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ECMO FOR SEPTIC SHOCK???

What do | know?

...l don’t know a damn!
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ECMO FOR SEPTIC SHOCK

What do others know?

...not too much!




Definite recommendation
newborn Septic Shock

0 min

S min

American College of Critical Care Medicine
Clinical Guidelines for Hemodynamic Support
of Neonates and Children with Septic Shock
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Brierley J. Crit Care Med 2009; 37:666—688

in pediatric and

Recognize decreased mental status and perfusion
Begin high low O4. Establish IV/10 access

If 2nd P1V stan
motrope

Initial resuscitation: Push boluses of 20 ¢c/kg isotonic

—_—_—
Fluid refractory shock: B
use il(ﬂllllllL' l.»'(.llnl g

sin inotrope [ dose ra
IV/IO/IM

fo obtain central access & airway if needed

dopami

Reverse cold shock by ttrating central dopamine

0051003

or, if resistant, titrate central epinephrine

L. 2 Meg ke mun
Reverse warm shock by titrating central norepincphrine. meg/kg/min,,

shock not reyv d?
-
Catecholamine resistant shock: B:

if &t risk for absolute adrenal insufficiency

) hydrocortisone

~—g—
Monitor CVP in PICU, attain normal MAP-CVP & ScvO, >

-

Cold shock with
normal blood pressure:
1. Titrate Aluid & epinephrine,
vO9> 70%, Hgb> 10g/dL
2. 1f SevOs still< 70% ‘

.

Cold shock with
low blood pressure:
1. Titrate fluid & epincphrine,
ScvO2> 70%, Hgb > 10 g/dL

Warm shock with
low blood pressure:
1. Titrate fluid & norepinephrine,
Su()_v') 70%.
2. If suill hypotensive 2. If still hypotensive
consider norepinephrine

(3 - still < 70% ider
nitrosovasodilators, 3. If SevO; still < 70% consides

id vasodilator with volume consider vasopressin,
terlipressin or angiotensin
dobutamine. milrinone, 3. 17 ScvOg st !

cnoximone or levosimendan

milrininone, imrinone, & others)

Consider levosimendan consider low dose epinephrine

shock not reversed?
L —~— -
Persistent catecholamine resistant shock: Rule out and correct pericardial effusion, pneumothorax,
& intra-abdominal pressure >12 mm/Hg.
Consider pulmonary artery, PICCO, or FATD catheter, &/or doppler ultrasound to guide

fluid, inotrope, vasopressor, vasodilator and hormonal therapies,

Goal C.I.>3.3& < 6.0 L/min'm?



Mortality in PSS is related to the number
of organ dysfunction not to age.

Characteristic ECMO alone (N = 1358)

Prevalence )

Viortality

<1 year
4 years
5-9 years

0-18 years

Organ dysfunction

Ruth A. Critical Care (2015) 19:397



ECMO and age in adult Septic Shock
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Days after initiation of extracorporeal membrane oxygenation

Huang CT. J Thorac Cardiovasc Surg 2013;146:1041-6



Low survival for patients with SS and V-A ECMO

Taiwan 2001-2009

Kaplan-Meier Estimate of Survival Curve for Time to Death
Based on Propensity Score-Matched 108 Pairs

Section:

- 1. Sepsis and VA Model (n = 86)
- 2. Sepsis and VV Model (n = 22)

3. Non-sepsis and VA Model (n = 86)
= 4 Non-sepsis and VV Model (n = 22)

k sample log-rank test. P-value = .006

1vs. 3 Log-rank test. P-value = .063

2 vs. 4 Log-rank test. P-value = .659
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Cheng A. Journal of Critical Care (2013) 28, 532



Venoarterial Extracorporeal Membrane Crit Care Med 2013; 41:1616-1626
Oxygenation Support for Refractory Cardiovascular

Dysfunction During Severe Bacterial Septic Shock*

Nicolas Bréchot, MD, PhD'; Charles-Edouard Luyt, MD, PhD'; Matthieu Schmidt, MD';

Paris 2008-2011

Venoarternal ECMO
n=222

Refractory septicshock
n=14

2DeathsunderECMO
2DeathsinICU

10 Long-term survivors

Figure 1. Outcomes of the 14 patients with refractory myocardia
dysfunction during septic shock who received extracorporeal membrane

oxygenation (ECMO) support




Bréchot N. Crit Care Med 2013; 41:1616-1626

Pneumonia as the principal cause of Septic Shock

‘ Patient

Age

Immunodeficiency

None

None
Chemotherapy for Ewing sarcoma

None

HIV infection

Hepatic transplantation

None
None

Corticosteroids for inflammatory bowel
disease

None

None

Consolidation chemotherapy for acute
myeloid leukemia

Methotrexate and tumor necrosis factor
inhibitors for ankylosing spondylitis

None

Temperature at

Infection Admission (°C)

CA pneumonia

CA pneumonia
Acute cholecystitis

Aspiration
pneumonia

CA pneumonia

Peritonitis after liver
transplant

CA pneumonia
CA pneumonia
CA pneumonia
Aspiration
pneumonia

Aspiration
pneumonia

Nosocomial
pneumonia

Pharyngitis

CA pneumonia




Bréchot N. Crit Care Med 2013; 41:1616-1626

Septic Shock with depressed contractility!




Cardovascular response to sepsis

Peripheral vasodilatation

Intrinsic myocardial dysfunction, masked by the concomitant elevation in cardiac
index

Abnormal increase in left ventricular end-diastolic diameter in survivors

Ema_\'

Normal ventricular function E

max

Septic shock

Normal ventricle

/

\\\ Survivor of
.- \

septic shock

Non-survivor
of septic shock

Figure 1 Theoretical pressure—volume loops in normal controls, survivors
and non-survivors of septic shock. In non-survivors, failure to increase
ventricular compliance results in inability to maintain stroke volume and
hence cardiac output. Similar changes are seen in both right and left
ventricles'”!.

Price S. Eur Heart J. 1999 May;20(10):715-24



SHOCK, vol. 32,
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No. 1, pp. 35-39, 2009

MULTICENTER STUDY OF EARLY LACTATE CLEARANCE AS A
DETERMINANT OF SURVIVAL IN PATIENTS WITH PRESUMED SEPSIS

Ryan C. Arnold,* Nathan I. Shapiro,! Alan E. Jones,* Christa Schorr,’
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—t Clearance

-« Non-clearance




ARDS is frequent in septic patients

ECMO fosters protective ventilation




Hypercapnia induced by protective ventilation causes
pulmonary hypertension and strain on RV

S
T
£
E
o
g

Baseline ECCO2RT

Morimont P. Acta Anaesthesiol Scand. 2015 Apr;59(4):448-56



Central role of RV in circulatory failure in ARDS

Increase RV
wall shear stress

Acute
cor pulmonale

+ Decrease in coronar 1) Decrease in pulmonary venous return
Norepinephrine y 2) Left ventricle compression
. blood flow

Decrease in left
ventricular ejection

Repesse’X. Curr Opin Crit Care 2016, 22




Pulmonary vascular dysfunction in refractory acute respiratory
distress syndrome before veno-venous extracorporeal
membrane oxygenation

C. Lazzeri', G. Cianchi?, M. Bonizzoli?, S. Batacchi?, P. Terenzi?, P. Bemardo', S. Valente', G. F. Gensini'*
and A. Peris?

LV EF (%) 50 + 9.5; 55 (20-58)
LV EF < 50% 6/21 (28.5%)

SPAP (mmHg) 53.7 = 7.9

TAPSE (mm) 14.7 £ 4.5

TAPSE < 16 mm (%) 10/21 (47.6%)

Acute cor pulmonale 2121 (9.5%)




Pulmonary vascular dysfunction in refractory acute respir Survivors Dead patients
distress syndrome before veno-venous extracorporeal n=29 n=12 P values
membrane oxygenation
C. Lazzeri', G. Cianchi?, M. Bonizzoli?, S. Batacchi?, P. Terenzi’, P. Bemardo', S. Valente', G. F. Age (years) 569 + 9.6 503 £ 11.2 NS
R Male gender % 6/9 (66.7% 8112 (66.7%)
BMI 323 +108 292 +74 NS
SAPS I 56 + 16 44 + 19 NS
Vasopressor infusion  6/9 (66.7%) 7112 (60%) 0.03
Noradrenaline only 6 (66.7%) 2 (16.7%)
Dobutamine only 0 2 (16.7%)
Noradrenalin and 0 3 (25%)
dobutamine
Arterial blood gas
Pa0,/FiO, 79.7 £ 12 85.9 + 22 NS
PaO, (mmHg) 733 £ 12 91.1 £ 31.6 NS
PaCO, (mmHg) 66.5 + 159 554 + 89 NS
ph 7.26 £ 0.06 7.35 + 0.04 NS
Lactate (mmol/l) 1.6 £ 0.4 25 £ 0.6 < 0.001
ICU length (days) 27 £ 16 36 + 32 NS
MV ventilation 24 + 15 353 + 32 NS
duration (days)
ECMO duration 22.6 + 14 205 +£ 16 NS
(days)
Echocardiographic data
LV < 50% 0 (0%) 6(50%) 0.04
(chiquare)
LV EF (%) 56.1 = 2 46.9 +£ 11 0.02
Pulmonary systolic  47.7 £ 5.8 57 £ 6.7 0.004
arterial pressure
(mmHg)
TAPSE (mm) 16.9 + 3.7 13 £ 45 0.04




Lactates mmol/L

10

Lactates in ECMO survivals

=—NON SURVIVORS

\ N / —&—SURVIVORS

‘#\‘\
before ECMO 6h 24h 72 hours after ECMO 24 hours before
removing ECMO or
death

Personal data



Pulmonary & Cardiac failure

!

VA-ECMO

...but



Pulmonary & Cardiac failure
VA-ECMO

I

Desaturated
cardiac output




Pulmonary & Cardiac failure

e V-VA ECMO...
 Central cannulation...




Positive pre-ECLS cultures are a risk factor for
infective complications

Table 2 Multivariate analysis of risk factors for infection by
age group
Predictor Neonates

OR 95% (I

Adult

Positive pre-ECLS culture 249 .95-3.18
ECLS duration 1.09 07-1.11

Age 1.02 .01-1.02
Type of complication
Mechanical 1.54 .22-1.95
Renal .53 A17-2
Cardiovascular 1.77 .25-2.51
Metabolic 2.27 .79-2.88
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Vogel AM. Journal of Pediatric Surgery (2011) 46, 2260-2264



How do | proceed in a (septic) shocked patient...

Assess:
— RV function
— Pulmonary hypertension
— LV function

Pre-existing pulmonary
yes hypertension and

chronic heart failure

RV failure prevailing and/
or LV dysfunction
secondary to hypoxemia?

Consider
contraindications and
abandoning

VV ECMO
VV ECMO+IABP

Septick shock and
myocardial depression?

v yes
Peris A. J Artif Organs (2015) 18:99-105
VA ECLS Lazzeri C. Heart, Lung and Vessels. 2015; 7(2): 99-100




Do | consider to use ECMO in an adult
patient with primary Septic Shock?

* No...(not yet)

Is shock a determent for ECMOQO?

* No...(not always)



