
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Buy ECMO Red Book 
 
ECMO UC San Diego 
 
 
• ELSO 
• staff intro 
• ELSO Red Book 
 
Objectives 
 
• define the main component of ECMO circuit  
• ELSO Gold Level Center of Excellence 
• What is ECMO 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
CARDIOHELP BRAND ECMO 
 

◦Cardiohelp is most thorough brand machine  
◦Blood and air  
◦Always pulling from vein only  
◦VENOUS SIDE 

‣ Deoxy blood 
‣ SVO2 probe 
‣ ECMO pump 

• Centrifugal 
• Preload dependent 
• Afterload sensitive  
• Small magnet (compared to big machine which it couples with) 

◦Next to Oxygenator (it couples with it and its magnet to make pump turner) 
• Venous pressure (sucking, negative pressure) 
• Boba metaphor (makes venous pressure more negative - ALARM) 

◦Kink of Clot 
◦Diameter (surgeon chooses)  
◦Against wall (positioning) 
◦Volume  
◦If venous pressure goes negative it will stop flow  

‣ Oxygenator (membrane lung) 
• Has numerous filters/straws that blood pumps through 
• Expels air out the bottom  
• 3/8 cannula goes to this straw 
• Diffuses  

◦Adding oxygen 
‣ Higher concentration, taking CO2 out 

◦Removing CO2 
‣ Lower concentration, bringing O2 inside 

‣ Blender (Seachrist) 
• Mechanical knob or electronic monitor 
• Wall connection: Green line is O2, yellow is air 

◦You determine the mix 
• FdO2 - fraction of diffusion O2  

◦Changes O2 sat and PaO2 
‣ Flowmeter 

• If you slow the Sweep, you put in more O2 
◦Up on Sweep remove more CO2 
◦Goes up by 0.2 to 1 

• Two work independently of each other  
• How to move to CT (scenario) 

◦Use tank O2 
◦L/min goes 1:1 to O2  

‣ So 60% flow switch knob to 6 L/min 
‣ FdO2 goes 100%  

• Cannot go higher 
• But you can increase FiO2 on ventilator 

‣ Dependent on 2 things? _____ , _____ 
• Return side is arterial side (or vein, even though we say arterial side) 
• Pushing pressure is positive pressure  
• Two things that make it hard to push 

◦Clot or kink (positioning) 
• Third thing to artery return complication 

◦SVR resistance (increase afterload) 
‣ Scenario 



• High BP, must crank it up (high SVR) 
• P-int vs P-art delta (difference) 

◦Change in pressure is b/c of clot  
◦Over 40 (or increasing)  

‣ Flow Meter/Bubble Detector 
• Rpm increases w/air (optional intervention) - VA only 

‣ Can also measure temperature of Oxygenator  
 
MODULAR ECMO SYSTEM 
 

◦All negative? 
◦All ECMO brands have 

‣ RPM 
‣ FFLOW (L/min) 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pven 

◦Always negative, suctioning  
◦Four  

 
P-int  

◦Resistance 
‣ Kink and clot 
‣ SVR  

 
Delta P 

◦Change of resistance  
 
SVO2 Probe 
 
Vital Flow SO2  

◦In (venous) and out (arterial)  
 
 
 
 
 
 
 
 



 
 
 
 
Quantum brand screen  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
All the variables in each machine: 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
 
 
 
 
ECMO Evaluation 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
◦More like suggestions but think critically  
◦SAVE (VA) and RESP (VV) score 

‣ Score of 0 means half will survive? 
‣ Don’t use for COVID 

 
ECPR  

◦ECMO w/in 20 minutes of ROSC 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 



 
 
ECMO CANNULATION 
 
• Can do anywhere 
• VA and VV 

◦Always pulls blood from venous side  
 
VV ECMO: Veno-Venous 
 

◦Femoral-internal Jugular 
◦Lung support  
◦Adjust 

‣ O2 (FdO2 %) 
◦How do you know if it’s enough 

‣ Standard is 2/3 ratio exchange (6L cardiac output) 
• 4 L of the cardiac output 
• 2/3 of blood out of full CO 
• Patient has higher diffusion concentration in the bloodstream (CO2 going in to pump to expel), opposite of 

O2 
◦Dead space 

‣ Increases, so pt status goes down then improves 
‣ 85% arterial side PaO2 but can still survive 

• Needs at least 80% is ok  
◦How to Cannulate 

‣ Two cannulas, return and remove, two sites of bleeding 
‣ Groin use common femoral vein (CFV, larger)  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
• Venous vs Arterial 

◦Note you cannot see the color of the cannulas when inserted 
◦Only arterial cannulas have luer lock 

‣ If venous have luer lock you could introduce air 
• Lock allows connector to perfuse lower extremity  

‣ Arterial is shorter 
◦Venous have multiple holes if it gets stuck 

‣ Venous have direct effect on your flows 
◦larger French is not always needed, more complications 
◦Venous  

‣ Don’t use same vein? 
• Preferred femoral and IJ (preferred over SC b/c it’s direct)  
• SC is more bent, but tighter vessel and helps w/moving pt w/o risk of cannula migrating  

◦Recirculating problem if it migrates 
‣ Less effective treatment  

◦Mostly lung pts  
• Some do fem fem 

‣ Lower extremities 
• Still have to use same vein now?  

‣ Ambulating patients  
• Some have dual lumen cannula 

◦Dual Lumen complications (Avalon or___?) 
‣ One cannula higher one lower, arterial cannula should be past tricuspid valve  

• Lower returns back to tricuspid valve  
◦If not, it recirculates up or down, back to ECMO 



◦Must be put in upper extremities  
◦31F but also shares w/arterial lumen so not really  
◦Pulls from RA 
◦Returns to PA 

‣ Higher tip 
‣ Might not recirculate as much cuz smaller “vein” 

◦RV failure 
◦Made for VAD support but added O2, so it becomes ECMO  

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Not meant for long term use  
• Choosing  

◦Site (type) 
◦Size 
◦Flow (size) 

‣ GOAL: Adult 120-140 ml/kg/min 
‣ Find which requires flow  
‣ Pressure flow curves  

• Surgeon will decide  
‣ Heart has to function normally  

• Tolerate 80% SpO2 
 
 
 
NOTE: VV-ECMO has complication of RE-Circulation, but VA-ECMO is Dual-Circulation 
 
VA ECMO 
 

◦Bypassing both heart AND lung 
◦Flow 

‣ VV - How much blood you’re putting back in (oxygenating) 
‣ VA - 4L systemic support  

• This is your cardiac output  
◦Fem Fem is common 
◦X-ray view can show you what type 

‣ Shorter cannula in fem fem means VA (arterial return) 

tf



◦Why not all pts go to VA ECMO? 
‣ Opposing flows (mixed circulation) 

‣ Normal physio has 
heart going down, 
cannula arterial 
going up  

• RPM is the 
same 

• When 
recovering, 
heart EF will 
get stronger, 
pushing 
blood 
forward , 
resulting in 
competing 
flows 
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• Dual circulation (VA-ECMO) is a BIG DEAL  

n

it



◦Catch early 
◦Only circulates half of the body  

‣ Heart keeps competing, constantly competing w/ECMO flow 
• Delivering deoxygenated instead 

◦Must increase RPM!  
‣ So it pushes against native heart 

• But not really done 
‣ Increase vent settings  

• FiO2 increase 
• Normal PEEP is 8-12 H2O cm , 

depends on body habitus  
◦Inotropes if trouble circulation 

◦Ok to keep 80% fio2 or increase if dual 
circulation 
‣ Or increase vent settings   

◦North South vs East West? 

‣ Depends on RV vs LV failure 
◦ART lines 

‣ Put on R side, where ECMO is 
‣ Flat line w/pulse is ECMO doing it  

• Mixing dual circulation (pic) 
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• Dual circulation getting worse will backflow into LV, causing increased pressure and damage  
◦Increased elasticity 
◦Clot 
◦Will have LV Impella or Balloon Pump act as “vent” to “unload” (removing extra stagnant blood output) 

‣ Impella (LV vents), is cardiac support so you don’t have muscle stretch 
◦why can’t we drain from the groin/ 

‣ Axillary? Veins too small , but only option for upper extremities  
• Follows normal artery, no competition  
• Difficult to place & blocks flow into arm 

◦Must use conduit but cannot manage direct flow, risking compartment syndrome  



◦Also risks hyperoxia to brain!, as in super high PO2, ~around 500; brain strips higher than 
65% 

• Therefore not popular   
‣ Central Cannulation  

• Open heart usually in OR 
‣ VAV Cannulation  

• Returns to both vein and artery 
• Helpf

ul for 
Pulmo
nary 
hyper
tensio
n and 
cardia
c 
insuffi
ciency 

◦Such as for ARDS VV ECMO and your RV fails  
• Con: resistance to venous side is lower so will get more flow there, and arterial cannula will clot off because of 



lower flow on arterial side  
• Hard to manage  

 
ACUTE CANNULATION COMPLICATIONS 
  

◦Bleeding 
◦Ischemia (VA) 

‣ Lose limb 
◦Dissection 
◦Compartment  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
COMMENC
ING 
SUPPORT 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Set 
RPM (to 
inhibit 
back 
flow)  
‣ If 

not 
set, 
dur
ing 
CP
R, 

cannulas will act as a shunt! 
‣ That’s why start in at least 1,500 - 2000 RPM 

◦VV 
‣ Only care about saturations 

• Increase RPM and flow to make  
◦PaO2  
◦> 85% for VV 
◦> 90% for VA 

◦VA 
‣ Systemic 

• Arterial pressures  
◦Sweep and FdO2 

(blender?) 
‣ VA - gas is not the issue 

• 1:1 ratio: flow 5, 
sweep 5 

‣ VV 
• High cO2 levels 

and CO2 
saturations  

• Take gases to 
slowly titrate 
Sweep    

 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Hypotension w/ VV 
‣ Expected, give it time to recover 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CO AGULATION & 
ANT ICOAGULATION 
MG MT 
 

◦600 cc outside 
the body in 
plastic ECMO 
machine 
‣ Clots, so 

use flow to keep blood moving!  
◦Must be anticoagulated  

‣ VA always 
‣ VV sometimes 

◦Goals: avoid clots & bleeding  
◦Hemostasis (coagulation review) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

‣ Clots to 
fibrinol
ysis 

• Ph
ase 
1: 
vas
os
pa
sm 

◦Reduce blood flow 
◦ECMO can mimic 

• Phase 2: platelet plug 
◦Adhesion 

‣ Sticking to site 
◦Activation 

‣ Recruiting more platelets  
◦Aggregation 

‣ Using fibrinolysis to thicken clot 
• Platelet plug formation - How does ECMO change it?  

◦High Shear stress activates PLT 
◦Von Willebrand Factor interaction activates & changes shape and binding by breaking down PLT 

• Clotting cascade (review) 
◦Extrinsic and intrinsic pathway to make fibrin  
◦Intrinsic is slow, such as infection e.g. COVID, not needing PLT activation from outside vascular 

‣ Even just ECMO activates it  
◦Extrinsic - tissue factor e.g., when it is cut, so it is quicker pathway 
◦Common pathway  

‣ main focus, where fibrin is made 
‣ Starts in factor X 

• Prothrombin -> Thrombin (IIa) to Fibrinogen -> Fibrin + platelets (mesh) 
◦Fibrinolysis 

‣ Responding to too much clot formation, to stop it 
◦ECMO activates intrinsic (extrinsic pathway only during Cannulation insertion) 

◦Anticoagulant Meds 
‣ Preferred 

• Heparin 



• Bivalirudin (angiomax) 
• Arg

atro
ban 

‣ Not 
preferre
d 

• ASA 
and 
Plavi
x 
only 
activ
ates 
PLT 

• Cou
mad
in 
take
s 
two 
wee
ks, 
sup
er 
slow  

‣ Understand common pathway and how it relates to drugs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



• Heparin focuses on antithrombin III, but must be already present in body 
◦Cheaper, comes in units 

• Bivalirudin & Argatroban 
◦Direct thrombin inhibitors  
◦Useful if no ATIII needed for heparin  



• Thrombin (IIa)  

◦Converts fibrinogen -> fibrin 
• Argatroban 

◦Directly inhibits thrombin 
◦Expensive, metabolized by liver  
◦No reversal agent  

• Bivalirudin 
◦Also 

dire
ct 
inhi
bito
r 
thro
mbi
n 

◦Doe
s 
not 
acti
vate 
plat
elet
s, 
kidn
ey 
met
abol
ism  



◦Also no reversal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
LAB 
VALUE
S 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• CB C: huge drop in 

pLT count and 
HG B/HCT 

◦Watch 
for HIT 

• CM P: K and Ca+ 
• AS T, ALT 

◦Not 
working 
stops 
making 
coagulat
ion 
factors 

• Fre e Plasma HGB, 
LD H 

◦Lactate 
and 
Free 
Hemogl
obin 
increasin
g 
‣ Fre



e HGB - hemolysis  
◦Hint hemolysis 

‣ Stressed cells, think about clots in machine  
• Coagulation labs   



◦PT/INR extrinsic 
◦PTT intrinsic (used in ECMO) 
◦ACT: rapid POCT 
◦Anti-Xa: common pathway converts prothrombin to thrombin 

‣ Also indicates heparin efficacy  
◦D-dimer: chopped particle PLTs, making a lot of clot pieces somewhere  

‣ Good for initial ECMO, useless after a few days b/c it’s natural progress of ECMO 
◦TEG: thromboelastogrophy - good diagram that measures of ability of whole to form clot, but takes a few hours & 

expe
nsive, 
requi
ring 
QC 
q8h, 
so 
not 
useful 
for 
mana
geme
nt  

◦Every 
hospi
tal 
may 
have 
differ
ent 
reco
mme
ndati
ons 
(see 

slide 
below) 
‣ ACT 

q2h, 
QC 
q8h 

‣ Fibrin
ogen 
- 
chec
ks 
why 
some
one 
is 
blee
ding 
but 
you 
don’t 
know 
why 

‣ TEG - 
show



s where supplemental therapy should be 
‣ Target values might have different protocols, but keep ranges higher than normal  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
• Note (MD):  

◦Oxygenator 
◦Neuro circuits smaller, 

heparin impregnated  
◦Centrifugal instead of 

roller pumps  
◦Vanderbilt trial - 

anticoagulation goals 
are decreasing b/c of 
above changes   

 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ECMO COMPLICA
TIONS 
 
• Medi cal 

comp lications can 
come from 
disea se or the 
ECM O circuit  

• Bleed ing 
◦3 L, 

calen
dar 
day, 
not 
24 
hour

s 
◦Assess entire body! 

‣ GI most common  
◦Cannulation 

‣ Must be placed using US 
• Know your standing transfusion protocols 

◦Most do not have O- on the ready, just T&S 
• Coagulation 

◦HIT 
‣ 4T’s of HIT 

 
 
 
 
 



 
 
 
 
 
 

 
 
 
 
 
 

‣ Im
mu
no 
vs 
Fu
nct
ion
al 
ass
ay 

‣ Tr
eat
me
nt: 
ST
OP 
he
pa
rin, 
sta

rt Algatroban  
◦Von Willebrand’s disease 

‣ Decrease vWF = decreased PLT 
‣ GI bleeds happen on LVADs and ECMOs because of ? 

• Use Desmopressin (DDAVP, IF they’re bleeding) 
• Watch sodium 
• Replace vWF 
• TXA  
• RFVIIa (rare) 

◦DIC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

 
 
 
 

‣ Uncontrolled coagulation and fibrolysis  
• Liver failure vs DIC 

◦Factor VIII elevated in liver failure  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

‣ Give PLT on PIV lines, away from the Oxygenator  
• PLT can increase thrombosis in Oxygenator  

◦Acquired AT III deficiency 
‣ Heparin binds to thrombin, if ___ is really high 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Throm
bus 



‣ Blood stasis & low flow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Always keep >2k RPM 
• Higher flow on VV ECMO 

◦VV is higher, 4-6L  
• Embolus can get stuck anywhere  

◦Stroke 
◦Arterial clot more dangerous 
◦VV clot back to lungs, less dangerous but still bad 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

◦No perfusion 
◦Treatment: distal perfusion cannula but not always works 
◦Prevent: pulse checks, Doppler  

‣ US only shows flow, but not ischemia (…but what about DVT US scans?) 
• Know saturation, color of limb 

◦LL ischemia makes you 80% likely to die 
‣ No longer transplant/LVAD candidate 

• Hemolysis!  
◦Always expected 
◦Free HGB causes AKI esp in ARDS pt   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



◦Cardiac Arrest (w/ECMO) 
‣ Treat like regular ACLS 
‣ VV  

• Not in CO so must compress chest in CPR! 
• Blood already oxygenated  
• But no flow, recirculation begins 
• Coding shows bright red blood for both 
• ECMO flow and FDO2 

‣ VA 



• No CPR if pump is working  
◦Make sure >MAP 

• If not, clamp and do CPR (pump not working) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
MECHANICAL COMPLICATIONS! 
• done on Day 2 simulation 
 
 
 

 
 
 
 
 
 
 
 
 
TITRATE ECMO FLOWS 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• preload 
and 
afterloa
d 
depend
ent 

• Venous 
- low 

pressure large cannula 
• Arterial - high, smaller  
• Goal: DO2/VO2 

◦Delivery vs consumption 
‣ See conditions 



‣ No

rm
al 
>5 

‣ Sh
oc
k 
<2 

• Anaerobic, lactic acid  
‣ ECMO >3 (DO2/VO2 ratio) 

 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦PO2 normal >80-100  
◦Formula DO2 

‣ Saturation matters (100% PaO2 x .003 is 3; other part of formula is negligent) 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What does post-membrane mean? 
 
 
• Goal VA ECMO flows based on DO2/VO2 

◦Oxygen delivery  
‣ Oxygenator is always 100%  

◦Oxygen consumption  
‣ Mixed venous subtract from SaO2 

• E.g. (100 spo2 - 80 mixed VO2 =20 = 80
% = 5:1 ratio) 
◦Note SVO2 = mixed VO2 

• We want 3:1 DO2/VO2 ratio!  
◦(100-66 =34; 100/33 =3:1) 

‣ Initially SVO2 is low cuz pts in shock, but wil
l go up as O2 debt fixed  

• Goal VV ECMO (based on number, not ratio) 
◦Hard to know CO  
◦Some will look at DO2 
◦Goal HGB >7 

‣ Except ACS >9 
◦ 

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

◦Follow Oxygen delivery 
‣ Goal PaO2 can 

decrease 60-80%, 
support the body 

• Depends on 
ECMO flow, 
CO, lung 
function  

‣ How to determine 
CO on VV ECMO 

• C3 total 
concentration 
in arterial  
◦SpO2  

• Just know total 
flow formula  

• Some will use 
C1 = SaO2 on 
ECMO 

• C2 from 
ECMO 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

◦Base Goals 
‣ VA - supporting MAP and cardiac pulsatility 

• Lower flow, >2, otherwise clotting  
• CO flow vs native CO 



• Increasing arterial CO cause native CO to decrease because it pulls against it!  
‣ VV - 

supporting 
goal 
saturation  

• Higher 
flow 4-6 
Lpm  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

◦VV - Hypoxemia 
‣ Treat underlying 

cause 
‣ Do NOT use beta 

blockers to blunt CO!   
• Sat goes up 

because it does 
not deliver O2 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Treatment VV 
hypoxemia 
‣ Increase ECMO flow 
‣ Up vent settings  
‣ Tolerate it. If DO2/VO2 ratio is >3 it’s ok, as long as LA stays low 

◦Cardiovascular support 
‣ VV 

• CO hard to find 
• CVP ELEVATED 
• Use pressors and 

inotropes! 
◦Inotropes for 

RVF mostly in 
VA  

‣ VA 
• ECHO EF are 

reduced especially 
if you overflow on 
ECMO 

• Just support LV 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Do your pulse 
checks 
q1-2hours!  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
DUAL CIRCULATION!!! 
 
• Essential to know complication! 
• VA ECMO only  



◦Always 
have R 
sided 
ART 
and 
SpO2 
from 
hand 
or 
ear!! 

◦We 
don’t 
know 
where 
“mixin
g 
point” 
is (see 
pic) 

‣ membrane vs native lung zone mixing points: 
‣ 1 - all ECMO and CO 

• Flat ART line, want at least 10-15 mmHg 
◦Shows O2 delivery and pH to brain and heart 

• Vent is not doing anything  
‣ 3 - 4:  mid aorta 
‣ PE: RV failing, LV ok 

• Can create using ECMO flow mismanagement , increasing to 4 -> 1, distending LV , preventing recovery 
◦May still need flow based on D/VO2 ratio, lowest being 2  

• Increase vent on 3-4 mixing point   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦R side ART & Spo2 & ABG use to titrate ECMO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦pulsating ART 
◦PO2 80, 

change vent 
settings to 
increase!  



‣ Support LV 
• Increase PEEP 

 
 

• Ballo
on 
pump 
or 
impel
la 

◦LV vents 
• Inotropes 
• Fem fem ECMO hyperoxygenation  

◦Draining from lower extremity  
• Unloading devices 

‣ Impella, balloon, LVAD, LAVA (puncture septum from RV by puncturing through to LV to decrease 



overload; rare, only in Cath Lab) 
 

◦When doing ECHO while on ECMO 
‣ Turn off bubble alarm temporarily on ECMO, but WATCH YOUR PATIENT CLOSELY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ECMO & ECHOCARDIOGRAMS 
 
• bubble interventions 

◦Based on facility  
◦Don’t use bubble studies 
◦Bubbles and air causes ECMO to turn OFF!  

‣ Know this scenario 
 
 



PHARMACOLOGY 
 

• ECMO affects meds 
 
SY STEMS 
 

• Neuro 
◦Stroke 
◦Oxygenation 

‣ ABGs 
‣ VA axillary - look 

for facial flushing  
◦Consult neuro team 
◦Imaging 

‣ CT only, no MRI 
‣ EEG 

◦Assess anticoagulant  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SED ATION 
MA NAGEMENT 
 
 



• Weaning Sedation  
◦Pt says feels like drowning  
◦Compromised CO2 process system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
• ECMO 

& 
cooling 
◦Filt

er 
hea
ts 
itse
lf, 
do
esn
’t 
coo
l 
blo
od 

, pts may have higher temp than programmed  
◦Use TTM to cool, not the ECMO circuit to hit the goal 32deg F for cooling 

‣ Temp on ECMO is blood going back to pt  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
• Labs 

◦calibrate q7 days 



◦Note PLT should be given slow over 4 hours to prevent clotting 
‣ Give through PIV!  

◦HGB >7; HCT >21% 
◦VV Blood gas 

‣ ABG anywhere 
‣ VBG only from venous pigtail 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 



◦VA Blood Gas 

‣ ABG Depends on Cannulation 
‣ VBG anywhere 
‣ SVO2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• VA ECMO is lung protective 

◦vent settings 



‣ R >10 
‣ PEEP 5-15 
‣ VT ~6, FiO2 <0.5 
‣ Pplat at <30  
‣ Lungs are resting 

◦FdO2 70-100% 
‣ 0 sweep technically means no ECMO circulation! ? 

• Always >0.5 Lpm  
‣ Goal O2sat >95% 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Emergency 
vent 
settings 
‣ Should 

be taped to vent 
‣ Start low and slow on sweep 

• ARDS MGMT VV ECMO 
◦CXR will look bad at first 
◦Do weekly bronchs  
◦Coughing common, use Precedex & endotracheal lidocaine  

 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Questi
on on 

vent 
setti
ngs: 
10-1
0-10 
vent 
setti
ngs  

‣ But no one really knows 



◦Is proning viable?  
‣ No survival benefit , controversial  

• SKIN 
◦Regular assessment & prevention 
◦Air mattresses 

◦EC
MO 
dre
ssin
gs 



‣ Treat as central line dressings 
‣ Nothing on market really  

• Large CHG works ok  
◦Cannula security  

‣ 6 layers 
‣ 3 sutures after  
‣ Securement device  

• Foley lock device  
• Neck - use strap, like forehead O2 style?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

‣ Clamp - not all the way, just half way  

• don’t forget to remove when turning patient! 



‣ Stability 
• Check qhour 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
• GI 

◦Nutrition 
• Nephro 

‣ AKI common, leads to CRRT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Where are the pigtails on the Oxygenator? Pre (venous) and post (arterial) Oxygenator? 
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◦CR
RT  

‣ uses dual lumen pigtails  
‣ Affects your pressures 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

‣ Connecting CRRT 
• Make sure your pigtails don’t clot when drawing ABG/VBGs!  
• You’re essentially turning off ECMO and pause CRRT by clamping near it 

◦Clots happen fast in pigtails! Flush early and often when drawing ABG 
‣ Disconnecting CRRT 
‣ Returning blood 

• The same CRRT precautions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• ECMO Mobility 

◦Needs ECMO specialist, PT/OT initial attempts 
◦Can go up in sweep b/c pt is exercising  
◦You are directing the exercise and team w/patient  
◦Watch for kinking (bending not pretzel) 
◦Balloon pump & impella VA pts is harder cuz cannot >30deg in bed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Procedure considerations: have everything you need 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
• Transporting!  

◦When and how long? 
◦Power Cord 
◦Full tank O2 
◦Can use wall O2 
◦Monitor always facing you always 

• Returning from transport 
◦Complete circuit assessment 
◦Go back on blender!!!  

‣ O2 tank can run out (off ECMO) 
• No FdO2, no Sweep 

• Family updates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Palliative care can be added to treatment, it is not hospice 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WEANING ECMO 
 
• are they improving? 
• VA needs fix underlying cardiac problems  
• Can only change 3 things 

◦Blood Flow (Lpm) 
◦Sweep (CO2 removal) 
◦O2 delivered (FdO2) 

• Two main ways: wean FDO2 or Sweep 
◦Option 1 - Sweep challenge  

‣ See slide below 
‣ Follow work of breathing , respiratory vol, respiratory rates  
‣ Low vent settings  
‣ Follow respiratory parameters 
‣ Not removing CO2 or delivering O2 (off ECMO) 

• ABG hour later  
‣ Know how long your facility requires when pt off ECMO 

◦Option 2 
‣ Still turn FdO2 to zero to see lung oxygenation  

◦Both options should be minimal vent settings and not increasing, so don’t rush  
◦Option 3 

‣ Decreasing flow 
• No longer used! Decrease flow leads to clots in VV ECMO (only used on VA)  

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
• VA ECMO 

◦This is a blood flow wean!  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◦Pressors and inotropes are minimal  
◦Extra LV vents also on low settings  
◦Use the ELSO ECMO wean guidelines 

‣ Turn it into a smart phrase  
‣ Start with the top 
‣ CVP increasing? 
‣ PAP decreasing? 
‣ PCWP not changing  
‣ If they pass wean, they are stable to come off 

• Decannulate in bedside or OR (preferred b/c of venous cutdown & risk of bleeding) 
◦Some ORs will see if they can tolerate all the way down to 1L flow 

‣ Remove ECMO first before removing LV unloaders 
◦VA  

‣ Never adjust FdO2 to <70! Unless you perform post Oxygenator gas 
‣ Never turn Sweep to Zero!  

• No gas exchange, turns off ECMO   
• Check DVT US on every weaning 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• treat ECMO patients like any other patients 
 
 
 
Questions: 
 
• cannulas usually last 30 days but can last a year 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
PUTTING IT ALL TOGETHER 
 
 
CODE ECMO ACTIVATION 
• patient selection using SAVE (VA) / RESP (VV) 
• Exit plan? Must have a bridge  

◦Cath, CABG, transplant, LVAD, etc 
• What to ask 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Equipment 

◦Cannulation cart 
◦ECMO Machine w/O2 tank or wall 
◦Ultrasound 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
• Crisis action plan hung on the pt door 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
• Emergency ventilator settings (RT) 
• CODING 

◦VA - no CPR unless pump is not working  
◦VV - yes CPR 
◦Put this on head of the bed 

 
• Know Cardiohelp and Nautilus clot map 
• VV ECMO rounding checklist 
• Calibration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
• preparing for transfer on ECMO 

◦When drawing ABG must put pt temp and ventilator FiO2 
◦When drawing post Oxygenator gas draw from ECMO which is FdO2 

• Know Cardiohelp and Nautilus 
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ECMO EMERGENCIES 
 
• Primary RN handles pt, not you, you stay w/ECMO and handle it 
• Order Sets 

◦Initiation vs Maintenance 
◦Remind MD to place 
◦PRN ECMO Order set 

‣ Lidocaine or heparin etc 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SIMULATION DAY 
 
 
• can’t simulate SVO2 and H/H, both drawn from venous pigtail 
• Can’t simulate Sweep


