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Abstract
Background: In the past 4 years, a review of the survival reported in the Extracorporeal Life Support Organization (ELSO) database has doubled from a 25-year 
experience. In our institution, the lack of understanding of appropriate indications for successful Extracorporeal Membrane Oxygenation (ECMO) therapy 
prompted program organization to improve utilization and outcomes.

Methods: This is an illustration of a 5-year initiative and a retrospective review of data collected from 1/2013 to 12/2017. During this initiation, a concerted effort 
by a core group of providers developed a reliable process to improve utilization and outcomes.

Results: Two hundred and forty-six cases were comprised of 135 (54.9%) Venoarterial (VA) cases, 66 (26.8%) Venoveno (VV) cases and 45 (18.3%) Extracorpo-
real Cardiopulmonary Resuscitation (ECPR) cases. Seventy-six (56.3%) VA cases were successfully decannulated with 56 (41.5%) surviving to discharge.  Fifty 
(75.8%) VV cases were successfully decannulated with 46 (69.7%) surviving to discharge. Sixteen (35.6%) ECPR cases were successfully decannulated with 10 
(22.2%) surviving to discharge.

Conclusion: Success in this program has come through a multidisciplinary approach that focuses on a team decision, initiation and management of care to 
discharge. Adhering to a clear set of indications that has been agreed upon by providers has streamlined the initial consult process and time ECMO is initiated. 
Retrospective review of the cases on a regular basis has helped to modify indications and fine tune process improvement.
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Introduction
The first ECMO device was inspired and developed after a patient 

of Dr. John Gibbon, died of a pulmonary embolus in 1931. He 
worked with his wife Mary Gibbon from 1934 to 1942 in developing 
a circulatory device that sustained cats to survive after bypass.  He 
eventually received support in 1950 from IBM to build a heart-
lung machine that would be used in the first successful open-heart 
surgery. In 1953, his vision came to fruition when an 18-year-old 
female needed an atrial septal repair. Shortly after in 1954, Dr. C W 
Lillehei, was credited with the development of the bubble oxygenator. 
This, however could not be used for an extended time period due to 
massive hemolysis [1,2].

Over the next 2 decades a complex collaborative effort between, 
surgeons, physicians, and biomedical engineers occurred to develop 
and improve the technology. The next leap was when Dr. JD Hill in 
1972, moved the circuit outside of the operating room to the bedside 
after cannulating a 24-year-old male motorcycle accident victim with 
a ruptured aorta and acute respiratory distress with the Bramson 
membrane lung for 75 hours. This is the first successful adult bedside 
ECMO recorded [2-5].

The first ELSO charter meeting took place in 1989 and from there 
an international registry has been evolving since [2].  In review of 
the ELSO database, it is clear that respiratory support has been the 
most successful indication consistently in all populations, followed by 
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Table 1: ECMO cases at VCU.

Table 2: 5 years - % survival to discharge.

5 Year % Survival to Discharge 

 

 

cardiac support, with the ECPR being the least successful but shows 
promise [1].

Methods
Although ECMO has been practiced at Virginia Commonwealth 

University (VCU) for several years, it is over the past 7 years our adult 
population has grown (Table 1). With the development of focused 
practice guidelines, staff education, and increasing familiarity with this 
therapy over the past 5 years, has resulted in outcomes that approach 
the ELSO benchmarks (Table 2) [1]. This growth was a collaborative 
effort across multiple services including: Cardiac Surgeons, Cardiac 
Surgery Intensivists, Perfusionists, ECMO specialized Respiratory 
Therapists, and Cardiac Surgery Nursing.

As our utilization and successes grew, many inappropriate consults 
were generated due to lack of understanding of clear indications in the 
adult population institution wide. This compelled us to formalize our 
program. This required education to clarify the indications for ECMO 
and to improve utilization of our resources.

After review of the literature, [6] our Cardiac Surgeons agreed on 
guidelines tailored to fit a successful device and transplant program. 
Patient selection was based on the reversibility of the primary disease 
process, age, BMI, and the possibility of bridging to a permanent 
device in preparation for transplant.

Once we agreed upon indications for placement of a VA ECMO 
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circuit and a VV ECMO circuit (Table 3), we then educated our 
collaborating and referring services. These services included: 
Emergency Medicine, Trauma Surgery, Pulmonary Critical Care, 
and Cardiology. These lectures consisted of a short background of 
ECMO, indications, contraindications, availability of resources, and 
the feasibility of the utilization of a shared resource.  Each service 
was encouraged to call a consult early in patients that were trending 
towards decompensation. Stress was placed on a team decision 
to proceed with ECMO based on the indications, rather than an 
emotional response to a decompensating patient.  Our goal was to 
optimize our resources measured by an end point of discharge.

Equipment challenges
Early on we upgraded our equipment from the larger centrifugal 

pump to the Cardio help system (Maquet Cardiopulmonary GmbH, 
Rastatt, Germany) (Figure 1). This helped with ease of management 
of patients. Having this style of pump allowed us to increase the 
utilization of the ECMO specialist from a ratio of 1 patient to 1 
specialist, to 2 patients to 1 specialist [6,7]. In addition, the portability 
of the pump allows for ease of transport. These pumps are placed on 
a small tray over the bed, or between the patients’ feet for transport 
to imaging, to the operating room or between institutions when 
necessary.

Other challenges came with the technical aspects of cannulation. 
With the size of femoral cannulas often jeopardizing limb perfusion, 

we adopted the practice to place reperfusion cannulas in all patients 
with peripheral VA cannulation.

In the respiratory failure population, our practice was advanced 
by the use of the Avalon cannula (Maquet Cardiopulmonary GmbH, 
Rastatt, Germany) (Figure 2) in the patients that required VV ECMO 
support for failing lungs. This 2-stage cannula is inserted through the 
internal jugular vein and expedites initiation of treatment quicker 
than the use of a 2-cannula femoral system. This cannula is now 
used for greater than 90% of our respiratory failure patients. Other 
benefits of this cannula are the ability to progress the patient to earlier 
extubation and ambulation.

Increased need for the ECMO specialists
Challenges came when needing to increase our support staff. 

We have traditionally recruited registered respiratory therapists 
with at least 1 year of critical care experience. A training program 
was designed based on the ELSO guidelines for certification and 
implemented by the Perfusion Department. The training program 
includes 50 hours of lectures and 10 hours of wet lab. Wet lab includes 
pump set up and water drills for problem solving. Once the respiratory 
therapist completes the training program and passes a written test for 
the necessary certification, they are required to be proctored on 80 
hours of cases. It took about 18 months to increase our specialists to 
accommodate the increase to 6 available pumps.

For continuing education and skills building, the ECMO specialist 
attends quarterly water drills under the supervision of the Perfusion 
Department, in a simulation lab where pump failures and emergencies 
are created for the specialist to solve [6,8].

Staff education
There is a core group of providers that is dedicated and 

instrumental in educating the collaborating departments to recognize 
and identify patients that would benefit from an ECMO consult.

A monthly to quarterly conference was developed where each 
case is reviewed. This conference is for discussion of patient selection, 

INDICATIONS OF V/A ECMO  INDICATIONS FOR V/V ECMO 
 Failure to wean post cardiac surgery  Severe pneumonias 
 Cardiogenic Shock – Acute 
myocardial infarction and 
complications 

 ARDS 

 Drug overdose with profound cardiac 
depression  Pulmonary failure after transplant 

 Myocarditis  Pulmonary contusion 
 Lung/Heart Graft failure post-
transplant or Bridge  Smoke inhalation 

 Pulmonary Embolus to bridge to 
surgery  Status Asthmaticus 

 Anaphylaxis  Hypercarbic Respiratory Failure 
 Peri-partum cardiac complications  Severe or Refractory Hypoxia 
 Sepsis with profound cardiac 
compromise  Airway Obstruction 

 Failing heart on V/V ECMO  Aspiration syndromes 

Table 3: Indications of V/A and V/V ECMO.

Figure 1: Maquet cardiohelp.

Figure 2: Avalon 2 stage cannula used IN VV ECMO.
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successes, as well as identifying areas of improvement and opportunity. 
It is also the time that we discuss process improvements and address 
the challenges of expansion.

As we have expanded, a Nurse Clinician is responsible for training 
new incoming nursing staff in the complexity of ECMO patient care. 
The patients are admitted to the Cardiac Surgical Intensive Care Unit 
(CSICU), where the identified core group of nurses, who have received 
specialty training, are assigned patients that require this level of care.

Increased need for bed availability
In order to accommodate this growing population of patients, 

the Coronary Intensive Care Unit (CICU) was identified as the most 
appropriate team to train in ECMO management. A co-management 
model was initiated to create a collaborative approach to patient care. 
Cardiology and the CSICU Intensivist work together to implement a 
multidisciplinary plan of care, each focusing on their area of expertise. 
Our vision for this model is for non-surgical VA ECMO patients to be 
admitted and managed in the CICU.

Multidisciplinary approach
The cornerstone of our ECMO program, and likely a large 

contributor to its success, is our multidisciplinary approach. This 
starts at the time of consultation for initial placement, and continues 
through cannulation, daily care and disposition. The benefit of this 
model is significant work sharing, true expert collaboration, cross 
training of skills, education, improved efficiency and outcomes.

All consultations go through the cardiac surgeon on call or the 
cardiac surgery intensivist when the surgeon is unavailable. Our 
intensivists are boarded in critical care medicine and are required 
to be credentialed in ECMO management based on experience and 
training program. In our particular CSICU, the intensivists are a mix 
of Pulmonary Medicine/Critical Care Medicine trained or Anesthesia/
Critical Care trained. Additionally, some trained specifically in 
Cardiac Surgery Critical Care, Interventional Pulmonary Medicine 
and Cardiac Anesthesia.

In addition to experience and credentialing in ECMO 
management, all incoming intensivists completed 2-4 weeks of 
orientation with a senior intensivist in the CSICU. This allows 
for consistency in rounding structure and to establish a set of 
expectations for new intensivists. For those intensivists who had not 
trained at VCU, an option to spend time in the operating room with 
the surgeons was also available to help build familiarity and increase 
exposure to institutional practice patterns.

We then created a set of binders to provide a consistent reference 
to standardize inclusion and exclusion criteria for cannulation as well 
as expectations for daily management. Lastly, we formalized order 
templates and expectations for ECMO management in the CSICU.

Several of our intensivists function as a first assist in cannulation 
and some cannulate independently if a surgeon is unavailable to 
initiate cannulation. This training was performed at their respective 
institutions and approved by direct observation of our surgical 
attendings. The decision to cannulate is a collaborative effort with the 
surgeon on call prior to proceeding to ensure consistency and provide 
a system of checks and balances.

The daily rounding of our ECMO patients is truly an example of 
a multi-disciplinary team in action. Rounds for these patients include 
the CSICU team (intensivist, advanced practice providers, residents, 

dietitian and pharmacist), the bedside nurse, the ECMO specialist, 
the Perfusionist and the CICU team or heart failure cardiologist in 
co-managed cases. Pre-rounds are done by the Intensivist and Cardiac 
Surgeon to agree on the daily treatment plan to ensure all providers 
are involved.

Expanding indications
We are now in the process of exploring the use of ECPR in the 

Emergency Department (ED). Our ED staff is trained to recognize 

INCLUSION 
CRITERIA

14 years to 70 years old
Suspected massive pulmonary embolus
Cardiac Arrest
Witnessed Ventricular Fibrillatory (VF) arrest
No sustained return of spontaneous circulation 
after 20 min 
Advanced life support in field
Transport time <20 mins
Reversible cause.

EXCLUSION 
CRITERIA

Unwitnessed arrest
Initial rhythm not VF
 >5 mins without CPR
Irreversible cause, chronically ill, do not resuscitate
Weight. >140 KG, BMI >40.

Table 4: VCU ED ECMO transport guidelines.

possible consults early on, initiate an alert system, and to begin to 
prepare sites for cannulation in the event that these patients become 
a candidate for ECMO. A specific room was identified in the ED for 
potential ECPR candidates and stocked with all essential cannulation 
equipment. The ECPR inclusion and exclusion criteria were affixed to 
the cart to aid providers in early identification (Table 4) [9,10]. These 
criteria had previously been agreed upon with ED leadership based 
on previous studies; specifically, a study published by the Japanese 
Scientific Research Group of the Ministry of Health, Labor and 
Welfare for Extracorporeal Cardiopulmonary Resuscitation [9]. This 
was a large study of 46 hospitals and approximately 400 patients with 
a reported survival rate to end point of quality of life in 6 months of 
11%.

All ED providers underwent simulation-based training on 
how to properly prep and drape bilateral femoral sites, sterile echo 
guided identification of common femoral vein and artery, along with 
placement of 5 French venous and arterial sheaths. These sheaths 
could be used for medication administration and arterial transduction 
prior to cannula insertion. It was decided to include only patients with 
witnessed ventricular fibrillation as candidates for initiating ECPR in 
the ED, as this population has the best chance at achieving our goal for 
10% discharge to quality of life [9].

Outreach
We have designed a brochure for family education and 

advertisement for our program within our region. Collaboration with 
our Communications department helped to set up an ECMO alert 
page.  This is sent out upon acceptance of an ECMO patient from an 
outside facility to all staff that are required to make the transfer and 
transition of care smoothly. This includes the Perfusionist, the Critical 
Care Transport Manager and Team, Cardiac Surgery Intensivist and 
Cardiothoracic Fellow. Once the patient has been accepted by the 
Cardiac Surgery Attending, a conference call is connected to the 
transferring physician.  This is done to complete the exchange of 
information about the details of the case, type of ECMO and equipment 
needed, weight, timing, mode of transportation and location of pick 
up. This has been supported by VCU Critical Transport Team, which 
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provides transportation to the local institutions, assists in cannulating 
patients that are too sick to transfer and provide continuity of care 
back to our institution for advanced care and ECMO therapy.

The VCU critical care transport team consists of a flight nurse 
and flight paramedic who are specialty trained in the transport and 
management of critically ill patients (Figure 3). They also have specialty 
training annually addressing management strategies of ECMO 
patients. In addition, they have been instrumental in streamlining 
the safe transfer of patients from the intensive care environment to a 
mobile critical care unit maintaining continuity of care [11,12].

Statistical methods
All statistical analysis was run using SAS 9.4. Logistic regression 

was used to compare mortality with age and BMI. This study 
(HM20015502) was submitted to the Institutional Review Board at 
the Virginia Commonwealth University and found to not need review.

Results
Over the past 5 years, our adult population has steadily grown in 

spite of limiting the selection process for the optimal candidates (Table 

Figure 3: VCU health critical care transport team.

Years 2017 2016 2015 2014 2013 Totals
Total 60 49 51 45 41 246
             
Respiratory 20 16 12 12 6 66
Discharge 13 11 8 11 3 46
Decannulated 14 14 8 11 3 50
Death 7 5 4 1 3 20
%Survival to 
Discharge 65% 69% 73% 92% 50% 70%

             
Cardiac 31 24 24 29 27 135
Discharge 17 9 9 8 13 56
Decannulated 21 17 10 11 17 76
Death 14 15 15 21 14 79
%Survival to 
Discharge 55% 38% 38% 28% 48% 42%

             
ECPR 9 9 15 4 8 45
Discharge 2 3 3 0 2 10
Decannulated 4 3 4 1 4 16
Death 7 6 12 4 6 35
%Survival to 
Discharge 22% 33% 19% 0% 25% 22%

Table 5: 5 years of ECMO outcomes.

5).  Our first attempt to optimize utilization by selecting good VV 
respiratory candidates improved survival to 92%. Once we were able 
to demonstrate improved success, we accepted less optimal candidates 
to include higher risk survivors. After a 5-year experience, modifying 
patient selection has resulted in overall 70% survival. Seventeen 
percent (11/66) of the VV cases were consults for Acute Respiratory 
Distress Syndrome (ARDS) as a result of a traumatic injury with 82% 
(9/11) of these cases surviving to discharge. Twenty percent (13/66) 
of the cases were ARDS related to H1N1 or other flu related viruses 
with 77% (10/13) surviving to discharge. In the past 5 years, patient 
transfers through VCU Critical Transport Team services makes up 
about 33% (22/66) of our adult VV ECMO cases for acute respiratory 
failure with a survival of 64% (14/22). 

In the VA cases therapy was limited based on clear indications, 
which helped to improve utilization and achieve greater survival to 
discharge. Over half of our utilization of VA ECMO is used as an 
adjunct to cardiac surgery. Fifty two percent (70/135) of cases were 
patients that were cannulated immediately after or within the first 48 
hours of surgery. Some of these cases were failure to wean and some 
were electively maintained on bypass to allow for rest and recovery of 
the heart after long cardiac procedures. Forty percent (28/70) of these 
cases were discharged. We have excluded age older than 70 for ECMO 
except for failure to wean cases. These make up 26% (18/70) of the 
failure to wean cases with 40% (7/18) surviving to discharge. In the 
few cases older than 70 that were cannulated at bedside; 2 VA cases for 
intractable VF, 1 VV case for Status Asthmaticus and 4 ECPR cases, 
resulted in mortality.

Thirty six percent (48/135) of cases came from transfers from 
local institutions specifically for ECMO cannulation or were already 
on ECMO. Forty eight percent (23/48) of these cases were discharged.

The ECPR data represents cases that were cannulated when active 
CPR was in progress from all causes. In the ECPR cases secondary to 
ventricular tachycardia/ventricular fibrillation (VT/VF) out of house 
arrests, we have adopted a lower survival rate based on studies in 
Japan [9]. We have adopted clear indications for initiating ECPR with 
success at achieving an arbitrary goal of 10% to discharge based on 
previous studies [9].

Survival to discharge data was reviewed by gender and revealed 
that males had a higher survival than females in all groups (Table 6).

Although we did not limit our practice by age or Basal Metabolic 

Table 6: Cases by gender.
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Table 7: VA cases by AGE/BMI.

Table 8: VV cases by AGE/BMI.

Index (BMI) during these 5 years, cases were reviewed for survival 
based on age and BMI.

When VA cases were reviewed by age and BMI, and with the 
exception of 2 outliers there were no survivors with a BMI over 38.  
The data reflected an association between mortality and increasing 
BMI with an odds ratio of 1.079 (1.020-1.141), p=0.0078 (Table 7). 
Of note, the 2 outliers were cases that were centrally cannulated as an 
adjunct to open heart surgery.

In reviewing the VV cases for age and BMI, there was an 

association regarding mortality and increasing age with an odds ratio 
of 1.043 (1.006-1.081), p=0.0212 (Table 8). In addition, there was 
significant survival, 91% (10/11) in the 40-50 BMI range. There were 
no survivors with a BMI over 50 or age over 65.

Comments
Prior to organizing this program, the consults and practices were 

often an emergent response to a decompensating patient. Through 
a concerted effort of providers, we have refined the process to have 
a quick collaborative conversation between providers to evaluate 
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the potential patient, an alert system to notify the key providers to 
initiate ECMO, and transfer of care to the CSICU intensivist and staff 
to provide advanced care and eventual weaning of the patient. Over 
the past 5 years, the process improvement has been a slow and steady 
effort, which we see reflected in the survival to discharge data (Table 
2). Reviewing cases on a regular basis for indications and outcomes 
has been instrumental in the cohesiveness of the providers to adhere 
to strict indications for initiating ECMO. In addition, this has 
ameliorated the emotional component of refraining from initiating 
ECMO on those patients that are poor candidates for a successful 
outcome.

In review of the ELSO database not only has the utilization 
increased, the percent survival to discharge has also increased. 
As providers are improving in the utilization of ECMO, this has 
resulted in familiarity and the ease of application prior to a patient 
decompensating as a semi emergent procedure. Early intervention 
circumvents the sequelae of acute organ injury and the increased 
risk of mortality. Also, as we use this as a supportive therapy to allow 
reversal of the disease process as opposed to a bail out procedure for a 
dying patient, it has become necessary to educate non-cardiac surgery 
providers in the techniques of placing cannulas. We have initiated 
this process with our pediatric surgeons, who trained in carotid 
cannulation in the neonatal pediatric population from fellowship. 
We have extended their training and privileges to include the Avalon 
cannula for VV ECMO and femoral cannulation for those pediatric 
patients that are adult size and are not optimal for carotid cannulation 
strategies.

The next targeted providers are the interventional cardiologists as 
they are experienced in wire and catheter skills, and are the first line in 
cardiac arrest patients. They have full access to a cart with cannulation 
materials and a pump with the contact numbers to expedite an alert to 
initiate ECMO. This has been a slow process to transition and mentor 
these providers in cannulation techniques.

Looking back, the traditional model of cardiac surgeons as the 
sole operator for cannulating patients to utilize ECMO is becoming 
obsolete. The need to have more than a few providers in a large 
institution that has capability is necessary. The present model for the 
traditional Cardiac Cath lab is to call the cardiac surgeon to place 
the cannulas in patients that are arresting or near cardiopulmonary 
collapse. Based on availability this can waste valuable time in restoring 
flow to a failing heart and or anoxic brain in patients who could be 
supported to a successful outcome.

Overall, we feel this true multidisciplinary model of ECMO 
patient management from start to finish has had a tremendous impact 
on our program growth, patient outcomes and job satisfaction. 

More importantly, it has helped us to develop a level of safety and 
accountability for our rapidly growing and developing program.

The mission of this program is to provide our patients with ECMO 
services that are best practice, to support lives in those conditions that 
are reversible, and to extend this service to the region.
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