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ARDS Management:

Overview 2015

» Low tidal volume ventilation
Prone Positioning
Early neuromuscular blockade

X—HEOV
HNO
? Transpulmonary pressure guided

ventilator management
ECMO

s*Early intervention to reduce lung injury
Long Term Outcomes
Prevention in OR and ED
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Normal Ventilation (rat lung)

(courtesy Gary Nieman, SUNY Upstate)



Injury (rat lung)

(courtesy Gary Nieman, SUNY Upstate)



Despite therapy, some patients

will develop refractory hypoxemia

Triggering Respiratory Death or
Event Decompensation Recovery

1

1




ARDS Definition Task Force, JAMA 2012 Jun 20; 307 (23): 25-26

Acute Respiratory Distress Syndrome
The Berlin Definition

Hypoxia

Radiology

300 - 201

Bilateral

<200

Bilateral

<100

> 3 quadrants




Acute Respiratory Distress Syndrome

The Berlln Deflnltlon ARDS Definition Task Force, JAMA 2012 Jun 20; 307 (23): 25-26

Timing Acute within one week
Hypoxia 300-201 <200 <100
PEEP <5 <5 1
Radiology Bilateral Bilateral

Vent

Anticipated

Incidence 23% 63% 14%
Mortality 10% 32% 62%

In absence of known predisposing risk factor* or not fully explained,
assessment for cardiac failure required.

*Pneumonia, aspiration, inhalation, pulmonary contusion, drowning
sepsis, transfusion, trauma, pancreatitis, noncardiogenic shock, drug overdose

Criteria for additional severity of disease did not enhance
model and dropped from final definition



What do we actually think we know?

eVentilation with high airway pressures is bad

Figure 5. Macroscopic aspect of rat lungs after mechanical ventila-
tion at 45 cm H,O peak airway pressure. Left: normal lungs; mid-
dle: after 5 min of high airway pressure mechanical ventilation.
Note the focal zones of atelectasis (in particular at the left lung
apex); right: after 20 min, the lungs were markedly enlarged and
congestive; edema fluid fills the tracheal cannula.

Am J Respir Crit Care Med Vol 157. pp 294-323, 1998



What do we actually think we know?

eLower tidal volume ventilation with
pressure limitation is good

eCorrection of hypoxia is hot a good
surrogate for mortality
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» Standard of Care
Lung Protective Ventilation

* 6ml/kg of predicted body weight
— Males 50 + 2.3 * (height in inches above 60”)
— Females 45.5 + 2.3 * (height in inches above 60”)

 Maintain Pplat < 30 with volume titration

* Permissive hypercapnia, treat acidosis with
supplemental bicarbonate

AMERICAN COLLEGE OF SURGEONS DIVISION OF EDUCATION
Blended Surgical Education and Training for Life




Treatment Strategies in ARDS

inNG
Neuromuscular
Blockade

. Prone Positioning
Low — Moderate PEEP

NIV | Higher PEEP

Low Tidal Volume Ventilation
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Increasing Severity of Lung Injury
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Question 13 - Prone

How often do you use prone positioning in ARDS?

1. Never
Rarely (1-2x a year)
It's too much hassle

As part of routine care in patients with posterior atelectasis and

severe hypoxia
1 (. 2o 3% (31)
2 P 43.2% (51)
3 N 8.5% (10)

4 22.0% (26)
Total: 118

Powered by SUrvegMonkeg



Q9: How often do you use prone positioning in ARDS?

Answered: 17  Skipped: 1

Never

Rarely (1-2X a
year)

It's too much
hassle

As part of
routine care...

Not since we
dropped the...

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%

Powered by () SurveyMonkey
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» Prone Positioning

* Previously, years of study, no clear impact
* Makes anatomic and physiologic sense

* Recent trial suggests mortality advantage early
onh in moderate to severe ARDS
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Bilateral patchy opacities

e “Baby Lung” Sitting on
Top of a Consolidated
Lung

* Posterior dependent lung
consolidation

e Difficult to recruit



PROSEVA (Proning Patients with

Severe ARDS)

The NEW ENGLAND
JOURNAL o« MEDICINE

ESTABLISHED IN 1812 JUNE 6, 2013 VOL. 368 NO. 23

Prone Positioning 1n Severe Acute Respiratory Distress
Syndrome

Claude Guérin, M.D., Ph.D., Jean Reignier, M.D., Ph.D., Jean-Christophe Richard, M.D., Ph.D., Pascal Beuret, M.D.,
Arnaud Gacouin, M.D., Thierry Boulain, M.D., Emmanuelle Mercier, M.D., Michel Badet, M.D.,

Alain Mercat, M.D., Ph.D., Olivier Baudin, M.D., Marc Clavel, M.D., Delphine Chatellier, M.D., Samir Jaber, M.D., Ph.D.,
Sylvéne Rosselli, M.D., Jordi Mancebo, M.D., Ph.D., Michel Sirodot, M.D., Gilles Hilbert, M.D., Ph.D.,
Christian Bengler, M.D., Jack Richecoeur, M.D., Marc Gainnier, M.D., Ph.D., Frédérique Bayle, M.D.,

Gael Bourdin, M.D., Véronique Leray, M.D., Raphaele Girard, M.D., Loredana Baboi, Ph.D., and Louis Ayzac, M.D.,

for the PROSEVA Study Group*

Guerin C, et. al, NEJM, 368(23): 2159-68 June 6, 2013



PROSEVA - Study Overview

 Placing patients who require mechanical
ventilation in the prone rather than the supine
position Improves oxygenation

* Enrolled Early Severe ARDS (P/F < 150 mm Hg
on FIO, > 0.6, PEEP > 5 cm H,O, within 36 hours
of onset)

* Prone 16 hours per day until improvement in
supine position, mean 4.4 sessions per patient



PROSEVA - Probability of Survival from
Randomization to Day 90

Prone group

Supine group

P<0.001
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No. at Risk

Prone group 237
Supine group 229

- o, e NEW ENGLAND
Guérin C et al. N Engl J Med 2013;368:2159-2168 OURNAL of MEDICINE




Table 3. Primary and Wording to Study Group?\

Oyffcome
ortality — no. (% [95% Cl])
At day 28

Supine Group
(N=229)

Prone Group
(N=237)

or Odds Rati
with the Prone
Position (95% Cl)

Not adjusted
Adjusted for SOFA scoref

75 (32.8 [26.4-38.6))

38 (16.0 [11.3-20.7))

0.39 (0.25-0.63)
0.42 (0.26-0.66)

At day 90

Not adjusted
Adjusted for SOFA score

94 (41.0 [34.6-47.4))

56 (23.6 [18.2-29.0])

0.44 (0.29-0.67)
0.48 (0.32-0.72)

Sh¢cessful extubation at day 90 —
no./total no. (% [95% Cl])

Timetos ssful extubation,
assSwegd at day 90 —
days

Survivors

Nonsurvivors

Length of ICU stay, assessed at
day 90 — days

Survivors
Nonsurvivors
Ventilation-free days
At day 28
At day 90
Pneumothorax — no. (% [95% Cl])

Noninvasive ventilation — no./
total no. (% [95% Cl])

At day 28
At day 90

Tracheotomy — no./total no.

(% [95% Cl))
At day 28
At day 90

145223
(65.0 [58.7-71.3))

186/231
(80.5 [75.4-85.6))

26+27
18+15

10+10
43+38
13 (5.7 [3.9-7.5))

10/212 (4.7 [1.9-7.5))
3/206 (1.5 [0.2-3.2))

12/229 (5.2 [2.3-8.1])
18/223 (8.1 [4.5-11.7))

24422
21+20

14+9
57+34
15 (6.3 [4.9-7.7))

4/228 (1.8 [0.1-3.5])
4/225 (1.8 [0.1-3.5])

9/237 (3.8 [1.4-6.0])
15/235 (6.4 [3.3-9.5])

0.45 (0.29-0.70)

0.87
0.05

<0.001

<0.001
0.89 (0.39-2.02)  0.85
0.36 (0.07-3.50)  0.11
1.22 (0.23-6.97)  1.00
0.71 (0.27-1.86)  0.37
0.78 (0.36-1.67)  0.59

* Plus—minus values are means +SD. Hazard ratios are shown for mortality and successful extubation; odds ratios are
shown for other outcomes. Cl denotes confidence interval.
T There were no significant differences between the groups in organ dysfunction as assessed from the SOFA score (Table S4

in the Supplementary Appendix).




PROSEVA - Conclusions

* In this trial, the investigators found a benefit with
respect to all-cause mortality with this change In
body position in patients with severe ARDS

* In patients with severe ARDS, early application of
prolonged prone-positioning sessions significantly
decreased 28-day and 90-day mortality

&%‘3 e NEW ENGLAND
Guérin C et al. N Engl J Med 2013;368:2159-2168 i=>5/ JOURNAL of MEDICINE



UM SICU

Demonstrates
Prone Method

*4 people

2 sheets
*Easy to do
*Easy to teach
*Quick

Easy access to
patient

With flat sheet, pull patient
to one side of the bed.

Place a second flat sheet on the
bed, tuck under patient.
Everything will pull through
when you turn the patient.

Discard the sheet that was
pulled through, position lines
and tubes.

Tuck flat sheet around patient arm
in order to protect it and move
patient.

Carefully turn the patient over
and position prone by pulling the
sheet. This will allow the arm and
sheet to pulled across the bed.

- - 3
Patient now prone. Place arms in
swimmers position (one positioned
up toward head, one at side. Place in
Reverse Trendelenberg.
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» Neuromuscular Blockade
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Question 8 - NMVIB

How often do you use neuromuscular blockade in initial
treatment ARDS patients?

. Never 1 - 16.0% (20)

. Rarely (1-2x ayear) 9 PN 28.8% (36)

. Sometimes
3 N ¢ 5% (52)

. Routinely
4 13.6% (17)
Total: 125

Powered by SUrvegMonkeg



Q6: How often do you use neuromuscular blockade in the initial treatment
of ARDS patients?

Answered: 18 Skipped: 0

Never

Rarely (1-2X a
year)

Sometimes

Routinely

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%
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» Neuromuscular Blockade

* Frequently used to facilitate controlled
ventilation

* Concerns regarding long term weakness and
conflict with reduction in sedation protocols

* Recent trials suggest mortality advantage early
on in moderate to severe ARDS

AMERICAN COLLEGE OF SURGEONS DIVISION OF EDUCATION
Blended Surgical Education and Training for Life




ACURASYS - Study Overview

* The investigators induced muscle paralysis in patients
with the acute respiratory distress syndrome (ARDS) by
administering a neuromuscular blocking agent,
cisatracurium besylate

« Continuous cisatracurium infusion for 48h in early
ARDS(15mg bolus, 37.5mg per hour)

« RCT, 20 ICUs, 340 patients
« Moderate to severe ARDS (P/F <150), onset < 48h

« Lung protective ventilation

Papazian L et al. N Engl J Med 2010;363:1107-1116



ACURASYS - Enrollment

1326 Patients were assessed for eligibility

986 Were excluded

340 Underwent randomization

|

178 Were assigned to receive
cisatracurium

|

1 Withdrew consent

Y

162 Were assigned to receive
placebo

177 Received cisatracurium

|

162 Received placebo

177 Were included in the analysis

|

162 Were included in the analysis

Papazian L et al. N Engl J Med 2010;363:1107-1116

The NEW ENGLAND
JOURNAL o MEDICINE



ACURASYS - Probabililgy of Survival
through Day 90

Cisatracurium

Placebo
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Days after Enrollment

The NEW ENGLAND
JOURNAL o MEDICINE

Papazian L et al. N Engl J Med 2010;363:1107-1116



ACURASYS — Results

« Reduction in mortality from 40.7% to 31.6%
(hazard ratio 0.68)

* Increased oxygenation, ventilator-free days
and organ-failure free days

« NoO observed increases in functional
weakness at day 28 or ICU discharge

The NEW ENGLAND
JOURNAL of MEDICINE

=

Papazian L et al. N Engl J Med 2010;363:1107-1116



ACURASYS - Questions

Underpowered
No monitoring of neuromuscular blockade
40% recelved steroids for septic shock in both arms

But same effect size as lung protective ventilation?

&33 e NEW ENGLAND
Papazian L et al. N Engl J Med 2010;363:1107-1116 %25 JOURNALf MEDICINE



ACURASYS -Conclusions

« As compared with placebo, cisatracurium
resulted in a lower adjusted 90-day mortality

without more severe sequelae of neuromuscular
blockade

* In patients with severe ARDS, early
administration of a neuromuscular blocking agent
Improved the adjusted 90-day survival and
Increased the time off the ventilator without
Increasing muscle weakness.

The NEW ENGLAND

% 3 JOURNAL o MEDICINE

Papazian L et al. N Engl J Med 2010;363:1107-1116
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X High Frequency Oscillatory
Ventilation
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Question 2 - HFOV

How often do you use high frequency oscillatory

ventilation in ARDS?
1 N 38.5% (47)
2 W 05 4% (31)

3 N 06 2% (32)
4 9.8% (12)

. Sometimes
Total: 122
. As part of routine care in severe ARDS

. Never

. Rarely (1-2x a year)




Q1: How often does your center use high frequency oscillatory ventilation
(HFOV) in ARDS?

Answered: 18 Skipped: 0

Rarely

Sometimes

As part of
routine care...

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%

Powered by %, SurveyMonkey



Question4 - HFOV

What do you think will be the answer?

1. Earlier HFOV better

2. Earlier HFOV worse

> N = v

Total: 115




Q3: What do you think will be the answer?

Answered: 11  Skipped: 7

Earlier high
frequency...

Earlier high
frequency...

0% 10%  20%  30%  40%  50%  60%  70%  80%  50% 100%

Powered by (%, SyrveyMonkey
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X High Frequency Oscillatory
Ventilation

e 2 large randomized trials failed to show
benefit, possible harm

e Usage falling off like a rock
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Targeting Lung Recruitment
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1.0+
0.94
0.8+
0.7+
0.6
0.5
0.4+
0.3
0.2+
0.1+
0.0

Probability of Survival

Control

T

P=0.004 by log-rank test

HFOV

No. at Risk
HFOV 275
Control 273

| | |
15 30 45

Days since Randomization

169 58 54
181 92 54
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60



Subgroup — Baseline Hypoxemia
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X Inhaled vasodilators

e Cannot prove a mortality benefit in ARDS
e Still used in rescue, transport
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Q8: All of the following have been demonstrated as beneficial effects of
inhaled nitric oxide in adult ARDS patients EXCEPT:

Answered: 15 Skipped: 3

Significant
increase in...

Reduced
mortality in...

Decreased
pulmonary...

Improved right
ventricular...

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%

Powered by %, SyrveyMonkey



Q7: How often do you use inhaled nitric oxide (NO) in ARDS?

Answered: 18 Skipped: 0

Never

Rarely (1-2X a
year)

We uze inhaled
prostaglandi...

As part of
routine care...

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%

Powered by %, SurveyMonkey
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? Transpulmonary Pressure-guided
ventilator management (Pes)
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Question 5 - Ptp

How often do you use esophageal pressure monitoring
and transpulmonary pressure guided ventilator

- - a ?
titration in ARDS: 1 S 89 3% (100)

2§ 7.1% (8)
3 (3.6% (4)
4 0.0% (0)

hetal =112
. Routinely in patients with high BMI

. Never
. Rarely (1-2x a year)

. Sometimes

FUg  Harvard
Medical
School




Q4: How often do you use esophageal pressure monitoring and
transpulmonary pressure guided ventilator titration in ARDS?

Answered: 18 Skipped: 0

Never

Rarely (1-2X a
year)

Sometimes

Routinely in
patients wit...

Say what?

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%
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Question 7 - Ptp

What do you think will be the answer?

1. Transpulmonary pressure directed titration better

2. Transpulmonary pressure directed titration worse

2 S 21.3% (20)

Total: 94

owered by sUrvegMonkeg



Q5: What do you think will be the answer?

Answered: 18 Skipped: 0

Transpulmonary
pressure...

Transpulmonary
Pressure...

Ho friggin idea

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%
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Ptp - Esophageal balloon catheter

+15 cmH,0

\ ic,

Transpulmonary
pressure only 15 cmH,0

Ptp = airway pressure — esophageal pressure

0\“-1 O
&7 "% AMERICAN COLLEGE OF SURGEONS
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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.

Used esophageal balloon catheter to estimate
transpulmonary pressure to guide PEEP settings

61 patients randomized

Altered PEEP settings: down orto 5 cm H,0 in 40%
up 6 —10 cmH,0O in 40%

* |ncreased P/F ratio
Mortality signal at 180 days

Phase Il trial funded and enrollment has begun

NEJM 2008; 359: 2095-104
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Question 5

A 56 year old man is admitted to the ICU with ARDS and sepsis 4
days after emergency colectomy and splenectomy following an MVC.
His height is 65 inches; his weight is 285 pounds. On lung protective
ventilator settings, FiO2 0.80, PEEP 15 cmH,0O his:

Peak inspiratory pressure (PIP) is 35 cm H,O
Plateau pressure (P,,) Is 30 cm H,O

End expiratory airway pressure (Paw) is 20 cm H,O
Esophageal balloon pressure (Pes) is 17 cm H,0.

Transpulmonary pressure (Ptp,,,) Is estimated by the formula:
A. Pes-PEEP

B. PEEP-Pes
C. Pplat-Paw
D

. Paw-Pes
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A 56 year old man is admitted to the ICU with ARDS and sepsis 4
days after emergency colectomy and splenectomy following an MVC.
His height is 65 inches; his weight is 285 pounds. On lung protective
ventilator settings, FiO2 0.80, PEEP 15 cmH,0O his:

Peak inspiratory pressure (PIP) is 35 cm H,O
Plateau pressure (P,,) Is 30 cm H,O

End expiratory airway pressure (Paw) is 20 cm H,O
Esophageal balloon pressure (Pes) is 17 cm H,0.

Transpulmonary pressure (Ptp,,,) Is estimated by the formula:
A. Pes-PEEP

B. PEEP-Pes
C. Pplat-Paw

D. Paw-Pes
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EPVENT II-
PROTOCOL

A PHASE Il PROSPECTIVE RANDOMIZED CONTROLLED
TRIAL OF VENTILATION DIRECTED BY ESOPHAGEAL
PRESSURE MEASUREMENTS.

WILL ENROLL 200 PATIENTS WITH MODERATE TO
SEVERE ARDS BY THE BERLIN CONFERENCE
DEFINITION IN SEVEN ACADEMIC MEDICAL CENTERS IN
NORTH AMERICA

BETH ISRAEL DEACONESS MEDICAL CENTER
BOSTON, MA
DANIEL TALMOR MD MPH, BIDMC



VENTILATION

PROTOCOLS- EPVENT W

GROUP w
]

Measure Ptpexp during an end-expiratory hold.
Increase (or decrease) PEEP to achieve Ptpexp =0

* Incrementally changes according to the formula: [new PEEP]
= [initial PEEP] — Ptpexp
Repeat this procedure until Ptpexp = 0.
- If this formula dictates an increase in PEEP of more than 10
cmH20, increase PEEP in increments of 10 cmH20 or less
When Ptpexp = 0, reassess oxygenation

B Harvard
‘%g Medical
N School

EPVent2 Training 9/6/2012



VENTILATION
PROTOCOLS- CONTROL \

AND EPVENT GROUPS .
The control group PEEP and tidal volume will be managed
without reference to the esophageal pressure measurements.

FIO2 and PEEP must be kept within one column of this table,
moving right or left one column at a time as required.

Table 4- Oxygenation Management Table — Control Group /N

Step 1 2 3 4 5 6 7 8 9 /10 (\11 | 12 | 13 | 14 | 15 | 16 | 17
FiO2 0303030404 ,04/04|04|05)05 p6|07/08|08|09|10/1.0
PEEP 5 8 |10 (10 |12 | 14 | 16 | 18 | 18\ 20 |20 | 20 | 20 | 22 | 22 | 22 | 24

Ny

Table 1- Oxygenation Management Table - EPVent group
Step 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13

FiO2 03|04 050506 |06 |07 |07|08]08|09|09)|10
Ptpexp 0 0 0 2 2 3 3 4 4 5 5 6 6

EEIEY Harvard
EPVent2 Training 9/6/2012 ;




VENTILATION

PROTOCOLS- CONTROL W
AND EPVENT GROUPS

Table 4- Oxygenation Management Table — Control Group /N

Step 1 2 3 4 5 6 7 8 9 f£10 \11 |12 | 13 | 14 | 15 | 16 | 17
FiO2 03/03|0304,04/04/04/04 0505 p6|07|08|08|09|10]|1.0
PEEP 5 g |10 |10 |12 | 14 | 16 | 18 | 184 20 [J20 | 20 | 20 | 22 | 22 | 22 | 24

Ny

Table 1- Oxygenation Management Table - EPVent group
Step 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13

FiO2 03|04 050506 |06 |07 |07|08]08|09|09)|10
Ptpexp 0 0 0 2 2 3 3 4 4 5 5 6 6

B Harvard
‘%& Medical
N School

EPVent2 Training 9/6/2012
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? Extracorporeal Membrance
Oxygenation (ECMO)
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Question 15 - ECMO

How often do you use or refer for ECMO in ARDS?

Never
Rarely (1-2x a year)
. Are you kidding?

. As part of algorithm for care in patients with severe ARDS

1 N 26.6% (45)

2 DU——— 32.5% (40)

3 P 11.4% (14)
4 19.5% (24)

Total: 123

Powered by SUryegMonkeg



Q11: How often do you use or refer for extracorporeal membrane
oxygenation (ECMO) in ARDS?

Answered: 18 Skipped: 0

Never

Rarely (1-2X a
year)

Are you
kidding?

As part of
algorithm fo...

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%

Powered by (%, SyrveyMonkey



Question 16 - ECMO

Which of the following is true regarding ECMO in
adult patients with ARDS?

VA-ECMO is associated with decreased mortality compared to VV-ECMO

Anticoagulation is required but is not associated with increased complications

Transfer to a spacialized center with ECMO capabilities is assaciated with
decreasad martality

ECMOQis contraindicated after 25 days of mechanical ventilation

1 W 14.1% (13)

2 P 14.1% (13)

3 A 64.1% (59)
4 7.6% (7)

Answer: 3 Total: 92

SurveyMonkey



Q12: Which of the following is true regarding ECMO in adult patients with
ARDS?

Answered: 15 Skipped: 3

Veno-arterial
(VA)-ECMO is...
Anticoagulation

is required ...

Transfer to a

specialized...

0% 10% 20%  30%  40%  30%  60%  70%  80%  90% 100%

ECMO is
contraindica...

Powered by %, SurveyMonkey
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? Extracorporeal Membrance
Oxygenation (ECMO)

* Resurgent interest with more compact
systems, favorable results in influenza HIN1

e Continuous life support, resource and labor-
intensive, conclusive trials contraversial

* Some evidence for regionalization

AMERICAN COLLEGE OF SURGEONS DIVISION OF EDUCATION
Blended Surgical Education and Training for Life




Bartlett




First successful ECLS Patient; ARDS/ trauma
Santa Barbara, Ca, 1971.
J Donald Hill MD and Maury Bramson BME
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Afghanistan to
Regensburg
ECMO transport

Betevs. Gom, s v el e RS
Lifesavin
INNOVATION

Portable heart-lung machine used in combat evacuation

BY Sx1H ROB2INS the most serous lung mjuries and evacuste
Saars and Stripes them to Ge .
Within hours, Wanck and her team were

LANDSTUHL, Germany  pound for Kandahar.
U.S. team for the firt ime in a “Mﬂtj there Wi

combat evacustion has used an 10~ cryted on him a'ﬁw:hannmiln.d tvcml

mochioe v 8 Shpearcld mhier e ot L The ECMO s October. 2010




Severe Thoracic
Trauma

* Transmediastinal
Gunshot Wound

 Combat Casualty

 Damage Control
Thoracic Surgery

* Hilar Clamp for
initial control




Right
pneumonectomy

Severe ARDS

ECMO Support
initiated at a
Level Il Hospital
in Afghanistan

Continued by
ALRT in-flight to
Landstuhl
Germany







Complete recovery, empyema complication



Conventional Ventilation or

ECMO for

Severe

Adult

Respiratory Failure R

Kaplan-Meier survival estimates, by allocation

ECMO 63% (57/90) survived to 6 months without
disability vs. 47% (41/87)

Relative risk (death or severe disability), 0.69; 95% CI
0.05-0.97; P =.03; RR death 0.73; 95% CI 0.52-1.03

I I I
0 50 100 150 200
Analysis time (days)

————— Conventional ECMO

Giles Peek
SAR 2007




|
Table 2. Deaths Analyzed by Matching Methods

MNo. of Deaths/
Total No. of Patients (%)

IECMO-Refened Nmn—EGMO-Heierredl RR (95% ClI) Uaﬁ)ue
Matching method
Propensity score 18/75 (24.0) 39/75 (46.7) 0.51 (0.31-0.84) 008
GenMatch 18/75 (24.0) 38/75 (50.7) 0.47 (0.31-0.72) 001
Individual 14/59 (23.7) 31/50 (52.5) 0.45 (0.26-0.79) 006

Abbreviations: ECMO, extracorporeal membrane oxygenation; BR, relative risk.

80 referred for ECMO; 69 received (86.3%); hospital mortality 27.5%

Individual matching Propensity score matching

1.00- 1.007
1
|.| _ . 1
o E FONOrreferrecpatients o :._\_|_|ﬁ_'ﬂ.ﬁ FCMO-referred patients
£ 0754 S 0754 4,
g 0 L g i
@ ™ e, 02 """""""" o
S os0f{ T e 2 0.50 Non-ECMO-referred patients
5 Non-ECMO-referred patients o
aQ aQ
e o
& .25 © 025
T T T T T T T T 1 T T T T T T T T 1
0 10 20 30 40 50 60 70 80 a0 0 10 20 30 40 50 60 70 80 90
Time From Study Entry, d Time From Study Entry, d
No. at risk No. at risk
ECMO-referred patients 59 54 51 50 49 48 47 46 46 46 ECMO-referred patients 75 69 66 64 62 61 59 58 58 58
Non-ECMO-referred patients 59 36 32 32 29 29 29 29 29 29 Non-ECMO-referred patients 75 a7 47 46 44 44 43 43 43 43

Noah MA, et al. JAMA 2011;306(15):1659-1668.



Extracorporeal Membrane Oxygenation for Pandemic
Influenza A(HIN1)-induced Acute Respiratory

Distress Syndrome
A Cohort Study and Propensity-matched Analysis

Tai Pham'2, Alain Combes3#, Hadrien Rozé5, Sylvie Chevret2¢, Alain Mercat’.8, Antoine Roch®10,
Bruno Mourvillier''-12, Claire Ara-Somohano'3>4, Olivier Bastien'>'¢, Elie Zogheib'’,

Marc Clavel'31?, Adrien Constan!, Jean-Christophe Marie Richard??21.22, Christian Brun-Buisson'.23.24,
and Laurent Brochard?%2'.24: for the REVA Research Network*

Matched 52/123 pts receiving ECMO; mortality varies with replacement

REVA main analysis REVA matched sample with replacement
(matched sample without replacement)

M 50 60 70 B0 o 0 10 20 30 4

Pham T, et al. AJRCCM 187 (3): 276-85 2013



Inclusion criteria
Severe ARDS defined according to usual cnt i
Meeting 1 of the 3 following criteria of s
PaO FlO Ii-ltl 0 mm Hg mth Fl
recourse to

EOLIA ECMO Trial - _ :

optim ation of mechanical v cntllatlon a.nd de
usual ad]uncn‘ = thtl:lpl:

e ECMO to rescue Lung
Injury in severe ARDS

Randomization

e Multicenter ECMO trial

for =6 hours, despite mandatory use of

e Control cohort with S sy <l pssti
modern ARDS ventilator

Mmana ge me ntl an d Primary endpoint: all-cause mortality at D60
o S d t :
rescue St rateg Ies — Mortality at D30 ande([:)%no,ai;yt?]g fggzsnd in-hospital

Judgement criteria

— Number of days, between inclusion and D60, alive without mechanical
al |OW€d ventilation, without hemodynamic support and without organ failure
— Number of patients developing pneumothorax between D1 and D60
— Number of infectious, neurological and hemorrhagic complications
— Duration of mechanical ventilation, and ICU and hospital stays

Réseau européen de recherche en Ventilation Artificielle
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** Long Term Outcomes

* Increased awareness of critical care myopathy,
persistent inflammation, immunosuppression
and catabolism syndrome

* Just discharging the patient from the ICU is not
sufficient any more

OULEGE o8
5 ¥ AMERICAN COLLEGE OF SURGEONS

; Inspiring Quality:

AMERICAN COLLEGE OF SURGEONS DIVISION OF EDUCATION e\
Neugnsades  Highest Standards, Better Outcomes

Blended Surgical Education and Training for Life
years



A “Genomic Storm” induced by severe blunt trauma

A. Effectof Severe Bluntinjury on Probe Expression B. Up-regulated Pathways

ctrl 12 hrs 1 4 7 14 21 28
b AR 1 N
: W?‘Zi {1l ! ‘. ' ‘ il 18 - Integrin signaling
i ER | : R
IR 11 R L R RE Leukocyte extravasation [z=—————a—=s

, | i i FcyReceptor mediated phagocytosis N
| JA IL-10 signaling

I .

} | Toll-like receptor signaling

|

|

Ephrin Receptor signaling

[
‘ B
kil
L8
1] | [ | | {1 ' L
P | P ' E . w  IL-6signaling e
TREM1 signaling |
e
[=—————3]

= ;‘T’ e ! ] | ‘ “'» (Wil A Actin Cytoskeleton signaling
il |‘H I : | ' “"{' ‘m‘]" " l | )l ' | tf . B cell receptor signaling
R i
L | . C.Down-regulated Pathways
i | ' B
il | ‘
i i i | ; | | ! Ca?* T cell apoptosis [l e R |
i ; : | T ‘ } iCOS-iCOSL signaling in T cells ] e it
N 5 , CTLA4 signaling in CD8 T cells m—————
| | | | ‘ il : CD28 signaling in T cells e
'! | i T cell receptor signaling [EnET=T———3
‘ : CD8 T cell mediated apoptosis e

Role of NFAT in immune response TS
IL-4 signaling [i=H=—=x]

Primary immunodeficiency signaling |

Purine Metabolism =4



Pro- [

Inflammation
Anti-
Inflammation

|

Innate

Immunity Chronic Low Grade Inflammation
ﬁ —-

Early Sy Fulminant Death
nsult z MOF

1

CCl Persistent Inflammation PICS

Protein Catabolism/Cachexia

ndolent Death

Immu n'ﬂ Progressive Immunosuppression

UFHealth

UNIVERSITY OF FLORIDA HEALTH



Functioning

The Big Hit

A
T —— . iCritical lliness
“@J Peak Recovery Effect

Acute

lliness

Effect
Rate & Duration
of Recovery

Big Hit — Peak Recovery Effect
| I I | ' ' ' >
0 5 1 1.5 2

Time (years)

lwashyna AJRCCM 186 2012 303-4



The Slow Burn

A

Functioning

Acute
lliness

Effect

Slow Burn — Difference in Slopes

ritical lliness

Difference in
Long-term
Trajectory

Actual Long-term
Trajectory

l | },

0 5
Time (years)

1

1.5 2

lwashyna AJRCCM 186 2012 303-4



Functioning

Relapsing Recurrences

—

A
,l"'-'- o

Ty r— .
Acute
lliness

Effect

Actual Long-term
Trajectory

Relapsing Recurrences —> Area Under the Curve

| | | | | | |
0 5 1 1.5 2 >

Time (years)

lwashyna AJRCCM 186 2012 303-4



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 APRIL 7, 2011 VOL. 364 NO. 14

Functional Disability 5 Years after Acute Respiratory
Distress Syndrome

500

=

Percent Predicted )
450 ! N & L
0.8 = : L T T
.:“ _E._ d-l}i}— , ' L i T e J—
= 2 '
g o0s = 350
b z A
L g 300 o
£ 0.4 'E 4
.'E'L 5 250
02— 200
. i
0.0 0 | | T I 0
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T 1.0 20 30 4.0 5.0
- Year of Study

* ARDS survivors had substantial recovery at one'year,
but persistent deficits at 5 years for exercise
tolerance, quality of life

% Pred icted
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*¢* Focus on early intervention to
prevent or reduce the severity of
acute lung injury

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
,,,,,,,,,




Need to Transform Medical Research
in the 21st Century

20t Century

*Treat disease ‘Intervene before symptoms
when symptoms appear and appear and preserve normal
normal function is lost function for as long as possible
*Did not understand the Understanding preclinical
molecular and cellular molecular events and ability to
events that lead to disease detect patients at risk
Expensive in financial and *Orders of magnitude more
disability costs effective

National Heart
7 Lung and Blood Institute



The Future Paradigm: Preempt Disease

c
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Tolerable Intolerable

Preclinical

Curative
treatment

- e — {

Symptom
management

Cost
Savings

<

:

Molecular
preemption

National Heart
Lung and Blood Institute



“Chaos” of Critical lliness
Hospital-Acquired

Good e — 3 '
Outcome . W W\ |
MBad 4 "/_,('/ L' '
Outcome ‘*‘)‘N& ’
“Failure to Rescue” \/

Conventional Clinical Tria
Enroliment

“Failure to Prevent”

I T T T 1 T T T
911 Trauma Bay
Operating room Recovery room ICU
Hospital ward || Rapid response team
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** Prevention

* Never as exciting......
e But *always®™ makes more sense

@ AMERICAN COLLEGE OF SURGEONS
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Prevention and Personalized Medicine

for ARDS

The New England
Journal of Medicine

VENTILATION WITH LOWER TIDAT VOLUMES AS COMTARED WITH
IRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTLE Bl el B LSS SYNDROME

HE AcuTe REspRaToay DisTHESS SYNDRCR BT ORK

ventilation prevent ARDS?
Gajic and colleagues

-Can ventilation settings be

personalized?
Marini and others

£),

National Heart
Lung and Blood Institute




Lung Injury Prevention Study
with Aspirin

LIPS-A Kick-off Meeting
NIH, Bethesda, MD
Nov. 8, 2011




LIPS-A Study Schematic

First study drug

Within 12 hrs of randomization

Hosp|ta.l p A N Outcomes: ALl development, mechanical ventilation,
presentation

organ failure, lung injury adverse events
(Study Aim #1)

Implementation
Screening, Consent of CLIP

and Randomization

Monitor CLIP compliance

Randomization _
Plasma collection

(Study Aim #2)

LIPS Calculator CLIP
LIPS >4 Checklist for Lung
Injury Prevention

LIPS-A Intervention
ASA vs. Placebo




A

Circulating
Platelet

Platelets and platelet-neutrophil
interactions in sepsis and ALl

Platelets in Sepsis

Platelet-Bound
Neutrophil

Activated
Platelet

B

Platelets in ALI and ARDS

Platelet

Platelet-Activating Factor
Aggregate Beta-thromboglobulin
Thrombospondin

Thromboxane A,

Neutrophil Capture
by Endothelial-
Bound Platelets

.
vV 5Se| -
Blo2” -~
-

Katz J N et al. Chest 2011;139:658-668

Activated Platelets

& Platelet
Aggregates

\

— o —

-

I
/

Platelet-Bound
Neutrophilsin
Airways,
Alveolar Sacs,
and Blood
Vessels




Platelets and platelet-neutrophil
interactions in sepsis and ALl

A Platelets in Sepsis B Platelets in ALI and ARDS

Circulating Activated Platelet
Platelet Platelet Aggregate

Platelet-Activating Factor Activated Platelets
Beta-thromboglobulin & Platelet
Thrombospondin

Aggregates

hrambaoxane A

—eeeee>

: e\m
( w Platelet-Bound

4 , ." - Neutrophilsin
Platelet-Bound Neutrophil Capture e @ % Airways,
Neutrophil by Endothelial- =~ AlveolarSacs,
Bound Platelets _ and Blood
i od\/esse,l - Vessels
B—O’ -

Katz J N et al. Chest 2011;139:658-668




ETAL
NETWORK

Prevention & Early Treatment

of Acute Lung Iajury

« 12 Clinical Centers, 1 Coordinating Center
(Michigan Center — UMich and Henry Ford)

* Focus on trials of prevention and early
iIntervention in lung injury

« Multidisciplinary focus: Pulmonary, ED,
Surgery to address continuum of care



Treatment paradigm in ARDS

Lung protective ventilation - —
NMB and Prone Positioning ><

| i |
as Early Treatment for Ieuromuscular

Prone Positioning
Low — ModeratefPEEP
NIV Higher PEEP
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Low Tidal Volume Ventilation

Increasing Severity of Lung Injury

Moderate ARDS Severe ARDS
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Intensive Care Medicine (2012) 38:1573-1582




Treatment paradigm in ARDS

Prevention or Early
Treatment for ARDS

Prone Positioning

Low — Moderate PEEP
NIV Higher PEEP
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Low Tidal Volume Ventilation

Increasing Severity of Lung Injury

Moderate ARDS Severe ARDS
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Intensive Care Medicine (2012) 38:1573-1582




Treatment paradigm in ARDS

ECMO as Rescue or
Early Treatment for
Severe ARDS?

Ptp titration (Pes) as Early
Treatment or Rescue for 4

Neuromuscular
Severe ARDS’? Blockade
Prone Positioning
Low — Moderate PEEP

NIV Higher PEEP |

T —
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Low Tidal Volume Ventilation

Increasing Severity of Lung Injury

Moderate ARDS Severe ARDS
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Intensive Care Medicine (2012) 38:1573-1582




Treatment paradigm in ARDS

Long term outcomes

—

Prone Positioning

Low — Moderate PEEP
NIV Higher PEEP
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Low Tidal Volume Ventilation
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Intensive Care Medicine (2012) 38:1573-1582
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