
Intensive care unit management of percutaneous
mechanical circulatory supported patients: the role
of imaging

Andrea Montisci1,2*, Letizia F. Bertoldi3, Susanna Price4, Christian Hassager5,6,
Jacob Møller7, and Federico Pappalardo8

1Department of Anesthesia and Intensive Care, Cardiothoracic Center, Istituto Clinico Sant’Ambrogio, Via Faravelli
16, 20149 Milan, Italy
2Chair of Cardiac Surgery, Postgraduate in Cardiac Surgery, University of Milan, Via Faravelli 16, 20149 Milan, Italy
3Letizia Fausta Bertoldi, Humanitas Clinical and Research Center—IRCCS, Cardio Center, Rozzano—Milan, 20089
Milan, Italy
4Adult Intensive Care Unit, Royal Brompton Hospital, Sydney Street, London, Greater London, SW3 6NP, UK
5Department of Cardiology, Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, Denmark
6Department of Clinical Medicine, University of Copenhagen, Blegdamsvej 3B, 33.5.18-21 DK-2200 Copenhagen,
Denmark
7Department of Cardiology, Odense University Hospital, B. Winsløws Vej 4, 5000 Odense, Danimarca and Cardiac
Intensive Care Unit, Heart Center, Copenhagen University Hospital Rigshospitalet, Blegdamsvej 9, 2100 Copenaghen,
Denmark; and
8Department of Anesthesia and Intensive Care, IRCCS ISMETT, UPMC Italy, Via Ernesto Tricomi 5, 90127 Palermo, Italy

KEYWORDS
Mechanical circulatory support;

Echocardiography;

Radiography;

Positioning;

Repositioning

The clinical management of patients on Impella support requires multimodality moni-
toring and imaging. Upon intensive care unit admission, echocardiography is essen-
tial to ensure correct pump positioning/guide repositioning, to monitor acute myo-
cardial infarction/device-related cardiac complications and to evaluate baseline left
and right ventricular function. Over time, the echocardiographic assessment of myo-
cardial viability has become an essential target for guiding mechanical circulatory
support escalation and long-term strategies. The recognition and grading of any val-
vular dysfunction and damage in Impella patients are challenging, as the device
interferes with the colour Doppler signal, and the loading conditions of the left ven-
tricle are modified by the pump. Valvular disease in such patients is often secondary,
and correct identification is pivotal for future therapeutic strategies. The emerging
use of newer techniques, including speckle-tracking echocardiography, is of increa-
sing interest in the imaging of critically ill patients.

Introduction

The clinical management of patients on Impella support
requires multimodality monitoring and imaging. While
haemodynamic monitoring using pulmonary artery

catheterization (PAC) has a well-defined role, integration
with imaging is essential. Chest radiography (CXR) and
echocardiography are the main imaging modalities used
in the daily evaluation of Impella patients. The objec-
tives and the timeline of imaging techniques are summa-
rized in Figure 1.
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Timeline of patient evaluation

Upon intensive care unit (ICU) admission, echocardiogra-
phy is essential to ensure correct pump positioning/guide
repositioning, to monitor acute myocardial infarction
(AMI)/device-related cardiac complications (tamponade,
mitral regurgitation, and mechanical complications) and to
evaluate baseline left and right ventricular (LV/RV) func-
tion. Later in the clinical course, the main objectives of
imaging include the evaluation of cardiac recovery,
myocardial viability, and valve function as well as the sur-
veillance of AMI/device-related complications. Daily
imaging is recommended and should be synthesized with
the clinical course, inodilator therapy, mechanical ventila-
tion, and pump parameters.

Plain chest radiography and transthoracic
echocardiography to evaluate pump
positioning

The metallic housing of the pump and inlet/outlet areas
are intensely radiopaque and readily visualized using plain
CXR. The Impella position is grossly identified by the inlet
area and pigtail catheter projected over the LV contour,
whereas the pump outlet is located in the ascending aorta,
just above the aortic root.1 Determining the optimal pump
position, however, cannot be judged on the basis of CXR
alone, as no accurate data regarding the cannula direction,
interference with the mitral valve apparatus or the dis-
tance of the inlet area from the aortic valve annulus can be
obtained. A ratio-based tool using plain supine CXR can be
useful to evaluate the position of the intracardiac device.
The aortic valve position can be identified caudal to the ca-
rina at a distance of 0.256 0.05 times the thoracic width
for male patients and 0.286 0.05 times the thoracic width
for female patients.2 CXR is additionally useful to identify
complications, including pleural effusion, pneumothorax,
pulmonary atelectasis, and/or consolidation.

Transthoracic echocardiography (TTE) is the imaging
technique of choice, as it is non-invasive, highly

informative and readily performed at the bedside.
However, up to 30% of ICU patients do not have an ade-
quate acoustic window due to lung pathology or distention
during mechanical ventilation and forced decubitus.3

Transoesophageal echocardiography (TOE) provides similar
information with better imaging quality from the mid-
oesophageal aortic valve long-axis view. The use of TOE
must be carefully considered, as patients are usually on
antiplatelet and anticoagulant therapy and therefore are
at increased risk of oropharyngeal and oesophageal
bleeding.

Using TTE, from a parasternal long-axis (PLAX) view from
the apex of the left ventricle to the aortic valve, the distal
portion of the pump can be distinguished from the thin line
of the pigtail catheter and by the intense bright artefact of
the inflow cage (referred to as a teardrop). The cannula
appears as two parallel echogenic lines (railroad track)
crossing the aortic valve. The hyperechogenic outlet area
is then visualized in the ascending aorta (Figure 2).
Identification of the transition area between the pigtail
catheter and inlet area can be challenging and relies on op-
timal image quality. Correct positioning occurs when the
inlet area is located 35mm from the aortic valve plane, at
the middle of the LV cavity, with the distal tip of the pump
oriented towards the LVapex, and with no contact with the
mitral valve leaflets or subvalvular apparatus.
Alternatively, a distance of 40mm from the aortic annulus
and a bright artefact of the transition zone between the
pigtail catheter and inlet area (teardrop) can be used. The
curvature of the Impella should be located just below the
aortic valve.

The most frequent suboptimal positions can be readily
identified with a combination of PLAX and three- and five-
chamber views, where the pump impacts the mitral valve
leaflets or subvalvular apparatus, or it can be directed to-
wards the posterior ventricular wall. In all these cases, the
pump can cause mitral regurgitation due to restricted leaf-
let motion, can damage the chordae tendineae or the pa-
pillary muscles, and can induce clinically significant
haemolysis as a consequence of modifications of the blood
flow characteristics at the inlet area, and it may often re-
sult in suction problems and ventricular arrhythmias. In

Figure 1 Timelines and objectives of imaging techniques.

Figure 2 Parasternal long-axis view showing correct Impella positioning
with aliasing in the ascending aorta.
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most cases, repositioning of the Impella device cannot be
performed in the ICU under echocardiographic guidance
and requires transport of the patient to the catheterization
laboratory.

Evaluation of right ventricular function

Right ventricular failure (RVF) can occur in patients on
Impella support as a primary or secondary phenomenon.
Correct diagnosis and management strategies rely on de-
tailed evaluation of the clinical setting, as well as echocar-
diographic and haemodynamic parameters. In primary RVF,
ischaemic involvement of the right ventricle, pulmonary
hypertension, and post-cardiotomy RV dysfunction are the
most frequent conditions. In secondary RV failure, Impella
support may induce or unmask RV dysfunction (secondary
RVF) by increasing cardiac output and modifying ventricu-
lar interdependence and/or the position of the interven-
tricular septum (IVS). Moreover, insufficient LV unloading,
through the upstream transmission of elevated end-
diastolic LV pressure, can increase the mean pulmonary ar-
terial pressure and hence RV afterload. The treatment of
these two clinical situations differs, and timely diagnosis is
essential for a good outcome. The evaluation of RV function
requires a multiparametric approach (Figure 3).

Troubleshooting right ventricular dysfunction in
the context of Impella support
RV dysfunction should be suspected in cases of the persis-
tence of shock despite optimal Impella support, abrupt or
progressive increases in central venous pressure, decreases
in Impella flow and suction alarms, elevation of hepatic
biomarkers, liver enlargement, abdominal distension, and
new onset of gastrointestinal dysfunction.

The first step is to rule out complications that can induce
secondary RV failure. Cardiac tamponade, pleural effusion,
or massive pulmonary atelectasis can be easily identified
through CXR and bedside TTE and then effectively man-
aged. The second step is evaluation of the IVS. In conditions
of optimal support, the septum is midline. Both leftward
and rightward IVS shifts can subtend or generate RVF.
Indeed, a rightward IVS shift indicates insufficient unload-
ing or further deterioration of LV function, causing second-
ary RV dysfunction. A leftward shift can be an index of
inadequate LV filling as a consequence of RVF, RV pressure

overload or excessive pump suction and is able to induce
RVF by itself.

Evaluation of right ventricular systolic function
on Impella
The assessment of RV function integrates several indices
and changes over time. The complex three-dimensional
structure of the right ventricle prevents the use of geomet-
ric assumptions analogous to that of left ventricle, hamper-
ing the calculation of ejection fraction. RV shape and
dimensions must be evaluated on admission to the ICU and
over time. The development of new or worsening tricuspid
regurgitation can signify acute RV dilation. Although the
right ventricle: LV diameter ratio is a validated index of RV
dysfunction, it is unreliable when the LV diameter is arte-
factually changed by the action of the pump. Longitudinal
RV function can be measured through tricuspid annulus
plane systolic excursion (TAPSE) and the S0 wave of tissue
Doppler imaging of the lateral tricuspid annulus; however,
severe tricuspid regurgitation can overestimate TAPSE; ad-
ditionally, RV long-axis function can remain impaired years
following cardiac surgical operations, and interpretation in
the context of pulmonary hypertension is challenging.
Fractional area change is another index of RV systolic func-
tion, but it relies on good-quality images due to the need
for optimal visualization of endocardial borders. The pul-
monary circulation can be comprehensively evaluated
through echocardiography,4 and in patients not monitored
with PAC, a basic evaluation should include at least pulmo-
nary artery systolic pressure estimation, which can be de-
rived from the velocity of the tricuspid regurgitation jet on
the basis of the Bernoulli equation, taking into account the
right atrial pressure.

Left ventricular evaluation: adequacy of
unloading and myocardial viability and
recovery

Cardiac unloading can be defined as the reduction of total
mechanical power expenditure of the ventricle, which cor-
relates with the reduction in myocardial oxygen consump-
tion and haemodynamic forces that lead to ventricular
remodelling.5

Preclinical studies have demonstrated that unloading of
the LV with an Impella device protects the heart from cell
death in AMI by reducing wall stress and cardiac oxygen
consumption and by increasing coronary blood flow.6–8

Moreover, themagnitude of these beneficial effects is di-
rectly correlated with the degree of LV unloading.9 Routine
echocardiographic evaluation must guide pump and medi-
cal management to provide adequate LV unloading and to
determine the optimal timing for mechanical circulatory
support (MCS) weaning. However, in Impella-supported
patients, the most common Doppler-based measurements
may be affected by the mechanical noise of the device and
continuous flow. Furthermore, in patients with severe LV
dysfunction, biplane ejection fraction [LV ejection fraction
(LVEF)] measurement alone is insufficient for detecting
myocardial recovery and guiding weaning strategies. In
clinical practice, adequate Impella LV unloading is defined

Figure 3 Algorithm for evaluation of the right ventricle.
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as the highest effective P-value speed without suction and
a weaning process that is guided by multimodality evalua-
tions with both invasive and echocardiographic monitoring.
In this regard, it is worth clarifying that the operator can
set the Impella flow by selecting a performance level of
the pump from P1 to P9, with an incremental generated
flow. Indeed, these levels correlate with an increase of the
number of the revolution-per-minute of the pump and a
subsequent flow increase. The interaction with the native
heart pulsatility is responsible for the variability from a
minimum to a maximal flow at any given P-level.

Newer technologies and future perspectives:
speckle-tracking echocardiography
Two-dimensional speckle-tracking echocardiography
(STE) is a technique, independent from the angle of
insonation that provides the measurement of strain, the
dimensionless physical quantity of fractional myocardial
shortening.

Speckle-tracking echocardiography has an expanding
role in clinical practice. The technology is validated and re-
producible within an acceptable range and uses bright
speckles in echocardiographic grayscale images to evaluate
tissue deformation. Because these speckles are not subject
to mechanical noise, STE can be a reliable approach for
evaluating heart function in the setting of mechanical LV
unloading. Furthermore, the assessment of global longitu-
dinal strain (GLS) from speckle-tracking analysis is a feasi-
ble alternative to LVEF for the assessment of LV function.

GLS is a simple parameter derived from post-processing
analysis of apical images of the left ventricle that expresses
longitudinal shortening as a percentage (change in length
as a proportion to baseline length). GLS normally varies
with age, sex, and LV loading conditions but in adults GLS
<16% is considered abnormal, >18% normal and 16–18%
borderline.

The superior sensitivity of LV strain analysis over LV ejec-
tion fraction for detecting subtle changes in LV function has
been reported.10,11

Different aspects of strain can be displayed differently:
waveforms can be used to illustrate contraction delay and
temporal dispersion in different myocardial segments,
while parametric display (‘bull’s-eye plot’) illustrates spa-
tial dispersion and offers an intuitive visual overview of the
global and regional LV myocardial function in a single
diagram.

However, reliable evaluation of the GLS strictly depends
on a good image quality that may be difficult to obtain in
the setting of mechanical ventilation and forced decubitus;
a suboptimal regional tracking in more than two myocar-
dial segments in a single view is sufficient to make unreli-
able the GLS calculation.

Despite STE being not widely validated in the ICU set-
ting, certain features suggest potential utility in Impella-
supported patients. GLS has several limitations: a reliable
evaluation strictly depends on a good image quality, diffi-
cult to obtain in the setting of mechanical ventilation and
forced decubitus; moreover, a suboptimal regional tracking
in more than two myocardial segments in a single view is
sufficient tomake unreliable the GLS calculation.

Evaluation of left ventricular unloading
Hammoudi et al.12 demonstrated that STE strain analysis
exhibited significant linear relationships with LV stroke
work in post-myocardial infarction pigs with acute LV
unloading using Impella, suggesting its utility in noninva-
sively assessing the degree of LV unloading at the bedside.
STE analysis can be combined with invasive haemodynamic
monitoring to detect optimal LV unloading. Impella speed
might be adjusted with the aim of providing optimal
unloading (evaluation of pulmonary and filling pressures)
and improving myocardial contractility (increases in GLS).
A practical example is shown in Figure 4.

Monitoring myocardial recovery
A general definition of ‘myocardial recovery’ is the im-
provement of the parameters of ventricular function, usu-
ally evaluated with echocardiographic examination.

Figure 4 Speckle-tracking echocardiography combined with haemodynamic monitoring for evaluating the degree of left ventricular unloading. (A–D) Impella
monitoring, haemodynamic status and strain analysis at P6 Impella speed. (E–H) Increased unloading at P8 provides better haemodynamic status and myocar-
dial contractility. Changes in myocardial contractility between P6 and P8 unloading were not detectable with left ventricular ejection fraction measurement.
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LV strain analysis has superior sensitivity over LVEF in
detecting subtle changes in LV function and thus myocar-
dial recovery (Figure 5). GLS is, however, highly dependent
on pre- and afterload, and to date, the magnitude of
changes in GLS that should be considered clinically rele-
vant due to interstudy variability in the ICU setting remains
unknown.

Myocardial viability

Myocardial viability has a pathophysiological and clinical
definition. At a cellular level, viable cardiomyocytes are
defined by the presence of cellular, metabolic and micro-
scopic contractile function. On a clinical ground, viability
is defined by a dysfunctional myocardium at rest, but able
to recover after flow restoration or unloading.13

If early myocardial recovery does not occur in Impella-
supported patients, it is necessary to assess myocardial via-
bility to guide MCS escalation and longer-term strategies.
Here, viability assessment is challenging due to imaging
practicalities (often unstable and mechanically ventilated
patients with high risks or impossible mobilization) and de-
vice interference (for example, with cardiac magnetic
resonance). Here, two imaging techniques are available
(Figure 6).

Echocardiography
This offers real-time assessment of cardiac function at the
bedside, making it the easiest modality for evaluating
Impella-supported patients. Doppler analysis alone is insuf-
ficient for assessing myocardial viability. LV long-axis func-
tion during dobutamine-stress echocardiography has been
shown to provide important information.14,15 However, fur-
ther studies are needed to validate dobutamine stress
echocardiography and myocardial viability assessments in
the setting of Impella-supported patients.

Cardiac positron emission tomography
Nuclear imaging can be considered for viability assess-
ments of patients on MCS because it is not affected by de-
vice interference. Specifically, [18F]fluorodeoxyglucose
(FDG)-positron emission tomography (PET) is the clinical

gold standard for myocardial viability and identifies viable
myocardial tissue via the noninvasive visualization of glu-
cose metabolism; FDG-PET is able to distinguish between
hibernating myocardium (viable myocardium) and scar tis-
sue.16 Observational studies suggest that FDG-PET has the
greatest sensitivity for predicting global LV functional re-
covery following revascularization compared with diffe-
rent viability tools (single-photon emission computed
tomography, dobutamine stress echocardiography and car-
diac magnetic resonance imaging).17,18 No studies about
FDG-PET in Impella-supported patients have been pub-
lished, but the feasibility and future potential are
highlighted by expert opinions. A real-life case of FDG-PET
in a patient on Impella support is shown in Figure 6.

Evaluation of valvular disease

The evaluation of aortic and mitral valvular diseases while
on Impella support is challenging, as the device interferes
with the colour Doppler signal, and LV loading conditions
are modified by the pump. Multiple mechanisms can affect
valve function in this clinical scenario (primary or device-
related valvular disease); however, prompt recognition and
management of valve dysfunction is pivotal for safe and
successful weaning fromMCS.

Aortic stenosis
Patients with severe aortic stenosis (AS) and cardiogenic
shock have a poor prognosis. Percutaneous balloon aortic
valvuloplasty (BAV) can be lifesaving as a bridge to further
definitive treatment, such as Transcatheter Aortic Valve
Replacement or surgical Aortic Valve Replacement (TAVR or
sAVR, according to guidelines). BAV in these critically ill
patients is, however, associated with high periprocedural
and in-hospital mortality. Severe AS is considered a relative
contraindication for the use of Impella given concerns
about worsening haemodynamics with the introduction of
the catheter through a severely stenotic aortic valve ori-
fice and the possibility of increased cerebrovascular events
due to calcified aortic leaflets. Despite these concerns, its
use has been proven feasible, and it has demonstrated
promising results in selected patients with severe AS. The

Figure 5 Left ventricular systolic strain displayed as bull’s eye plots at day 1 (A) and day 3 (B) on Impella support. Bull’s eye plots show partial myocardial re-
covery with particularly improved peak systolic strain of antero-septal and inferior medio-basal segments.
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concomitant use of Impella support during BAV may im-
prove the safety and tolerability of the procedure by pro-
viding stable cardiac output and permitting longer balloon
inflation times.19,20 The cVAD registry provides the largest
series to date of patients with severe AS undergoing
Impella-assisted BAV.21 A total of 116 patients underwent
BAV with the Impella device placed electively in most cases
prior to BAV, whereas it was placed emergently in 27% of
the cases.

Aortic regurgitation
Primary severe aortic regurgitation (AR) is a contraindica-
tion for Impella placement. Although rare, new AR is one of
the potential complications of Impella implantation and
can occur due to mechanical impedance of leaflet opposi-
tion or iatrogenic injury to the valve (leaflet perforation or
commissural avulsion). AR must be excluded if clinical and
haemodynamic improvement is not observed despite ap-
propriate ventricular support. An echocardiographic diag-
nosis of AR in this setting can be challenging due to
artefacts on colour Doppler generated by the device; the
use of TOE is recommended. AR from defective leaflet

coaptation will improve once the device is removed or
repositioned, while iatrogenic injury may require surgical
correction.22,23

Functional mitral regurgitation
Functional mitral regurgitation (fMR) is relatively common
in ischaemic cardiogenic shock, and it may negatively af-
fect the attainment of adequate LV unloading or hinder
Impella weaning. The echocardiographic quantification of
fMR while on Impella support is challenging due to LV
unloading. A ‘weaning trial’ by reducing the Impella speed
(P2–P3) may unmask severe fMR. Severe fMR often repre-
sents the underlying cause of weaning failure. A few case
reports have demonstrated the safety and feasibility of the
MitraClip procedure while on Impella support.24 However,
in patients with failure to wean and severe fMR with a lack
of LV recovery, long-term left ventricular assist device im-
plantation should be considered.

Primary mitral regurgitation
Impella device positioning may, in rare cases, be compli-
cated by mitral apparatus damage, leading to organic MR.

Figure 6 Cardiac viability assessment with different imaging techniques in the same patient while on Impella support. (A and B) Speckle tracking echocardi-
ography analysis presented as waveform (A) and bull’s eye plot (B). (C and D) Cardiac positron emission tomography analysis similarly presented as short- and
long-axis slices (C) and bull’s eye plot (D).
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When MR occurs secondary to Impella placement, this may
be due to either direct mitral damage [including chordal
rupture with leaflet flail (most common) or perforation].
The management of device-related MR may be percutane-
ous (MitraClip) or surgical in relation to the anatomical
characteristics of the lesion.25–27

Functional mitral stenosis
Although rare, Impella mispositioning may cause functional
mitral stenosis by dislocating the shaft of the device lying
on the anterior mitral leaflet. Frequent echocardiographic
surveillance of correct device positioning is fundamental,
especially in patients who show a poor response to therapy;
repositioning is mandatory when the Impella device inap-
propriately interferes with the mitral valve apparatus.28

Integration between haemodynamic data
and imaging

Haemodynamic data provided by the PAC and by the new
Impella console SmartAssist have to be integrated with
imaging to obtain a thorough evaluation of the patients’
clinical status.

Specifically, the evaluation of RV function, degree of
unloading and weaning form Impella take advantage from
an integrated approach.

No single echocardiographic parameter is able per se to
provide a complete RVevaluation, whose function is better
interpreted with measured and derived haemodynamic
and echocardiographic data.

Echocardiography-derived parameters are complemen-
tary to LV end-diastolic pressure to define the degree and
the adequacy of cardiac unloading.

Finally, the weaning from Impella is based on the evi-
dence of haemodynamic recovery, with the onset of a sus-
tained systemic arterial and pulmonary pulsatility, stability
of native cardiac output and wedge pressure; these phe-
nomena are often concomitant with imaging data sugges-
ting improvement of LV/RV systolic function.

Conclusion

Echocardiography is of unique importance for the clinical
management of patients on Impella support, for monitoring
the possible complications and for the weaning process.
Standard two-dimensional echocardiography is currently
the basis for clinical conclusions, whereas the role of new
imaging techniques still needs to be validated in further
studies.
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