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Extracor poreal membrane oxygenation (ECMO) isatechnique developed to ensur e adequate tissue
oxygen delivery in patients suffering cardiac and/or respiratory failure. ECMO can provide this
delivery without causing the iatrogenic damage associated with high mechanical ventilation pres-
sures, high fraction of inspired oxygen, or high doses of inotropic medications. Though practitioners
use a multitude of other, more “conventional,” therapies for neonatal respiratory failure, only
ECMO has been proven in a randomized, controlled, clinical trial to improve both mortality and
mor bidity among neonates. Though arandomized controlled trial of ECM O in the neonate has been
published, to date no trial in the pediatric, adult, or cardiac population is complete. The Extracor-
poreal Life Support Organization registry providesdata on the over 20,000 ECM O cases per for med
to date and serves as a resource to refine this supportive therapy. This support is not without
complications, and it should be used in appropriate populations, with specific criteria for initiation.
Key words: pediatric, respiratory, pulmonary, ECMO, extracorporeal membrane oxygenation, oxygen deliv-
ery, persstent pulmonary hypertension of the newborn, PPHN, meconium aspiration syndrome, congenital
diaphragmatic hernia, respiratory failure. [Respir Care 2003;48(4):352-362. © 2003 Daedd us Enterprises)
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Introduction

Extracorporeal circulation is the technique of support-
ing the function of the heart or lungs, or both, with exter-
nal artificial organs. Originally developed for use in the
operating room during cardiac surgery, this support was
limited to several hours duration. Intensivists and surgeons
apply extracorporeal support in the intensive care unit in
critically ill patients with pulmonary problems for periods
of days and even weeks. In this setting, extracorporeal
circulation enables the practitioner to minimize the venti-
lator’s support, reduce the intrathoracic pressure, avoid
iatrogenic damage, and allow the lungs and/or heart to
heal. This form of support is called extracorporeal mem-
brane oxygenation (ECMO). In the strictest sense ECMO
is not a treatment but rather a therapeutic support and
provides a means of ensuring adequate tissue oxygen de-
livery to support end-organ function while the (hopefully)
reversible disease responds to treatment.

History of Extracorporeal Membrane Oxygenation

The technique known as ECMO evolved directly from
the cardiopulmonary bypass procedure developed for car-
diac surgery. During the 1950s several clinicians performed
studies of extracorporeal gas exchange involving cross-
circulation in animals, using biologic lungs for gas ex-
change. Lillehei et al were the first to perform cross-cir-
culation in humans. In 1955 they reported a series of 8
pediatric patients in whom cardiac surgery was performed
using the parent as the oxygenator. The 8 patients and
donors survived, and no long-lasting donor morbidity was
noted.

In 1963 Kolobow et a developed a silicone membrane
similar to the one commonly used today.2 With this device
the first extended bypass procedure was performed in an-
imals and demonstrated minimal hematologic effect for up
to 1 week.3 This development paved the way for the suc-
cessful application of long-term extracorporeal support.
Hill et a reported the first successful use of ECMO in
1972, with a 24-year-old man suffering from multiple
trauma and respiratory failure# He received extracorpo-
real support for 75 hours, during which time his lung
injury resolved.
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The Nationa Institutes of Health sponsored a multi-
center, randomized, prospective study of ECM O withadults
suffering acute respiratory failure (ARF), and a collabo-
rative study was published in 1979.5 Nine institutions ran-
domized 90 adults suffering acute respiratory distress syn-
drome (ARDS) to either conventional mechanical
ventilation or ECMO. The results were dismal, with only
8 survivors: 4 in the conventional mechanical ventilation
group and 4 in the ECMO group. The authors concluded
that, although ECM O could support gas exchange, it could
not improve survival in ARDS. Despite these disappoint-
ing results, the search continued to identify a population
with reversiblelung diseasethat could benefit from ECMO.

In 1975 Bartlett and Harken at the University of Cali-
fornia, Irvine, pioneered neonatal ECMO, developed the
standard circuit, and successfully used ECMO in aneonate
suffering meconium aspiration syndrome.¢ Over the sub-
sequent years; their success continued, and in 1982 Bartlett
et a reported a 55% survival rate in aseries of 45 neonates
treated with ECMO.”

In the 1980s Bartlett et al® and O'Rourke et al® con-
ducted prospective randomized trials comparing ECMO to
conventional mechanical ventilation. Bartlett’s study re-
ported a 100% survival of the 11 patients receiving ECMO
and 0% survival in the control group.8 This study was met
with skepticism because there was only 1 patient in the
control group. O’ Rourkeet al subsequently reported a100%
survival rate for 9 ECMO patients, compared with 33%
survival among 6 newborns treated with conventional me-
chanical ventilation, but that study also encountered crit-
icism for its design.®

In the 1990s ECMO became, for neonatal patients, a
standard mode of therapy for ARF unresponsive to max-
imal medical therapy, despite the lack of a randomized,
controlled, clinical trail proving ECMO’ s efficacy. In 1996
the United Kingdom Collaborative ECMO Trial Group
answered the criticism that there existed no “real proof” of
ECMO as an appropriate therapeutic intervention. They
reported the results of a randomized, controlled, clinical
trial to assess whether a policy of referral for ECMO im-
proved outcomes for patients out to 1 year without severe
disability, in comparison with conventional management.
The board monitoring the trial stopped trial recruitment
early (November 1995) because the data showed a clear
advantage with ECMO. They enrolled 124 children. Over-
all, 81 (44%) infants died before leaving the hospital and
2 died later. Death rates differed between the 2 trial groups:
30 of 93 infants who received ECMO died, compared with
54 of 92 who received conventional care. The relative risk
was0.55 (95% confidenceinterval 0.39—0.77, p = 0.0005),
which is equivalent to 1 extra survivor for every 3—-4 infants
treated with ECMO. The results, reported in 1996, leave little
doubt that ECMO is an effective life-saving treatment for
neonates suffering severe respiratory failure.1°
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Fig. 1. Neonatal survival, by diagnosis. CDH = congenital diaphragmatic hernia. MAS = meconium aspiration syndrome. PPHN =
persistent pulmonary hypertension of the newborn. RDS = respiratory distress syndrome. (From Reference 14, with permission.)

| reviewed The Cochrane Library, which is a regularly
updated collection of evidence-based medicine databases,
including The Cochrane Database of Systematic Reviews.
A search for other commonly used therapies for neonatal
AREF (ie, high-frequency oscillatory ventilation, surfactant,
inhaled nitric oxide) revealed that no other therapeutic
intervention has the positive impact on mortality and mor-
bidity that ECMO does. Finer and Barrington's Cochrane
Review concluded, “Inhaled nitric oxide appears to im-
prove outcome in hypoxemic term and near-term infants
by reducing the incidence of the combined end point of
death or need for ECMO. The reduction seems to be en-
tirely a reduction in need for ECMO; mortality is not
reduced.” 11

For patients receiving surfactant therapy, 2 randomized,
controlled trials indicate a significantly lower risk of re-
quiring ECMO; however, no difference was found in over-
al mortality.12

Finally, though high-frequency oscillatory ventilation
has become a mainstay in the neonatal intensive care unit,
thereis no evidence of lower mortality at 28 days or of less
failed therapy on the assigned mode of ventilation requir-
ing cross-over to the other mode. There were no signifi-
cant differencesinthenumbersof patientsrequiring ECMO,
days on a ventilator, days on oxygen, or days in the hos-
pital.13

Since Bartlett’s first reported success with ECMO in
neonates,” the number of ECMO centers has continued to
grow, with 114 active ECMO centers reported in 2000. In
1989 the ECMO centers formed a nationa organization,
the Extracorporeal Life Support Organization (ELSO).
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ELSO’s purpose is to coordinate clinical research on ex-
tracorporeal support, develop ECM O guidelines, and main-
tain the ELSO National Registry, which is a data bank of
all reported ECMO cases from the active ELSO centers
and contains information on more than 22,500 neonatal,
pediatric, and adult cases to date.14

Neonatal Extracorporeal Membrane Oxygenation

The majority of the reported ECMO cases (78%) are
neonates, and the highest reported rates of survival occur
in the neonatal population. The neonate with ARF rarely
hasa*chronic” disease. This makesthe neonatal patient an
ideal candidate for ECMO support. Figure 1 summarizes
the survival rates for the neonatal diseases treated with
ECMO.14

Persistent Pulmonary Hypertension of the Newborn

Persistent pulmonary hypertension of the newborn
(PPHN), also known as persistent fetal circulation, is ma-
jor pathophysiologic condition supported with ECMO.15

In utero, pulmonary vascular resistance (PVR) is greater
than systemic vascular resistance, resulting in higher pres-
sures in the right atrium than in the left atrium. With the
infant’s first breath there is an immediate reduction in
PVR, resulting from the effects of mechanical lung expan-
sion and the increase in oxygenation. This leads to an
increase in pulmonary blood flow and a reversal in atrial
pressures, resulting in the transition to the postnatal circu-
latory pattern. Should ahypoxic state occur following birth,
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anincrease in PVR can result, which, in turn, promotes the
reingtitution of right-to-left shunting at both the atrial and
ductal levels, sustaining or reestablishing the fetal circu-
lation.

PPHN can result from any underlying neonatal condi-
tion leading to hypoxia.’® Most commonly, it is associated
with meconium aspiration syndrome, perinatal asphyxia,
congenital diaphragmatic hernia, sepsis, and respiratory
distress syndrome. The presentation and clinical course
depends on the primary disease.l” The majority of these
neonates can be managed with pharmacologic and venti-
latory support.1819 A small percentage are unresponsive to
conventional therapy, however, and prior to the advent of
ECMO they would have died. Institution of ECMO inter-
rupts the cycle of pulmonary hypertension, minimizes the
need for escal ating mechanical ventilation, and avoidsbaro-
trauma while the underlying condition resolves.

Meconium Aspiration Syndrome

Using ECMO to treat neonates with meconium aspira-
tion syndrome (of all of the neonatal diseases commonly
treated), has resulted in the highest survival rate. Meco-
nium is a sterile, dark green substance that is normally
present in the fetus's colon. Meconium staining of amni-
otic fluid is common in 10% of all deliveriesbut israrein
neonates < 37 weeks gestation.2° Premature passage of
the meconium into the amniotic fluid may occur under
several conditions; most commonly in fetal hypoxia.2°
Therefore, presence of meconium-stained fluid may indi-
cate fetal distress.

Thediagnosis of meconium aspiration syndromeismade
if the infant has a history of meconium-stained fluid, the
presence of meconium in the trachea at birth, and a vari-
able radiographic pattern of patchy infiltrates with hyper-
inflation to consolidation.2* The infant may suffer mild to
severe respiratory distress. The resulting hypoxia and ac-
idosis can increase PVR, leading to right-to-left shunting
and further hypoxia.

Sepsis

The most common organism to cause sepsis in the ne-
onate is group B streptococcus. The bacterium is found
primarily in the intestinal tract, with colonization occur-
ring in the mother’s vagina.22 Although sepsis is associ-
ated more commonly with early rupture of membranes, the
fetus can still become infected even if the membranes are
intact. This bacteria infection can be serious in the im-
mediate neonatal period, withmortality approaching 45%.23
Sepsis can present as either pneumonia or overwhelming
vascular collapse, referred to as septic shock. Other organ-
isms, such as Escherichia coli and Listeria, can follow the
same clinical course as Group B Streptococcus. The over-
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all surviva rate in this group is lower than in the group
with meconium aspiration syndrome because cardiovascu-
lar instability and difficulties in coagulation management
lead to amore complicated and prolonged course of ECMO.

Congenital Diaphragmatic Hernia

Congenital diaphragmatic hernia occurs in approxi-
mately 1 in 2,200 births.2# It is characterized by the in-
complete formation of the fetal diaphragm and usually
occurs on the left side. The most common diaphragmatic
hernia is the posterolateral type known as a Bochdalek
hernia. This defect allows herniation of the abdominal
contents into the thoracic cavity, affecting fetal lung de-
velopment. It compresses the lung on the affected side but
also shifts the mediastinum to the opposite side and com-
presses the contralateral lung, resulting in various degrees
of bilateral pulmonary hypoplasia. Infants who are symp-
tomatic within the first 6 hours of life have the highest
mortality rate.2> The distressed newborn has a scaphoid
abdomen and diminished or absent breath sounds on one
side and has a chest radiograph that demonstrates gastro-
intestinal structures in the thorax.

Congenital diaphragmatic hernia continues to have the
lowest cure rate of all common neonatal diseases treated
with ECMO. Before the advent of ECMO, identifying the
infant who had severe pulmonary hypoplasiaincompatible
with survival was an elusive goal .26

Since the introduction of ECMO many predictors of
mortality have been proposed; however, because of dif-
ferences in clinical management, none has been reproduc-
ible from institution to institution.2?

Recent data reported by Kays et a reveal that infants
maintained with “gentle ventilation” methods, including
permissive hypercapnia, moderate hypoxemia, minimal use
of sedatives, and minimal stimulation, are less likely to
require ECMO and have significantly better survival.2s

Neonatal Extracorporeal Membrane Oxygenation
Selection Criteria

The success of neonatal ECM O depends on the disease
process. Most neonatal respiratory failure resultsin PPHN,
which is completely reversible. However, the escalating
ventilator pressures and fraction of inspired oxygen (Fo)
used to treat PPHN can lead to secondary lung injury.
Knowing the correct time to cease exposing the neonate’s
lungs to these iatrogenic complications becomes a concern
for ensuring long-term survival and limiting morbidity.
One guideline for determining when conventional man-
agement is failing is the oxygenation index (Ol), which is
a calculation based on mean airway pressure, Fo,, and
arterial oxygenation (P,o,):%°
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Tablel. Neonatal Inclusion/Exclusion Criteria

Oxygen index = 40

No major cardiac defect

No fatal chromosomal abnormality

Reversible lung or cardiac disease

Gestationa age > 33 wk

Intraventricular hemorrhage =< Grade ||

No serious bleeding or untreatable coagul opathy

Ol = [(Pay X Fio,) / Po] X 100

A number of centers performed retrospective chart re-
views and found that when the Ol exceeded 40, then mor-
tality exceeded 80%. Ol is currently the most widely ac-
cepted predictor of mortality in neonates suffering
respiratory failure on conventional ventilators. However,
as experience with neonatal resuscitation improves, and as
moreinstitutions employ high-frequency ventilation asres-
cue therapy prior to ECMO, the value of Ol and other
guidelines will require constant reassessment.

In addition to statistical indicators for employing
ECMO, practitioners consider other criteriawith ECMO
candidates. All neonatal candidates should have a cra-
nial ultrasound prior to initiation of ECMO, unless the
delay would increase the risk of mortality. Bleeding is
the major complication of ECMO; therefore, active
bleeding or uncorrectable coagulopathies are relative
contraindications.

Ultimately, the patient’s pulmonary disease should be
reversible; therefore, prior mechanical ventilation for > 14
days is a relative contraindication for ECMO because of
the potential iatrogenic lung injury. Performing an echo-
cardiogram should rule out a cyanotic cardiac defect. Sur-
gical intervention (correction or palliation) should be the
first option. If lung disease prevents surgical correction,
stabilization on ECMO prior to surgery for pulmonary

resolution is a valuable consideration. Other congenital
and medical conditions associated with poor prognosis may
be contraindications for ECMO. Table 1 summarizes cur-
rent selection criteria.

Pediatric Extracorporeal Membrane Oxygenation

Beyond infancy thereis no pulmonary condition ascom-
pletely reversible as PPHN. In older children most condi-
tions leading to respiratory failure involve pulmonary pa-
renchymal injury, including post-traumatic respiratory
failure, vira or bacterial pneumonia, and blood, gastric
acid, and foreign substance aspiration. These conditions
all present a picture more closely related to ARDS than to
PPHN. In the mid-1970s the mortality rate from ARDS
among children was 80%.%° |t continued to remain equally
high in the late 1980s, despite changes in ventilator strat-
egies_Sl

Centers that elect to provide ECMO in the pediatric
population must consider the additional supplies required
as well as the potential for longer, more complex cases.
Table 2 revedls the lower survival rates as well as the
higher run times associated with the pediatric diseases
commonly supported with ECMO.

A recent publication by Swaniker et a, from the Uni-
versity of Michigan, evaluated data from 128 pediatric
ARF patients and revealed an overall survival-to-discharge
of 71%.32

Asit isimpossible to provide specific recommendations
for the ingtitution of ECMO in older patients, most centers
provide ECMO to these patients when they recognize the
current maximal medical management is not working. At
that point, unless the patient has specific exclusion criteria
similar to those in the neonatal population (non-reversible
disease, uncontrolled bleeding, moribund), ECMO is of-
fered to the patient.

Table 2. Pediatric Respiratory Runs by Diagnosis*
. . Total Survived Average Longest
Diagnosis Runs (%) Run Time Run Time

Viral pneumonia 615 61 322 1,372
Bacteria pneumonia 221 52 286 1,332
Pneumocystis pneumonia 17 41 352 1,144
Aspiration pneumonia 160 64 284 2,437
ARDS 278 53 285 999
ARF 558 48 249 1,483
Other 331 54 189 833

*Run time in hours. Survived = survival to discharge or transfer, based on number of runs
ARDS = acute respiratory distress syndrome

ARF = acute respiratory failure

Data are from the ELSO Registry, July 20024
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Venoarterial Extracorporeal Physiology

Oxygen delivery in ECMO is provided by a combina-
tion of blood flow from the ECMO circuit and blood flow
from the patient’ s own cardiopulmonary system.33 Oxygen
delivery is a function of both the oxygen content of the
blood and the cardiac output. Both variables (oxygenation
and cardiac function) can be controlled by the venoarterial
(VA) ECMO route. In VA ECMO a venous cannula, in-
serted viatheright internal jugular vein, drains blood from
theright atrium. An arterial cannula, inserted into the right
common carotid artery, reinfuses the oxygenated blood
into the aortic arch. The greater the ECM O pump flow, the
greater the oxygen delivery.

In ECMO the specialist controls the P, by control-
ling the minute ventilation across the artificial lung. Once
adjusted, however, the P, remains relatively stable on
ECMO, responding only slightly to large changes in pul-
monary blood flow and carbon dioxide production.

The right internal jugular vein and right common ca-
rotid artery are the preferred vessels for cannulation, es-
pecialy in the neonate. This cannula orientation provides
both pulmonary and cardiac support, amajor advantage of
this ECMO route.

The major disadvantage of the VA approach is the need
to ligate the right common carotid artery and internal jug-
ular vein. Some patients have had the carotid artery re-
constructed after ECMO, but the efficacy of this procedure
is also unknown.34

Additional disadvantages arise from the efficiency of
VA ECMO at diverting native flow. The ECMO circuit is
nonpulsatile. Diverting blood away from the native car-
diopulmonary system results in less pulsatile flow to the
body’s organs and disruption of the normal blood flow
pattern.3> The combination of the orientation of the rein-
fusion cannula (distal aortic arch) and poorly oxygenated
blood leaving the left ventricle may potentiate a lower
oxygen delivery to the coronary arteries.3¢ Another poten-
tial disadvantage to VA ECMO is that any particle or
bubble in the circuit may be directly infused into the ar-
terial circulation, leading to emboli formation.

Venovenous Extracorporeal Physiology

In venovenous (VV) ECMO, blood is drained and re-
infused back into the venous circul ation, thereby providing
only pulmonary support. The oxygenated perfusate mixes
with the venous blood in the right atrium, raising the ox-
ygen content and lowering the carbon dioxide content.
Because both the drainage and reinfusion cannulae are in
the venous system, some of the perfusate blood returns to
the circuit. This phenomenon, known as recirculation, de-
creases the efficiency of gas transfer between circuit and
patient. Currently, the degree of recirculation is monitored
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Fig. 2. A typical extracorporeal membrane oxygenation circuit.

by comparing the oxygen saturation of the venous drain-
age (S,0,) With the arterial saturation (S,,).*” Should the
S\o, be greater than the S5, the recirculation is excessive
and either the blood flow rate or cannula placement re-
quires adjustment.

Since VV ECMO is less efficient than VA ECMO, the
maximum S, achievable may be as low as 80-85%. As
lung function improves, the S, increases. Because VV
ECMO is essentidly operating in series with the native
circulation, aterations in cardiac output will not have a
substantial effect on oxygenation. Since the volume of
blood removed is equal to the volume reinfused, there is
aso no effect on the patient’s hemodynamics.

The advantages of VV ECMO are that the carotid artery
is spared, full pulsatile flow is maintained, and potential
emboli from the circuit are trapped in the pulmonary vas-
cular bed.3” The major disadvantage is lack of cardiovas-
cular support. The presence of mild to moderate myocar-
dial dysfunction, however, should not discourage one from
using the VV approach. The usual cause of myocardial
dysfunction in the neonate is respiratory failure. Hypoxia,
combined with the increased mean intrathoracic pressures
from the ventilatory strategies used to maintain oxygen-
ation and ventilation, decreases cardiac output and tissue
oxygen delivery. The improved oxygenation and lower
airway pressures achieved with implementation of ECMO
often improve cardiac output substantially.
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Extracorporeal Membrane Oxygenation Cir cuit

The ECMO circuit is composed of severa disposable
and nondisposable components. The disposable compo-
nents are the tubing and various connectors, bladder, mem-
brane, heat exchanger, and cannulae. Pre-assembled sterile
tubing packs simplify the set-up of the circuit. The non-
disposable components include the pump, venous servo-
regulation system, water bath, coagulating timer, oxygen
and carbon dioxide flow meters, and portable ECMO cart.

Blood flow through a typical circuit follows the path
presented in Figure 2. Blood is drained by gravity from the
venous cannula to a small venous reservoir. From there,
the blood is pumped through an oxygenator and the heat
exchanger before it is reinfused via the arterial cannula.
The bridge is located near the cannula section of the cir-
cuit. It allows the patient to be isolated from the circuit
while a blood flow is maintained to prevent stagnation. A
complete description of the components of the ECMO
circuit is beyond the scope of this article; however, detall
is available in ELSO'’s publication known as “The Red
Book.”38

Cannulation

Once the patient meets ECMO criteria, the team ob-
tains consent and orders blood products. It is critical
that the team moves quickly, because ECMO candidates
are by definition critically ill. The patient’s head is
rotated to the left, and the right side of the neck and the
chest are prepared in a sterile manner and draped. A
small incision is made at the base of the neck, and the
right common carotid artery and internal jugular vein
are mobilized. The patient is given 30—100 units/kg of
heparin; when this has been circulating for several min-
utes, cannulation is begun. The appropriate cannulae are
selected for the patient size and anticipated flow rates.
The surgeon places the venous cannula into the right
atrium via the jugular vein and the arterial cannula into
the distal aortic arch via the right carotid artery. The
surgeon secures both cannulae to vessels and to the
patient’s skin to avoid accidental decannulation. At this
point the cannulae are connected to the ECMO circuit,
avoiding any air bubbles in the system. Once connected,
the pump flow is slowly increased while the ventilator
settings are concomitantly decreased. This usually re-
sults in immediate stabilization of the patient’s vital
signs. Note that with VV ECMO via the double-lumen
cannula, only the internal jugular vein is cannulated,;
thisisoften performed using a“ semi-percutaneous” tech-
nique that obviates ligating the vessel.
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Management During
Extracor poreal Membrane Oxygenation

Cardiovascular System

The main goal of ECMO is to provide adequate oxygen
delivery to prevent tissue hypoxia. The oxygen saturation
of the circuit venous blood reflects our success or failure
in achieving that goal. Most practitioners consider acircuit
S.o, Of 75% acceptable on VA ECMO. On VV ECMO the
S.o, aso reflects the recirculation and is less reliable in-
dicator of oxygen delivery. Pulse oximetry provides con-
tinuous assessment of the patient’s S, especialy on VV
ECMO, with = 85% being acceptable. With full VA
ECMO, however, the pulse pressure is narrow and the
oximeter may be inaccurate or a signal unobtainable.

Once the surgeon connects the cannulae to the circuit,
the pump’s flow rate is slowly increased, to a goa of
100120 mL/kg/min or until the S,, is 75%. This ap-
proximates 70—80% of total cardiac output and is usually
sufficient to support gas exchange. Once adequate flow
and S,c, are established, the practitioner may lower the
ventilator settings. Altering the flow rate of the sweep gas
aters the P,co,

The mean blood pressure range for neonates on ECMO
is40—65 mm Hg. If inotropic support was required during
cannulation, it is often rapidly weaned or discontinued.
Occasionadly, hypertension will occur, requiring antihy-
pertensive administration to maintain a mean blood pres-
sure of < 65 mm Hg. Thisis an essential precaution taken
to reduce the incidence of intraventricular hemorrhage
(IVH).

Anticoagulation

Clotting will occur within the ECMO circuit unless the
blood is anticoagulated. When blood is exposed to a for-
eign surface, several changestake place. A layer of protein
adheres to the foreign surface instantly. Some of these
proteins*pacify” the surface, whereas others activate plate-
lets and the clotting and complement cascades, resulting in
clot formation.

Heparin prevents or delays thrombus formation during
ECMO. The effect of heparin is immediate and produces
no adverse effects. It has no direct anticoagulant effect on
the blood by itself, but combines with a cofactor, anti-
thrombin 11, to prevent thrombi from forming. This stops
the conversion of fibrinogen to fibrin and ultimately pre-
vents blood from clotting. A deficiency in antithrombin 111
can cause heparin to be ineffective, resulting in excessive
heparin use.

Activated clotting times are monitored to assess heparin
administration with a simple whole blood test performed
at the bedside. Generally, a continuous infusion of 20—60
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units/kg/h is required to sustain the activated clotting time
at 180—200 seconds (normal being 90—120 s). Once the
activated clotting times are stable, they are measured at
least hourly.

The amount of heparin required can be influenced by
several factors. Since heparin binds to platelets, higher
doses of heparin are required with platelet transfusions.
Conversely, less heparin is needed when thrombocytope-
nia exists. Heparin is excreted in the urine, so a higher
dose may be required during substantial diuresis.

Hematologic System

Of all the blood components, platelets are most affected
by ECMO. They are continuously consumed during ECMO
and are generally administered in concentrated form on a
daily basis.3940 They attach themselves to areas in which
fibrinogen is present, become activated, and attract more
platel ets. Theseplatel et aggregatesare continuously formed
while the patient receives ECMO. Because platelets ad-
here to the silicone membrane, they are administered di-
rectly to the patient or into the circuit after the membrane.
Other blood products aso adhere to the circuit but the
effect is less.°

Although protocols differ among institutions, platelets
are generally administered when the count is < 100,000/
mL, accompanied by additional heparin. The hematocrit,
prothrombin time, and fibrinogen are also monitored, and
appropriate blood products are administered as needed.

Neurologic System

The use of paralysis drugs is usualy avoided during
ECMO, except during cannulation and decannulation pro-
cedures. The patient is sedated while on ECMO to prevent
accidental decannulation or hypertension secondary to ag-
itation, and to provide comfort. Fentanyl, midazolam, and
lorazepam are commonly used. Fentanyl continues to bind
to the membrane during ECMO, and increasing amounts
are usually required.#t Narcotic withdrawal can delay re-
covery following ECMO.42

Head ultrasound is performed to rule out IVH. If IVH
does occur, the mean blood pressureis decreased, therange
of activated clotting times is lowered, coagulation values
are optimized, and an antifibrinolytic drug may be given to
avoid extension of the bleed. As with any complication,
the risks and benefits of continuing ECMO should be care-
fully considered.

Because of the ligation of the internal jugular vein and
the right common carotid artery, the head is maintained in
the midline position to assure adequate cerebral drainage
and perfusion. Some institutions also insert an additional
cannulainto the cephal ad segment of the right jugular vein
to avoid venous obstruction and to enhance drainage.*3

ResPirRATORY CARE © APRIL 2003 VoL 48 No 4

Pulmonary System

After the initiation of VA ECMO, the ventilation set-
tings are generally reduced to F,o, of 0.21-0.4, peak
inspiratory pressure of 20-25 cm H,0O, positive end-
expiratory pressure of 4-10 cm H,O, and respiratory
rate of 5-10 breaths/min. These resting ventilator set-
tingsstriveto maintain functional residual capacity while
avoiding iatrogenic damage. Pulmonary care should in-
clude chest vibrations, manual ventilation with an in-
spiratory hold, and suctioning. Chest radiographs are
taken daily and often exhibit a generalized opacification
within the first 24 hours.#4 This phenomenon has been
attributed to an abrupt decrease in airway pressure and
to the release of inflammatory mediators from the blood-
circuit interface. Patients who continue to have persis-
tent pulmonary air leaks while receiving ECMO may
require low-level continuous positive airway pressure
for the lungs to heal. Kessler et a have shown acceler-
ated lung recovery with positive end-expiratory pres-
sure of 12-14 cm H,0.45 They found less opacification
on chest radiographs and a shorter duration of ECMO.
In general, lung recovery usually occurs over 3—4 days
and can be quantified by improvements in the chest
radiograph, lung compliance, and gas exchange.4¢

Fluid Balance

Many patients receiving ECMO are quite edematous
because of fluid resuscitation prior to ECMO. This edem-
atous state can further compromise the lungs and retard
lung recovery. Once capillary leak ceases, the goal of fluid
management is to promote diuresis while maintaining ad-
equate perfusion. Accordingly, fluid intake and output
should be monitored for the duration of ECMO. Insensible
water loss from the patient and the membrane cannot be
measured but should not be forgotten. Although renal func-
tion is usually normal during ECMO, it is common to see
adecreasein urine output early in the run, especialy if the
patient sustained a prolonged period of hypoxia or hypo-
tension prior to cannulation. If oliguria or anuria occurs,
ultrafiltration can be added to enhance output and manage
fluid overload.4” This is accomplished by connecting a
hemofilter to the ECMO circuit, which allows a fraction of
plasma water and dissolved solutes to pass through the
filter's pores, while maintaining the cellular components
and proteins. Nutrition isusually started on the third day of
life; hyperalimentation and an intralipid infusion are usu-
ally initiated. However, transpyloric feeding can also be
considered. In addition, most patients require calcium and
potassium replacement while receiving ECMO.

359



ExTRACORPOREAL MEMBRANE OXYGENATION FOR PERINATAL AND PEDIATRIC PATIENTS

Table 3. Complications Reported to the Extracorporeal Life Support Organization Registry: July 2002

Neonatal complications Oxy Failure Oxy Clots Cannula Problems Hemolysis IVH
Reported (%) 5.7 18.6 11 13 49
Pediatric complications Oxy Failure Oxy Clots Clots in Bladder Hemolysis IVH
Reported (%) 15 57 14.7 8.8 35

Oxy failure = oxygenator failed and was unable to provide adequate gas exchange
Oxy clots = oxygenator suffered enough clotting that it had to be replaced

IVH = intraventricular hemorrhage

Data are from the ELSO Registry, July 2002.14

Weaning from
Extracorporeal Membrane Oxygenation

The amount of time a patient requires ECMO depends
on the diagnosis. The average duration for a neonate is
4-6 days, though runs of > 4 weeks are possible. There
are 2 philosophiesin weaning patientsfrom VA ECMO. In
thefirst, aslung function improves, ECMO is slowly with-
drawn as ventilator support is slowly increased. This is
usually carried out over a period of several days. Once the
flow rate is decreased to 20 mL/kg/min, the patient is
usually ready for decannulation.

In the second approach, the patient is maintained on full
flows of 100 mL/kg/min and minimal ventilator settings.
At varying intervals, the patient is weaned from the ECMO
circuit over afew minutes while the ventilator settings are
increased. The patient circuit isthen clamped off and blood
gases are obtained to assess pulmonary function. The ra
tionale for the second approach is that the longer period of
low ventilator support maximizes the (resting) time for the
lungs to heal. Both methods are widely used and neither has
been clearly shown to have any advantage over the other.

Weaning from VV ECMO isdightly different from, and
much easier than, weaning from VA ECMO. After the
ventilator settings are increased, both of the membrane’s
gas ports are isolated from the ambient air. Eventually, the
blood entering and exiting the membrane is in equilibrium
and reflects typical venous values. This eliminates any
issues associated with clamping of the cannulae, particu-
larly thrombus formation, which allows alonger tria with-
out any pulmonary support.

Decannulation

When the patient is ready to be removed from ECMO,
the decannulation is performed at the bedside. Sedative
and paralytic agents are administered, and al infusions are
switched to aperipheral site. Heparin is discontinued; how-
ever, its anticoagulation effect is not pharmacologically
reversed. In a mirror-image reversal of the origina can-
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nulation procedure, the cannulae are removed and the ves-
sels are either reconstructed or ligated. After the patient
recovers from the paralysis, weaning from the ventilator
can proceed. Before the patient is discharged from the
hospital, it is essential that he or she be referred to a
follow-up program within the hospital for further and fu-
ture evaluations. Again, when the “semi-percutaneous’
method of cannulation isused, the cannulaissimply pulled
out and direct pressure held against the site until the bleed-
ing stops and a small dressing is applied.

Complications

Complications of ECMO are divided into patient and
mechanical issues. All patient complications are poten-
tially due to 2 physiologic alterations: aterations in the
blood-surface interaction, and changes in the blood flow
pattern. Both of these variables can have adverse effects
on al the organ systems. As aready stated, when blood is
exposed to a foreign surface, a chain of events occurs that
results in thrombus formation and platelet consumption.
This necessitates the use of heparin and consequently con-
tributes to the bleeding complications of ECMO. Systemic
heparinization makes IVH the primary risk of ECMO. The
central nervous system, therefore, becomes the major area
of concern. Therisk of 1VH is compounded by blood flow
changes from the ligation of both the right internal jugular
vein and right common carotid artery. The effect of this
perfusion and drainage interruption to the right side of the
brain has been documented by Schumacher et al, who
reported several occurrences of right-sided brain lesions
following ECMO.#8 Stolar et al, in reviewing the experi-
ence of the Neonatal ECMO Registry, reported that neu-
rologic complications were predominant, with a 24% oc-
currence.*® Theincidenceof IVH among neonatesreceiving
ECMO is approximately 14%. In early ECMO studies
Cilley et al reported on a series of 8 infants < 35 weeks
gestational age, all of whom experienced IVH while re-
celving ECMO.%° This led to the recommendation that
ECMO should not be offered to infants < 36 weeks ges-
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tational age or until anticoagulation is minimized or elim-
inated.

Wilson et a recently reported a different approach to
this issue.>t They successfully employed an antifibrino-
lytic drug, aminocaproic acid, in infants considered at high
risk for 'VH and other types of hemorrhage. They reported
a decrease in IVH, from 18% to 0%, with the use of
aminocaproic acid, along with a decrease in all postoper-
ative bleeding. Circuit thrombotic complications appeared
to be greater with its use.

Venoarterial ECMO alters the blood flow pattern
throughout the body, especially the cerebral and pulmo-
nary perfusion. Diverting blood flow through a nonpul sa-
tile pump contributes to the diminished pulse pressure.
Cardiac stun, aterm used to describe a dramatic decrease
in the cardiac function of a patient receiving ECMO, is
characterized by aminimum pulse pressure (< 5 mm Hg).52
This minimum pulse pressure infers nearly absent ventric-
ular contribution, resulting in a P,o, amost equalizing the
postmembrane Py, Cardiac stun is transient and occurs
infrequently. The exact mechanism of its occurrence is
unknown; however, a higher mortality rate is associated
with it.

The EL SO registry containsinformation from more than
17,000 cases and includes every reported occurrence of
both physiologic and mechanical complications. Table 3
lists some of the most common patient and mechanical
complications reported in the registry.14

Summary

When Zapol et al> published the results of the National
Institutes of Health-sponsored Adult ECMO Trial, many
believed that the use of prolonged ECMO for cardiac and
respiratory failure would stop. The early pioneers of this
intervention, Bartlett, Short, O’ Rourke, Stolar, and their
students and (for want of a better term) disciples could not
have imagined the impact of their persistence in refining
this form of therapy. Now, over 2 decades later, ECMO is
considered by many the accepted standard for treating re-
spiratory failure in term neonates not responsive to con-
ventional management. Challenges for the future include
continued refinement of criteriafor initiating ECMO in the
pediatric, cardiac, and adult populations. Currently those
patients are managed by practitioners who, much the same
astheearly pioneersof neonatal ECM O, believethat ECMO
positively impacts outcomes. A physician | know states
that when asked about providing ECMO as a therapeutic
intervention, even without strong evidence that it will en-
sure survival, “most families, when given the choice be-
tween a slim chance and no chance at all, will choose
dim.” This attitude, coupled with the ongoing data col-
lected in the EL SO Registry, will continue the long tradi-
tion of supporting the critically ill patient with the ultimate
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mechanical ventilator. The tenets of medicine dictate that
we continue this philosophy; most would agree that a 30%
survival is still better than 0% survival. As ECMO prac-
titioners continue to refine their art, we will continue to
improve the outcomes of those patients not responsive to
maximal medical therapy.
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Discussion

Cheifetzz Doug, thank you for an
excellent summary of ECMO. My
guestion concerns a subject you did
not mention, probably intentionaly,
and that isthe use of ECMO asarapid
response for children in full cardiore-
spiratory arrest. The preliminary data
| have seen from ongoing studies show
that the short-term survival rate is bet-
ter with ECMO, but the neurologic
outcome may be concerning. Do you
have any views on thisissue, and are
you aware of any new data?

Hansell: | haven't seen any new
data, Ira. | do know that alot of cen-
ters that provide rapid-response
ECMO and extracorporeal CPR
[ECPR] areevaluating that service, es-
pecially inthe adult population. At our
institution, we're talking about
whether we should provide ECPR. |
think thekey istomakesurethat ECPR
is controlled by the appropriate peo-
ple. If thefellow or the resident on the
genera care floor or emergency de-
partment can initiate that process, then
a lot of inappropriate candidates are
going to be placed on ECMO. On the
other hand, initiating rapid-response
ECMO or ECPR in patients who are
in the intensive unit care or evaluated
by the ECPR team in the emergency
department may be perfectly accept-
able and a good way to improve out-
comes. The ELSO registry data indi-
cate that CPR before the initiation of
ECMO does not have a negative im-
pact on outcome. So the ability to rap-
idly initiate ECMO after CPR may be
a good thing.

Nevertheless, | think we have to
be careful about saying ECMO is
simply an extension of CPR and use
itoutinthegeneral careareaor emer-
gency department. The University of
Michigan had substantial experience
with that, and it was so poorly con-
trolled they stopped providing ECPR
in that manner.

Rotta: You mentioned that your
ECMO numbers are thriving. In our
ingtitution, and | think this is repre-
sentative of many institutions around
the country, we've seen a substantial
decrease in the number of neonatal
ECMOs. ECMO used to be a “happy
event” when we were dealing with
straightforward meconium aspiration
syndrome and we had 4-day ECMOs
with 95% survival. We just don’t see
those cases anymore. ECMO has be-
come a very complicated proposition,
generaly involving the most severe
ARDS or cardiac patients, with 50—
60% survival at best.

After Tom Wiswell’s presentation
we talked about whether to resuscitate
newborns with room air, 40% oxy-
gen, or 100% oxygen, and here we are
talking about VV ECM O assomething
that will maybe bring highly oxygen-
ated blood through the pulmonary vas-
culature, and we don’t think twice
about that. We published a study a
few years ago about oxidative dam-
age, comparing VV ECMO and VA
ECMO in the laboratory and showed
substantial lipid peroxidation in the
lungs subjected to VV ECMO, which
was directly proportional to the P, .1
Do you have any data on oxidative
damage with VV ECMO versus VA
ECMO in nonexperimental ECMO?

Also, you mentioned that VA
ECMO provided “terrible left ventri-
cle support.” | see VA ECMO as a
modality that can unload the left ven-
tricle and that any increased afterload
translates into well-oxygenated coro-
nary perfusion.2 You aso mentioned
that the advantage of VV ECMO is
that the left ventricle is receiving ox-
ygenated blood that will ultimately go
to the coronaries. Does the left ven-
tricle know the difference whether the
oxygenated blood is coming through
theleft atrium (VV ECMO) or through
the arterial cannula (VA ECMO)?
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Hansell:  The first question had to
do with concerns about VV ECMO
exposing the lung to highly oxygen-
ated blood and the potential for oxi-
dative damage. Wedon't have astrong
concern with that. At optimal ECMO
flow, you're pumping blood with a
Po, of about 500 mm Hginto the blood
that’s returning from the systemic cir-
culation, which hasa P, of 40 mm Hg.
By the time the blood from those 2
sources mixes, we're looking at blood
exiting the right ventricle with oxy-
gen saturation of somewhere in the
85-90% range. | wouldn’t questionthe
fact that you saw oxidative pulmonary
damage in those anima models, but
I’m not exactly sure how that would
happen in humans, since the pulmo-
nary artery oxygen saturation is only
about 85-90%.

The second question was about the
fact that VA ECMO provides poor | eft
ventricular support. Patients who re-
quire VA ECMO probably already
have some or degree of left ventricu-
lar and right ventricular insufficiency,
which may be due to hypoxia. Addi-
tionally, a child coming out of the
operating room may have left ventric-
ular dysfunction and had along cross-
clamp time or multiple re-initiations
of cardiopulmonary bypass. That pa
tient already has aless than optimally
functioning left ventricle. As you in-
crease ECMO pump flow, you reduce
the amount of blood entering the right
side of the heart; that is, you decrease
preload. However, the left ventricle
eventualy fills with blood from the
coronary sinus and bronchia veins.
Any volume in the left ventricle must
be pumped against the pressure in the
aorta generated by the ECMO flow;
that is, you have increased afterload.
Finally, the blood ejected from the left
ventricleis, in essence, venous blood,;
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that blood fills the coronary arteries
during diastole.

Insummary, early inthe VA ECMO
run the functionally impaired left ven-
tricle is supplied with poorly oxygen-
ated blood and must pump against an
elevated afterload. Devn Cornish did
awonderful study of oxygen transport
into the coronary arteries and found
that oxygen delivery in coronary ar-
teries, was better in VV ECMO, es-
pecialy early in a run than it was in
VA ECMO.! You're absolutely cor-
rect that as the ECMO run progresses,
and as venous oxygen saturation on
VA ECMO gets up into the 80—90%
range, there's probably no rea differ-
encein oxygen being supplied through
the coronary arteries. We've seen it
timeand againwithVA ECMO, where
kids with poor left ventricular func-
tion get put on VA ECMO and end up
with increased left ventricular dys-
function. We attribute that to either
the poor oxygen delivery or
the increased afterload.
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Rotta:  Wouldn't you be reluctant to
place a patient suffering respiratory
failure and marginal cardiac function
on VV ECMO with the expectation
that VV ECMO would actualy im-
provethings? Do you have ahigh con-
version rate?

Hansell:  Actualy, we have an ex-
traordinarily low conversion rate.
WEe've done 175 total patients in our
institution.* We reported our data at
the Children’s National Medical Cen-
ter ECMO meeting 2 years ago, and
we had done 75 consecutive VV
ECMO patients with widely variable
and some very high levels (15 or 20
@) of dopamine or dobutamine (some
of the patients were on norepineph-
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rine), and none of those patients were
converted to VA ECMO for hemody-
namic instability. Once we got oxy-
gen to the coronaries, their cardiac
function got better. We've had 1 neo-
natal conversion to VA ECMO. That
was a patient who developed severe
sepsis after he’d gone on VV ECMO
and developed myocardial dysfunc-
tion. 1 can’t think of any adults that
we've had to convert.
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Cheifetzz  Based on all your exper-
tise with VV ECMO, would you re-
view the pros and cons of cephalad
venous drainage with VV ECMO? |
have heard much controversy over
whether it is a clinically beneficial
technique.

Hansell: | haveyet to seeany really
good reason to expose the patient to
an additional cannula and a prolonged
surgical process. Now | know there
are centers (Children’s Health Care of
Atlanta is one of the primary users
that I'm aware of) that wouldn’ t dream
of initiating VV or VA ECMO with-
out a cephalad drain, the idea being
that you improve venous outflow from
the cerebral vasculature. They also use
it as an indicator of the overall ade-
quacy of oxygen delivery to the pa
tient. | don’t know that that gainsthem
alot in the overall management of the
patient. They report that they're able
to get agood amount of venous drain-
age from that cephalad drain. They
also report, | believe, about a10-15%
incidence of that cannula clotting off.

Again, I'll refer to my own experi-
ence. Of al the ECMO cases | did at
Duke and &l of the ECMO cases that
I’ve done at Wake Forest we' ve never
inserted acephalad drain. | don’t know
that that has impaired our ability to
adequately monitor or get enough ve-
nous return.

Salyer: All thesurvival dataand the
EL SO data you showed are aggregat-
ed; there's no display of the data over
time. Haven't overall ECMO survival
numbers gone down some since the
use of nitric oxide became more wide-
spread, because patients going on
ECMO are now sicker and some of
thelessill patients are being taken out
of the equation?

Hansell: | believeyou areabsolutely
correct. If you look at survival data by
year® since the introduction of high-
frequency ventilation, surfactant, and
inhaled nitric oxide therapy, | don’'t
think there's any question that there
has been some delay in the initiation
of ECMO. That underscores the strug-
gle about initiating ECMO versus us-
ing those other adjunct therapies. |
don’t discount those therapies; they
have an important place in how we
treat patients.

ECMO is not without risk, although
in some centerstherisk isfairly small,
and | think the ability to provide
ECM O with adual-lumen venovenous
cannula, as opposed to ligating the ca-
rotid artery and internal jugular vein,
make VV ECMO very appealing for
treating respiratory failure in the term
neonate, so our neonatologists don’t
struggle very long with thinking, “Oh
boy, we kept that kid off ECMO.” |
think our people are much more prone
to saying, “You know, | could keep
trying non-ECMO treatments for alit-
tle while longer, but | don’t know that
that's any better an option than put-
ting him on ECMO for 3-5 days.”
Those patients are often off of theven-
tilator in 6—8 days, as opposed to do-
ing something that may have them on
a ventilator for 2 weeks.
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Donn: Let me amplify that a little
bit, because | think there are a couple
of things that we probably didn’'t ad-
dress. First, the derivation of the cri-
teriafor going on ECMO (such as ox-
ygenation index and alveolar-arterial
oxygen difference) were al retrospec-
tive analysesbased, at least in our cen-
ter, on mortality data generated from
a 10-year period before we started
ECMO, before the modern era of me-
chanical ventilation for newborns.
They’ve never been updated, never
been looked at prospectively, and to
say that an oxygenation index of 40 in
a baby in the year 2002 is equivalent
to what an oxygenation index of 40
indicated in 1982 is not only “apples
and oranges,” it’'s probably “coconuts
and sequoias.” It's so much different
than the babies that we dealt with 20
years ago that it’s aimost nonsensical.

Second, most of the indices used to
select patients for neonatal ECMO are
manipulatable, though | say that kind
of tongue-in-cheek. If you use the ox-
ygenation index and you want to put a
baby on ECMO, al you haveto dois
increase your peak inspiratory pres-
sure, because sooner or later you're
going to ventilate dead space, and all
you're going to do is raise the mean
airway pressure and not raise the Pg, .
If you use the alveolar-arterial oxygen
difference, and you're a believer in
hyperventilation, and you successfully
hyperventilate a baby and get the P,
down into the mid-20s, then the ave-
olar-arterial oxygen difference (which
is nothing more than an arithmetic ex-
pression) is going to go up and qual-
ify that baby for ECMO.

Neither of those are particularly
conducive to determining which ba-
bies really need ECMO. | think there
are other mitigating circumstances
right now that we may see, such as
Doug Hansell observed in his center.
We're studying this right now and it
appearsit’s cheaper to treat a baby for
3 or 4 days of ECMO than it isto put
him on nitric oxide. The other con-
founding variableisthat asthe ECMO
experience declines and fewer centers

begin to offer ECMO, referrals may
go up to centersthat continue to do it.
It's going to be very hard to interpret
al those numbers and look at things
sequentially over aperiod of 10 years,
because things have changed so dra-
matically.

Salyer: | think that's why | have
doubts, at least from what I’ve seenin
my experience with children going on
ECMO. Is this realy now a group of
patients that universally has an 80%
mortality? If so, then we can make
these kinds of comparisons about their
survival and feel really great about it.
Another thing you didn’t discuss was
neurological sequelae—the percent-
age of children who have ligated ca-
rotid arteries and what is their devel-
opmental status at 3 and 5 years.

Hansell:  Thebest dataout therehave
been accumulated by Penny Glass at
Children’sNational Medical Center in
Washington D.C. Penny has been up-
dating this data for (I'm guessing)
more than 15 years now and has data
on kidswho are now in their teens. To
roughly summarize the outcome data
for those kids who underwent ECMO
(and a lot of them are till at Chil-
dren’s National Medical Center),
we're studying kids who underwent
VA ECMO and had the carotid artery
ligated. The neurologic sequelae of
those kids is, in essence, statistically
the same as infants who were extraor-
dinarily sick and would have quali-
fied for ECMO. So the fact that we
put the kid on ECMO did not contrib-
ute to any additional neurologic se-
quelae, unless you want to argue that
in all probability the child wouldn’'t
have survived. But they certainly
aren’t any worse than any other criti-
cally ill children at that time.
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Wiswell:  Devn Cornish was my
partner for 2 years and he had a won-
derful saying: “You can either con-
sider ECMO to be a 4-letter-word or a
religious experience.” ECMO was
used as a bad outcome for al the ni-
tric oxide trials. Is ECMO a bad out-
come? It's never really been ade-
quately compared using it at lower
oxygenationindexes. For themajor tri-
as, the NINOS [Neonatal Inhaled Ni-
tric Oxide Study Group]® and Ohm-
eda trials? of inhaled nitric oxide, the
kids who entered the trials all met the
criteria for ECMO and had oxygen-
ationindexes > 40, soitisno surprise
that if a patient randomizes not to be
on nitric oxide, he's highly likely to
goon ECMO. Theonly significant dif-
ferences in the trials were more kids
going on ECMO.

Thefollow-up period in the NINOS
and the Ohmeda nitric oxide studies
was only for a year or a year and a
half. In the nitric oxide group there
was a substantial trend to more neu-
rodevelopmental problems. This is
something that is generally not recog-
nized among neonatologists, nor is it
being commented on. So | don’t know
if what you’ re practicing at Wake For-
est—putting kids on VV ECMO for 3
days—is that much better than nitric
oxide and getting them off the venti-
lator at 6 days rather than 15 days. Is
that better? Maybe so. There may be
hazards.

REFERENCES

1. The Neonatal Inhaled Nitric Oxide Study
Group. Inhaled nitric oxide in full-term and
nearly full-term infants with hypoxic respi-
ratory failure. N Engl J Med 1997;336(9):
597-604.

2. Davidson D, Barefield ES, Kattwinkel J,
Dudell G, Damask M, Straube R, et al.
Inhaled nitric oxide for the early treatment
of persistent pulmonary hypertension of the
term newborn: a randomized, double-
masked, placebo-controlled, dose-response,
multicenter study. The I-NO/PPHN Study
Group. Pediatrics 1998;101(3 Pt 1):325—
334.

365



ExTrRACORPOREAL MEMBRANE OXYGENATION FOR PERINATAL AND PEDIATRIC PATIENTS

Hansell: | very much appreciate the
commentary because, again, | think
Devn Cornish’s point is very poignant
and redlly reflects alot of what we're
talking about aspeoplewho do ECMO.
When you consider that for the first
15 or so years, in spite of a lot of
people saying that ECMO is bad, the
number of ECMO centersin thiscoun-
try continued to go up, and peoplewere
jumping on the bandwagon because
they realized that, especially at a ter-

tiary referral center, thisiswhat folks
wanted to be able to do, and there was
at least some feeling that these kids
were doing pretty well, and at least
surviving and not going home with
horribly damaged lungs.

| think that belief gtill continues re-
garding pediatric respiratory failure and
respiratory syncytial virus or post-
trauma adults. We've still got 40-50%
surviva in the patient population about
which our trauma surgeons are saying,

“1 giveup. | don’t know what elseto do.
They'regoingtodie” If you say they're
going to die and we don’'t do anything,
that’s 100% mortality, but I’'m going to
giveyouatleast 45-55% mortality. Even
if you can't do that out in arandomized,
controlled trial, which it would be nice
to do, | ill think it's quite valid to at
least try the therapy, though knowing
that half the timeit’s not going to work.
At least we know that there’ s an option
out there.
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Morning Rounds: Children’s Ward, Bellevue Hospital, NY, Jane Hodson.
Book illustration in How to Become Trained Nurse, [c 1897], W Abbatt.
Courtesy National Libraries of Medicine
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