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Abstract

Extracorporeal membrane oxygenation (ECMO) is a vital life support technique employed in patients experiencing
pulmonary or cardiopulmonary failure. This procedure entails the use of a pump to replace heart function and an
oxygenator to ensure adequate blood oxygenation. ECMO systems are categorized into two main configurations:
veno-venous (W) and veno-arterial (VA) circuits. VW-ECMO is employed for isolated respiratory failure, while VA-ECMO
provides temporary mechanical circulatory support for patients with cardiogenic shock or cardiac arrest. A less
common alternative, veno-arterial-venous (VAV) ECMO, may be used in complex cases, reducing left ventricular
afterload, leading to an improvement of pulmonary edema. Imaging plays a pivotal role in ECMO management,
particularly in confirming proper cannula placement, detecting malposition or migration, and identifying
complications such as hemorrhage, thrombosis, vascular injury, or infections. Chest X-ray serves as the first-line
imaging modality, while computed tomography (CT) is essential for a more detailed evaluation in cases of suspected
complications. Tailored CT protocols, adapted to specific ECMO configurations, contrast injection site, cardiac output,
and ECMO flow rate, are essential to account for possible ECMO-induced hemodynamic changes and ensure accurate
diagnosis. This review provides a comprehensive guide for radiologists, offering detailed descriptions of ECMO system
configurations, cannula positioning, and imaging techniques. It highlights the importance of understanding ECMO-
specific challenges and outlines strategies to optimize imaging protocols, including modifications in contrast
administration and flow-rate adjustments, ultimately improving diagnostic accuracy and patient outcomes.

Critical relevance statement Radiologists must be familiar with W- and VA-ECMO systems, utilize tailored CT
protocols, and apply non-invasive imaging modalities to assess cannula positioning and complications, ensuring
accurate evaluation and management of critically ill patients relying on these advanced life-support techniques.
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* ECMO is a life support technique used in patients with pulmonary or cardiopulmonary failure.
* CT protocols should be customized based on the study indication, ECMO configuration, contrast injection site, cardiac

output, and ECMO flow rate.

* Non-invasive imaging is crucial for evaluating cannula placement and identifying complications.
* Approximately 50% of ECMO patients develop complications, the most frequent being hemorrhage, thromboembolic

disease, renal failure, sepsis, and vascular injury.

Keywords Extracorporeal membrane oxygenation, Veno-venous ECMO, Veno-arterial ECMO, Multidetector computed

tomography, Chest X-ray
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Introduction
Extracorporeal Membrane Oxygenator (ECMO) is a life
support technique used in patients with pulmonary or
cardiopulmonary failure, which employs a pump to replace
heart function, while an oxygenator is used to provide
blood oxygenation, acting as a substitute for the respiratory
system [1]. Blood is drained from the vascular torrent
through an inflow cannula, then directed outside the body
by a mechanical pump, oxygenated via a membrane oxy-
genator, warmed in a heat exchanger, and ultimately rein-
fused into the circulation through an outflow cannula [2, 3].
Two main ECMO configurations exist, distinguished by
the placement and function of the return cannula: the
veno-venous (VV) and the veno-arterial (VA) circuits.
VV-ECMO is used for isolated respiratory failure, in

which the lungs are unable to ventilate and oxygenate
blood despite the use of optimal mechanical ventilation
methods and treatment; in this setting, the blood is
simultaneously removed and reintroduced into the
venous circulation. On the contrary, VA-ECMO is a
temporary mechanical circulatory support for patients
with cardiogenic shock or cardiac arrest, with or without
associated respiratory failure; it bypasses both the heart
and the lungs, providing complete hemodynamic support
and concomitant gas exchange [4].

Veno-arterial-venous (VAV) ECMO is an alternative
modality for selected patients, with limited supporting
evidence, usually applied in experienced centers for par-
ticular scenarios, such as severe left ventricular failure
combined with lung failure. It supplies oxygenated blood
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Fig. 1 Different extracorporeal membrane oxygenation (ECMO) configuration. a, b Veno-venous (W)-ECMO with femoro-atrial configuration: Chest X-ray
(CXR) in a COVID-19 patient with bilateral interstitial pneumonia showing the expected locations of the return cannula and the drainage cannula in V-
ECMO with classical femoro-atrial configuration. Cannula tips are located in the right atrium (RA) (arrow) and the RA-inferior vena cava (IVC) junction
(arrowhead), approximately 9 cm apart, as illustrated. ¢, d Peripheral femoro-femoral veno-arterial (VA)-ECMO: Thoracic-abdominal computed
tomography scout-view demonstrates common peripheral VA-ECMO placement, with the venous cannula tip at the superior vena cava-atrial junction
and the arterial cannula in the abdominal aorta. e, f Peripheral subclavian-femoral VA-ECMO: CXR of VA-ECMO with axillary artery access (e) shows the
arterial cannula in the right axillary artery (arrow) and venous cannula in the RA (arrowhead), as depicted (f)

to the vital organs in the upper body, especially the brain
and myocardium. Moreover, VAV-ECMO allows to
reduce the flow in the arterial cannula, resulting in
decreased left ventricle (LV) afterload and left atrial
pressure, leading to an improvement in the pathophy-
siologic mechanisms of pulmonary edema [5].

Data gathered from the international registry of the
Extracorporeal Life Support Organization (ELSO) indi-
cate that during the biennium 2020-2021 a marked
increase in the number of patients receiving ECMO
support was registered due to the COVID-19 pandemic
[6], relying on the previous successes in critically ill
patients diagnosed with other infectious interstitial
pneumonitis, such as HIN1 influenza or Middle Eastern
respiratory syndrome coronavirus (MERS-CoV) [7, 8].
The great majority of COVID-19 patients requiring
ECMO have been supported using VV-ECMO [6, 9]. The
use of VA-ECMO has usually been limited to selected
COVID-19 patients with cardiogenic shock or indirect
cardiovascular complications, including acute myocardial
injury, myocarditis, arrhythmias, pericardial effusions, and
venous thromboembolism [10]. As expected, the impact
of COVID-19 on ECMO application has currently
diminished; by 2022, the ELSO Registry showed a
decrease in ECMO support, almost returning to pre-
pandemic levels of employment [6].

ECMO types

In the usual VV-ECMO configuration (termed femoro-atrial
cannulation), the cannula that removes the blood from the
circulation (drainage cannula) is introduced through the
femoral vein and advanced to the level of the diaphragm, at
the inferior vena cava (IVC)-atrial junction. The cannula used
for reinfusion (return or reinfusion cannula) is introduced
through the internal jugular vein (IJV), with its tip advanced
at the superior vena cava (SVC)-atrial junction level, directed

toward the tricuspid valve (TV) [11, 12] (Fig. 1). The femoro-
atrial cannulation is associated with less recirculation and
improved flow, compared to the reverse (atrio-femoral can-
nulation) configuration [13].

Recirculation is a phenomenon that decreases the VV-
ECMO effectiveness, since the oxygenated blood, re-
injected by the reinfusion cannula, is not introduced into
the systemic circulation, but it is directly withdrawn from
the draining venous cannula. The recirculation fraction
(R is defined as the portion of oxygenated blood
immediately withdrawn by the ECMO circuit without
contributing to patient oxygenation [14]. Although there
is no standardized threshold, recirculation exceeding
20-30% is typically considered clinically significant [15,
16]. It is important to note that the proximity of the
reinfusion and drainage tips directly affects the amount of
recirculation, with a higher percentage of recirculated
blood flow when the two tips are in closer proximity. To
prevent or reduce recirculation, the tip of the drainage
cannula should be kept away from the inflow into the
right ventricle, and the tips of both cannulas should be
adequately apart [14, 17]. Particularly, recirculation is
rarely a problem if the tips are>8cm distant indeed;
however, it should be noted that this cut-off value is
empirically derived and not based on randomized clinical
trials [18, 19].

In case of challenging IJV cannulation scenarios (e.g.,
anatomical variants or hypoplasia of IJV), an alternative
femoro-femoral configuration for VV-ECMO is being
considered. In this configuration, both the drainage and
the return cannulas are introduced through the common
femoral veins. The drainage cannula is advanced to the
IVC, near the hepatic veins, while the tip of the reinfusion
cannula is placed in the right atrium (RA) [20]. However,
the return blood in this configuration is directed toward
the SVC rather than the TV, potentially creating an
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abnormal flow away from the valve, leading to possible
increased recirculation [19].

A less common VV-ECMO configuration is the single-
site dual lumen ECMO, characterized by a single cannula
inserted through a central venous access site, usually the
right internal jugular vein. In this setting, the cannula
drains the blood from both the SVC and the IVC and
supplies the oxygenated blood to the mid-RA through a
slight discontinuity on the cannula, which appears as a
radiolucency on chest X-ray (CXR).

On the other hand, the VA-ECMO can be performed
through either a peripheral or a central access [21].

The central VA-ECMO is usually considered a separate
entity; it requires an open thoracotomy approach and is
generally performed in a peri-/postoperative setting after
cardiothoracic surgery. It is reserved for patients in acute
cardiogenic shock who are unable to be weaned off car-
diopulmonary bypass [22, 23]. Typically, the drainage
cannula is positioned directly into the right atrium, while
the reinfusion cannula is placed into the ascending aorta;
in this setup, the reinfused oxygenated blood circulates in
a forward, physiologically appropriate direction.

Conversely, peripheral VA-ECMO is principally indicated
in case of refractory cardiogenic shock and cardiac arrest,
accessing the femoral artery and femoral or internal jugular
vein [11]. A notable advantage of peripheral VA-ECMO is its
quicker initiation and reduced technical complexity, as it can
be started outside of the operating room and even during
ongoing chest compressions [24]; its use is rapidly expanding
in the context of extracorporeal cardiopulmonary resuscita-
tion (eCPR), where VA-ECMO is initiated during ongoing
resuscitative efforts in patients with cardiac arrest [25]. In
peripheral VA-ECMO, the tip of the venous drainage cannula
is commonly positioned in the mid-RA or at the SVC-atrial
junction, or occasionally in the IVC or SVC [26]. Oxygenated
blood, subsequent to its passage through the extracorporeal
membrane oxygenator, is reintroduced into the systemic cir-
culation via the arterial cannula, typically introduced through
the common femoral artery, with its tip located in any position
between the external iliac artery and the abdominal aorta
(Fig. 1). Currently, no high-level scientific evidence supports
one specific location as optimal for the tip of the arterial
cannuls; its position is usually determined by individual ana-
tomical considerations and technical feasibility, including the
potential use of a subclavian approach in selected cases [27].

Compared to central VA-ECMO, this technique is faster
and less invasive; however, it creates a non-physiological flow
pattern, directing oxygenated blood primarily to the lower
body [28]. The blood is infused into the iliac artery and flow is
retrograde; therefore, fully saturated blood from the ECMO
circuit comes into contact and mixes with blood ejected from
the LV in the aorta in an anterograde direction. The location
of this mixing point depends on the magnitude of the pressure
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and blood flow generated by the ECMO pump and the degree
of LV ejection. In case of severe myocardial dysfunction, the
mixing point is in the proximal ascending aorta or aortic root.
As myocardial function improves, the mixing point may
migrate more distally into the aortic arch. During severe
respiratory failure, the typical VA-ECMO flow rate can result
in desaturated blood from the LV, caused by impaired lung
function, perfusing the aortic arch and coronary arteries,
while fully saturated blood provides sufficient oxygenation of
the lower body. This phenomenon is known as “dual circu-
lation,” also identified as “Harlequin syndrome” or “North-
South syndrome” [5, 29, 30]. To avoid this phenomenon, the
arterial cannula might be placed through the subclavian-
axillary arteries (Fig. 1) toward the ascending aorta; this
method facilitates a more natural forward flow of the oxy-
genated blood, reduces the risk of limb ischemia, and
increases cerebral oxygen saturation levels [31, 32].

Imaging modalities in ECMO patients

Non-invasive imaging is crucial in assessing the place-
ment of the cannulas and promptly detecting ECMO-
associated complications.

CXR is the first imaging modality to assess the position of
the cannula tips, detecting eventual malposition or migration
(Fig. 2). Sometimes suspected malposition may require con-
firmation either by Computed Tomography (CT) or echo-
cardiography. CXR is also pivotal for the initial assessment of
complications such as hemothorax, pneumothorax, or—less
frequently—mediastinal collections [33].

CT is typically conducted when there is a suspicion of
complications such as bleeding or thrombosis. Despite the
importance and wide application of CT, a standardized
and internationally agreed protocol for ECMO patients’
evaluation is still lacking. Protocols should be tailored to
the study indication, ECMO configuration, contrast
injection site, cardiac output, and ECMO flow rate [26]. In
addition, particular attention must be paid to the potential
ECMO-induced hemodynamic changes (Table 1).

In VV-ECMO, dynamic CT images are comparable to those
of healthy individuals [34]. Nevertheless, the oxygenated
blood flows in an antegrade manner into the RA, where it
mixes with the centrally injected contrast agent; the simul-
taneous potential withdrawal of contrast medium by the
drainage cannula reduces the diagnostic quality of enhance-
ment in the pulmonary arteries [26, 35]. To mitigate these
issues, it is preferable to administer contrast medium through
the return cannula within the ECMO machine and increase
the contrast medium volume and flow rate or temporarily
reduce the ECMO flow rate [36]; additionally, contemplating
the complete temporary cessation of VV-ECMO during the
CT acquisition period is advisable [26, 33].

On the contrary, in VA-ECMO, the enhancement of the
vessels of both systemic and pulmonary systems depends
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Fig. 2 Chest X-ray (CXR) of COVID-19 patients with bilateral pneumonia illustrating veno-venous (W) extracorporeal membrane oxygenation (ECMO)
cannula malposition. a Cannula tips are too close, both at the right atrium (RA)-inferior vena cava (IVC) junction (approximately 2.5 cm apart; double-
ended arrow). b W-ECMO with mispositioned cannula tips: the drainage cannula tip in the right ventricle (arrow), and the reinjection cannula tip in the
right jugular vein (arrowhead). The Swan-Ganz catheter tip is abnormally distal, located in the right interlobar artery. ¢ The misplaced drainage cannula
shows the tip located in a left superior pulmonary vein (arrow), passing in the left atrium through a patent foramen ovale (PFO), as demonstrated in a
subsequent echocardiogram (not shown); the reinjection cannula is correctly positioned at the superior vena cava (SVC)-right atrium junction

(arrowhead)

on the preserved cardiac pump function [26, 35, 37, 38].
Given the profound hemodynamic instability and highly
dynamic condition of these patients, cardiac output may
fluctuate significantly; therefore, the most up-to-date
cardiac output measurement should always be con-
sidered to avoid unexpected outcomes when tailoring CT
protocols based on anticipated flow dynamics is
performed.

In case of a partially sustained cardiac pump, the con-
trast medium is injected in a central vein, then passes
through the pulmonary circulation and flows in an ante-
grade manner into the aorta. This results in mixing the
contrast-enhanced antegrade blood with the non-
contrast-enhanced extracorporeal oxygenated blood,
resulting in a possible arterial pseudo-filling defect. To
address these issues, it is advisable to decrease the ECMO
flow rate—if deemed safe—during the acquisition phase
[36, 39, 40]. Attention should be given to the use of high-
pitch acquisition as the pump may be displaced due to
rapid table excursion [39].

Otherwise, in case of severely compromised heart
function, the contrast medium flows in a retrograde
manner through the venous drainage cannula into the
extracorporeal circuit, then directly into the arterial sys-
tem. This is clearly evident during the bolus tracking at
the level of the aortic arch, where—in case of typical
femoro-femoral VA-ECMO configuration—a dynamic of
reversed systemic flow in the aorta can be appreciated
(Fig. 3). This results in a lack of complete enhancement of
both the right heart and the pulmonary vascular system
(Fig. 4). In case of severely compromised heart function, if
the CT scan is acquired before complete enhancement of

the left heart chambers, the discrepancy in densities
between non-contrast-enhanced and contrast-enhanced
blood may lead to a sedimentation phenomenon in the
aorta. This can mimic a dissection flap or intramural
hematoma (phenomena referred to as “watershed” or
“arterial pseudomembrane”). These occur at the interface
where retrograde ECMO flow meets antegrade flow from
the left ventricle, with the watershed level determined by
the relative pressures and flow rates of the two systems
[39]. However, in the venous (“late”) phase, this phe-
nomenon is mitigated due to contrast recirculation and
homogenization, which is why a venous or delayed phase
is generally recommended in patients supported with VA-
ECMO to reduce the risk of misinterpretation related to
flow-dependent enhancement alterations [26, 39] (Fig. 5).

To obtain a high-quality systemic arteries enhancement
during ECMO, particularly when targeting specific vascular
territories, Shen et al recommended employing automated
bolus tracking with the region of interest (ROI) placed at the
site of the target arterial vessel, along with an increased
volume of administered contrast [39]. However, despite
these precautions, hemodynamic alterations associated with
ECMO may still impair optimal opacification of the target
vessels during the early angiographic phase. In such sce-
narios, acquiring an additional delayed or venous phase
becomes essential to assess vessel opacification after contrast
recirculation and homogenization. This consideration is
particularly relevant for cerebral arterial territories, where
asymmetrical enhancement between hemispheres is fre-
quently observed in both subclavian-femoral and femoro-
femoral peripheral VA-ECMO configurations. Typically, in
patients with severely compromised cardiac function, the left



Lauriero et al. Insights into Imaging (2025)16:229

Page 6 of 15

Table 1 Tips for appropriately tailoring the CT protocols according to the different ECMO configurations

Pulmonary CTA Venous phase

ECMO configuration Cardiac  Systemic CTA
output
« Central - Contrast injection through
access the oxygenator inlet

« Peripheral Any (anterograde filling)

access « No ECMO flow changes

ROI at the site of
the target arterial

(upper body)
Preserved *+ Contrast injection through
VA-ECMO ) '
cardiac the central venous line
Peripheral output ~ * Reduce ECMO flow
access - Contrast injection through
Low '
(femoral) " the oxygenator inlet
cardiac (retrograde filling)
OUtPUL . No ECMO flow changes
Any access
W-ECMO  and cannula Any

position

vessel

« Contrast injection through the « Contrast injection
through the
oxygenator inlet

+ No ECMO flow

changes

central venous line

+ Reduce ECMO flow as much as
possible (reduce pulmonary
circulation bypass)

- Contrast injection through the oxygenator inlet (anterograde filling); no ECMO flow changes
- Contrast injection through central venous line; reduce ECMO flow (decrease recirculation)

ECMO extracorporeal membrane oxygenation, CT computed tomography, CTA computed tomography angiography, VA veno-arterial, VV veno-venous, ROI region of

interest

cerebral hemisphere demonstrates better opacification dur-
ing the early arterial phase in femoro-femoral VA-ECMO,
likely due to preferential filling of the left common carotid
artery via retrograde aortic flow. Conversely, in subclavian-
femoral configurations, the hemisphere homolateral to the
arterial cannula (usually the right) shows greater enhance-
ment, owing to its direct proximity to the arterial inflow
from the ECMO circuit. In this context, late or venous phase
brain imaging is often necessary to ensure complete and
symmetrical enhancement of both hemispheres, which may
otherwise appear uneven or incompletely opacified during
the arterial phase [39].

Conversely, for the pulmonary arterial vessels, it is
advisable to decrease the ECMO flow rate as much as
possible [40]; leaving a minimal flow in the ECMO system
allows to prevent thrombus formation in the cannula [33].
However, if the desired pulmonary artery opacification is
not achieved with this method, a complete switch-off of
the ECMO for the duration of CT acquisition should be
considered. Furthermore, a supplementary late phase with
weaker but uniform contrast enhancement or a diagnostic
angiography can confirm the artifactual nature of contrast
enhancement defects. In cases where the only par-
enchymal representation is sufficient, such as when only a
venous phase is required, the contrast medium should be
injected through the oxygenator, thus allowing for the
maintenance of ECMO flow across all cannulation stra-
tegies [36, 41].

To date, the application of magnetic resonance imaging
(MRI) in this patient category is not allowed, due to

incompatibility with the ECMO equipment [42]. None-
theless, MRI studies on animals have been performed,
indicating possible MRI compatibility and MRI safety
[43].

US plays a pivotal role in the planning and execution of
ECMO cannulation procedures. It allows for accurate
identification of vascular structures, delineation of ana-
tomical relationships, and precise measurement of per-
ipheral vessel diameters, which are for selecting the
appropriate cannula size. During percutaneous ECMO
cannulation, real-time US guidance facilitates accurate
puncture of the target vessel, thereby minimizing the risk
of local complications [44]. Moreover, US is instrumental
in the early detection of peri-procedural complications,
including hematomas, arterial or venous occlusion, and
impaired perfusion of distal branches adjacent to the
access site [33, 45].

Echocardiography (trans-esophageal and also trans-
thoracic) is crucial for patient selection, guiding cannula
insertion and positioning, monitoring progression, and
detecting complications [46].

Echocardiography has an important role in providing data
assisting patient’s selection, guiding the insertion and the
exact positioning of the cannula tip, as well as monitoring
progression and detecting eventual local complications,
including cannula malpositioning [46, 47]. Furthermore, the
utilization of trans-esophageal echocardiography as a guide
for ECMO cannulation is strongly advised, even though
trans-thoracic echocardiography at times provides adequate
visualization of cardiac structures [20].
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Fig. 3 Computed tomography (CT) bolus tracking at the level of the distal ascending aorta in a femoro-femoral veno-arterial (VA)-extracorporeal
membrane oxygenation (ECMO) supported patient showing retrograde contrast flow with the enhancement of the descending aorta before the
ascending aorta. Contrast-blood layering is visible in the descending aorta (c, d), whereas no enhancement of the ascending aorta is identified in the

earlier phases (a, b)

Fig. 4 Axial contrast-enhanced computed tomography (CT) images in the arterial (a, b) and venous phases (c, d) in an acute respiratory distress
syndrome (ARDS) patient on veno-arterial (VA) extracorporeal membrane oxygenation (ECMO) therapy with severe heart failure. At the main pulmonary
artery bifurcation (a, c), there is no enhancement in the pulmonary arteries, while at the left atrium level (b, d), retrograde filling of the left atrium and

pulmonary veins is seen due to the VA-ECMO system

Complications
Nearly half of ECMO patients experience complications,
the most prevalent being hemorrhage, thromboembolic
disease, renal failure, sepsis, and vascular injury [48].

The interconnected extracorporeal circuit leads to throm-
bocyte activation, induces coagulation factor consumption,
and triggers a diffuse inflammatory response [49]. This pro-
cess can ultimately lead to the development of disseminated
intravascular coagulation (DIC). In the context of ECMO, a
balance of systemic anticoagulation is the basis to prevent
either thromboembolic complications or bleeding.

With the aid of the aforementioned technical precau-
tions, pulmonary and systemic CT angiography followed
by a venous phase are usually performed to exclude

thrombotic or thromboembolic complications (Fig. 6).
Recently, thromboembolic complications have decreased
due to the use of biocompatible materials in the ECMO
systems; nevertheless, the incidence of deep vein throm-
bosis is estimated at 53%, and it is more prevalent in VV-
ECMO than in VA-ECMO [50].

Due to the blood-surface interaction, blood clots can
form within the circuit, leading to embolic events [51].
Therefore, ischemic issues are frequent complications,
caused by either acute arterial thrombosis, embolization,
or critical hypoperfusion (Fig. 7). In particular, ischemic
stroke is a relatively frequent complication. Unenhanced
CT of the brain is the primary imaging modality in this
setting, and its sensitivity in detecting ischemic areas
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Fig. 5 Axial (a) and sagittal (c) computed tomography (CT) images in the arterial phase of a veno-arterial (VA) extracorporeal membrane oxygenation
(ECMO) supported patient with classic femoro-femoral configuration (b), showing the “arterial pseudomembrane” phenomenon. This occurs in severe
heart failure cases, where enhanced blood from the femoral artery meets the low-enhanced blood from the heart. In such instances, a delayed phase (d)

is required to prevent the misdiagnosis of an aortic dissection

depends on the affected territory, radiologists’ expertise,
and time elapsed since the onset of symptoms. On the
other hand, CT angiography is the preferred modality for
detecting intracranial arterial filling defects [52]. Due to
diminished cardiac ejection fraction or acidosis associated
with therapy, the occurrence of diffuse hypoxic brain
damage is also possible [53].

Bleeding can occur everywhere in the body, most frequently
caused by iatrogenic injuries. For this reason, special attention
should be paid to the cannulation sites, not only for bleeding
detection but also for identifying possible perivascular blood
collection (hematomas) or artery pseudoaneurysms (Figs. 8,
9), as arterial cannulation may lead to these complications,
especially when a percutaneous technique is used, regardless
of the use of US-guided strategy [54—56].

Active bleeding can be both arterial and venous in origin,
and on CT imaging, it is characterized by spreading of con-
trast medium outside the vessel lumen, with arterial bleeding
usually visible in the early contrast-enhanced phase (Fig. 10).

Another frequent complication is spontaneous intracranial
hemorrhage (ICH), which is associated with a poor prognosis
and is often fatal. ICH is easily detectable on unenhanced CT
as an intra-axial collection, hyperdense compared to the brain
tissue and the cerebrospinal fluid, often surrounded by a
hypodense area of vasogenic edema (Fig. 11) [57, 58]. Pre-
ECMO factors can correlate with the incidence of ICH,
especially the occurrence of a cardiac arrest before the
mechanical support, which may be linked with the develop-
ment of ICH due to anoxic brain injury or brain infarction
with subsequent hemorrhagic infarction [59-61]. Other
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Fig. 6 Coronal computed tomography (CT) image in the venous phase (a) depicting a thrombotic filling defect in the left axillary vein (arrow), in a veno-
venous (VW) extracorporeal membrane oxygenation (ECMO) supported patient. Axial pulmonary CT angiography in a 51-year-old male with acute
respiratory distress syndrome (ARDS) (b), performed after ECMO cannula removal due to malpositioning, reveals an intraluminal filling defect in the right
pulmonary artery and right interlobar artery (arrow), indicating central pulmonary embolism. Venous phase axial (c) and coronal (d) CT images in a 34-
year-old male with femoro-atrial W-ECMO demonstrate a focal thrombus attached to the drainage cannula at the left renal vein-inferior vena cava (IVC)
junction (arrowhead in ¢, arrow in d)

Fig. 7 Unenhanced head computed tomography (CT) (a) in a 55-year-old patient on extracorporeal membrane oxygenation (ECMO) therapy, shows an
extensive ischemic area in the right middle cerebral artery (MCA) territory (asterisk) and a smaller ischemic area located in the left parieto-occipital region
(arrowhead), territory of the left posterior cerebral artery (PCA); increased attenuation represents a pseudo-subarachnoid hemorrhage, secondary to
engorgement of venous structures due to increased intracranial pressure. Axial CT image in the venous phase (b) of a 65-year-old male with femoro-atrial
veno-venous (W)-ECMO reveals a hypoattenuating area in the left kidney (arrow), indicating ischemic damage

factors influencing ICH incidence are sepsis, renal failure, especially non-contrast CT of the brain, is the potential pre-
hemolysis, thrombocytopenia, younger age, female gender, sence of residual contrast from recent iodinated contrast-
and lower body surface area [62, 63]. A critical consideration ~ enhanced procedures, such as cardiac catheterization, cor-
when interpreting hemorrhage or suspected bleeding on CT,  onary angiography, or cerebral angiography. This persistent
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Fig. 8 Axial (@) and coronal (b) computed tomography (CT) images in the venous phase of a 66-year-old male veno-venous (W) extracorporeal
membrane oxygenation (ECMO) supported patient show an extensive left retroperitoneal hematoma (arrows) extending to the ipsilateral psoas muscle
(arrowhead). A subsequent angiography did not identify any active bleeding source, as the hemorrhage had spontaneously resolved

Fig. 9 Axial computed tomography (CT) images unenhanced (a) and in the venous phase (b) reveal a blood collection adjacent to the right iliac vein
(arrows), near the drainage cannula. In b, there are no signs of active contrast medium extravasation. Axial CT images in the arterial (c) and late (d) phases
show a pseudoaneurysm of the right common femoral artery at the site of arterial return cannula access for veno-arterial (VA) extracorporeal membrane

oxygenation (ECMO) (arrows), surrounded by a perivascular hematoma

contrast may mimic or obscure true pathology, leading to
potential diagnostic pitfalls. When available, Dual-Energy CT
(DECT) or MRI can help distinguish between residual con-
trast and true hemorrhage, although these modalities are not
always accessible in emergency settings [64, 65].

The large caliber of the cannulas inserted in placed per-
ipheral vessels poses a significant risk of another major
complication in patients undergoing VA-ECMO, repre-
sented by limb ischemia. Limb ischemia has a multifactorial
genesis, and it can occur at any stage of the ECMO

procedure, such as upon cannulation, during support, and
upon or following decannulation. The principal mechan-
ism is the reduced blood flow and consequent oxygen
supply, which may result from multiple factors, as arterial
cannula occlusion, selective perfusion of the deep femoral
artery, vessel damage during cannulation, inadequate
peripheral perfusion, high vasopressor levels, extrinsic
compression by the cannulas, or even atherosclerosis
(particularly in the absence of collateral circulation)
[66-68]. To prevent this complication, the preferred
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Fig. 10 Coronal computed tomography (CT) images in the venous phase, with maximum intensity projection (MIP) reconstruction (a) and 3D volume
rendering (3D-VR) reconstruction (b), show contrast medium extravasation (arrows) due to incorrect cannulation of the right jugular vein, causing vessel
wall rupture. Axial (c) and coronal (d) CT images in the venous phase of the same patient demonstrate a blood collection in the right paratracheal space
(arrow)

Fig. 11 Unenhanced axial (a, b) and coronal images (c) computed tomography (CT) images in an extracorporeal membrane oxygenation (ECMO)
supported patient show extensive spontaneous hemorrhage in the left cerebellar hemisphere (a, ¢), surrounded by vasogenic edema. Additionally,
intraventricular hemorrhage is present in both lateral ventricles, along with a subdural hematoma along the falx cerebri and the tentorium cerebelli (b, )
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Fig. 12 Femoro-atrial veno-venous (W) extracorporeal membrane oxygenation (ECMO) in a patient with bilateral interstitial pneumonia due to SARS-CoV-2
infection. Chest X-ray (CXR) (@) after cannulation shows a significant right pneumothorax with partial lung collapse (arrowhead) and pneumomediastinum, particularly
in the upper and mid-third of the mediastinum on the right, near the para-caval area. The distance between the cannula tips is less than 8 cm. Chest computed
tomography (CT) in lung window setting (b, €) confirms the right pneumothorax, causing partial collapse of the right lung, and pneumomediastinum

strategy is the use of a distal perfusion cannula, usually
placed within the proximal superficial femoral artery [69].

Infections are common complications in patients treated
with ECMO systems, due to several predisposing factors,
such as multiple comorbidities, immunocompromised
status, and critical illness, among others [51]. Patients
with prolonged ECMO duration are prone to develop sepsis,
particularly following ventilator-associated pneumonia (VAP)
and bloodstream infections. Recognizing predisposing factors
and establishing the best preventive strategies and therapeutic
choices are critical to optimizing the management of these
complications [70]. In this context, nosocomial infections
should be primarily identified, often aided by laboratory data,
such as white blood cell (WBC) counts, and inflammation
indices like C-reactive protein (CRP) and procalcitonin. Fur-
thermore, imaging findings (i.e., onset of lung parenchymal
opacities in CXR, suggestive of pneumonia) can play an
important role in assessing the diagnosis.

Pneumothorax can be the consequence of mechanical
ventilation or can be accidentally caused during neck
vessels cannulation. CXR is usually the first imaging
modality, as it can identify pneumothorax—even unex-
pectedly—when performed to assess the position of the
cannula tips (Fig. 12). CXR is capable of detecting a
possible associated mediastinal shift in case of tension
pneumothorax, which represents an emergency. In addi-
tion, mechanical ventilation could also be a cause of
barotrauma, with evidence of interstitial emphysema,
pneumomediastinum, and eventually, pneumothorax, due
to the Macklin effect [71].

Renal failure is another clinically relevant complication in
ECMO patients, typically resulting from a multifactorial

pathophysiology involving systemic hypoperfusion, hemolysis,
sepsis, and exposure to nephrotoxic agents, including contrast
media [72]. From an imaging standpoint, decreased or absent
nephrographic enhancement on CT may be an indirect indi-
cator of acute kidney injury (AKI), especially when associated
with perirenal stranding or delayed contrast excretion [73-75].
Although the use of iodinated contrast media is sometimes
restricted due to concerns about contrast-induced nephropathy
(CIN), in critically ill patients, including those on ECMO, where
hemodynamic instability plays a predominant role in the
pathogenesis of AKI, contrast-enhanced CT should not be
deferred when clinically indicated [76].

Conclusion

When dealing with ECMO-supported patients, radiologists
should be familiar with the function of the most commonly
used VV-ECMO and VA-ECMO systems. Imaging plays a
pivotal role in ECMO management, especially in confirming
proper cannula placement, detecting malposition or migra-
tion, and identifying complications such as hemorrhage,
thrombosis, vascular injury, or infections. CXR serves as the
first-line imaging modality, while CT is essential for a more
detailed evaluation in cases of suspected complications. Tai-
lored CT protocols that account for ECMO-induced hemo-
dynamic changes are essential to ensure accurate diagnosis
and detect possible complications in order to improve patient
clinical management and outcomes.
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Lauriero et al. Insights into Imaging (2025)16:229

ECMO Extracorporeal membrane oxygenation
ELSO Extracorporeal Life Support Organization
ICH Intracranial hemorrhage

v Internal jugular vein

VC Inferior vena cava

Lv Left ventricle

MRI Magnetic resonance imaging

RA Right atrium

ROI Region of interest

SvC Superior vena cava

v Tricuspid valve

us Ultrasound

VA Veno-arterial

VAV Veno-arterial-venous

W Veno-venous

Author contributions

Conceptualization, F.L. and AP; methodology, FL, GC, and AP, investigation, SD.V,
DP, and AM, writing—original draft preparation, FL, GC, and AP, writing—review
and editing, F.L, GC, and AP, supervision, ARL, RM, and LN; project administration,
FL. All authors have read and agreed to the published version of the manuscript.

Funding
The authors state that this work has not received any funding.

Data availability
Not applicable. This educational review is based on previously published
studies, literature, and clinical experience.

Declarations

Ethics approval and consent to participate
Not applicable. This educational review is based on previously published
studies, literature, and clinical experience.

Consent for publication
Not applicable.

Competing interests

ARL. is a member of the Advisory Editorial Board of Insights into Imaging
(European Society of Thoracic Imaging) and, as such, has not participated in
the selection or review processes for this article. The remaining authors declare
that they have no competing interests.

Received: 28 February 2025 Accepted: 15 September 2025
Published online: 26 October 2025

References

1. Hadaya J, Benharash P (2020) Extracorporeal membrane oxygenation.
JAMA 323:2536. https://doi.org/10.1001/jama.2020.9148

2. Makdisi G, Wang | (2015) Extra corporeal membrane oxygenation (ECMO)
review of a lifesaving technology. J Thorac Dis. https://doi.org/10.3978/j.
issn.2072-1439.2015.07.17

3. Lewandowski K (2000) Extracorporeal membrane oxygenation for severe
acute respiratory failure. Crit Care. https://doi.org/10.1186/cc689

4. Allen S, Holena D, McCunn M et al (2011) A review of the fundamental
principles and evidence base in the use of extracorporeal membrane
oxygenation (ECMO) in critically ill adult patients. J Intensive Care Med
26:13-26. https://doi.org/10.1177/0885066610384061

5. Choi JH, Kim SW, Kim YU et al (2014) Application of veno-arterial-venous
extracorporeal membrane oxygenation in differential hypoxia. Multidiscip
Respir Med. https://doi.org/10.1186/2049-6958-9-55

6. Tonna JE, Boonstra PS, MacLaren G et al (2024) Extracorporeal Life Sup-
port Organization Registry international report 2022: 100,000 survivors.
ASAIO J 70:131-143. https://doi.org/10.1097/MAT.0000000000002128

20.

21.

22.

24.

Page 13 of 15

Munshi L, Walkey A, Goligher E et al (2019) Venovenous extracorporeal
membrane oxygenation for acute respiratory distress syndrome: a sys-
tematic review and meta-analysis. Lancet Respir Med 7:163-172. https://
doi.org/10.1016/52213-2600(18)30452-1

Akoumianaki E, Jonkman A, Sklar MC et al (2021) A rational approach on
the use of extracorporeal membrane oxygenation in severe hypoxemia:
advanced technology is not a panacea. Ann Intensive Care 11:107.
https://doi.org/10.1186/513613-021-00897-3

Badulak J, Antonini MV, Stead CM et al (2021) Extracorporeal membrane
oxygenation for COVID-19: updated 2021 guidelines from the Extra-
corporeal Life Support Organization. ASAIO J 67:485-495. https://doi.org/
10.1097/MAT.0000000000001422

Shekar K, Badulak J, Peek G et al (2020) Extracorporeal Life Support
Organization coronavirus disease 2019 interim guidelines: a consensus
document from an international group of interdisciplinary extracorporeal
membrane oxygenation providers. ASAIO J 66:707-721. https://doi.org/
10.1097/MAT.0000000000001193

Rao P, Khalpey Z, Smith R et al (2018) Venoarterial extracorporeal
membrane oxygenation for cardiogenic shock and cardiac arrest: cardinal
considerations for initiation and management. Circ Heart Fail 11:e004905.
https://doi.org/10.1161/CIRCHEARTFAILURE.118.004905

Flagiello M, Al Harthy A, Boccalini S et al (2021) Veno-arterial extra-
corporeal membrane oxygenation for COVID-19-associated acute myo-
cardial injury complicated by refractory cardiogenic shock. J Card Surg
36:4396-4399. https://doi.org/10.1111/jocs.15919

Rich PB, Awad SS, Crotti S et al (1998) A prospective comparison of atrio-
femoral and femoro-atrial flow in adult venovenous extracorporeal life
support. J Thorac Cardiovasc Surg 116:628-632. https://doi.org/10.1016/
50022-5223(98)70170-9

Palmér O, Palmér K, Hultman J, Broman M (2016) Cannula design and
recirculation during venovenous extracorporeal membrane oxygenation.
ASAIO J 62:737-742. https://doi.org/10.1097/MAT.0000000000000440
Xie A, Yan TD, Forrest P (2016) Recirculation in venovenous extracorporeal
membrane oxygenation. J Crit Care 36:107-110. https://doi.org/10.1016/j.
jcre.2016.05.027

Abrams D, Bacchetta M, Brodie D (2015) Recirculation in venovenous
extracorporeal membrane oxygenation. ASAIO J 61:115-121. https.//doi.
org/10.1097/MAT.0000000000000179

Lindholm JA (2018) Cannulation for veno-venous extracorporeal mem-
brane oxygenation. J Thorac Dis 10:5606-5612. https://doi.org/10.21037/
jtd.2018.03.101

Burrell AJC, Ihle J, Pellegrino VA et al (2018) Cannulation technique: femoro-
femoral. J Thorac Dis 10:5616-5623. https.//doi.org/10.21037/jtd.2018.03.83
Lim SY, Ahn S, Hong S-B et al (2020) Clinical outcomes according to
cannula configurations in patients with acute respiratory distress syn-
drome under veno-venous extracorporeal membrane oxygenation: a
Korean multicenter study. Ann Intensive Care 10:86. https://doi.org/10.
1186/513613-020-00700-9

Banfi C, Pozzi M, Siegenthaler N et al (2016) Veno-venous extracorporeal
membrane oxygenation: cannulation techniques. J Thorac Dis
8:3762-3773. https://doi.org/10.21037/jtd.2016.12.88

Lequier L, Horton SB, McMullan DM, Bartlett RH (2013) Extracorporeal
membrane oxygenation circuitry. Pediatr Crit Care Med 14:57-S12.
https://doi.org/10.1097/PCC.0b013e318292dd 10

Biancari F, Perrotti A, Dalén M et al (2018) Meta-analysis of the outcome
after postcardiotomy venoarterial extracorporeal membrane oxygenation
in adult patients. J Cardiothorac Vasc Anesth 32:1175-1182. https://doi.
org/10.1053/jjvca.2017.08.048

Rubino A, Costanzo D, Stanszus D et al (2018) Central veno-arterial
extracorporeal membrane oxygenation (C-VA-ECMO) after cardiothoracic
surgery: a single-center experience. J Cardiothorac Vasc Anesth
32:1169-1174. https://doi.org/10.1053/jjvca.2017.12.003

Camp PC (2013) Short-term mechanical circulatory support. Oper Tech
Thorac Cardiovasc Surg 18:239-251. https://doi.org/10.1053/j.0ptechstcvs.
2013.11.004

Tamis-Holland JE, Menon V, Johnson NJ et al (2024) Cardiac catheter-
ization laboratory management of the comatose adult patient with an
out-of-hospital cardiac arrest: a scientific statement from the American
Heart Association. Circulation 149:e274-e295. https://doi.org/10.1161/CIR.
0000000000001199


https://doi.org/10.1001/jama.2020.9148
https://doi.org/10.3978/j.issn.2072-1439.2015.07.17
https://doi.org/10.3978/j.issn.2072-1439.2015.07.17
https://doi.org/10.1186/cc689
https://doi.org/10.1177/0885066610384061
https://doi.org/10.1186/2049-6958-9-55
https://doi.org/10.1097/MAT.0000000000002128
https://doi.org/10.1016/S2213-2600(18)30452-1
https://doi.org/10.1016/S2213-2600(18)30452-1
https://doi.org/10.1186/s13613-021-00897-3
https://doi.org/10.1097/MAT.0000000000001422
https://doi.org/10.1097/MAT.0000000000001422
https://doi.org/10.1097/MAT.0000000000001193
https://doi.org/10.1097/MAT.0000000000001193
https://doi.org/10.1161/CIRCHEARTFAILURE.118.004905
https://doi.org/10.1111/jocs.15919
https://doi.org/10.1016/S0022-5223(98)70170-9
https://doi.org/10.1016/S0022-5223(98)70170-9
https://doi.org/10.1097/MAT.0000000000000440
https://doi.org/10.1016/j.jcrc.2016.05.027
https://doi.org/10.1016/j.jcrc.2016.05.027
https://doi.org/10.1097/MAT.0000000000000179
https://doi.org/10.1097/MAT.0000000000000179
https://doi.org/10.21037/jtd.2018.03.101
https://doi.org/10.21037/jtd.2018.03.101
https://doi.org/10.21037/jtd.2018.03.83
https://doi.org/10.1186/s13613-020-00700-9
https://doi.org/10.1186/s13613-020-00700-9
https://doi.org/10.21037/jtd.2016.12.88
https://doi.org/10.1097/PCC.0b013e318292dd10
https://doi.org/10.1053/j.jvca.2017.08.048
https://doi.org/10.1053/j.jvca.2017.08.048
https://doi.org/10.1053/j.jvca.2017.12.003
https://doi.org/10.1053/j.optechstcvs.2013.11.004
https://doi.org/10.1053/j.optechstcvs.2013.11.004
https://doi.org/10.1161/CIR.0000000000001199
https://doi.org/10.1161/CIR.0000000000001199

Lauriero et al. Insights into Imaging (2025)16:229

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

42.

43.

Beck L, Burg M, Heindel W, Schiilke C (2017) Extrakorporale membra-
noxygenierung bei erwachsenen—uvarianten, komplikationen unter
therapie und die rolle der radiologischen diagnostik. Rofo 189:119-127.
https://doi.org/10.1055/5-0042-118885

Lorusso R, Whitman G, Milojevic M et al (2021) 2020 EACTS/ELSO/STS/
AATS expert consensus on post-cardiotomy extracorporeal life support in
adult patients. J Thorac Cardiovasc Surg 161:1287-1331. https://doi.org/
10.1016/],jtcvs.2020.09.045

Sorokin V, Maclaren G, Vidanapathirana PC et al (2017) Choosing the
appropriate configuration and cannulation strategies for extracorporeal
membrane oxygenation: the potential dynamic process of organ support
and importance of hybrid modes. Eur J Heart Fail 19:75-83. https:/doi.
org/10.1002/ejhf.849

Contento C, Battisti A, Agro B et al (2020) A novel veno-arteriovenous
extracorporeal membrane oxygenation with double pump for the
treatment of Harlequin syndrome. Perfusion 35:65-72. https://doi.org/10.
1177/0267659120908409

Badulak J, Abrams D, Luks AM et al (2024) Position paper on the phy-
siology and nomenclature of dual circulation during venoarterial ECMO
in adults. Intensive Care Med 50:1994-2004. https://doi.org/10.1007/
s00134-024-07645-8

Biscotti M, Bacchetta M (2014) The “sport model”: extracorporeal mem-
brane oxygenation using the subclavian artery. Ann Thorac Surg
98:1487-1489. https://doi.org/10.1016/].athoracsur.2014.02.069

Chicotka S, Rosenzweig EB, Brodie D, Bacchetta M (2017) The “central
sport model”: extracorporeal membrane oxygenation using the innomi-
nate artery for smaller patients as bridge to lung transplantation. ASAIO J
63:39-e44. https.//doi.org/10.1097/MAT.0000000000000427

Lee S, Chaturvedi A (2014) Imaging adults on extracorporeal membrane
oxygenation (ECMO). Insights Imaging 5:731-742. https://doi.org/10.
1007/513244-014-0357-x

Liu K-L, Wang Y-F, Chang Y-C et al (2014) Multislice CT scans in patients
on extracorporeal membrane oxygenation: emphasis on hemodynamic
changes and imaging pitfalls. Korean J Radiol 15:322. https://doi.org/10.
3348/kjr.2014.153.322

Auzinger G, Best T, Vercueil A et al (2014) Computed tomographic imaging
in peripheral VA-ECMO: where has all the contrast gone? J Cardiothorac
Vasc Anesth 28:1307-1309. https://doi.org/10.1053/jjvca.2013.06.027
Gullberg Lidegran M, Gordon Murkes L, Andersson Lindholm J, Frenckner
B (2021) Optimizing contrast-enhanced thoracoabdominal CT in patients
during extracorporeal membrane oxygenation. Acad Radiol 28:58-67.
https://doi.org/10.1016/j.acra.2020.01.029

Al-Ogaili Z, Foulner D, Passage J et al (2013) CT pulmonary angiography
during veno-arterial extracorporeal membrane oxygenation in an adult. J
Med Imag Rad Oncol 57:345-347. https://doi.org/10.1111/j.1754-9485.
2012.02413x

Goslar T, Stankovic M, Ksela J (2016) Contrast layering artefact mimicking
aortic dissection in a patient on veno-arterial extracorporeal membrane
oxygenation undergoing computed tomography scan. Interact Cardio-
Vasc Thorac Surg 22:507-509. https://doi.org/10.1093/icvts/ivw366

Shen J, Tse JR, Chan F, Fleischmann D (2022) CT angiography of
venoarterial  extracorporeal membrane oxygenation. Radiographics
42:23-37. https://doi.org/10.1148/rg.210079

Lambert L, Grus T, Balik M et al (2017) Hemodynamic changes in patients
with extracorporeal membrane oxygenation (ECMO) demonstrated by
contrast-enhanced CT examinations—implications for image acquisition
technique. Perfusion 32:220-225. https://doi.org/10.1177/
0267659116677308

Larici AR, Franchi P, Del Ciello A et al (2021) Role of delayed phase
contrast-enhanced CT in the intra-thoracic staging of non-small cell lung
cancer (NSCLC): what does it add? Eur J Radiol 144:109983. https://doi.
0rg/10.1016/j.€jrad.2021.109983

Ong BA, Geocadin R, Choi CW et al (2021) Brain magnetic resonance
imaging in adult survivors of extracorporeal membrane oxygenation.
Perfusion 36:814-824. https://doi.org/10.1177/0267659120968026
Lidegran MK, Frenckner BP, Mosskin M et al (2006) MRI of the brain and
thorax during extracorporeal membrane oxygenation: preliminary report
from a pig model. ASAIO J 52:104. https;//doi.org/10.1097/01.mat.
0000194058.62228.56

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Page 14 of 15

Benassi F, Vezzani A, Vignali L, Gherli T (2014) Ultrasound guided femoral
cannulation and percutaneous perfusion of the distal limb for VA ECMO. J
Card Surg 29:427-429. https://doi.org/10.1111/jocs.12319

Martin-Villen L, Martin-Bermudez R, Perez-Chomon H, Fuset Cabanes MP
(2024) Papel de la ecografia en el paciente critico con ECMO. Med
Intensiv 48:46-55. https;//doi.org/10.1016/j.medin.2023.06.004

Platts DG, Sedgwick JF, Burstow DJ et al (2012) The role of echocardio-
graphy in the management of patients supported by extracorporeal
membrane oxygenation. J Am Soc Echocardiogr 25:131-141. https://doi.
org/10.1016/j.echo.2011.11.009

Barnacle AM, Smith LC, Hiorns MP (2006) The role of imaging during
extracorporeal membrane oxygenation in pediatric respiratory failure. AJR
Am J Roentgenol 186:58-66. https://doi.org/10.2214/AJR.04.1672
Zangrillo A, Landoni G, Biondi-Zoccai G et al (2013) A meta-analysis of
complications and mortality of extracorporeal membrane oxygenation. Crit
Care Resusc 15:172-178. https.//doi.org/10.1016/S1441-2772(23)01792-1
Abruzzo A, Gorantla V, Thomas SE (2022) Venous thromboembolic events
in the setting of extracorporeal membrane oxygenation support in adults:
a systematic review. Thromb Res 212:58-71. https://doi.org/10.1016/j.
thromres.2022.02.015

lannattone PA, Yang SS, Koolian M et al (2022) Incidence of venous
thromboembolism in adults receiving extracorporeal membrane oxyge-
nation: a systematic review. ASAIO J 68:1523. https://doi.org/10.1097/
MAT.0000000000001694

Lo Coco V, Lorusso R, Raffa GM et al (2018) Clinical complications during
veno-arterial extracorporeal membrane oxigenation in post-cardiotomy
and non post-cardiotomy shock: still the Achille’s heel. J Thorac Dis
10:6993-7004. https.//doi.org/10.21037/jtd.2018.11.103

Acharya J, Rajamohan AG, Skalski MR et al (2017) CT angiography of the
head in extracorporeal membrane oxygenation. AJNR Am J Neuroradiol
38:773-776. https;//doi.org/10.3174/ajnr. A5060

Chapman JT, Breeding J, Kerr SJ et al (2021) CNS complications in adult
patients treated with extracorporeal membrane oxygenation. Crit Care
Med 49:282-291. https://doi.org/10.1097/CCM.0000000000004789

Aziz F, Brehm CE, El-Banyosy A et al (2014) Arterial complications in patients
undergoing extracorporeal membrane oxygenation via femoral cannula-
tion. Ann Vasc Surg 28:178-183. https://doi.org/10.1016/j.avsg.2013.03.011
Roussel A, Al-Attar N, Alkhoder S et al (2012) Outcomes of percutaneous
femoral cannulation for venoarterial extracorporeal membrane oxyge-
nation support. Eur Heart J Acute Cardiovasc Care 1:111-114. https://doi.
org/10.1177/2048872612449417

Bisdas T, Beutel G, Warnecke G et al (2011) Vascular complications in
patients undergoing femoral cannulation for extracorporeal membrane
oxygenation support. Ann Thorac Surg 92:626-631. https://doi.org/10.
1016/j.athoracsur.2011.02.018

Martucci G, Re VL, Marrone G et al (2015) Intracranial hemorrhage during
extracorporeal membrane oxygenation: does family history play a role?
Neurol Sci 36:1523-1525. https;//doi.org/10.1007/510072-015-2198-x
Fletcher-Sandersjoo A, Thelin EP, Bartek J et al (2018) Incidence, outcome,
and predictors of intracranial hemorrhage in adult patients on extra-
corporeal membrane oxygenation: a systematic and narrative review.
Front Neurol 9:548. https://doi.org/10.3389/fneur.2018.00548

Lorusso R, Gelsomino S, Parise O et al (2017) Neurologic injury in adults
supported with veno-venous extracorporeal membrane oxygenation for
respiratory failure: findings from the Extracorporeal Life Support Organi-
zation Database. Crit Care Med 45:1389-1397. https://doi.org/10.1097/
CCM.0000000000002502

Lorusso R, Barili F, Mauro MD et al (2016) In-hospital neurologic com-
plications in adult patients undergoing venoarterial extracorporeal
membrane oxygenation: results from the Extracorporeal Life Support
Organization Registry. Crit Care Med 44:2964-€972. https://doi.org/10.
1097/CCM.0000000000001865

Fletcher Sandersjoo A, Bartek J, Thelin EP et al (2017) Predictors of
intracranial hemorrhage in adult patients on extracorporeal membrane
oxygenation: an observational cohort study. J Intensive Care 5:27. https://
doi.org/10.1186/540560-017-0223-2

Martucci G, Lo Re V, Arcadipane A (2016) Neurological injuries and
extracorporeal membrane oxygenation: the challenge of the new ECMO
era. Neurol Sci 37:1133-1136. https://doi.org/10.1007/s10072-016-2515-z


https://doi.org/10.1055/s-0042-118885
https://doi.org/10.1016/j.jtcvs.2020.09.045
https://doi.org/10.1016/j.jtcvs.2020.09.045
https://doi.org/10.1002/ejhf.849
https://doi.org/10.1002/ejhf.849
https://doi.org/10.1177/0267659120908409
https://doi.org/10.1177/0267659120908409
https://doi.org/10.1007/s00134-024-07645-8
https://doi.org/10.1007/s00134-024-07645-8
https://doi.org/10.1016/j.athoracsur.2014.02.069
https://doi.org/10.1097/MAT.0000000000000427
https://doi.org/10.1007/s13244-014-0357-x
https://doi.org/10.1007/s13244-014-0357-x
https://doi.org/10.3348/kjr.2014.15.3.322
https://doi.org/10.3348/kjr.2014.15.3.322
https://doi.org/10.1053/j.jvca.2013.06.027
https://doi.org/10.1016/j.acra.2020.01.029
https://doi.org/10.1111/j.1754-9485.2012.02413.x
https://doi.org/10.1111/j.1754-9485.2012.02413.x
https://doi.org/10.1093/icvts/ivv366
https://doi.org/10.1148/rg.210079
https://doi.org/10.1177/0267659116677308
https://doi.org/10.1177/0267659116677308
https://doi.org/10.1016/j.ejrad.2021.109983
https://doi.org/10.1016/j.ejrad.2021.109983
https://doi.org/10.1177/0267659120968026
https://doi.org/10.1097/01.mat.0000194058.62228.56
https://doi.org/10.1097/01.mat.0000194058.62228.56
https://doi.org/10.1111/jocs.12319
https://doi.org/10.1016/j.medin.2023.06.004
https://doi.org/10.1016/j.echo.2011.11.009
https://doi.org/10.1016/j.echo.2011.11.009
https://doi.org/10.2214/AJR.04.1672
https://doi.org/10.1016/S1441-2772(23)01792-1
https://doi.org/10.1016/j.thromres.2022.02.015
https://doi.org/10.1016/j.thromres.2022.02.015
https://doi.org/10.1097/MAT.0000000000001694
https://doi.org/10.1097/MAT.0000000000001694
https://doi.org/10.21037/jtd.2018.11.103
https://doi.org/10.3174/ajnr.A5060
https://doi.org/10.1097/CCM.0000000000004789
https://doi.org/10.1016/j.avsg.2013.03.011
https://doi.org/10.1177/2048872612449417
https://doi.org/10.1177/2048872612449417
https://doi.org/10.1016/j.athoracsur.2011.02.018
https://doi.org/10.1016/j.athoracsur.2011.02.018
https://doi.org/10.1007/s10072-015-2198-x
https://doi.org/10.3389/fneur.2018.00548
https://doi.org/10.1097/CCM.0000000000002502
https://doi.org/10.1097/CCM.0000000000002502
https://doi.org/10.1097/CCM.0000000000001865
https://doi.org/10.1097/CCM.0000000000001865
https://doi.org/10.1186/s40560-017-0223-2
https://doi.org/10.1186/s40560-017-0223-2
https://doi.org/10.1007/s10072-016-2515-z

Lauriero et al. Insights into Imaging (2025)16:229

63.

64.

65.

66.

67.

68.

69.

Lockie CJA, Gillon SA, Barrett NA et al (2017) Severe respiratory failure,
extracorporeal membrane oxygenation, and intracranial hemorrhage. Crit
Care Med 45:1642-1649. https://doi.org/10.1097/CCM.0000000000002579
Greer DM, Koroshetz WJ, Cullen S et al (2004) Magnetic resonance ima-
ging improves detection of intracerebral hemorrhage over computed
tomography after intra-arterial thrombolysis. Stroke 35:491-495. https://
doi.org/10.1161/01.STR.0000114201.11353.C5

Phan CM, Yoo AJ, Hirsch JA et al (2012) Differentiation of hemorrhage
from iodinated contrast in different intracranial compartments using
dual-energy head CT. AJNR Am J Neuroradiol 33:1088-1094. https://doi.
0rg/10.3174/ajnr.,A2909

Tanaka D, Hirose H, Cavarocchi N, Entwistle JWC (2016) The impact of
vascular complications on survival of patients on venoarterial extra-
corporeal membrane oxygenation. Ann Thorac Surg 101:1729-1734.
https://doi.org/10.1016/j.athoracsur.2015.10.095

Kim J, Cho YH, Sung K et al (2019) Impact of cannula size on clinical
outcomes in  peripheral  venoarterial  extracorporeal membrane
oxygenation. ASAIO  J  65:573-579.  https//doi.org/10.1097/MAT.
0000000000000858

Yen C-C, Kao C-H, Tsai C-S, Tsai S-H (2018) Identifying the risk factor and
prevention of limb ischemia in extracorporeal membrane oxygenation with
femoral artery cannulation. Heart Surg Forum 21:018. https://doi.org/10.
1532/hsf.1824

Bonicolini E, Martucci G, Simons J et al (2019) Limb ischemia in peripheral
veno-arterial extracorporeal membrane oxygenation: a narrative review of

Page 15 of 15

incidence, prevention, monitoring, and treatment. Crit Care 23:266.
https://doi.org/10.1186/513054-019-2541-3

70. Pefa-Lopez Y, Machado MC, Rello J (2024) Infection in ECMO patients:
changes in epidemiology, diagnosis and prevention. Anaesth Crit Care
Pain Med 43:101319. https://doi.org/10.1016/j.accpm.2023.101319

71, Larici AR, Cicchetti G, Marano R et al (2020) Multimodality imaging of
COVID-19 pneumonia: from diagnosis to follow-up. A comprehensive
review. Eur J Radiol 131:109217. https;//doi.org/10.1016/j.ejrad.2020.109217

72. Ostermann M, Lumlertgul N (2021) Acute kidney injury in ECMO patients.
Crit Care 25:313. https://doi.org/10.1186/513054-021-03676-5

73. Wong-You-Cheong JJ, Nikolaidis P, Khatri G et al (2021) ACR Appro-
priateness Criteria® renal failure. J Am Coll Radiol 18:5174-5188. https.//
doi.org/10.1016/jjacr.2021.02.019

74.  Clingan MJ, Zhang Z, Caserta MP et al (2023) Imaging patients with kidney
failure. Radiographics 43:e220116. https//doi.org/10.1148/rg.220116

75. Caroli A, Remuzzi A, Lerman LO (2021) Basic principles and new advances
in kidney imaging. Kidney Int 100:1001-1011. https://doi.org/10.1016/j.
kint.2021.04.032

76. Rogers SO, Kirton OC (2024) Acute abdomen in the modern era. N Engl J
Med 391:60-67. https://doi.org/10.1056/NEJMra2304821

Publisher’'s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1097/CCM.0000000000002579
https://doi.org/10.1161/01.STR.0000114201.11353.C5
https://doi.org/10.1161/01.STR.0000114201.11353.C5
https://doi.org/10.3174/ajnr.A2909
https://doi.org/10.3174/ajnr.A2909
https://doi.org/10.1016/j.athoracsur.2015.10.095
https://doi.org/10.1097/MAT.0000000000000858
https://doi.org/10.1097/MAT.0000000000000858
https://doi.org/10.1532/hsf.1824
https://doi.org/10.1532/hsf.1824
https://doi.org/10.1186/s13054-019-2541-3
https://doi.org/10.1016/j.accpm.2023.101319
https://doi.org/10.1016/j.ejrad.2020.109217
https://doi.org/10.1186/s13054-021-03676-5
https://doi.org/10.1016/j.jacr.2021.02.019
https://doi.org/10.1016/j.jacr.2021.02.019
https://doi.org/10.1148/rg.220116
https://doi.org/10.1016/j.kint.2021.04.032
https://doi.org/10.1016/j.kint.2021.04.032
https://doi.org/10.1056/NEJMra2304821

	Imaging insights in veno-venous and veno-arterial extracorporeal membrane oxygenation (ECMO): CT protocols, underlying pathophysiology, and main complications
	Introduction
	ECMO types
	Imaging modalities in ECMO patients
	Complications
	Conclusion
	Acknowledgements




