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ECMO INTRODUCTORY 
COURSE OBJECTIVES

• Appreciate the history of ECMO
• Recognize major types of ECMO, their indications and 

contraindications (venovenous (VV) and venoarterial (VA))
• Identify the components of the ECMO circuit

• Describe basic physiology of venovenous (VV) and venoarterial 
(VA) ECMO.

• Describe the process of ECMO weaning for VV and VA ECMO 
• Identify common problems and major complications of ECMO.

• Comprehensively assess the ECMO patient with appropriate 
monitoring techniques.



ECMO INTRODUCTION
ECMO INDICATIONS AND 

CONTRAINDICATIONS



LET’S START WITH A 
CASE….



39 F two weeks post partum, G2P2 presents to an outside ED 
with 3 days of worsening malaise, SOB, rhinorrhea, non-
productive cough 

• ED work up including chest xray was unremarkable

• She was discharged home with URI diagnosis and 
symptomatic treatment

• She returned to the ED the next day…..



Past Med/Surg History: Unremarkable. G2P2, 2 weeks post partum term 
vag delivery, healthy female, uncomplicated, breast feeding

Social History: Flight attendant, off on maternity leave, (-) ETOH/illicit 
drugs/tobacco

Medications: Fe supplement and prenatal MV

Allergies: None



T 36.6  ℃ HR140      
RR29      BP104/80    Sat  
92 %  BIPAP 12/5 100% 
BMI 27.4

• Gen:  WDWN, severe 
distress, speaks in 1-2 word 
sentences

• HEENT: MMM, using 
accessory muscles (-) JVD

• CVS: tachycardic no 
murmur

• RESP: B rhonchi, R>L with 
decreased BS RLL     

• ABD: soft, NTND 
• EXT: (-)edema, rash; wwp, 

brisk cap refill  



ED 2/8 1400 ICU 2/8 18:00



ON 2/9 SHE DEVELOPED 
CARDIOGENIC SHOCK……..





SHE CONTINUES 
TO WORSEN….



WHAT IS ECMO?

Extracorporeal membrane oxygenation (ECMO) 
is a temporary mechanical support system 
used to aid heart and lung function in patients 
with severe respiratory and/or cardiac failure

• Essentially creates a dual circulation ECMO 
circuit and Native circulation to meet the 
patients oxygenation and perfusion needs

Zwischenberger JB, Bartlett RH. Extracorporeal life support: an overview. In: 
ECMO Extracorporeal Cardiopulmonary Support in Critical Care. 3rd ed. Ann 

Arbor, MI: Extracorporeal Life Support Organization; 2005:1-4



HISTORY OF ECMO

Journal of Thoracic Disease; Vol 6, No 8 (August 2014): 
Journal of Thoracic Disease (Heart-Lung Transplantation)



Esperanza “Hope”, Age 1 Day, 
1975

1975 – Robert Bartlett MD First successful use of ECMO in neonatal patient w/ severe 
respiratory distress, UC Irvine

Esperanza, Age 21, 
w/ Dr. Bartlett

1971 – J Donald Hill MD and Maury 
Bramson BME. First successful ECLS 
Patient; Survived after trauma and ARDS 
– “ECMO” x 75hrs; Santa Barbara, CA



PRINCIPAL GOAL OF ECMO

Siphon off as much venous circulation as 
possible, pump it through an artificial oxygenator 
where CO2 is removed and O2 is added, then 
return it back to either venous or arterial systems 
(VV or VA)

Zwischenberger JB, Bartlett RH. Extracorporeal life support: an overview. In: 
ECMO Extracorporeal Cardiopulmonary Support in Critical Care. 3rd ed. Ann 

Arbor, MI: Extracorporeal Life Support Organization; 2005:1-4



TYPES OF ECMO

• Veno-venous (VV)
• For lung support when oxygenation or CO2 removal are 

inadequate despite both traditional and rescue therapies 

• Veno-arterial (VA)
• For advanced heart failure w/ bridge to transplant or long term 

VAD

• Rescue therapy for cardiogenic shock and impending end organ 
failure

• Inability to separate from cardiopulmonary bypass

• Other: Triple cannulation strategies (VV,  VPa, VA, VVA, 
VAV,  VAPa), LVAD/ECMO, Impella/ECMO., ECPR.



ECPR
ECMO OF THE 

FUTURE



INDICATIONS FOR ECMO

• SEVERE but reversible respiratory failure (Murray Score)
• Hypoxemic respiratory failure with PaO2 to/ FIO2 <100mmHg

• Hypercapnic respiratory failure arterial pH <7.20 

• Refractory cardiogenic shock 

• Cardiac arrest 

• Failure to wean from cardiopulmonary bypass

• Bridge to long term VAD with possibility of transplant (BiVAD) 



MURRAY SCORE
M U R R A Y  S C O R E S  >  2  O R  P / F  R A T I O S  <  1 5  M M H G  S H O U L D B E  

C O N S ID E R E D  F O R  T R A N S F E R  T O  A N  E C M O  C E N T E R

Murray JF, Matthay MA, Luce JM, Flick MR. An expanded 
definition of the adult respiratory distress syndrome. Am Rev 

Respir Dis 1988;138:720-3.



MURRAY SCORE = 3.8/4

Murray JF, Matthay MA, Luce JM, Flick MR. An expanded 
definition of the adult respiratory distress syndrome. Am Rev 

Respir Dis 1988;138:720-3.

• For our patient:

• P/F ratio is 89 (PaO2 89/100% FiO2 or 1), so 
4 points

• All 4 quadrants of the lung are involved, so 4 
points

• PEEP was set at 18 cmH2O,  > 15 cmH2O is 
4 points

• Driving pressure (compliance) is 400 ml/18 
PEEP = 22 ml/cmH2O is 3 points



Brogan, Thomas V., et al. Extracorporeal life support: the 
ELSO red book. Extracorporeal Life Support 

Organization, 2017.



INDICATIONS FOR VA ECMO

• Cardiogenic shock/Severe Cardiac 
Failure due to almost any cause:
• ACS

• Cardiac arrhythmic storm

• Sepsis w/ profound cardiac depression

• Drug/Tox-mediated profound cardiac 
depression

• Myocarditis

• Pulmonary Embolism

• Cardiac Trauma

• Acute Anaphylaxis

• Chronic Cardiomyopathy:
• Bridge to long-term VAD

• Bridge to transplant

• Bridge to decision

Peri-procedural
Post Cardiotomy 

Inability to wean from 
cardiopulmonary bypass after cardiac 
surgery

Post Heart Transplant
Primary graft failure

Peri-procedural Support
High risk percutaneous cardiac 

interventions

Makdisi, George, and I-wen Wang. "Extra Corporeal Membrane 
Oxygenation (ECMO) review of a lifesaving technology." Journal of thoracic 

disease 7.7 (2015): E166.





ADDITIONAL ISSUES TO 
CONSIDER

• Is the patient either TOO sick or not sick enough for ECMO?

• Is the current management optimized?

• What are the benefits? Bridge to ???

• What are the risks and drawbacks? 

• Special considerations:
• Patient/family consent

• Patient wishes

• Ethical considerations for weaning

• Functionality

• Need for transport (and added risks?)



CONTRAINDICATIONS TO 
ECMO

Brodie, Daniel, and Matthew Bacchetta. "Extracorporeal 
membrane oxygenation for ARDS in adults." New England Journal 

of Medicine 365.20 (2011): 1905-1914.



CONTRAINDICATIONS TO 
ECMO

Brogan, Thomas V., et al. Extracorporeal life support: the 
ELSO red book. Extracorporeal Life Support 

Organization, 2017.



PREDICTORS OF POOR 
OUTCOMES

• Advanced patient age (> 65 years)
• Length of pre-ECMO mechanical 

ventilation
• Diagnosis
• Complications while on ECMO



EVIDENCE BASED 
APPROACH TO ECMO



Zapol, Warren M., et al. "Extracorporeal membrane oxygenation in severe 
acute respiratory failure: a randomized prospective study." Jama 242.20 

(1979): 2193-2196.

VA-ECMO VS. CONVENTIONAL MECHANICAL VENTILATION IN SEVERE ARDS

90 patients 
randomized, 

stopped for futility. 
90% mortality



ECMO VS. CONVENTIONAL MV IN SEVERE ARDS

Morris, A. H., et al. "Randomized clinical trial of pressure-controlled inverse 
ratio ventilation and extracorporeal CO2 removal for adult respiratory 

distress syndrome." American journal of respiratory and critical care 
medicine 149.2 (1994): 295-305.

40 patients, no 
difference in 

survival



AND THEN CAME THE SWINE FLU



ECMO IN H1N1 INFLUENZA ASSOCIATED ARDS

Davies, Andrew, et al. "Extracorporeal membrane oxygenation for 2009 influenza A 
(H1N1) acute respiratory distress syndrome." JAMA: the journal of the American Medical 

Association 302.17 (2009): 1888-1895.

Survival rate range from 56-79% 
throughout centers, independent 
of applied strategy of mechanical 
ventilation



SURVIVAL AFTER ECMO

https://www.elso.org/Registry/Statistics/InternationalSummary.aspx
Peek, Giles J., et al. "Efficacy and economic assessment of conventional ventilatory support versus 

extracorporeal membrane oxygenation for severe adult respiratory failure (CESAR): a multicentre 
randomised controlled trial."The Lancet 374.9698 (2009): 1351-1363.

https://www.elso.org/Registry/Statistics/InternationalSummary.aspx


Peek, Giles J., et al. "Efficacy and economic assessment of conventional ventilatory 
support versus extracorporeal membrane oxygenation for severe adult respiratory failure 
(CESAR): a multicentre randomised controlled trial."The Lancet 374.9698 (2009): 1351-

1363.

EFFICACY AND ECONOMIC ASSESSMENT 
OG CONVENTIONAL VENTILATORY 

SUPPORT VS ECMO:  THE CESAR TRIAL

Presenter
Presentation Notes
Ages 18-65y
Severe respiratory failure that was potentially reversible
Exclusions: peak pressure>30, FIO2>80, ICH, >7 days on vent

Conclusions: if Ph<7.2 or Murray score>3 transfer to ECMO center
180 Patients Randomized; 1:1
“Severe but potentially reversible respiratory failure”
Conventional MV vs. ECMO Consideration
Referral to ECMO Specialty Center vs. Stay at Primary Hospital
68/90 (75%) actually received ECMO
Pressure and volume limited lung rest strategy
70% of “Conventional Management” patients received lung rest strategy



Peek, Giles J., et al. "Efficacy and economic assessment of conventional ventilatory 
support versus extracorporeal membrane oxygenation for severe adult respiratory 

failure (CESAR): a multicentre randomised controlled trial."The Lancet 374.9698 
(2009): 1351-1363.

ECMO SURVIVAL

Primary outcome: 6 Month Survival and 
Disability Status

• 63% (57/90) ECMO Group

• 47% (41/87) Conventional MV Group



THEN NEJM



THEN NEJM





35 patients Medical therapy 
crossed over to ECMO

mean days until cross over 6.5days

20 of 35 crossover patients died 
on ecmo



Lesson Learned

DONT WAIT TOO LONG

CROSSOVER HIGH MORTALITY



●4,950 
patients 
hospitalized 
for influenza

●252 patients 
at ECMO 
centers in 
ICU

Davies, Andrew, et al. "Extracorporeal membrane oxygenation for 2009 influenza A 
(H1N1) acute respiratory distress syndrome." JAMA: the journal of the American Medical 

Association 302.17 (2009): 1888-1895.

Presenter
Presentation Notes
H1N1 epidemic in australia and new zealand around the same time as the CESAR trial was being published.  Their aim was to describe the characteristics of the patients who developed severe respiratory failure, resource utilization and outcomes. 



Davies, Andrew, et al. "Extracorporeal membrane oxygenation 
for 2009 influenza A (H1N1) acute respiratory distress 

syndrome." JAMA: the journal of the American Medical 
Association 302.17 (2009): 1888-1895.

Presenter
Presentation Notes
After these trials were published there was a sharp increase in the overall utilization of VV ECMO for  ARDS (this is not specific to influenza)



Stub, Dion, et al. "Refractory cardiac arrest treated with 
mechanical CPR, hypothermia, ECMO and early reperfusion (the 

CHEER trial)." Resuscitation86 (2015): 88-94.

THE CHEER TRIAL

Presenter
Presentation Notes
The ECMO net score Identified predictors of mortality in H1N1 ARDS at 15 italian centers on VV ecmo.  
Cause of death was multiorgan failure (1), septic shock (2)
ECMOnet score > performance vs SOFA score and murray score



Thiagarajan, Ravi R., et al. "Extracorporeal Life Support 
Organization Registry International Report 2016." ASAIO 

Journal 63.1 (2017): 60-67.

ECLS 2016 DATA

Presenter
Presentation Notes
The ECMO net score Identified predictors of mortality in H1N1 ARDS at 15 italian centers on VV ecmo.  
Cause of death was multiorgan failure (1), septic shock (2)
ECMOnet score > performance vs SOFA score and murray score



Thiagarajan, Ravi R., et al. "Extracorporeal Life Support 
Organization Registry International Report 2016." ASAIO 

Journal 63.1 (2017): 60-67.

ECLS 2016 DATA

Presenter
Presentation Notes
The ECMO net score Identified predictors of mortality in H1N1 ARDS at 15 italian centers on VV ecmo.  
Cause of death was multiorgan failure (1), septic shock (2)
ECMOnet score > performance vs SOFA score and murray score



Posluszny, Joseph, et al. "Outcome of adult respiratory failure 
patients receiving prolonged (≥ 14 days) ECMO." Annals of 

surgery 263.3 (2016): 573-581.

SURVIVAL IN PROLONGED ECMO

Presenter
Presentation Notes
The ECMO net score Identified predictors of mortality in H1N1 ARDS at 15 italian centers on VV ecmo.  
Cause of death was multiorgan failure (1), septic shock (2)
ECMOnet score > performance vs SOFA score and murray score



Posluszny, Joseph, et al. "Outcome of adult respiratory failure 
patients receiving prolonged (≥ 14 days) ECMO." Annals of 

surgery 263.3 (2016): 573-581.

SURVIVAL IN PROLONGED ECMO

Presenter
Presentation Notes
The ECMO net score Identified predictors of mortality in H1N1 ARDS at 15 italian centers on VV ecmo.  
Cause of death was multiorgan failure (1), septic shock (2)
ECMOnet score > performance vs SOFA score and murray score



PREPARING TO INITIATE 
ECMO



THE ECMO CIRCUIT

• Pumps
• Membrane oxygenators
• Tubing
• Circuit pressures
• Monitoring systems
• Other



THE ECMO CIRCUIT

https://www.sciencedirect.com/science/article/pii/B97803
23429740000215



THE PUMP HEAD

• Initial pumps were roller or peristaltic 
type
• Preload dependent

• Depended on gravity drainage

• Afterload independent 
• Prone to high pressures

• Risk of occlusion is circuit rupture

• Flow = stroke volume x heart rate
• Linear increase in output with 

increased RPM
https://www.sciencedirect.com/science/article/pii/B97803

23429740000215



ROLLER OR PERISTALTIC 
PUMP

https://www.sciencedirect.com/science/article/pii/B97803
23429740000215

• Know how many mls 
it pumps every time it 
rotates

• Diameter of tubing 
and distance 
traveled  stroke 
volume x rpms = CO

• Afterload 
independent
• Can clamp arterial 

line and pump keeps 
turning

• May lead to rupture






CENTRIFUGAL “MODERN” 
PUMPS

https://www.sciencedirect.com/science/article/pii/B97803
23429740000215

• Preload dependent 
• Generate negative pressure

• Afterload sensitive
• Pump output decreases 

with resistance
• No circuit rupture

• Non-occlusive
• Retrograde flow can occur

• Magnetically coupled to the 
motor (vs levitated)

• Non linear relationship with 
RPMs



NON LINEAR RELATIONSHIP 
BETWEEN RPMS AND FLOWS 



IF THE PUMP FAILS?
USE THE HAND CRANK



MEMBRANE OXYGENATOR 

• Need something physically to separate the blood from the 
gas. This diminished hemolysis

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/



MEMBRANE OXYGENATOR 

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/



POLYMETHYLPENTENE (PMP) 
HOLLOW FIBER OXYGENATORS

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• Low resistance
• Biocompatible
• More efficient gas 

exchange
• Smaller pores = less 

plasma leakage than 
older oxygenators

• Nanoporous 
membrane



RATED FLOW

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• Maximum flow 
rate in which 
saturation will 
increase from 
75% to 95% 
(with Hb 12%)

• Quadrox-I rated 
flow is 7 
liters/minute



TUBING

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• 3/8 diameter
• Proprietary tubing 

of unclear value
• Heparin
• Biocompatible

• Protein layer 
develops rapidly



OXYGEN BLENDER AND 
FLOW METER

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• Flowmeter
• Adjust sweep gas 

flow
• Increase sweep, 

decrease CO2

• Oxygen blender
• Adjust FiO2

• Don’t really wean 
like on the vent

• Some programs 
only use 100%



CIRCUIT PRESSURES

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• With a centrifugal pump, 
pressures are always negative 

• Determined by drainage 
cannula size, patient volume 
status, pump RPM

• Changes may reflect 
tamponade, tension PTX, 
intrathoracic pressure 
changes, cannula position, line 
kinks

• Limits ~ -90-100 mmHg
• Excess neg pressure can 

cause cavitation and 
hemolysis

• Chatter?
• Decrease RPMs
• Give volume



CIRCUIT PRESSURES

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• Pressure drop across the 
oxygenator?
• ∆ P

• Changes with flow
• Usually 20-50
• Trend not absolute number
• Resistance in membrane

• Clots
• Fibrin Strands



MONITORING

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• Change in ∆ P from baseline is an early warning sign of circuit 
issues

• Increased ∆ P 
• Increased pre membrane, decreased post membrane
• Obstruction in flow in membrane

• No change in ∆ P 
• Increased pre-membrane and increased post-membrane
• Increased resistance between membrane and patient

• Obstruction
• Cannula size
• Hypertension (in VA ecmo)



MONITORING

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• Increased negative pressure
• Hypovolemia
• RPM too high
• Occlusion on venous side (clot, kink)
• Cannula malposition

• MINIMUM sustained blood flow is > 2L/min and prevents 
clot formation in circuit and/or patient

• MAXIMUM heater settings < 37 degrees celcius
• Turn off heater when patient’s desired temperature is reached



ECMO CANNULATION AND 
PHYSIOLOGY



TYPES OF ECMO

http://www.londonem.com/the-future-of-resuscitation/





CANNULATION 
FOR VV ECMO

Blood is drained from and 
returned to the venous circulation

Does not provide hemodynamic 
support

Goal is to rest the lungs and allow 
time for healing or as a bridge to 
transplant





CANNULATION 
FOR VA ECMO

Provides hemodynamic and 
pulmonary support

Heart and lungs are bypassed

Venous drainage/arterial return

Nonpulsatile



VA – CENTRAL CANNULATION 

• Blood extracted from IVC or R. 
Atrium

• Blood returned to ascending aorta
• Used more after cardiac surgery

• Open vs. Closed

• Better oxygenated antegrade flow

1. http://www.slideshare.net/oliflower/ecmo-in-nz-by-mcguinness
2. Marasco, Silvana F., et al. "Review of ECMO (extra corporeal membrane 

oxygenation) support in critically ill adult patients." Heart, Lung and 
Circulation 17 (2008): S41-S47.

http://www.slideshare.net/oliflower/ecmo-in-nz-by-mcguinness


VA – PERIPHERAL CANNULATION 

• Fem V  Fem A. 
• Fem V – Carotid A.
• Fem V  Axillary A.
• Better for emergent situations

• Less invasive
• Faster insertion

• Relies upon retrograde flow 
• Admixing in aortic arch

• Risk of Limb Ischemia
•

1. http://www.slideshare.net/oliflower/ecmo-in-nz-by-mcguinness
2. Marasco, Silvana F., et al. "Review of ECMO (extra corporeal membrane 

oxygenation) support in critically ill adult patients." Heart, Lung and 
Circulation 17 (2008): S41-S47.

http://www.slideshare.net/oliflower/ecmo-in-nz-by-mcguinness


LIMB PERFUSION CANNULA



VENOARTERIA
L (VA) ECMO
CHALLENGES

Differential Hypoxia

• Risk of poor cerebral, upper extremity or R-
Sided perfusion from admixing

• Monitor R. Femoral ABG vs. R. Radial ABG

Reduced oxygenated blood flow 
through coronary arteries

• Consider IABP to provide flow to 
coronaries

• Consider VAV ECMO for bad lungs
Can increase LV Preload and thereby 
O2 Demand

• Inotropes to maintain LV Ejection
• Placement of LV Drain

Poor perfusion to distal limb in Fem. 
Artery cannulation

• Separate arterial perfusion cannulation 
to reduce ischemia risk



VENO-ARTERIAL-VENOUS (VAV) ECMO

• For Differential Hypoxia

• Peripheral (femoral) VA cannulation

• Additional return cannula to Subclavian Vein
• Perfuses venous side with oxygenated blood

• Combines VA + VV

• Very limited evidence

Choi, Joon Hyouk, et al. "Application of veno-arterial-venous 
extracorporeal membrane oxygenation in differential 

hypoxia." Multidisciplinary respiratory medicine 9.1 (2014): 1.



Oxygen Delivery and Consumption



Oxygen Delivery and Consumption

Romano, Thiago Gomes, et al. "Extracorporeal respiratory 
support in adult patients." J Bras Pneumol 43.1 (2017): 60-70.



NURSING CONSIDERATIONS 
DURING CANNULATION

• Maintain strict infection control
• Restrict access to essential personnel
• Remove unnecessary invasive lines
• Ensure that all required invasive access are present (NG tube, core 

temperature probe, etc)
• Secure ET tube
• Ensure crash trolly in close proximity
• Ensure that fecal softeners are prescribed
• Prepare and position patient



IMPORTANT NURSING CONSIDERATIONS 
DURING CANNULATION

• Clip hair on the proposed side with an electric razor

• Position bed so that Echo machine, ECMO trolley and sterile 
field can be positioned

• Routine assessments:
• HR, SaO2, SBP, MAP

• Hourly assessment:
• Neurovascular checks, urine output, core temperature, ventilator 

parameters, CVP and sedation assessment



OTHER NURSING POINTS

• Only change the dressing on the cannula if significant 
exudates or not intact and secure

• Requires two nurses for dressing changes, preferably during 
the day shift

• Pull dressing off TOWARD the insertion site

• Avoid NG or other interventions that can cause bleeding once 
patient is initiated on ECMO



BLOOD WORK AND OTHER 
DIAGNOSTICS

• Current type and match

• Daily electrolytes, magnesium, LFTs, LDH and haptoglobin

• CBC twice per day

• Daily blood cultures if fever spike

• Pre and post oxygenator ABG

• ACT every 2 hours x 24 hours

• APTT every 6 hours, target 60-80 s



ECMO COMPLICATIONS

• Hemorrhage 
• Surgical site hemorrhage
• Systemic anticoagulation - Pulmonary, intrathoracic, 

GI, RP
• Thrombosis

• Systemic thrombus
• Circuit thrombus – life-threatening

• Hemolysis
• Check plasma free Hgb levels

• Thrombocytopenia
• Transfuse as needed

• Heparin-induced thrombocytopenia (HIT)
• Use direct antithrombin agents – Argatroban, 

Bivalrudin

Makdisi, George, and I-wen Wang. "Extra Corporeal Membrane Oxygenation (ECMO) 
review of a lifesaving technology." Journal of thoracic disease 7.7 (2015): E166.



ECMO COMPLICATIONS

• Neurologic
• Intracranial Hemorrhage (most fatal)

• Ischemia or Stroke

• Seizures

• Infectious
• Underlying sepsis

• ECMO Circuit- Foreign Body

• Cardiovascular
• Hypertension

• Arrhythmias

• Gastrointestinal
• Ischemia

• Hemorrhage

Metabolic
Fluid-shifting

Medication range derangements

Alteration in Kidney/Liver 
Function

Mechanical
Clots in circuit

Oxygenator failure

Consumption coagulopathy

Pulmonary embolus

Systemic emboli

Makdisi, George, and I-wen Wang. "Extra Corporeal Membrane 
Oxygenation (ECMO) review of a lifesaving technology." Journal of 

thoracic disease 7.7 (2015): E166.



ECMO COMPLICATIONS



ECMO COMPLICATIONS 
VA - SPECIFIC

• Cannulation – Related
• Vessel perforation
• Arterial dissection
• Distal ischemia
• Incorrect location
• Pseudoaneurysm development

• Cardiac Thrombosis
• Secondary to retrograde flow and intraventricular stasis

• Coronary/Cerebral Hypoxia
• Differential hypoxia from admixing

Makdisi, George, and I-wen Wang. "Extra Corporeal Membrane 
Oxygenation (ECMO) review of a lifesaving technology." Journal of thoracic 

disease 7.7 (2015): E166.



ETHICAL CONSIDERATIONS

• “Bridge to nowhere” for patients 
who are poor candidates for device 
placement or transplantation

• Little data on long-term 
complications

• Cardiopulmonary recovery without 
neurologic recovery

• Anxiety, Depression, PTSD in 
survivors

• Prolonged ICU Lengths of Stay

• Financial cost and resource 
utilization

https://en.wikipedia.org/wiki/Bridge_to_Nowher
e_(San_Gabriel_Mountains)



ECMO WEANING



VV ECMO WEANING

Criteria to begin weaning  VV ECMO

• Resolution of underlying acute lung injury and patient meets 
typically weaning parameters for ventilator weaning

• Weaning from V-V ECMO is performed by progressively 
decreasing the FGF (“Sweep”) to the oxygenator. and 
increasing ventilator (or patient) effort to maintain adequate 
CO2 clearance.

• Once sweep or FGF is 0 L/min for a period of 4 to 24 hours, 
the patient is effectively ‘off ECMO’ 

NOTE: Circuit blood flow does not need to be decreased to zero 
and should be maintained so that circuit does not clot



VA ECMO WEANING

When are VA patients ready to start weaning?

• Etiology of cardiac failure is compatible with myocardial recovery

• ECMO flows ≤2-3L/min

• Pulsatile arterial waveform present for >24h

• MAP> 60 mmHg in the absence of “high-
dose” inotropes/vasopressors

• Major metabolic disturbances have resolved

• Lung function is not severely impaired



VA ECMO WEANING 
PROCEDURE

VA Weaning trial:
• Takes about 1 hour and  Echocardiographer (either TTE or TEE)
• IV heparin bolus: If not coagulopathic, then small bolus of IV heparin (1000-2,500 units to prevent 

clotting at low circuit blood flows
• Record echo variables inlcuiding:

• Aortic VTI TDSa mitral annulus LVEF TAPSE
• Drop ECMO flow in 0.5l/min increments for five minutes at a time

• Do not reduce below 1-1.5L/min

• The following hemodynamic variables are observed and recorded at each increment as well:
• MAP, HR, CVP, AP (if pulmonary arterial catheter is present) SpO2

Successful weaning =  No significant deterioration in the hemodynamic variables 
and improvements in cardiac function as assessed by echocardiography



UNSUCCESSFUL WEANING 
FROM VA ECMO?

• If any hemodynamic instability or objective 
changes during the weaning trial…
• Turn the ECMO circuit blood flow setting back up to 

where it was prior to the weaning study and reduce the 
ventilator support back to where it was pre-study.

• Wait 48 hours before attempting another weaning study.



CASE REVISITED



● Necrotizing pneumonia with 
pseudomonas on BAL

● Treated with multiple 
antibiotics, tamiflu, and one 
dose of peramivir

● Developed RLE compartment 
syndrome and went to OR 
emergently for 4  compartment 
fasciotomy

● Acute renal failure requiring 
CRRT

● Transitioned to VV ecmo
● S/p tracheostomy
● Awake, working with PT, ? 

Pulmonary recovery and ? Role 
for transplantation. 

Ecmo Day 33







ECMO 
TROUBLESHOOTING



CASE ONE

A 47 yo M with influenza and severe ARDS is on VV ECMO. 

An ABG from his right arterial aline demonstrates an PaO2 of 
80%. This correlates with his SaO2 as measured by pulse 
oximetry on his left index finger. 

You’re asked to troubleshoot…

What do you address first?



1. Fresh gas flow (FGF)
2. Blender

3. Flow calibrations

Most important first step with VV ECMO is to verify adequate 
oxygen delivery and appropriate circuit blood flow. When ECMO is 
initiated, FGF and ECMO blood flow are 1:1 and are verified by 
ABG

Pellegrino V, Sheldrake J, Murphy D, Hockings L, Roberts L. 
Extracorporeal Membrane Oxygenation (ECMO). Alfred ICU Guideline, 

2012.



FRESH GAS FLOW (FGF) AND 
BLENDER

Ensure that the fresh gas tubing is connected to the inlet from the 
fresh gas flowmeter

• FGF is titrated to the target PaCO2 

• When patient is hypoxemic, must make sure FGF has not 
been excessively decreased by inspecting the flow meter
• Don’t confuse high and low flow sides

• Read from the center of the ball on the flow meter

• With rotaflow, usually set at 100% and kept there even during 
weaning



FLOW CALIBRATIONS

• Turn the pump speed (rpm) to zero while the circuit is 
clamped

• Hold down the ‘0’ button on the PLS or pressing the zero 
indicator button on the HLS

• Remember to then increase pump speed to 1000 rpm before 
slowly releasing the clamp over 3-5 seconds and then 
continuing to slowly increase the rpm until target flow is 
achieved

• Target blood flows are chosen to achieve adequate arterial 
oxygenation in the setting of lung protective ventilator strategy



NEXT STEP? CHECK FOR 
ACCESS INSUFFICIENCY

• If FGF, blender settings and flow calibrations are wnl, the 
NEXT STEP is to check for ACCESS INSUFFICIENCY

• Unstable circuit flows

• Rising negative pressures (D P) (if using the HLS system)

• ”Chatter”, “chugging”, kicking or swinging of the venous 
drainage line 



ACCESS INSUFFICIENCY

There is NO access insufficiency if ECMO blood flow 
steadily increases with increasing rpm

There IS access insufficiency if ECMO blood flow 
decreases once a threshold rpm is exceeded

If present, access insufficiency must be corrected before you 
do anything else



ACCESS INSUFFICIENCY

• Access insufficiency occurs when the suction pressure at 
the access cannula exceeds venous return. 

• Inflow is interrupted due to partial or complete occlusion of 
the inlet ports of the access cannula by the walls of the 
collapsible vein.

• After a few seconds, ongoing venous return fills up the 
vein again and the cannula ports reopen to function once 
more. 

• This cycle repeats itself resulting in unstable, fluctuating 
ECMO flows (shown in L/min on the ECMO console) 
despite a stable pump speed (rpm).



ACCESS INSUFFICIENCY

• Suspect access insufficiency if:
• Unstable circuit flows
• Increasingly negative pressures (if using the 

HLS system)
• Hemolysis (e.g. plasma free-hemoglobin 

level is >0.10 g/dL or rising LDH and 
haptoglobin



CAUSES OF ACCESS 
INSUFFICIENCY

▪ Hypovolemia/ hemorrhage
▪ Poorly sited access cannula 

(too low)
▪ Excessive pump speed (rpm 

setting)
▪ Patient coughing or straining
▪ Positional (e.g. after turning 

the patient)
▪ Acute vasodilatation (e.g. 

sedation bolus)

▪ Increased intra-abdominal 
pressure

▪ High output cardiac failure 
(e.g. septic shock)

▪ Cardiac tamponade 
Thrombosis at cannula 
access site

▪ Worsening cardiac 
function

Pellegrino V, Sheldrake J, Murphy D, Hockings L, 
Roberts L. Extracorporeal Membrane Oxygenation 

(ECMO). Alfred ICU Guideline, 2012.



CASE TWO

The patient in case one is still hypoxemic after 
insuring FGF, blender settings, flow calibrations 
and in the absence of access insufficiency..

What next?

Pellegrino V, Sheldrake J, Murphy D, Hockings L, Roberts L. 
Extracorporeal Membrane Oxygenation (ECMO). Alfred ICU Guideline, 

2012.



PRE OXYGENATOR BLOOD 
GAS TO CHECK SVO2

Need to consider the possibility of high oxygen 
consumption or recirculation.
• Low SvO2 (<60%) suggests HIGH OXYGEN 

CONSUMPTION.  Response?
• Tolerate lower SaO2
• Target a higher hhemoglobin to increase oxygen delivery (e.g. Hb 

>100 g/L)
• Improve oxygenation through the lungs (e.g. try nitric oxide or 

prostacyclin)
• Consider neuromuscular blockade to decrease oxygen demand
• Use targeted temperature management to cool the patient and 

decrease oxygen demand

Pellegrino V, Sheldrake J, Murphy D, Hockings L, Roberts L. 
Extracorporeal Membrane Oxygenation (ECMO). Alfred ICU Guideline, 

2012.



PRE OXYGENATOR BLOOD 
GAS TO CHECK SVO2

• High SvO2 (>80%) suggests RECIRCULATION
• Flow from the return cannula is entering the 

access cannula, rather than being distributed to 
the patient.

• Check cannula positions
• Is there displacement of the cannula at the 

insertion site
• Check position of tips on x-ray

• The tip of the access cannula should be 8 to 15cm apart to 
minimize recirculation.

Pellegrino V, Sheldrake J, Murphy D, Hockings L, Roberts L. 
Extracorporeal Membrane Oxygenation (ECMO). Alfred ICU Guideline, 

2012.



CHECKING THE MEMBRANE 
OXYGENATOR

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

Confirm oxygen flow to the oxygenator:

• Ensure that the cap on the oxygen inlet where oxygen tubing is connected was removed prior to 
connection

• Feel the fresh gas flow at the inlet to the oxygenator with your hand

• Check that oxygen tubing is securely connected

• Check that the oxygen blender is set to 100% oxygen

• Set the fresh gas flow of oxygen (aka “sweep gas”) at a minimum flow rate of 2 L/min

• Check for clotting:

• Visually inspect for increased clot in the oxygenator using a torch

• Check for rising D-dimer (suggests clotting) and plasma free hemoglobin (suggests hemolysis)

• Check the transmembrane pressure:

• This should be <10 mmHg/L of ECMO flow (and is normally around 5 mmHg/L)

• A TMP >40-50mmHg at any time is highly suspicious for oxygenator thrombosis



CHECKING THE MEMBRANE 
OXYGENATOR

http://maryland.ccproject.com/2016/12/03/ecmo-boot-
camp-day-1/

• Oxygenator failure is a recognized 
phenomenon 

• Life of an oxygenator is ~ 2-3 weeks
• Circuit failure is characterized by a 

gradually decreasing post oxygenator pO2
• The best response is a timely circuit 

change



CASE THREE

A 40-year-old man is receiving 
VA ECMO support following an 
out-of hospital cardiac arrest. 
He is also receiving continuous 
renal replacement therapy 
(CRRT) for an acute kidney 
injury. 

You notice that the effluent 
bags of the CRRT have 
developed a reddish hue.

What do you do?



HEMOLYSIS

This patient is likely hemolyzing

• This affects 1 in 5 ECMO patients and shouldn’t occur unless there is a 
problem in the circuit

• Hemolysis is associated with acute kidney and multiorgan dysfunction in 
ECMO patients

• Check plasma free hemoglobin (the most sensitive test for hemolysis 
and should be < 0.1 g/dL). 
• If PFHb not available, check LDH, K+, bilirubin and haptoglobin

• ECMO-related causes include:
• Access insufficiency 

• Pump head thrombosis

• Oxygenator thrombosis



CASE FOUR

A “Code Blue” is called on a 45 yo F on VV 
ECMO for ARDS due to influenza.

How should you respond?

What is the most likely cause of her arrest?



CODE BLUE/CARDIAC ARREST 
IN VV ECMO PATIENT

• Cardiac arrest is associated with a sudden loss of native cardiac 
output during ECMO support, typically due to a dysrhythmia, most 
commonly:
• Ventricular fibrillation or tachycardia

• Ventricular standstill

• Asystole

• Unlike VA ECMO, VV ECMO is completely dependent on native 
cardiac output. 
• START COMPRESSIONS and other therapy by normal ACLS algorithm

• CONTINUE ECMO even at low flows

• Stopping ECMO will worsen hypoxemia during arrest and decrease chances of 
ROSC



CODE BLUE/CARDIAC ARREST 
IN VV ECMO PATIENT

• Always exclude other possibilities:
• Hyper/hypokalemia

• Pneumothorax

• Cardiac tamponade

• Hemorrhage

• Air embolus



CODE BLUE/CARDIAC ARREST 
IN VV ECMO PATIENT

• IF NO CLEAR CAUSE, CHECK THE ECMO 
CIRCUIT for:

• Power supply failure: Alarm should sound
• Lack of oxygen supply: Is O2 cylinder empty after transport? Is 

the oxygenator connected to the wall supply 
• Oxygenator failure: Usually gradual and associated with 

decreasing post-oxygenator PaO2 and an increasing pressure 
drop (the difference between pre-oxygenator pressure and 
post-oxygenator pressure)

• Cannula migration: Can cause either low flows or significant 
recirculation



CASE FIVE

A 36 yo M with necrotizing 
pneumonia on VV ECMO 
has recurrent access 
insufficiency. 

An ultrasound demonstrates 
large right pleural effusion 
compressing his SVC and 
right atrium.
What do you do?



BLEEDING RIS

• Risk of bleeding with any procedure performed on an ECMO 
patient is significant and potentially life threatening. 

• Hemorrhage is the most common complication of ECMO, due 
to the need to anticoagulate the circuit 

• All interventions require a careful weighing of the risks and 
benefits

• CT surgery recommends VATS?
• Most ECMO centers hold anticoagulation for 12 hours prior to and 24 

hours after major procedures.

• The patient is stable for the first 24 hours, but then has sudden loss 
of 1 liter of blood via chest tube. 



MAJOR LIFE THREATENING 
BLEEDING ON ECMO

• Stop heparin and consider reversal with protamine (though this risks circuit 
thrombosis, it may be essential in life-threatening hemorrhage)

• Activate the massive transfusion protocol

• Use a blood warmer for rapid fluid administration via large bore access (e.g. 
swan sheath or RICC line) with early use of blood products

• Consult the on call transfusion hematologist

• Assess clotting profile, and correct coagulopathy and other bleeding 
diatheses if present (e.g. platelets, INR, hypocalcemia, and potentially 
reversible pro-hemorrhagic medications)

• Correct acidosis and avoid hypothermia

• CT surgery or IR may need to pursue additional interventions such as 
packing, embolization or pneumonectomy



CASE SIX

A 62 yo M is supported with peripheral V-A ECMO. He presented 
3 days ago with a STEMI, the percutaneous coronary intervention 
was complicated by pulmonary aspiration requiring intubation. 
Despite revascularization he had progressive cardiogenic shock 
and was placed emergently on V-A ECMO. The circuit is running 
without any problems but he is now hypoxemic with an arterial O2 
saturation of 82%.

What should you do to assess him?



DIFFERENTIAL HYPOXEMIA

Patients on V-A ECMO have retrograde blood flow in the aorta,

• Blood moves up the aorta toward the heart from the ECMO circuit

• When there is intrinsic cardiac activity there is also anterograde blood 
flow entering the aorta from the heart.

• The transition point where opposing flows meet in the aorta will vary
• Affected by both ECMO blood flow and the patient’s cardiac output

• In the presence of pulmonary disease, the blood leaving the heart may be poorly 
oxygenated due to impaired gas exchange in the lungs; the transition point occurs 
more distally and the blood is more poorly oxygenated

• SpO2 on the right radial aline is monitored as an early indicator that the transition 
point is moving distally because the right subclavian artery arises from the 
brachiocephalic artery, which is a proximal branch of the aorta



DIAGNOSIS OF 
DIFFERENTIAL 

HYPOXEMIA

▪ Differential hypoxemia is a CLINICAL 
diagnosis, but there are some pre-requisities
▪ Patient on peripheral VA ECMO (doesn’t 

occur on central VA ecmo)
▪ Patient must have significant intrinsic 

cardiac output (indicated by good 
pulsatility present on arterial trace)

▪ Patient must have coexistant pulmonary 
dysfunction resulting in impaired 
oxygenation of blood flowing through the 
pulmonary circulation (indicated by 
imaging of the lungs, such as a chest x-
ray, showing relevant pathology)

• AND
▪ Markedly lower oxygen saturation (SpO2) 

between the right arm compared to the 
left arm or between upper and lower limbs 
(the so-called “North-South 
phenomenon”). If in doubt this may need 
ABGs to confirm.

http://www.learnecmo.com/va-ecmo



WHY CAN’T YOU HAVE DIFFERENTIAL 
HYPOXEMIA IN CENTRAL VA ECMO

• In central VA ECMO the return cannula is sutured into the 
proximal aorta

• VA ECMO characterized by predominately anterograde 
blood flow down the aorta

• May see a drop in global oxygen saturation with increasing 
amount of deoxygenated blood ejected from the heart
• But significant differences in oxygen saturation between upper 

and lower body will not occur
• FYI: In a central VA ECMO configuration, the right upper 

extremity pulse oximetry (or arterial line) reflects ECMO 
circuit function while the left upper extremity pulse oximetry 
(or arterial line) reflects native respiratory function



NORTH SOUTH SYNDROME
(AKA HARLEQUIN SYNDROME)

• Due to flow competition between the 
recovering heart and the ECMO circuit

• Saturation in the upper part of the body is 
lower that that of the lower half

• High cardiac output from the recovering 
native heart prevents the oxygenated blood 
from retrograde ECMO flow in the 
distending aorta from fully perfusing the 
upper part of the body

• If pulmonary function is also impaired:

• “Blue Head” : dexxoygenated blood to the 
upper part

• “Red Legs” : hyperoxygenated blood to the 
lower part



ACLS IN VA ECMO

Shockable VT/VF

• Defibrillation — 150J (some suggest 
100J initial for VT on VA ECMO)

• Amiodarone 300mg IV after the third 
shock

• Avoid 1mg adrenaline boluses, 
consider titrating oppressors to target 
MAP

Non-shockable Asystole/PEA

• Avoid 1mg adrenaline boluses, 
consider titrating vasopressors and/or 
inotropes to target MAP



SUMMARY AND WRAP 
UP
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