Extracorporeal Life Support
in the NICU

Program Description
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I. Definition

Extracorporeal life support has been used since 1975 to treat over 18,000 cases of severe, reversible neonatal respiratory failure. It is now available in at least 99 centers in the world.

Extracorporeal life support requires special adaptations to a heart-lung bypass machine and circuit and uses a Kolobow membrane, hence the name “Extracorporeal Membrane Oxygenation” (ECMO). It serves to take over the function of the sick heart and lungs for the near term infant with reversible disease. In a sense, it becomes a circulation in parallel whereby the membrane functions for a short time as a healthy lung while the pump functions as the heart. The heat exchanger adds heat to the blood to help maintain a normal core temperature, and various intake and outlet ports allow for monitoring of the system and adjustments of its metabolic condition. Because of its high rate of potential risks and complications, it is reserved for only the most ill infants with a rapidly reversible condition.

Specifically, ECMO is for neonates who have failed maximal conventional therapy and have a predicted mortality of greater than 80%. It is used for conditions expected to resolve within 10 to 14 days.

II. Program Scope

The development and implementation of the Neonatal Extracorporeal Life Support Program involved a multidisciplinary approach to planning and system operations involving several medical services, nursing, perfusion and ancillary personnel. The system supports up to three neonates at any one time. Patients are cared for in the tertiary level NICU.

Twenty-four–hour transport services are able to handle critically ill infants with the nurse clinician/physician transport service, functioning within the current scope of ground transports within the current coverage area.

The Neonatal ECMO program is actively involved in the Extracorporeal Life Support Organization (ELSO), including participation in the Central Registry.

III. Physical Facilities & Equipment

A. Location—Neonatal ECMO is done in appropriately designated areas in the NICU.

B. ECMO circuit—The ECMO circuit consists of the following: 

· Roller-head pump

· Venous reservoir, which is servo-regulated to the roller-head pump

· Computer aided perfusion system, which is servo-regulated to the roller head pump

· Water heater

· Heat exchanger

· Membrane oxygenator

· SuperTygon tubing for raceway

· Various disposable tubings and connectors suitable for prolonged extracorporeal support

· Battery

C. Equipment readily available—The bedside equipment follows:

· Activated Clotting Time device and appropriate supplies

· Adequate lighting for surgical interventions

· Backup disposable supplies of all types

· Backup roller-head pump

· Backup water heater available through O.R. dept.

· Backup bladder box

· Backup regulator

D. Support facilities—The support facilities follow:

· 24-hour blood gas lab, blood bank, laboratory (see Attachment 1)

· 24-hour radiology services, including ultrasound and CAT scan

· 24-hour cardiovascular operating room facilities.

IV. Multidisciplinary Involvement

in the Care of the Neonatal ECMO Patient in the NICU

A. Direct caregivers—Each neonatal ECMO patient in the NICU will receive direct care from the following team members:

· Neonatologist

· Nurse with 1:1 duties

· Pediatric surgeon

· Perfusionist with 1:1 or 1:2 duties, according to patient acuity

· Respiratory therapist

B. Consults—The following are often consulted:

· Social Services, 

· Chaplain Services, 

· Baylor Neonatal Nutrition, 

· Occupational Therapy. 

C. Services available as needed—Other resources available 24 hours a day throughout the ECMO course include:

· Pediatric Surgical Team

· Pediatric Cardiology

· Pediatric Cardiovascular Surgical Team

· Anesthesiology

· Pediatric Radiology

· Genetics

· Neurology

· Neurosurgery

· Nephrology

· Ethicist

· Biomedical Engineer

D. Roles and responsibilities of direct caregivers

Medical Director: Lisa M. Adcock, M.D.

· Appointed by Neonatology Service Chief in consultation with Physician in Chief

· Board Certified Neonatologist with ECMO experience

· Program administrator

· Supervises training of all personnel to Extracorporeal Life Support Organization standards

· Supervises quality improvement

· Evaluates program and keeps up to date with trends, modifications and uses

ECMO Clinicians
· Appointed by ECMO Medical Director

· Board Certified Neonatologist with ECMO experience

· Supervises aspects of medical care directly related to ECMO

· Available 24 hours/day per call schedule

ECMO Surgical Directors:  Darryl Cass, M.D. and Oluyinka. O. Olutoye, M.D.
· Appointed by, Chief of Pediatric Surgery Service in consultation with Physician in Chief 

· Pediatric Surgeon with ECMO experience

· With O.R. Director, oversees materials for cannulation, decannulation, and operative procedures done while on ECMO.

· Responsible for setting standards and training of ECMO surgeons.

· Establishes guidelines for control of bleeding from operative sites of patients while on ECMO.

· Along with the Medical Director, evaluates the program and keeps up to date with trends, modifications, and uses.

Program Coordinator: Paula Patterson, R.N.
· RN with ECMO experience

· At least 2 years of NICU experience

· Oversees training of personnel

· Responsible for quality improvement and program evaluation

· Liaison with nursing, physician, perfusion, and other services

· Collects data to report to ELSO Central Registry

· Keeps up to date with trends, modifications, and uses

· Coordinates ECMO administrative meetings and case conferences

ECMO Lead Perfusionist:  Edward P. King
· Appointed by Neonatology Service Chief, in consultation with Physician in Chief

· At least 2 years perfusion experience

· Supervises training of all ECMO perfusionists

· Maintains credentials of all ECMO perfusionists

· Assists director and coordinator with technical support

· Evaluates program and keeps up to date with trends, modifications and uses

ECMO Perfusionists
· Sponsored by Neonatology Service Chief as Allied Health Professional for Texas Children’s Hospital Medical Staff Privileges

· Critical Care Experience

· Certified through the American Board of Cardiovascular Perfusion or is board eligible

· ECMO trained

· Primes circuit

· Circuit management, 24 hours/day

· Maintains pump record for each use

· Trains personnel in technical aspects of ECMO

ECMO Nurses
· ECMO trained RN

· NICU experience

· Bedside patient management

ECMO Physicians
· ECMO trained Neonatologists, Neonatal fellows 
· Supervises medical aspects of care per service delineation of privileges

· 24-hour, in-house coverage while patient is on ECMO

ECMO Surgeons
· Appointed by ECMO Surgical Director

· ECMO trained Pediatric or Cardiovascular surgeon

· Cannulates, decannulates, provides all ECMO-related operative procedures while patient is on ECMO

Respiratory Therapists
· ECMO oriented

· NICU experience

· Ventilator management per physician direction

V. Neonatal ECMO Training 

The following outlines requirements for initial and ongoing ECMO education of bedside nurses, perfusionists, and physicians. Only those individuals who have successfully completed the outlined activities will provide direct care to neonatal ECMO patients in the NICU.

A. Initial ECMO education

1.
Bedside Nurses

a.
Didactic

· History of ECMO

· Indications/Contraindications/Selection Criteria

· Overview of Disease Processes for which ECMO is indicated

· Physiology of ECMO

· ECMO Emergencies

· Expected ECMO Course

· Multidisciplinary Involvement in Care of the ECMO Patient/ Family

· Follow-up of the ECMO Patient.

b.
Experiential

· Attendance at one water lab

· Participation in ECMO admission/initiation with an experienced nurse

· A minimum of 8 hours spent with an experienced ECMO nurse in the care of a patient on ECMO

c.
Evaluation

· Successful completion of initial ECMO education for the bedside nurse will include passing a written test, based on didactic and lab content, with a score of 80% or greater.

2.
Perfusionists

a.
See attachment 2 for initial education and continuing education.

3.
Physicians

a.
Didactic

· 
· Indications/Contraindications/Selection Criteria

· Persistent Pulmonary Hypertension

· Oxygen Transport

· Physiology of ECMO

· Medical Management of the ECMO Patient 

· ECMO Emergencies

b.
Experiential

· Attendance at one water lab

· A minimum of 8 hours spent with an experienced ECMO physician managing a patient on ECMO

c.
Evaluation

· Successful completion of initial ECMO education for the physician will include passing a written test based on didactic and lab content.

d.
All ECMO physicians will have undergone training as a hospital based provider for the AAP Neonatal Resuscitation course.

4.
ECMO Clinicians

a. Didactic

· Same as physician

b. Experiential

· Same as physician, with additional experience to supervise ECMO care in the following areas: ECMO selection criteria, cannulation, decannulation, coagulation management, others as determined by the ECMO Medical Director 

B. Maintaining certification

1.
Bedside Nurses—must have 6 “ECMO contacts” per year, which can include 

a.
Emergency skills validation (annually)

b.
Review of ECMO policy and procedure, orders, program description

c.
Patient care

d.
Review ECMO literature 

e.
ECMO conferences and lectures 

2.
Perfusionist

Perfusionists must perform ECMO pump management for at least one shift (6 hours) in a 2-month period. Any ECMO trained perfusionist who does not perform ECMO pump management for at least one shift (6 hours) in a 2-month period must practice ECMO technical skills via a water lab, directed by the lead perfusionist. 

3.
Physicians—must have 6 “ECMO contacts” per year, which can include 

a.
Emergency Skills Validation (required annually)

b.
Review of ECMO Policy and Procedure, Orders, Program Description

c.
Patient Care

d.
ECMO Case Management Conferences and Lectures

e.
Review ECMO literature

4.
Physicians (ECMO Clinicians)— must have 6 “ECMO contacts” per year, which can include 

a.
Emergency Skills Validation (required annually)

b.
Review of ECMO Policy and Procedure, Orders, Program Description

c.
Patient Care

d.
Cannulation

e.
Decannulation

f.
ECMO Case Management Conferences and Lectures

g.
Review ECMO literature 

C. Documentation of certification

1.
Bedside nurses

ECMO-trained nurses will maintain their own records, documenting patient care and educational activities.

2.
Perfusionists 

The lead perfusionist will maintain all records of perfusionist training.

3.
Physicians

Records will be maintained on ECMO trained physicians and clinicians, regarding all dates of ECMO direct care, all ECMO meetings attended and all ECMO conferences attended. These records will be reviewed every two years.

D. Description of the surgical program requirements

Each ECMO surgeon is credentialed by the Chief of Pediatric Surgery Service at Texas Children’s Hospital upon direct recommendation of the surgical director of the ECMO program. The current criteria for initial credentialing include:

1.
Being a board certified or board eligible pediatric surgeon as determined by the American Board of Surgery.

2.
Having performed at least 5 ECMO cannulations and decannulations in neonates as part of a pediatric fellowship (equivalent experience may be accepted if the surgeon has not had ECMO training as part of their pediatric surgical training at the discretion of the surgical ECMO director).

3.
Demonstrates adequate knowledge of the indications, methods, and complication of ECMO as ascertained by the ECMO surgical director.

4.
Being able to provide consistent 24-hour surgical coverage for a patient on ECMO.

Appointments of all ECMO surgeons and their experience over the past year is reviewed annually by the surgical ECMO director. If a lack of activity is noted, the surgical ECMO director may withdraw credentials and proctor further cannulation and decannulation procedures. A formal annual review of ECMO credentials is forwarded to the Chief of Pediatric Surgery, ECMO Director, and the Chief of Neonatology Service at Texas Children’s Hospital. 

VI. Criteria For Selection

Selection criteria vary from center to center depending on patient population. All are based, however, on attempts to statistically predict a high mortality risk in face of conventional therapy. Thus far, limited control trials have demonstrated superiority of ECMO over conventional management only in neonates with severe respiratory failure associated with meconium aspiration syndrome, persistent pulmonary hypertension and congenital pneumonia or sepsis with persistent pulmonary hypertension. Additional conditions producing severe cardiorespiratory failure, which may be considered for ECMO include congenital diaphragmatic hernia, septic shock, severe hyaline membrane disease and certain forms of cardiogenic shock.

Babies less than one month of age receive ECMO in the Neonatal ICU (following consultation between the primary physician and the ECMO physician) if the following criteria are met:

1.
Gestation greater than 34 weeks

a.
Weight more than 2.0 kilograms

b.
Less than 10 days of mechanical ventilation

c.
No active bleeding

2.
Severe respiratory failure despite maximum conventional medical therapy as defined by PaO2 persistently 40 Torr or less or arterial blood lactate 3.0 or more.

3.
Mortality risk exceeding 80%

a.
Oxygenation index >40 for a period of time, to be determined by the attending physician.

Contraindications include:

1.
Severe congenital or genetic anomalies incompatible with life

2.
Active bleeding

3.
Severe pulmonary hypoplasia or known capillary-alveolar dysplasia

4.
Chronic or irreversible conditions such as bronchopulmonary dysplasia or fixed pulmonary hypertension

5.
Child greater than 1 month of age

Obviously, not all contingencies will be covered by this list. Those post-operative neonatal cardiac conditions that may reverse with ECMO will be considered, as will mild pulmonary hypoplasia and other conditions. Other support devices such as renal dialysis have been used successfully in infants on ECMO and will not be considered a contraindication in and of themselves.


VII. Clinical Management

A critical pathway is currently being used as a multidisciplinary plan of care from the immediate pre-ECMO period through discharge. (See attachment 3).

VIII. Termination of ECMO

Since ECMO is the most aggressive treatment we have to offer, a failure to improve with ECMO would leave no other effective options for successful treatment. Because ECMO is a temporary means of support for critically ill neonates, a plan must be made to anticipate those neonates who will fail to improve with ECMO in the amount of time that ECMO can safely be used. Cases running greater than 10–14 days should be re-evaluated for continuing ECMO. Throughout the ECMO course, the multidisciplinary team will discuss the plan for weaning during daily multidisciplinary rounds. If a neonate does not appear to be improving with ECMO, a family-team meeting will be held. Options for discontinuing ECMO and offering support and comfort will be discussed. The Texas Children's Hospital Ethics Committee is also available for consultation, if needed. 
IX. Developmental Follow-up

of the Neonatal ECMO Patient

Developmental care of the neonatal ECMO patient will begin early in the ECMO course, with positioning, range of motion and non-nutritive sucking. The OT will assist with oral feedings when needed. All babies will have developmental assessments by developmental pediatricians/neonatologists at intervals from 4 months to 3 years of age.

X. Program Evaluation

A. Multidisciplinary meetings

The ECMO Medical Director, ECMO Surgical Director, NICU Medical Director, ECMO Clinicians, Perfusionist Representative, ECMO Coordinator and others, by invitation, will meet at least quarterly to discuss clinical, administrative and/or equipment related issues.

The multidisciplinary team will meet monthly to discuss ECMO cases.

Any major complication or death will be promptly reviewed and discussed by the multidisciplinary team.

B. Outcomes evaluation

Collated data from the ELSO registry is available for review.  In addition, the ECMO Coordinator will analyze aggregate data on patient outcomes.  This information will be presented to the multidisciplinary team twice a year.

XI. SAFETY

A. Maintenance of equipment

Maintenance of neonatal ECMO equipment will be the responsibility of the Biomedical Engineering Department.  Maintenance activities are outlined and recorded in the Computerized Biomedical Engineering Preventative Maintenance Inspection Program.

B. Patient safety

All circuit connections are tie-banded. Cannulae are secured to the bed and are held by a second ECMO-trained caregiver whenever the patient is repositioned. Family and consulting services are to stand on the ventilator side of the bed.

C. Personnel safety

The neonatal ECMO program complies with the Blood Borne Pathogens Exposure Policy in the Texas Children’s Hospital Exposure Control Plan.

Attachment 1 

Laboratory Services for ECMO Patients

I.
Operations/Procedures

The Blood Gas Laboratory, on the 4th floor of the West Tower, will provide all the following laboratory services for ECMO patients: ABGs, whole blood sodium, potassium and ionized calcium. The Marquest and Martell brands of heparinized syringes have been shown to interfere with the ionized calcium determination. For this reason, all heparinized blood specimens for laboratory procedures must be collected in the Radiometer brand 1 ml heparinized syringes.

All other testing will be provided by the Main Laboratory, in the Basement Level 1 of the West Tower. All requests sent to the main laboratory for ECMO patients will be marked with an ECMO sticker.

Quality control procedures for the Hemochron instrument will be performed by the perfusionist after documented competence is established. Quality control data will be reviewed by a designated perfusionist on a monthly basis, when we have ECMO patients, and forwarded to Pathology. Proficiency of ACT testing will be validated at least annually.

II.
Evaluation Process

For patients at referring hospitals, the Blood Bank should be notified that a patient is an ECMO candidate as soon as it is known. The following information should be telephoned to the Blood Bank at extension 4-5850 as soon as possible:

· patient's blood group and type at birth

· presence of any red blood cell antibodies

· transfusion history including donor blood groups and types

· Once the decision to initiate ECMO has been made, Hedy Bijou or a Medical Technologist will be notified at extension 5850.

III.
Prior to Cannulation

The following labs will be drawn prior to Cannulation: 

· Arterial blood gas

· Whole blood sodium, potassium, and ionized calcium

· Whole blood lactate and glucose

· CBC with diff and platelets

· BUN, creatinine

· ACT will be done, at the bedside, by the perfusionist.

· A 2-ml clot will be collected and sent to the Blood Bank for:

· ABO and Rh

· Indirect coombs

· Crossmatch for the following:

· 2 units PRBCs, CMV-, Leukocyte filtered, washed (for prime)

· 2 units PRBCs, CMV-, Leukocyte filtered (1 for emergency use to be kept near patient; 1 for routine transfusions, to be kept in Blood Bank)

· 1 unit FFP (to remain in Blood Bank)

· 3 units platelets, CMV-, Leukocyte filtered (to remain in Blood Bank)

· 1 unit cryoprecipitate (for cannulation)

The blood products required for initiation should be available within 1¾ hours upon the Blood Bank’s receipt of the type and cross. If the patient will be placed on VA ECMO, and the physician feels that the patient needs to have ECMO initiated in less than 1¾ hours, he/she may authorize the blood bank to send unwashed packed RBCs for prime. This is done by documenting the rationale in the comments section of the Blood Bank order form.

IV.
Priming the Circuit

The circuit contains 300 to 500 ml of blood - two units of packed red blood cells are needed to prime the pump, less than or equal to 10 days old. Priming the circuit should not exceed 30 minutes. One unit of Cryoprecipitate will be needed for cannulation.

If for any reason it becomes necessary to reestablish the circuit, two additional units of packed red blood cells will be needed.

V.
Stand-by blood products

The Blood Bank will be asked to have four units of packed RBC, three units of platelets and one unit of plasma available for the patient at all times. Packed RBCs should be less than or equal to 5 days old when prepared by the blood bank. The plasma will be thawed upon notification. The thawing process will take 30 minutes. A second unit of plasma will be made available within 30 minutes after the first one is used. Three units of whole blood platelets will be made available upon initiation, and kept in the blood bank throughout the ECMO run. A specific order will be necessary to administer extra concentrated (pheresis) platelets.

VI.
Post Circuit Establishment

After circuit establishment, patient arterial blood gases will be requested on an hourly basis, or as needed.

Pump venous and pump arterial blood gases will be requested as needed.

Platelet counts will be requested every six hours. A separate 0.5 ml to 1.0 ml blood specimen will be collected in a purple-top tube (tube with EDTA anticoagulant) and will be sent to the main laboratory located on the Basement Level 1 in the West Tower facility. Turnaround time will be 30 minutes.

Whole blood sodium, potassium, glucose, ionized calcium and lactate will be sent as needed.

Plasma-free hemoglobins will be sent to the main lab. It will require 0.5 cc in a purple-tube top or heparinized tube. The test should be requested on a "Miscellaneous" requisition. Specimens should be received in the lab by 0930. If the specimen is received by 0930, results will be sent by noon.
Heparin assays will be sent at least once daily to be run in the main lab.  Assays require about 2.7 cc of blood, to be placed in the 2.7 ml Sodium Citrate Light Blue Vacutainer.  Heparin assays are available from 6am to 8pm daily; turn-around time is 2 hours or less.
Attachment 2

Perfusionist Certification/Recertification as ECMO Specialist

All perfusionists are certified by the American Board of Cardiovascular Perfusion or are board eligible. Records of this certification are maintained by the medical staff office. 

I.
Initial training for perfusionists—New perfusionists will complete training that will include

A.
Didactic

· Introduction to ECMO

· Criteria/Contraindications for ECMO

· Overview of disease processes for which ECMO is indicated

· ECMO initiation, to include:  Circuit set-up; CDI set-up, recal and monitoring; cannulation; initiating flow

· Anticoagulation, to include: physiology, management of ACTs and Heparin, Hemochron QC procedure

· Routine circuit management, to include: Safety checks; temperature regulation; blood gas management

· Medication administration, to include: procedure, indications

· Labwork, to include: procedure, indications, normal ranges

· Pre-printed ECMO orders

· Emergencies and complications during ECMO, to include: CAPS alarms and emergency bypass; High arterial/membrane pressures; clotting in the circuit; air in the circuit and air embolus

· Surgery on ECMO

· Transport on ECMO

· Weaning ECMO

· Decannulation and taking down circuit

· Ethical issues

· Developmental outcomes

B.
Water Drills

1.
Basic Session

· Design, function and set-up

· Tubing, CDI, Bio-Cal and membrane

· Access and sample ports to the circuit

· Medication Administration

· Basic safety check of the circuit

· Basic troubleshooting

2.
Emergency Session

· Pigtail and stopcock changes

· Raceway ruptures

· Heat exchanger, bladder, membrane changes

· Dx, management and removal of air from the circuit

· Testing the pump head occlusion

· Power failure

· Management of air embolus to patient

· Management of inadvertent decannulation

· Management of pump failure

· Initiation of ECMO

· A full understanding of pump management and of all possible circuit emergencies and the appropriate intervention should be accomplished by the end of this session.

C.
Animal/bedside Sessions (To total at least 22 hours)

· Withdrawing blood samples from the circuit

· ACT management

· Blood gas management

· Medication Administration

· Blood product administration

· Documentation

· Hemochron QC

II.
Initial evaluation of ECMO Perfusionists

A.
Written Evaluation—Each perfusionist will have on record, a written evaluation of their skills and competence during their training.

B.
Written Exam—A written exam, preapproved by the ECMO Coordinator and the ECMO Medical Director, with a predetermined passing level, will be taken at the conclusion of the training period.

III.
Certification of ECMO Perfusionists

In order to be certified at Texas Children's Hospital, ECMO perfusionists must demonstrate acceptable performance in the following areas:

· Water drill

· Written exam

· Bedside preceptor sessions

IV.
Continuing education of ECMO Perfusionists includes

A.
Formal team meetings at least every 6 months, which may include

· Case reviews

· Updates on ECMO therapy

· Outcomes 

· Review of policies and procedures

· Tri-center regional meetings

· National and regional perfusion meetings

B.
Skills validations—Perfusionists will attend a water lab every 6 months to validate technical skills. The lab will be as described above in the initial certification section.

C.
Written exam—Perfusionists will take a written exam annually.

D.
Clinical experience

ECMO Perfusionists must perform circuit management for at least one shift (6 hours) every 2 months. Any ECMO trained perfusionist who does not perform ECMO pump management for at least one shift (6 hours) in a two-month period must practice ECMO technical skills via a water lab, directed by the lead perfusionist. In the case a perfusionist is unable to maintain this standard, he/she may be recertified by attending a water lab, successfully completing the skills validations and completing 2 hours of clinical training with a certified ECMO perfusionist.

E.
Written ECMO Updates—Updates are sent to all ECMO perfusionists as needed. These updates contain information pertinent to the ongoing improvement in the practice of ECMO.
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