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DAY 0: 26-yr old comatose (GCS=4) patient
with Brain and Pulmonary Contusions

Vt=550 mL [PBW=72.5 kg]; 7.6 mL/kg PBW
RR=20/min

-10,=1.0

PEEP =8 cmH,0

Pplateau = 37 cmH,0; AP = 31 cmH,O
Pa0,= 63 mmHg; PaCO, = 50 mmHg;

oHa = 7.25

MAP=60 mmHg; Norepi=13.3 ug/min
Midazolam, Propofol, Remifentanil




CT IMAGING ON ADMISISON




Targets

ARDS
e Gas Exchange
e Lung but also RV PROTECTION

Traumatic Brain Injury (TBI)

e Maintain CPP within 60-70 mmHg

e |CP <20 mmHg

« PREVENT SECONDARY INSULTS
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Figure 2. Probability of Survival through Day 90, According to Study Group.




DAY 1: 26-yr old patient with Brain and
Pulmonary Contusions

Vt=500 mL [PBW=72.5 kg]; 6.8 mL/kg PBW
RR=25/min

-10,=1.0

PEEP = 8 cmH,0;

Pplateau = 32 cmH,0; AP =24 cmH,O
Pa0,=49 mmHg; PaCO, = 44 mmHé;

pHa = 7.30

|ICP=28 mmHg; MAP=84 mmHg




JAMA ,2012
Table 1 ARDS Definitive New Definiti

Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

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

Mild 200 mm Hg < Pao,/Fio, = 300 mm Hg with PEEP or CPAP =5 cm H,0° '
Moderate 100 mm Hg < Pao,/Fio, = 200 mm Hg with PEEP =5 cm H,0
Severe Pao,/Fio, = 100 mm Hg with PEEP =5 cm H,0

Abbreviations: CPAP, continuous positive airway pressure; Fio,, fraction of inspired oxygen; Pao,, partial pressure of
arterial oxygen; PEEP, positive end-expiratory pressure.

Chest radiograph or computed tomography scan.

Dif aftitude is higher than 1000 m, the correction factor should be calculated as follows: [Pa0:/Fi0, X (barometric pressure/
760)].
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Ventilatory Settings

« SEVERE ARDS?

* Mortality >50%

e Lung weight >1.8 kg
 Mechanical ventilation ~ 19 days

e 1 PEEP to prevent lethal hypoxemia in the
absence of Pneumothorax or 1 Vt?

* || AP = Pplateau — PEEP [=Vt/Crs]



LUNG: What do we need to avoid?

e Hypoxemia
 Ventilator-associated Lung Injury
 MOF and Death



Normal
lungs

After 5 min
of ventilation

AJRCCM 1998;157:294-323

After 20 min
of ventilation




Atelectasis and Distribution of Mechanical Stress

Eur Respir J Suppl. 2003;47:15s-25s.

Surface Tension, y Viscosity, y
Bubble Velocity
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Air bubble R .
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J Appl Physiol 2007;103:1796-1807
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ARDS and End-Organ Injury
Imal et al. JAMA 2003;289:2104-12

PROTECTIVE TRAUMATIC
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Vt emL/kg -
Pplateau <30 cmH,0O -
PEEP 8-24 depending on FIO,

level for SpO, >90%

N=432; 6mL/kg vs. N=429; 12mL/kg
NEJM 2000:342:1301-8
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Gattinoni — Lung Recruitment

e Recruitable Lung < 9% Lung Weight. PEEP <10
e Recruitable Lung > 9% Lung Weight: PEEP > 15

N Engl J Med 2006;354:1775-86

Mortality (%)

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(-9.2t05.7%)  (5.8109.4%)  (9.5to 18.6%) | (18.7 to 59.3%))




High PEEP + RMs
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Sustained
Inflation

Incremental

PEEP

High PEEP

PCV
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n-hospital time to death

Patiants with ARDS Patiamts without ARDS
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ESTABLISHED IN 1812 NOVEMEER 13, 2008 VOL. 350 NO. 20

Mechanical Ventilation Guided by Esophageal Pressure
in Acute Lung Injury

Daniel Talmor, M.D., M.P.H., Todd Sarge, M.D., Atul Malhotra, M.D., Carl R. O'Donnell, Sc.D., M.P.H.,
Ray Ritz, R.R.T., Alan Lisbon, M.D., Victor Novack, M.D., Ph.D,, and Stephen H. Loring, M.D

NO RUPTURE



Esophageal-Pressure—Guided Group

F10, 0.4 0.5 0.5
Plexp 0 0 2
Control Group
FIO, 0.3 0.4 0.4
PEEF 5 5 g
Measurement
Pa0,:FI0,
Respiratory-system compliance
(ml/cm of water)

Ratio of physiological dead space to tidal
volume
Plateau pressure (cm of water)
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DAY 4: 26-yr old patient with Brain
and Pulmonary Contusions

V=480 mL [PBW=72.5 kg]; 6.6 mL/kg PBW
RR=28/min

-10,=1.0

PEEP = 20 cmH,0;

Pplateau = 43 cmH,,0; AP = 23 cmH,0
Pa0,= 46 mmHg; PCO, = 49 mmHg;

pHa = 7.32

|ICP=29 mmHg; MAP= 63 mmHg

FAILURE OF SUPINE CV
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Figure 5 Effects of increasing positive end-expiratory pressure on right ventricular systolic function

urr Opin Crit Care 2011;1/:50-
PEEP 5cmH,0 PEEP 14 cmH,0 PEEP 5 cmH,0

Transgastric TEE View: IVS and its Leftward Shift caused by
PEEP increase



Severity of Hypoxemia and Eftect of High Frequency Oscillatory Ventilation in ARDS

Maureen O Meadel, D

Bollen?, Arthur S Slutsyss

Mentzelopoulos!?, Det

Sanjoy Shah
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Respir J 2012; 39:635-647



HFO-RMs combined with Tracheal
Gas Insufflation (TGI)

mPaw = CMV mPaw + 10-15 cmH20
oF ~3.5 Hz—>Vt ~ 200-250 mL (~3.0-3.5 mL/Kg PBW)
*AP = 80-90 cmH, 0
Cuff leak = 3-5 cmH20
Bias flow = 60 L/min
TGl ~ 7 L/min



Low Freguency, high Bias Flow/AP HFO-
TGI with cuff leak

 May also | Right Ventricular stress compared
to HFO mainly by:

1] Augmenting Ventilation Pressure Drop at
the level of the Trachea

and
2] Improving CO, clearance

e A Vtof~200-250 mL should still be
considered as lung protective



mPaw of approx.
30 cmH20,
corresponding to
a Mean Tracheal
Pressure of 24-25
cmH20

Cardiac Index (L/min/m? BSA)

HFO-TGI

T

I

HFO-TGI

N4

1

Before HFO-TGI -

Recruiment Period -

Stabilization Period <

Weaning Period -

After HFO-TGI
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'Vr
Normocapnia
Lower PEEP

RESCUE
HFO-TGI

1PCO, PO,
1ICP |CPP

¥y

‘Permissive
hypercapnia®
Higher PEEP

Pelosi and Sutherasan Critical Care 2013, 17:R179
http://ccforum.com/content/17/4/R179

N\

tVILI
ARDS Severe ARDS
Protective

ventilation |

Figure 1 The effect of mechanical ventilation setting and acid-base disturbance on the brain and lung in acute respiratory distress
syndrome (ARDS) and traumatic brain injury. CPP, cerebral perfusion pressure; HFO-TGI, combination of high<requency oscillation with
tracheal gas insufflation; ICP, intracranial pressure; PCO-, partial pressure of carbon dicxide; PEEP, positive end-expiratory pressure; PO,, partial

pressure of arterial oxygen; VILI, ventilator-induced lung injury; Vs, tidal volume.




LUNG REPLACEMENT
THERAPY TO PROTECT
THE LUNG?7??



ECMO OR ECCO,R

Rationale:
* | Lung Mechanical Stress &
o Adequate Gas Exchange

« ANTIGOAGULATION RISK OF
HEMORRHAGE = SEVERE LIMITATION
IN TRAUMA



ECCO,R

« APTT 50 - 60 s [Heparin 200-600 1U/n] OR
« ACT 130 - 150 s (normal: 107s + 13 s)

Bein et al CCM 2006;34:1372-7:

* 90 Patients with Severe ARDS

At 2 h:

 PaCO, 60 — 36 mmHg

 Pa0O, 58 — 82 mmHg



Potentially Lethal Pnaumonia




Extracorporeal Membrane Oxygenation for 2009
Influenza A(H1N1) Acute Respiratory Distress Syndrome

JAMA

Onine artcle and related content The Australia and New Zealand Extracorporeal Membrane Oxygenation
current as of March 18, 2010, (&NZ ECMO) Influenza Investigators

JAMA. 2008;302(17):1886-1385 (doi:10.1001/jama.2008.1535)

htip/fjama.ama-assn.orgicgiicontentful 30211 7/1 6848

Efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane
oxygenation for severe adult respiratory failure (CESAR):
a multicentre randomised controlled trial
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Table 2. ventilator Settings, Respiratory-System Mechanics, and Results
of Arterial Blood Gas Measurements at the Time of Inclusion in the Study.*

Supine Group Prone Group

Variable (N =229) (N =237)
Tidal voelume (ml) 381166 38463
Tidal volume (ml per kg of PBW) 6.1+0.6 6.1+0.6
Respiratory frequency (breaths per min) 27+5 27+5
PEEP (cm of water) 10+4 10=3
Flo, Ahefing-2 0.79+0.16 0.79+0.16
Pplaty: (cm of water) 2345 24=5
Cstge (ml per cm of water) 35+15 36123
Fac, (mm Hg) E0+18 20=19
Pac,:Fio, (mm Hg) 100+20 100430
Facoz (mm Hg) S2+32 20x14
Arterial pH 7.30+0.10 7.30=0.10

Plasma bicarbonate {mmol per liter) 1 25+5 25+5




Cumulative Probability of Survival

Mo. at Risk

Prone group
Supine group

—

—

Prone group

B

Supine group

0.4 —
0.2 P<=0.001
0.0 | | | | | | | | |
0 10 20 30 40 50 60 J0 20 a0
Days
237 202 191 186 132
229 163 150 139 136

Figure 2. Kaplan—Meier Plot of the Probability of Survival from Randomiza-

tion to Day 90.
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Charron et al. Critical Care 2011, 15:R175
http://ccforum.com/content/15/4/R175
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ensive Care Med (2013) 39:1836-—1838
IE?BI”?{‘:I_Hgﬁfﬁfﬂlgﬂf-{}{;;-%m%-]? 61838 WHAT’S NEW IN INTENSIVE CARE

A- Vieillard-Baron Acute cor pulmonale in ARDS

M. A. Matthay

Plateau pressure < 27 om0
Driwing pressure < 17 cmiH 0

Yes

Decrease tidal wolume

PaCO, < 60 mmHg

Yes

Increase RR™
Remowe HME®*®

Adapt PEEP to RV function
dNO AP pressung

RV diysfunction No Y dysfunction

ncrease FEER but recheck

20,/Fi0, < 150 mmHg




Intensive Care Med (2002) 28:564-569
DOI 10.1007/s00134-002-1266-x ORIGINAL

Pascal Beuret Prone position as prevention of lung injury
e Nyardmeon in comatose patients: a prospective,

Mahmoud Kaaki
Gerard Tramoni
Jean-Claude Ducreux

randomized, controlled study

SP 20° PP0°1h PP0°2h PP0°3h PP0°4h SP 20°

ICP 11(8 4@ 10(7.1)

Values are mean (SLC
ap<(.01 versus valu

Figure 3. Stage lll pressure ulcer over right cheek in patient
after 7 days of prone positioning.




CHOSEN STRATEGY:
HFO-TGI + RMSs

12-24 h sessions for 6 days: mPaw 40 to 30
cmH,0; f=3.5 -4Hz; Cuff leak;
Qbias=60L/min; TGI flow, 6-7 L/min

+ Antibiotics + Anesthesia + NMB
e PaO,=100-300 mmHg; PCO, = 35-40 mmHg;
e pHa >7.35; ICP<20 mmHg; MAP>70 mmH(g



DAY 10: 26-yr old patient with Brain
and Pulmonary Contusions

Vt=480 mL [PBW=72.5 kg]; 6.6 mL/kg PBW
RR=32/min

-10,= 0.7

PEEP =16 cmH,0;

Pplateau = 29 cmH,0O; AP =13 cmH, O
Pa0,= 207 mmHg; PCO, = 39 mmHg;

DHa = 7.42

|ICP=12 mmHg; MAP=75 mmHg




Conclusion: Strategy must achieve

« BALANCE BETWEEN CONFLICTING
PATHOPHYSIOLOGY OF THE LUNG
VS. RV /BRAIN

MUST PREVENT DEATH DUE TO

« HYPOXEMIA ...BUT ALSO DUE TO
« UNCONTROLLED ICP, AND

« RV FAILURE
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