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Chapter

Echocardiography Evaluation in
ECMO Patients

Luigi Tritapepe, Ernesto Greco and Carlo Gaudio

Abstract

Extracorporeal membrane oxygenation (ECMO) is a special form of organ
support for selected cases of cardiovascular and severe respiratory failure.
Echocardiography is a diagnostic and monitoring tool widely used in all aspects of
ECMO support. The pathophysiology of ECMO, and its distinct effects on cardiore-
spiratory physiology, requires an echocardiographer with high skills to understand
the interaction between the ECMO and the patient. In this chapter, we present the
main application of echocardiography in ECMO patients and some general concepts
on the ECMO working. ECMO, such as the standard cardiopulmonary bypass
employed in cardiac surgery, V-V (veno-venous), can support the insufficient
respiratory system by oxygenating and removing carbon dioxide from the blood.
VA-ECMO (venous-arterial) can support haemodynamics by providing mechanical
circulatory assistance. Today, ECMO can be used as bridge to decision, waiting for
the development of the clinical conditions to support with other devices the evolu-
tion of cardiorespiratory failure or stop the assistance. Echocardiography (trans-
thoracic (TTE) or transoesophageal (TOE)) can be used primarily to take decisions
regarding appropriateness of ECMO support, therefore to control cannula insertion
and confirm final position, to modify number and position of the cannulae in case
of malfunctioning of these, and, finally, to assess clinical progress and suitability
for weaning from ECMO.

Keywords: echocardiography, critical care, ARDS, extracorporeal cardiopulmonary
resuscitation, thromboembolism, tamponade, hemodynamic monitoring,
VV-ECMO, VA-ECMO

1. Introduction

Cardiac surgeons and/or cardiac anaesthesiologists after cardiac operations
prevalently use the ECMO in its VA-ECMO configuration for cardio-circulatory
failure [1, 2]. Recently, ECMO in its veno-venous configuration is becoming widely
used in ICU by intensivists to treat severe form of respiratory failure (ARDS) [3, 4]
after the recent successes obtained with the use of ECMO in the A(H1N1) influenza
epidemic [5, 6], linked to the results of CESAR Trial [7].

At the same time, the practice of echocardiographic investigation in intensive
care units by the intensivists combined the echocardiographic method to haemo-
dynamic monitoring, favouring the use of echocardiography for the assessment of
haemodynamic and respiratory instability [8].

The patient who needs extracorporeal support is thus evaluated by the echocar-
diographer who establishes the timing of the support, the need for support, and the

1 IntechOpen



Advances in Extracorporeal Membrane Oxygenation - Volume 3

PRINCIPAL INDICATIONS FOR THE TWO TYPES OF ECMO

VA-ECMO VV-ECMO
Cardiac arrest and cardiogenic shock Pneumonia
Poisoning and drug overdose ARDS
Pulmonary embolism Pulmonary contusion
Hypothermia Status asthmaticus
Massive pulmonary hemorrhage Aspiration or inhalation injury
Bridge to transplant, to decision, to Drowing
recovery, to candidacy
Sepsis
Table 1.

Main indications for the use of ECMO assistance.

contraindications to the support and follows the phases of cannulation and func-
tioning of the extracorporeal support [9].

ECMO is a rescue therapy used to provide cardiac and/or respiratory support for
critically ill patients in whom maximal conventional medical management failed
[3, 4]. VV-ECMO provides adequate oxygenation and removal of carbon dioxide
in isolated refractory respiratory failure, while VA-ECMO is used when support for
cardiac and /or respiratory failure is needed [1] (Table1).

1.1 General role of echocardiography

Echocardiography (ECHO) plays a pivotal role in the management of critical
patients, particularly those supported with ECMO [9-11]. ECHO can be used to not
only evaluate function and diagnose diseases requiring ECMO but also to detect all
cardiac complications or vascular diseases that may arise following ECMO [12, 13].

The central role of ECHO is important to identifying various diseases such as
cardiac /undiagnosed valve lesions and left ventricular (LV) dysfunction, which
could be the cause of severe haemodynamic instability, as well as to exclude them to
avoid ECMO support [11].

The detection of aortic dissection represents an absolute contraindication in
VA-ECMO, whereas a moderate to severe aortic valve regurgitation (AVR) is a relative
contraindication in VA-ECMO, because the LV afterload increase, determining by
ECMO itself, leads a worsening in AVR. ECHO provides information on aortic athero-
sclerosis and then guides the intensivist to decide the suitable cannulation sites (central
versus peripheral) or the technique (surgical versus percutaneous) [13]. ECHO also
helps to evaluate the right heart morphology for any structural abnormality, which
could prevent the positioning of venous cannula for VV-ECMO or VA-ECMO [14].

In addition, as stated above, ECHO has a key role during ECMO cannulation.
First, it guides the correct placement of the ECMO cannulae [15]. TTE may not be
able to guide ECMO cannulation because of limited spatial resolution, and therefore
transoesophageal echocardiography (TOE) represents the examination of choice to
guiding the insertion. Echocardiographer and intensivist have to work together in
order to correct the final position of the cannulae [15]. In VV-ECMO the position
of the tips of the venous cannulae is essential for the correct functioning of the
ECMO. Indeed, the drainage cannula must be positioned just before the entrance
of the inferior vena cava (IVC) in the right atrium (RA), while the tip of the return
cannula must be positioned in the central part of the RA just before the tricuspid
valve but far away from the inter-atrial septum [16].
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However, the echocardiographic evaluation is also essential for the identification
and management of specific complications that may arise during ECMO support
and may determine its malfunction. For the problems related to TTE resolution,
also involving to the patient’s respiratory pathology, the TOE is preferred to make it
clear any possible complication [17]. ECHO allows a rapid evaluation not only of the
positioning of the cannula but mainly of the cardiac filling, of the cardiac function,
and of the cardiac tamponade [16, 17]. Detection of cardiac tamponade and evalu-
ation of the significance of pericardial effusion or collection may be difficult in
patients supported with ECMO because the heart is in a partially bypassed state.

In conclusion, ECHO is mandatory during the start of ECMO, cannulae insertion,
haemodynamic monitoring, and detection of complications during weaning [16-18].

1.1.1 Ultrasonography for ECMO cannulation

In many cases, cannulation can be performed without ultrasound guidance.
However, the use of ultrasound can help to reduce the rate of complications associ-
ated with cannulation such as haematoma, retroperitoneal haematoma, vascular
damage, cardiac tamponade, and ischemia of the lower leg [19]. In the paediatric
patient, the eco-guided cannulation has been shown to reduce complications,
especially the need for surgical placement [20, 21].

The ultrasound evaluation of the diameter of the vessels to be cannulated,
especially the femoral artery, allows to choose the right size of the cannula, avoiding
vascular occlusions distal to the cannulation point, with consequent ischemia, for
example, of the lower limb [15, 19]. Cannulation can be carried out echo-guided
or echo-assisted, i.e. only by identifying the insertion point. Today the ultrasound
shows a greater sensitivity and specificity compared to radiography in identifying
the exact point of arrival of the cannulae. The exact position of the femoral arte-
rial cannula allows to optimise the flow, as well as the exact position of the venous
cannula in IVC, above the hepatic vein, and contributes to an excellent drainage,
clearly optimising hepatic drainage [22] (Figure 1). The echocardiography, after
the positioning of the cannulae, must be performed to highlight early cardiac
tamponade and problems of acute dilatation of the ventricles [14, 16, 23]. The use of
colour Doppler also highlights problems of distal perfusion in the lower limb, such
as having to provide with dedicated shunts.

Before dilating vein for venous cannulation, it is necessary to make sure that
guide wires, percutaneously inserted, are positioned inside the heart or large vessels.
Only after ultrasound confirmation, physicians can proceed to advance the cannulae
on these wires. However, it is necessary to discriminate the real images from the
echocardiographic artefacts generated by these wires and cannulae, before proceed-
ing to the final position of the cannulae. In the peripheral configurations of ECMO,
especially in the VA-ECMO, we must assist with ultrasound the placement of the
venous cannula in the middle of the right atrium in order to obtain an optimal drain-
age [13, 14] (Figure 2). With TOE, the bi-caval projection is able to orient perfectly
on the optimal position of the venous cannula (Figure 3). Although the ultrasounds
cannot indicate the level of the arterial cannula tip, which reaches the iliac artery
from the femoral artery, they can confirm that the guide wire used in percutaneous
arterial cannulation is located in the lumen of the aorta, before the femoral artery
dilatation, reducing the risk of extra-arterial placement of the cannula.

1.1.2 Cannula position/complications

Therefore, summing up, it is essential to visualise in real time the positioning of
the guide wires in the caval districts (IVC and SVC) with the middle oesophageal
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Figure1.

Cannulation scheme in VV-ECMO. The red arrows indicate the veinfusion of oxygenated blood, the purple arrow
indicates the recivculating blood, and the light blue arrows indicate the drainage of the venous blood. SVC, superior
vena cava; IVC, inferior vena cava; TV, tricuspid valve; RA, right atvium.

Figure 2.
Bi-caval view of the TOE: the drainage cannula from the IVC is visible in the middle atrium (arrow light blue).

bi-caval projection to the TOE [11] (Figures 2-4). This is to avoid incorrect posi-
tioning of the cannula in the right ventricle, in the coronary sinus, or, worse, in the
left atrium through a patent foramen ovale (PFO) [11, 13, 16]. During the entire
positioning manoeuvres of the venous cannulae, particular attention must be paid
to the presence of pericardial effusion, from atrial/right ventricular trauma, and to
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Figure3.
Bi-caval view to the 3D TOE: the dyainage cannula from the IVC can be seen in the middle atrium (arrow light blue).

Figure 4.
(A) Drainage cannula in IVC (light blue arrow) and (B) colour Doppler showing the flow in the cannula.

the possible suction of the inter-atrial septum, with the obstruction of the drainage
flow, linked to the venous aspiration from an adherent cannula to the septum itself
[24, 25]. In the case of loss of oxygen performance of the ECMO, when a recircula-
tion phenomenon is suspected due to a close position of the tips of the drainage and
reinfusion cannulae, TOE can guide the correct repositioning of the cannulae [26].

1.1.3 Special cannulation (Avalon® cannula)

Compared to the classic configuration of the VV-ECMO which provides a double
cannulation, the development of newer devices, such as the Dual Lumen Bi-Caval
catheter (Avalon®, Magquet Cardiopulmonary GmbH Kehler Str. 31, 76,437 Rastatt,
Germany), allowed VV-ECMO with a single cannula inserted in the right internal
jugular vein [27]. This allows greater patient mobility, also reducing the femoral can-
nula decubitus and the infectious risk that this entails. However, being a stiffer and
larger diameter cannula, the placement of the bi-luminal cannula involves greater
risks of vessel injury and cardiac tamponade, in addition to the possible malfunction
due to migration of the cannula from its original position [28, 29]. It is essential to
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use the TOE for the correct positioning of the Avalon® catheter. In fact, the tip of
the cannula is advanced under the TOE guide until the cannula drainage holes are
positioned in the inferior and in the superior venae cave (like a normal two-stage
cannula used for cardiopulmonary bypass), and the re-entry is perfectly aligned
with the inflow of the tricuspid valve [27]. This alignment is investigated with the
colour Doppler which will measure the linear flow in case of correct positioning or a
turbulent flow, in case of malposition. It is best to advance and withdraw the cannula
under the TOE guide until the flow is laminar and directed through the centre of the
tricuspid valve. Particular attention should be paid to visualising the cannula tip in
the hepatic vein. A malposition of the cannula will cause recirculation, because the
oxygenated blood from the cannula is drained immediately from the suction areas of
the cannula to the ECMO circuit before being circulated systematically [28, 30].

1.2 Veno-venous ECMO

In the treatment of severe respiratory failure (severe ARDS), VV-ECMO is a valid
option [31]. It can be considered a bridge to the healing of the lung, allowing the thera-
pies to act effectively. Moreover, unlike the VA-ECMO it does not present problems of
oxygenation north-south (harlequin syndrome). All this is valid if cardiac function is
maintained normal and able to effectively support the systemic circulation. Therefore,
before a VV-ECMO is established, a complete evaluation of both the patient’s echo-
cardiographic and haemodynamic parameters is essential [11, 16]. Echocardiography,
both TTE and TOE, must ensure a correct evaluation of the right ventricular function
and evaluate the degree of tricuspid insufficiency and the estimate of pulmonary
artery pressure, potentially altered parameters in the course of ARDS, and sepsis [32].

VV-ECMO could improve the performance of the right ventricle and the whole
heart. There is an irrelevant modification of the right preload, an increase in the left
load due to a reduction in pulmonary pressure with a further increase in SvO,, and
the saturation of the coronary blood. Approximately 20-25% of patients with ARDS
develop an acute cor pulmonale (ACP) with right ventricular dilatation, inter-ven-
tricular septum shift, left ventricular hypo-diastolic status, and pulmonary hyper-
tension [32, 33]. This clinical picture is also typical of the right ventricular failure
induced by the septic state. Echocardiography helps to choose the right timing for
extracorporeal support and allows to follow the evolutionary state (improvement)
of the right performance following VV-ECMO support: reduction of pulmonary
pressure, increase in right contractility (increased systolic excursion of the tricuspid
annular plane (TAPSE)), and improvement of the cardiac output (CO) [11, 16, 34].

TTE echocardiographic evaluation in patients with ARDS may present some
resolution problems; therefore, normally the TOE is used, also because of low
invasiveness as the patients are already intubated and sedated.

The presence of pulmonary hypertension and sepsis can create the conditions
for a rapid deterioration of cardiac function, so that can worsen from initial pres-
ence of respiratory failure to cardiorespiratory insufficiency. Through echocardio-
graphic and haemodynamic monitoring, we can anticipate the worsening of the
clinical picture and establish a cardiorespiratory support (VA-ECMO).

1.2.1 Echo in VV-ECMO

The right ventricle echocardiographic assessment in the ECMO patients with
acute respiratory distress syndrome (ARDS) plays a key role to reduce complica-
tions and to improve the outcome [11, 14, 16, 31].

It is simple to understand the role of ECHO in the risk stratification of patients
undergoing VV-ECMO. In fact, ARDS requires an initial aggressive ventilatory
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treatment that brings to haemodynamic instability [33]. Patient presents high
CVP associated to fluid accumulation in the pleural and abdominal spaces. ECHO
shows a dilatation of the right ventricle with associated pulmonary hypertension.
This clinical picture is described as ACP [8, 32, 33]. To minimise the impact of

the positive end-expiratory pressure (PEEP) on right ventricular haemodynamic,
physicians have choice a right balance between the PEEP value and cardio-
circulatory stability. The therapeutic request is the protective ventilation aimed at
reducing right ventricular failure related to an increase in the afterload of the right
chambers [8, 33]. The aim of the treatment is the reduction of pulmonary arterial
hypertension to reduce enlargement of right ventricle and consequent shift of the
inter-ventricular septum. Unfortunately, despite implementation of protective lung
ventilation, ACP still remains until 25% [32, 33, 34]. VV-ECMO represents a real
solution to support both the lung and the right ventricle [35, 36].

The improvement of gas exchange and the reduction of airway pressures both
contribute at the reduction of pulmonary vascular resistance with consequent
hemodynamic improvement.

The daily evaluation of echocardiography in this case is mandatory.

Because the high acoustic impedance is caused by high PEEP values, TTE cannot
be straightforward, and TOE is preferred.

A recently published summary paper on the management of ECMO recommends
that physician training in echocardiography be part in the ECMO patient care team [37].

However, the role of echocardiography in ECMO is not widely accepted and is
still poorly described in the literature.

The echocardiographic examination of the right ventricle requires a long axis and
a short axis view to evaluate the size of the cavity with the relationship of the left
ventricle and the kinetics of the septum. The examination can be completed by the
Doppler of the right ventricular outflow and tricuspid regurgitation when present,
to measure the systolic pressure of the pulmonary artery. The measurement of the
TAPSE, simple and useful from prognostic point of view, avoids measuring the frac-
tional area change (FAC) of the right ventricle more complicated. Right ventricle TDI
(tissue Doppler imaging) is useful to evaluate diastolic and systolic functions [38].

Moderate to severe right ventricular dilatations, defined as a ratio greater than
0.6 and as a ratio greater than or equal to 1, are associated with paradoxical septum
motion at the end systole complicating the left ventricular function [8, 39, 40].

Pulmonary hypertension is usually associated with tricuspid regurgitation,
but it also depends on right ventricular systolic function, and its value can be very
low when associated with low CO [38, 39]. The right ventricular remodelling in
ARDS patients is represented by the thickness of free wall, related to the increase
in afterload [40]. Most important is also the detection of a PFO that can complicate
the oxygenation of ARDS patients [39] (Figures 5 and 6). The displacement of
septum due to right ventricular dilatation causes the left ventricular hypo-diastolic
status, with a consequent low CO syndrome related to the difficult preload of the
left ventricle. This is considered an ECHO evaluation of right ventricular function
in pre-ECMO stage.

1.3 VA-ECMO

The purpose of the VA-ECMO is to support cardio-circulatory function in
patients with heart failure refractory to medical therapy [1, 36]. Based on the
INTERMACS class it belongs to, VA-ECMO can be used in major risk classes, not
only as bridge to recovery or bridge to destination therapy (left ventricular assist
device (LVAD) or heart transplantation (HTx)) but also as bridge to decision [41]
(Table 2). In addition, the VA-ECMO can be used in haemodynamic support to
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Figure 5.
Bi-caval view in which an aneurysm of the inter-atrial septum is seen.

Figure 6.
Colour Doppler bi-caval view in which you see the shunt through the PFO.

refractory cardiac arrest that can result in patient recovery or be used as a procedure
for donation of splanchnic organs in non-beating heart [42, 43].

Compared to other mechanical cardiac assistance devices, ECMO has the advantage.

of reduced costs and the possibility of being set up easily and quickly on the outside.

of the operating room (intensive care unit, cardiac catheterization theatre, or
emergency departments) and also during cardiopulmonary resuscitation manoeu-
vres [43]. However, it is an invasive assistance technique with major problems such
as the short duration of assistance, the possible increase of infections, bleeding and
thrombosis, and the increase of the afterload of the left ventricle.

The ultrasound evaluation is important before the implantation of the
VA-ECMO. However, the conditions of the left ventricle, the degree of aortic
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Type

Bridge to decision Use of VA-ECMO in pts with drug-refractory acute circulatory collapse
and at immediate risk of death to sustain life until a full clinical
evaluation can be completed and additional therapeutic options can be
evaluated

Bridge to recovery Use of VA-ECMO to keep patient alive until intrinsic cardiac function
recovers sufficiently to remove VA-ECMO

Bridge to candidacy Use of VA-ECMO to improve end-organ function in order to make an
ineligible patient eligible for transplantation/LVAD

Brigde to transpla ntation Useof VA-ECMO to keep a patient at high risk of death before
transplantation alive until a donor organ becomes available

Table 2.
Possible uses of VA-ECMO.

insufficiency, and the presence of mitral and tricuspid valve insufficiencies
must be carefully evaluated. The configuration of the VA-ECMO involves
peripheral cannulations, already partially described, and central cannulations
(right atrium and aorta) that can be performed in the cardiac surgery patient
who has problems in weaning from the cardiopulmonary bypass.

1.3.1 Indications to VA-ECMO support: cardiogenic shock

In patients with cardiogenic shock, echocardiographic examination is necessary
to determine cause and indication for extracorporeal support [41] (Table1). Even
more, the echo exam can identify situations that may contraindicate the placement
of circulatory assistance.

The echo examination must be as complete as possible and must highlight the
morphology and the systolic and diastolic functions of the ventricles, evaluate the
valve continence and the presence of pericardial effusion, and seek, in greater detail,
the cause of cardiogenic shock (i.e. regional or global dysfunction of the left ventricle)
[39]. In the study of cardiac valvular function, the study of the aortic valve is funda-
mental since its regurgitation can create unfavourable conditions for the positioning
of VA-ECMO, given the increase in the afterload that the VA-ECMO generates. Clearly
aortic dissection is an absolute contraindication for VA-ECMO placement. In addition,
the morphology and the structure of the right atrium and of the right heart in general
must be carefully evaluated. In fact, the presence of leads (pacemaker or ICD), a
prominent Chiari network, a PFO, a tricuspid valve prosthesis, they are all elements
that can compromise or make atrial cannulation impossible [11].

1.3.2 Monitoring during ECMO performance

The echocardiographic examination must fundamentally focus on the systolic
function of the left ventricle. The systolic function is evaluated with conventional
parameters such as the size of the left ventricle (LV), ejection fraction (EF), mitral
regurgitation dP/dt, and aortic velocity time integral (VTI) [39]. The blood flow
of ECMO can be adjusted based on the overall assessment of ventricular systolic
function and cardiac preload. Some authors have systematically studied the effect
of the flow rate of oxygenation of the extracorporeal membrane on changes in
cardiac parameters [44]. A decrease of flow from 4 to 0.7 L/min leads to a 22%
increase in the E/E’ ratio (from 5.9 to 7.2; p < 0.001), an increase of 17% in EF (from
15 to 17.5%; 0.001), increase of 12 and 45% of VTI (from 8 to 11.6 cm; p < 0.001),
and increase of 12% of the left ventricular tele-diastolic volume (from 95 to 108 ml,
p < 0.001) [44, 45].
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Figure7.
Presence of abundant pericardial effusion (light blue arrow) at TTE.

A serious problem in the ultrasound evaluation is the detection of an evolv-
ing pericardial effusion to the cardiac tamponade (Figure 7), due to the passage
of wires or cannulae with rupture of the cardiac chambers [11, 14, 16]. Following
anticoagulant therapy, necessary in VA-ECMO, the pericardial blood collection can
become consistent at many hours from the positioning, and only a series of ultra-
sound analysis allows the recognition of this clinical situation.

Thrombosis is a major complication during VA-ECMO and can be catastrophic
when cerebral embolism occurs [46, 47]. Factors predisposing thrombosis are
related to the blood/circuit contact and its activation as well as to the turbulence
linked to the lumen of the cannulae [48]. Thrombosis can be more or less evident
at ultrasound, and a real pitfall is represented by spontaneous intracavitary echo
contrast (smoke) [49]. The evaluation of the opening of the aortic valve guarantees
a certain pulsatility to the flow and avoids the stasis linked to the stagnant flow on
the closed valve and predictor of thrombosis [46-49]. If the valve does not open, it
is necessary to open the valve through changes in the flow of the VA-ECMO, the use
of inodilator drugs, or the insertion of the intra-aortic balloon pump (IABP), which
also favours the decompression of the left ventricle. Furthermore, in these cases it is
necessary to optimise anticoagulation, which can be evaluated with specific point of
care (thrombo-elastographic examination (TEG)) [50].

The increase in the afterload generated by the VA-ECMO can promote mitral-
aortic valve regurgitation, compromising myocardial oxygenation and favouring
the left ventricular distension not good for cardiac functional recovery.

1.3.3 ECHO in VA-ECMO

The difficult management of the patient in VA-ECMO must be accompanied by
a continuous echocardiographic evaluation, carried out at least two times a day and
whenever there is an unforeseen haemodynamic instability. The study of cardiac
function should allow to optimise the flows of the mechanical support and the
concomitant therapies. The ECHO evaluation must precede the start of the ECMO,
follow the initial support phase, evaluate the evolution of the cardiac function in
the stabilisation phase, and evaluate the cardiac functional recovery dictating the
weaning time from the extracorporeal support.

10
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1.3.4 ECMO start

At the start of the VA-ECMO, it is necessary to concentrate the attention on the
venous drainage to be able to maintain the flow rate. Flow reduction may be due to
obstructions (thrombus) or malposition of the cannula or hypovolaemia [11, 48]. A
sudden reduction in perfusion pressure and low flow could lead to the search for aortic
dissection or severe aortic valve regurgitation resulting in dilation of the left ventricle.

1.3.5 ECMO support

VA-ECMO is usually a medium-short duration assay, allowing the recovery of
cardiac function or the bridge to other solutions (LVAD or HTx). At this time, echo-
cardiographic monitoring is essential to monitor cardiac function recovery or lack of it.

One of the major problems, especially in the peripheral configuration of the
VA-ECMO, is the distension of the left ventricle, such as to increase the tele-diastolic
pressure and compromise the functional recovery of the heart [51, 52]. During periph-
eral VA-ECMO, LV preload usually decreases, but the LV afterload increases, resulting
in a distension of the left ventricle associated with failure to open the aortic valve. The
flow thus becomes continuous and non-pulsatile with consequent stasis, tendency to
thrombosis, and embolization. This situation compromises the recovery of the heart.

The therapeutic strategy consists in venting the left ventricle [52] (Figure 8).
The opening of the aortic valve can be done simply by trying to reduce the ECMO
flow, but almost always you have to proceed with the IABP or better with the use of
Impella® (ABIOMED, Inc., 22 Cherry Hill Drive, Danvers, MA 01923, USA) [53].
The most effective system is the cannulation of the left ventricular apex through a
mini-thoracotomy, a procedure that can be performed under ultrasound guidance
[52]. Echocardiographic monitoring has a key role in monitoring the distension of
the left ventricle which leads to an increase in capillary pressure, interstitial pul-
monary oedema, and bi-ventricular insufficiency. An alternative but less effective
venting system is represented by an EndoVent in the pulmonary artery that, rather
than detecting the left ventricle as it would take, reduces its preload [54]. Another
solution for left ventricular decompression, in patients receiving extracorporeal

Figure 8.
The light blue indicates the presence of intraventricular vent for the unloading of the left ventricle.

11
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Figure 9.
TOE (4Ch view) of patient in VA-ECMO in which there is an extensive thrombotic formation of the left
ventricle and of the left atrium.

membrane oxygenation for myocardial failure, is represented by balloon atrial
septostomy, used especially in paediatric patients [55, 56].

Echocardiography, through the evaluation of trans-aortic flow, is a precious
instrument to measure CO during ECMO support as all CO monitoring methods are
affected by errors.

The evaluation of distal perfusion is mandatory, and in most cases the distal
hypoperfusion must be resolved by a retrograde perfusion cannula.

1.3.6 Weaning from ECMO

The echocardiographic evaluation reaches its peak in determining the timing and
the possibility of weaning from ECMO [57]. Clearly weaning is possible only if the
recovery of cardiac function is associated, as is evident, with the resolution of the
pathological conditions determining the use of the VA-ECMO. An indirect sign of
recovery of cardiac function is the increase in systolic-diastolic blood pressure. The
echocardiographic parameters, which may suggest a safe weaning from the VA-ECMO,
are the aortic VTT > 10 cm, the absence of cardiac tamponade, the partial recovery of
the EF%, but above all an increase of the Sa wave at the TDI (>6 cm/s) [57, 58].

During the weaning of the VA-ECMO, the flow of ECMO is reduced, and
clinical, haemodynamic, and echocardiographic parameters are evaluated. ECMO
flows are usually not reduced below 1-2 L/min, due to the increased risk of throm-
bosis (Figure 9) of the low-flow circuit [59, 60]. If the patient remains with stable
haemodynamic at low flow, they can be ready to be disconnected from the support.
Weaning and de-cannulation are delicate phases, and careful haemodynamic and
echocardiographic evaluation is needed to identify and promptly deal with contin-
gent problems.

The ultrasonography evaluation also allows the vascular evaluation after
de-cannulation.

1.4 Conclusions

Ultrasounds play a fundamental role in managing patients supported with
ECMO, during all the different stages of assistance [10, 11, 14-16, 58], from
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indication to cannulation, monitoring, and weaning. Either during circulatory or
respiratory assistance, ultrasounds are fundamental to evaluate the cardiac function
of the patients, providing information that determines appropriate patient selec-
tion. They are also needed to choose the best vascular access sites, guide the inser-

tion of cannulas, monitor progress, detect complications, and help in determining
recovery and weaning of support [10, 14-16, 34].
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