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SUMMARY: Extracorporeal membrane oxygenation is an artificial cardiopulmonary bypass technique used to support patients with

severe pulmonary failure or both pulmonary and cardiac failure. The hemodynamic changes produced by extracorporeal membrane

oxygenation affect the appearance of CTA of the head images, often confounding interpretation if the correct history and understanding

of extracorporeal membrane oxygenation are not known. This technical report describes the principles of extracorporeal membrane

oxygenation, techniques to optimize intracranial CTA imaging, and pitfalls.

ABBREVIATIONS: ECMO = extracorporeal membrane oxygenation; VA = venoarterial; VV = venovenous

Extracorporeal membrane oxygenation (ECMO) is an artificial
cardiopulmonary bypass technique that is used to support pa-
tients with severe pulmonary failure or combined pulmonary and
cardiac failure. The system functions primarily as a gas exchange
center that oxygenates the patient’s blood while removing carbon
dioxide."

ECMO is commonly used in the pediatric and neonatal pop-
ulations, but its use in adults has increased. In adults, ECMO is
typically used in cases of severe respiratory failure or following the
failure to wean from cardiopulmonary bypass after cardiac sur-
gery. ECMO is used as supportive care in situations where there is
a potentially reversible process. Neurologic injury, such as anoxic
injury, hemorrhage, and infarction, occurs in half of the patients
treated with ECMO.” Imaging assessment of these patients can be
performed with CT imaging, as MR imaging cannot safely be used
because of the ECMO equipment.’

The utility of imaging in patients on ECMO has been reported
in the literature, but there is little information describing the im-
aging appearance of intracranial CTA in patients on ECMO. We
describe the different types of ECMO and provide a case study
illustrating the conundrum associated with imaging these pa-
tients. In addition, we provide suggestions for optimizing CTA
imaging of the head and neck in patients on ECMO.
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ECMO

The ECMO circuit comprises a pump, blender, membrane oxy-
genator, control console, heater and cooler, and the 2 cannulas.
The pump distributes the blood though the system. The blender
combines oxygen with carbon dioxide (typically, 95% oxygen and
5% carbon dioxide). The heater and cooler function to regulate
the temperature of the blood before it is reintroduced to the body.
The cannulas are the output and input elements to the patient’s
circulatory system.” Patients on ECMO are routinely placed on
anticoagulation to prevent thrombus formation within the
ECMO circuit.

There are 2 primary types of ECMO systems: venoarterial
(VA) and venovenous (VV).? Venous blood is removed from the
circulation and bypassed to an external membrane oxygenation
system. The oxygenated blood is then reintroduced into either the
venous circulation or the arterial circulation.

Venoarterial ECMO is used in patients with both respiratory
and cardiac failure. Venous blood is delivered to the external sys-
tem and is oxygenated.® The oxygenated blood is then introduced
into the arterial system, typically with a high flow rate, which
operates in lieu of a poorly functioning left ventricle. The venoar-
terial system is subdivided into a central and peripheral designa-
tion. The central type refers to arterial input of the ECMO cannula
in the mediastinum, whereas for peripheral VA ECMO, the can-
nula is placed into a peripheral artery. Central VA ECMO involves
placement of the return cannula into the aorta and the draining
cannula into the right atrium via an open sternum. For the pe-
ripheral variant, the common femoral artery is the most common
site for the return cannula, with the cannula tip advanced to the
level of the common iliac artery or the inferior abdominal aorta.
The draining cannula is often inserted into the ipsilateral com-
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FIG 1. In the peripheral venoarterial ECMO system, the draining can-
nula tip is near the right atrium and the return cannula tip is in the
superior right common iliac artery. When contrast (white arrows) is
injected into the left antecubital fossa intravenous line, it travels to-
ward the heart. Once it enters the right atrium, a large proportion of
the contrast is sucked out through the draining cannula, then passes
through the ECMO circuit, and subsequently returns into the arterial
system with a high rate of retrograde flow through the descending
aorta. Residual left ventricular function pumps unopacified/poorly
opacified blood (black arrows) into the ascending aorta, where there
is convergence with the contrast-opacified blood coming up the de-
scending aorta. Naturally, the unopacified blood (black arrows) will
preferentially fill the brachiocephalic artery and, thus, the right ver-
tebral artery and right ICA, whereas the left common and left subcla-
vian arteries will be preferentially contrast opacified (white arrows).

mon femoral vein, with its tip advanced to near the inferior vena
cava (Fig 1).”

Venovenous ECMO is used in patients with respiratory failure
and serves to bypass the pulmonary system. The blood is returned
to the right side of the heart, and no mechanical circulatory sup-
port is provided. In these patients, the native left ventricular func-
tion delivers the externally oxygenated blood to the body. VV
ECMO also has several configurations. A femoroatrial configura-
tion in which the draining cannula enters the common femoral
vein, with its tip terminating below the hepatic veins, is often
used. The return cannula enters the internal jugular vein, and its
tip terminates near the superior cavoatrial junction (Fig 2).” Al-
ternative VV ECMO configurations include the femorofemoral
type as well as the dual-lumen single ECMO cannula. The femo-
rofemoral variant introduces the draining cannula into the com-
mon femoral vein, with its tip terminating near the inferior vena
cava and a return cannula inserted into either the same com-
mon femoral vein or the contralateral common femoral vein,
with the tip terminating near the right atrium.® The dual-lu-
men single cannula is generally introduced into the right inter-
nal jugular vein and advanced to the inferior vena cava. Alter-
natively, the dual-lumen cannula may be introduced into the
common femoral vein, with the tip terminating near the supe-

rior vena cava.*
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FIG 2. In the venovenous ECMO system, the draining cannula most
commonly enters the common femoral vein with its tip in the inferior
vena cava, near the level of the diaphragm. The return cannula is
generally placed via the right internal jugular vein, with its tip in the
right atrium or in the inferior aspect of the right superior vena cava. In
this configuration, asymmetric arterial opacification of the head and
neck will not occur, as there is preservation of the native left ventric-
ular function. The contrast bolus density and the timing of the con-
trast bolus, however, will be altered.

Case Example

A previously healthy 45-year-old woman suddenly collapsed at
home after 3 days of cough and shortness of breath. Emergency
medical services arrived on the scene, finding the patient in ven-
tricular tachycardia. Electrical cardioversion was performed in
the field. The patient was intubated, but progressively decompen-
sated en route to the hospital. Upon arrival, the patient required
resuscitation for 75 minutes, with intermittent return of sponta-
neous circulation. She was placed on venoarterial ECMO. The
patient’s left ventricular ejection fraction was 11%. During the
next few days, the patient remained comatose. Multiple noncon-
trast CT examinations of the head were performed, all of which
were negative for CT evidence of acute infarction.

Per neurosurgical request, the patient subsequently under-
went CTA of the head. On the CTA, there was decreased opacifi-
cation of the right internal carotid artery and right vertebral artery
compared with the left ICA and left vertebral artery (Figs 3 and 4).
The appearance suggested that the asymmetric vascular opacifi-
cation was caused by alterations in the distribution of contrast
produced by VA ECMO. This case illustrates the need for a de-
tailed history and knowledge of typical hemodynamic changes
produced by ECMO so the radiologist can properly protocol and
provide an accurate interpretation of subsequent CTA imaging.

DISCUSSION

When contrast material is injected intravenously, the venous
draining cannula will siphon the contrast-opacified blood, where
it will be transported through the ECMO device and reintroduced
systemically through the return cannula. In VA ECMO, contrast-
opacified blood will enter the arterial system at a high rate and
flow into the descending aorta in a retrograde fashion. Therefore,
if using a standard bolus-tracking technique, with an ROI placed



FIG 3. CTA of the head. CTA of the head demonstrates asymmetric
opacification of the V3 segments of the bilateral vertebral arteries.
Contrast avidly opacifies the left V3 segment because of retrograde
flow of contrast through the descending aorta and opacification of
the left subclavian and left vertebral arteries. This is not the sequela of
arterial thrombosis or dissection. Residual left ventricular function
pumps poorly opacified blood preferentially into the brachiocephalic
artery and the right vertebral artery.

FIG 4. CTA of the head. Coronal 7.0-mm MIP image demonstrates
asymmetric opacification of the distal ICA, anterior cerebral artery,
and MCA. Contrast avidly opacifies the distal left ICA, left Alsegment,
and left MCA. This is not the sequela of an arterial thrombosis or
dissection. Residual left ventricular function pumps poorly opacified
blood preferentially into the brachiocephalic artery and to the right
ICA and is the cause of this asymmetric appearance.

in the ascending aorta, it may not be possible to correctly time the
contrast bolus necessary to correctly perform CTA of the head.
The retrograde flow of blood in the aorta depends on 2 factors: the

flow rate in the ECMO system and the degree of residual left
ventricular function. Patients with little or no left ventricular
function will have more retrograde flow through the aorta from
the ECMO system containing contrast-opacified blood, which
will reach the aortic arch and the great arterial vessels. Effective
retrograde perfusion of the entire aortic arch and great vessels
requires complete bypass of the heart in patients with zero left
ventricular function and a closed aortic valve.®* When the patient
has some preservation of left ventricular function and ejection
fraction, unopacified blood that travels antegrade from the left
ventricle into the aortic arch will mix with the contrast-opacified
blood traveling in a retrograde manner from the ECMO system.
The unopacified blood from the left ventricle will preferentially
flow into the brachiocephalic artery and, subsequently, the right
common carotid and right vertebral arteries. Opacified blood
flowing from the ECMO system, retrograde through the aorta,
will preferentially fill the left subclavian artery and left common
carotid artery. This creates asymmetric opacification of the great
arterial vessels of the head and neck. This principle is illustrated in
our case, in which there is diminished contrast opacification in
the right ICA and right vertebral artery relative to the left ICA and
left vertebral artery because the patient had residual left ventricu-
lar function.

Neurologic sequelae, such as SAH, ischemic borderzone in-
farctions, hypoxic-ischemic encephalopathy, and brain death, of-
ten occur in adult patients treated with ECMO.” More recently,
cerebral microhemorrhages have also been shown to be associated
with patients treated with ECMO.” Some of these findings may be
more difficult to assess using CT imaging, but it is important for
the radiologist to be aware of the association between ECMO and
these neurologic sequelae, especially because the conventional
ECMO equipment is not safe for MR imaging.

Optimizing Technique

Cardiocirculatory function in patients on VV ECMO is relatively
normal, with dynamic contrast-enhanced CT imaging compara-
ble with that seen in healthy people.'® The timing of contrast
opacification of the aorta may be variable in these patients, but the
contrast bolus should be similar to that seen in healthy patients.
Thus, the use of a bolus-tracking system is generally adequate in
this patient population.

The typical flow rate for VA ECMO is between 4—6 L/min in
adults and is adjusted based on the patient’s hemodynamic status.
A flow rate between 50—-100 mL/kg/min may also be used, but
these rates are adjusted on a case-by-case basis, depending on the
clinical status of the patient.

The literature describes techniques to optimize CT pulmonary
angiography for patients on VA ECMO. Lee et al* recommended
reducing the ECMO flow rate to 500 mL/min for 15-25 seconds,
injecting the intravenous contrast, and placing the bolus-tracking
ROI over the main pulmonary artery. Bolus tracking for assess-
ment of the pulmonary vasculature is typically placed over the
main pulmonary artery in patients not on ECMO as well."' With
a decreased flow rate, the contrast will opacify the pulmonary
arteries.'® Lee et al* suggested that CTA acquisition may also be
manually triggered when the ROI demonstrates a peak or pla-
teau level of opacification in the main pulmonary artery. Al-
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though these principles have been described as effective tech-
niques in CT pulmonary angiography, they do not apply to
CTA of the head.

CTA imaging of the head can be optimized in patients on VA
ECMO by modifying the suggestions used for evaluation of the
pulmonary arteries. Decreasing the flow rate in VA ECMO will
reduce the extent of the retrograde flow in the aorta. In turn, this
will diminish the mixing of opacified and unopacified blood
within the aortic arch and great arterial vessels of the neck. Alter-
natively, the ECMO may be put on hold altogether for the dura-
tion of the scan if the patient is able to tolerate this. Temporarily
restoring the physiologic antegrade flow of blood through the
ascending aorta and aortic arch as the primary source of flow to
the great vessels permits the use of a bolus-tracking system. Man-
ual triggering of the CTA head could also be done after reduction
or a pause in the VA ECMO flow rate.

However, in many cases, including the case we describe above,
the patient may not be able to be weaned off of their ECMO or
tolerate even temporary changes to the flow rate to optimize CTA
imaging. Malinzak and Hurwitz'?> described a case in which
ECMO flow rates could not be reduced in a patient on VA ECMO.
The patient received a 1-mg dose of epinephrine at the same
time as the contrast injection during CT pulmonary angiogra-
phy. The ECMO was stopped for 12 seconds during the scan-
ning procedure without reported adverse outcome and re-
sulted in restoration of the physiologic flow dynamics and an
adequate study quality. Some patients also may not have suf-
ficient native left ventricular function to pump blood to the
great vessels if the VA ECMO flow rate is reduced. Having an
existing echocardiogram and cardiology assessment of the left
ventricular function is essential in planning CTA head imaging
for patients on VA ECMO.

CONCLUSIONS

Hemodynamic changes produced by ECMO can confound accu-
rate interpretation of CTA head imaging. Radiologists should un-
derstand the principles, physiology, and types of ECMO. This

776 Acharya Apr2017  www.ajnr.org

knowledge, as well as techniques used for evaluating the pulmo-
nary circulation, may allow for optimized CTA imaging of the
intracranial vasculature.
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