Three Intubation Groups
Early Intubation Never Intubated Late Intubation

n 351 70 36
Death at 60 d, n (%) 128 (36) 18 (26) 20 (56)*
Died in the hospital, n (%) 104 (30) 10 (14) 18 (50) =k
Ventilator-free days, median (IOR) 16 (0-23) 28 (23-28): 7 (1-20)
ICU days, median (IQR)* g (6-16) 4 (3-7) 115 (9-17)
Days of MV, median (IQR)* 6(3-12) 0 (0-0y 8 (4-15)°

Conclusions: A substantial proportion of pts with ARDS were not intubated in their initial days
of intensive care, and many were never intubated. Late intubation was associated with increased

mortality. Criteria defining the ARDS prior to need for positive pressure ventilation are required so that
these patients can studied and to facilitate early recognition and treatment of ARDS.



https://www.ncbi.nlm.nih.gov/pubmed/26474112

The Effect of High-Flow Nasal Cannula in Reducing Mortality and Rate of Endo-
tracheal Intubation When Used Before Mechanical Ventilation Compared With
Conventional Oxygen Therapy and Noninvasive Ventilation. A Systematic Review
and Meta-Analysis. AARC Sept 2017
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Conclusions: When used before MV, HFNC can improve the prognosis of patients
compared both with the COT and NIPPV.




Hypoxemic Patients With Bilateral Infiltrates
Treated With High-Flow Nasal Cannula Present

a Similar Pattern of Biomarkers of Inflammation
and Injury to Acute Respiratory Distress Syndrome
P =K 853
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on HFENC and will need to be intubated.



Failure of high-flow nasal cannula therapy may

delay intubation and increase mortality

DO 100, 1007 /50001 34-015-3693-5

Observational study of 175 pts who failed NHF
Classified as early intubation < 48 hrs vs. late intubation > 48 hrs
Results: ICU Mortality: early 39.2 vs. 66.7 % late (P 0.006)

Also significant: longer weaning, less vent free days, longer ICU
LOS in late extubation group

Conclusions: NHF may cause delayed intubation and worse
clinical outcomes.




WHAT WE NEED TO DO AT THE
BEDSIDE.

CASE STUDIES




WHAT'S THE MOST IMPORTANT FACTOR IN
ENSURING SAFE VENTILATORY SUPPORT?
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TIMING IS EVERYTHING




Window for prevention of ARDS and Multiorgan Dysfunction

e

" Good
QOutcome

Bad
<._Outcome -

R\/

Hospital
/ Floor \
Primary Care Clinic ==——p 011 ====p ER =
Home ===3p» OR ====p Recovery RO =————

J \ J\
Y Y Y

Primary Prevention Secondary Prevention Tertiary Prevention
Intervention before acute insult Intervention at first signs and Intervention after diagnosis of ARDS
or before symptoms and signs symptoms before or at early stages to prevent death and other

of lung injury of fulfilling criteria for ARDS complications of ARDS

The golden hours of critical care resuscitation. Delays of even a few hours in the treatment of critical
care syndromes can result in irreversibly large physiologic changes that become increasingly difficult to
OVEI IR FiFTY YEARS OF RESEARCH IN ARDS  Am J Respr Crit Care Med Vol 195, lss 6, po 725-736, Mar 15, 2017

Is Acute Respiratory Distress Syndrome a Preventable Disease?




NIV/INHF IN RESPIRATORY FAILURE

1. Careful patient selection (hypercapnic vs. hypoxemic)

2. NIV settings to target
a)  IPAP: tidal volume (Vt) 6-8 ml/kg PBW a»

Pa-..
b)  EPAP: Sp02 88.95% with lowest Fioz SRR =-"

NHF setting: Highest flow lowest FIi02 |
Recognize ARDS !
5. Closely monitor for 1- 4 hours!

a) Work of breathing:
a)  Accessory muscles

b)  Respiratory rate

b) High likelihood of failure:
a) P/F<175 after1 hr
b)  Vt>9.5ml/kg PBW

Role of Noninvasive Ventilation in

Acute Lung Injury/Acute Respiratory Distress Syndrome:
A Proportion Meta-analysis
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WHAT MODE SHOULD [ USE?
here are currently 200+ Modes

Ventilator Mode Translator 7.

d h

an
ICU VENTILATORS

Primary |Secondary
Breath Breath

Carstusion
[ Careruson [ Awa N

FEAR

it'll make you dirty your pants



CURRENT VENTILATION GUIDELINES
LUNG PROTECTION FOR ALL PATIENTS

« Maintain Sp02 target ( 92-96%),
Fi02 < .60

 Target tidal volume 6 (4-8) ml/Kg
PBW (all pts unless MD directed)

 Plateau pressure (Pplt) < 30
cmH20

* Respiratory rate PaC02 35-45
mmHg (COPD exception)

 PEEP/FI02 table

 Driving pressure < 15 cmH20




Refractory Hypoxemia ldentification
Approved: 4/8/2015

| ] |}
Wt 4-8 milkg PEW, Pplat = 30 Wltl I I I l 2 | lOl l rS
cmHZ20, PEEF/FiD2 ARDSMet table

Goal: 5p02 2 92% on Fil2 < 60

Sp02 = 02% with ~PEEP > 10

Fil2 < 807 emH20 ? Increase PEEP

Yes

~

ffl'l-'lain:ain cumrent

Treat non-pulmonary causes

h,_  Stategy of hypoxia (i.e. sepsis)

Consider paralytics or heavy
sedation

Perform recruitment T Sp02 > 5% .ﬂ/ . \I
mansuver or ~ Mo Initiate Refractory

{hypedink) Compliance 13?&/’ \, Hypoxemia Protocol |

o

Sp02 = 2% with
FiD2 < 607

F/F =100,

et oy
( Mai r:t.::: current 8, FOZ <07
. =y S . SIF=150

-
e
it

Target completion within Zh




PV CURVE AND RECRUITMENT

Lower inflection point (LIP)

 Alveolar opening

Point of derecruitment (PDR)

e Alveolar derecruitment Cursor 2

Upper inflection point (UIP)

* Lung over distention

Recruitable volume | 4‘




Refractory Hypoxemia Protocol Within 6 hours

Approved: 4/8/2015
{ Initiate Refractory Improves OUtcomeS J

\ Hypoxemia Protomy

AN

No decrese in mortality

Completed within &h of ECMO Exclusion Criteria

'—ll—' identifcation o
Alternate Ventilation

Fremarbid Condifions i
Attempt higher PEEP Strﬁtegles

Check lactate, ABG, SvO2 =15emHa0 Terminal Disease (expected survival <8 months)
Recheck 30 minutes after -

significant change in
settings or strategy

Consider esophageal Mot neurologically intact

manometry guidance Bilevel
Readdress goals of care Current llinezs or
APRV

Prolonged respiratory support =7 days with high
pressure and oxygen

Prone Position Exclusion
Criteria .
Unstable spine - B ECMO Inhaled pulmona
=acialfs Ilglble.‘ar. Prone ™., candidate? vasm?ilabor&: i
Skeletallcervical fraction Ventilation? (hyperlink} Alprostadil, NO
Pregnancy 23" trimester
Unceontrolled ICP

l

ECMO consultation
while initiating

Trial of Prone Order ECMO alternative therapy.

bridging

Wentilation consult at first
(Refer to protocol) supine turn

Crder new lactate,
Sv02, and ABG

i Alternative rescus strategiss”
i (within 48h)

Failure of alternative rescue strategies
1

H

- L 1'.. * Limited data to support one rescue strategy over anather. Inhaled

aintain current\‘- g ] Stabilization ar ‘ vasodilators recommended only in those with pre-existing

| strategy f—7es - |mprmreme!1ta. time o pulmonary hypertension, or where transient oxygenation benefit

N S e first supine tum? may allow for short-term (<48h) bridge to destination therapy or
- transplant. HFOW, high frequency oscillatory wentilation; TG,

tracheal gas insufflation.

/M




TRANSPULMONARY PRESSURE MONITORING

* Respiratory system
pressures

* Peak, plateau <30, PEEP 273 f [ S (s NS (e

ccccc

e Driving pressure (DP) <15 & 29«
cmH20 (respiratory system) = 402

- Esophageal pressure DL P
 (pleural pressure) Bam)
3.1 5
» Transpulmonary pressures \ N
* Inspiratory <20 v ul
S Explratory 0_5 [ Monitoring [ Graphics ( Tools [ Events [ System

e “True” DP trans <15 ( 10-12)



PRONE POSITION

* New (old) protocol 2017

No Rotoprone initially

16 consecutive hours per day (at
least)

e Discontinue when:

Resolution of underlying processes
P/F >150 mmHg

PEEP < 10cmH20

Fi02 < .60
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CASE 1 OPTIMIZING VENTILATOR SETTINGS

62yo male with
multiple comorbidities

bilateral pneumonia
worsening hypoxia

Pa02 63, PaC02 53,
oH 7.41

: 33 ccccc

20 ccccc
as fotal
8 20 '
900

rrrrr

PPPPP
EEEEE

ccccc

al -1004
Wi
Pes (Faux)
cmH20
o] (12

B 55 (S)CMV

( Patient (Additions r Modes

Paw .
401 tmH20 @

203
1D_wm @ IntelliCuff
o 3

1 2 3 a 5 6 H H 3 10

(2
Ly
Rate

R | -

mi

tmH20

PEEP/CPAP

(70
®

407 em H20
30477 oty ey e Oxygen

l. | { 1 { I\
o J SR | L ! e m
e " Alarms

[

Monitoring

(

Graphics [ Tools [ Events [ System i
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CASE 1 PEEP TITRATION

« End expiratory

transpulmonary pressure -

(Ptransk) -

3.5 cmH20

 Driving pressure 15-16
cmH20 (resp system)

Intervention: Increase

PEEP

[ patient [ Additions | Modes

2 O g U (o W W
204
i) Sn— ® IntelliCuff
T T T T T T T 2
2 3 a4 5§ & 7 8 & 10

12 &

-3.5 mat
‘A
9/9
2

0
04
| Flor
Kmil
§ (Paux
204 tmH20
Ftranspul
4 cmH20
1~ N
J 1 !

S)ICMV

(o

tmH20
PEEP/CPAP



CASE 1 DRIVING PRESSURE

 High Plateau pressure
(Pplt) 40cmH20

 Driving pressure airway
(DPaw) 24cmH20

 Driving pressure
Transpulmonary (DPtp)
24cmH20

Why Is driving pressure

fTotal
;5 20 bJern

900 424 VTE
ml
100

5.0 ExpMinvol
Vmin
40 8. 5

Increasing so much?

23 Ptrans |
€mH20
_‘| 3PtransE

+u? (MHZI0

n
9/9
v

@ o S)CMV

( Patient (Additions ( Modes

100410
50 Rate
1] * [ P " N Y S— — W " —
(0
100
Pes (Paux)
204 cmH20
R .
5 PEEP/CPAP
(2
Ptran:
404 (k20 p
0y Qxygen
0]/ = R 7N
{ ‘ { ] f
0] [ J | | l l Controls
| \l \ 1Y '«I
04 i L B e [7
= Alarms

{ Monitoring

Graphics { Tools ( Events ( System |

INT



DRIVING PRESSURE

j.
5
a
E
E
0
>

Zone of alelectiauma Lowel Prex

Driving pressure

o
Elnjured-Eyggiration__ }, =1 Pressure {cmHzﬂ'}

T PEEP 1 FRC
“Baby lung”



CASE 1 WHAT IS SAFE TIDAL VOLUME

Vt decreased to
380ml (5ml/kg)

"i_ 2016-08-11
07:52:44

[ patient [ Additions | Modes

Ptrans E 0-2 cmH20

40 tovizo
30-;/JL /L //lrv
20
10
' i ' 2 ' 3 ' 4 5

Ptrans | < 20 cmH20

Driving pressure:

< 15cmH20 = -
1.1 o
Fi02 >.60, marginal = i)
Spoz’ NOW What? [ Monitoring Graphics [ Tools [ Events [ System

(S)CMV

@ Intellicuff

(
b/min

Rate

(s

vt
16
cmHZ0
PEEP/CPAP
(70
%

Oxygen

7 /‘ T
Controls

Alarms
=
INT|AC



Refractory Hypoxemia Protocol
Approved: 4/8/2015

{ Initiate Refractnry\\

1 -
I\proxemla Prntu"_';'/ Completed within Gh of ECMO Exclusion Criteria

—’— identifcation o
Absolute Contraindications -
Alternate Ventilation

Attemnpt higher PEEP es
=15cmHz0
Consider esophageal
manametry guidance
Readdress goals of care

Check lactate, ABG, Sv02
Recheck 30 minutes after
significant change in
setlings or strategy

Prone Position Exclusion
Criteria
Unstable spine ligitle for Prons
Facial fx -
Ventilation?

Skeletal/cervical traction
Pregnancy ™3™ trimester
Uncontrolled ICP

Trial of Prane Order ECMO
Wentilation consult at first
(Refer to protocol) supine turn

strategies”
h})

" Limited data to support one rescue strategy ower another. Inhaled
_— Stabilization or
Maintain current
Yes

vasodilators recommended only in those with pre-existing
pulmonary hypertension, or where transient axygenation benefit
may allow for short-term (<48h) bridge to destination therapy or
transplant. HFOW, high frequency oscillatory ventilation; TG,
tracheal gas imsufflation.

improvement at time of

strat .
=ay first supine tum?
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CASE 1 PRONE POSITION

Less cardiac oscillations @ e (S)CMV

[ patient [ Additions [ Modes

ignificant improvement in P 33% i e - B
S|gn.|f cant impro eme t B P T
respiratory mechanics S | -

DPtp 11cmH20 A0 i e (o
Fi02 .50, Pa02 > 153mmHg | o N

130 ]
Pt proned for 2 days (16 hrs) S | c

. 9/8 12 - L — k h -.:\ v e ”."' Controls
Returned supine and v e I
successfully weaned 3 days e (e (el 0 [ a0 (S ]
later.




CASE 2 RH PROTOCOL RESCUE

37 yo from OSH at 03:30 severe ARDS \ i il
Sp02 during transport low 70s o 7 L,

Rescue therapies initiated: OIS
- Fi02 .80 Bilevel (APRV) 30/15 B TN
cmH20 Bilevel Ventilation
« Nitric oxide 20 PPM W
« HFOV on standby T

« ECMO consult

07:00 Sp02 low 90s


http://images.google.com/imgres?imgurl=http://www.customauthenticjerseys.com/wp-content/uploads/2009/08/brett-favre-a-viking.jpg&imgrefurl=http://www.customauthenticjerseys.com/category/nfl/nfl-news/minnesota-vikings/&usg=__iZs-JyXAlw-s0uJbpAgCmbp7plE=&h=508&w=500&sz=35&hl=en&start=10&um=1&tbnid=MKfRdFc3UojlbM:&tbnh=131&tbnw=129&prev=/images?q%3Dfarve%2Bviking%26hl%3Den%26rls%3Dcom.microsoft:en-us%26sa%3DN%26um%3D1

Refractory Hypoxemia Protocol
Approved: 4/6/2015

{ Initiate Refractory
| . |
\ Hypoxemia Protoocil/f

AN

Completed within &h of ECMO Exclusion Criteria

'—ll—' identifcation o
Alternate Ventilation

: Fremarbid Gonditions Strateaies
Check lactate, ABG, SvO2 A"Em. F: higher PEEP ’

Terminal Disease (expected survival <@ months)
Recheck 30 minutes after — y — . .
Consider esophageal Mot neurclogically intact

significant change in

. manometry guidance Bilevel
setings or strategy M Current Mness ar

APRV

Prolonged respiratory support =7 days with high
pressure and oxygen

Prone Position Exclusion
Criteria .
Unstable spine - B ECMO Inhaled pulmona
=acialfs Ilglble.‘ar. Prone ™., candidate? vasm?ilabor&: i
Skeletallcervical fraction Ventilation? yperlink} Alprostadil, NO
Pregnancy 23" trimester
Unceontrolled ICP

l

ECMO consultation
while initiating

Trial of Prone Order ECMO alternative therapy.

bridging

Wentilation consult at first
(Refer to protocol) supine turn

Crder new lactate,
Sv02, and ABG

i Alternative rescus strategiss”
i (within 48h)

Failure of alternative rescue strategies
1

H

- L 1'.. * Limited data to support one rescue strategy over anather. Inhaled

aintain current\‘- g ] Stabilization ar ‘ vasodilators recommended only in those with pre-existing

| strategy f—7es - |mprmreme!1ta. time o pulmonary hypertension, or where transient oxygenation benefit

N S e first supine tum? may allow for short-term (<48h) bridge to destination therapy or
- transplant. HFOW, high frequency oscillatory wentilation; TG,

tracheal gas insufflation.

/M




RECRUITMENT MANEUVER

 Slow inflation with 10
second inspiratory hold at
40 cmH20 :

 Recruitable lung
e Large hysteresis

e Recruited volume >
400ml




CASE 2 08:30 TRANPULMONARY MONITORING
_y i 2oz (S)CMV
Wlthln 2 hrS ( Patiz:mf Additions [ Modes -

* Fi02 .60 :0 343%%% js:%m @

- PEEP 20 cmH20 255 T

. DPtp 7-8 cmH20 28 ey
- NO off IR VA (s
- Sp02 94% o 1025

W
e | @
cmH20

e ECMO consult 15w o
cancelled 34mms &

Ftranspulm
204 emH20

EARLY intervention is Key! @ |
py SMM Controls

[ Monitoring { Graphics [ Tools J [ Events [ System ”!T




CASE 2 DAY 3 SBT

PS 8 cmH20 PEEP 10 cmH20 (E]”f%‘%?‘éé( _— AN
2 hrs later emergent call to Poas |
room B 13 Pm”bi 30: (nHi0 77 Intellicuff
© 16 & _
Vt> 12 milkg | EPSel Y N _
Driving pressure (DPtp) 30 =1 e 1
e A
Temp 39.9 C 0SS S (o
. . rs -1 Oyge
Fi02 1.0, PEEP 18, paralytic, "l
prone position, 2 week recovery S .

Patient-Self Induced Lung
Injury !




HAVE A PLAN!

Predefine SBT success vs. failure
criteria;

* RR, Vi, Sp02
« Work of breathing

» Physical assessment
« P0.1, PTP, Ptp

* When to reinstitute
sedation and/or paralytics

 Avoid Icebergs
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REFRACTORY HYPOXEMIA GUIDELINES

PRELIMINARY (UNPUBLISHED) DATA

50+ catheters so far
2017

Decreased:

« ECMO

* Nitric oxide usage
 Driving pressures
 Ventilator time ?
* Mortality?

Total ECMO Hours & Runs by Year




What's Next?




SUMMARY

Excessive stress and strain causes lung injury regardless of
how generated.

Early lung stabilization and limiting lung distending pressure are
the key components to preventing lung injury.

During spontaneous breathing early recognition and alleviation
of excessive WOB is crucial in preventing P-SILI.

What YOU do makes a difference!




IT'S TIME TO GET ONBOARD
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WHAT ABOUT CARDIAC OUTPUT?

v Show only roves with data

Monitored Care (]

[+ Shows subheadings

Main Flowsheeat

= Phwysiologic Warnables

Heart Rate

Arterial BP-Systolic (ABP)

Arterial BP-Dastolic (ABP)

Arternial BP-WMean (ABFY)

SpO2

Respiratory Rate

Temperature-Vanual

Pulse Rate

VWentilator Mode

FIOZ502%

Tidal Wolume Preset

Tidal Wolume Expired

Spontanecus Min. VWolume

Resp. Rate Set - Went

Resp. Rate Total - Went

FPEEF

FPressure Support

FPeak Flow Setting

Peak Inspiratory Pressure

Mean Airway Pressure

Plateau FPressure

Sensitivity Flow Setting

Respiratory Compliance

Respiratory Resistance

Inspiratorny Tidal Yolume

Expiratory Minute YWolume

2-T Interval

PR Interval

QRS Width

QTc

Inspiratorny Pressure

Inspiratory Time

PYWiC Rate

ST Segment Lead 1l

ST Segment Lead W

Continuous Cardiac Cutput

SWhW (CCO)

SW (CCOo)y mifbeat

SWI (CCO) milfbeat mi2)




OU 2

B Pulmonary
Vascular
Resistance

OVERINFLATION
v Owerloads the RV
o Decreases CO

Compromuses hemodynamics

RECRUITMENT

*  Reverse hyponie pulmonary vasoconstriction
+  Unloads the RV

[ncreases CO

«  Improves hemodynamics

Lung stress

> (TPP)

Cardiorespiratory Interactions: The Relationship Between Mechanical
Ventilation and Hemodynamics

Ira M Cheifetz MD FAARC | RESPIRATORY CARE ¢ DeEcEMBER 2014 VoL 59 No 12
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