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survival is now at par with that of heart transplantation at 2
years, with 5-year survival data approaching 58% for the third
generation centrifugal pumps (HeartMate Ill) (2). Durable
LVADs require significant evaluation in the preoperative,
perioperative and postoperative phase for successful
outcomes.

The ever-evolving field of durable left ventricular assist
devices (LVAD) continues to transform the realm of treatment
options for patients with end-stage heart failure.

A Journal of American College of Cardiology scientific
statement by Tedford et al (1) showed average
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Echocardiography has traditionally served as the preferred
non-invasive technique for evaluation of LVAD (3, 4), however
with the increasing technological advances and applied
artificial intelligence tools the role of multimodality imaging
has expanded.

LVAD architecture and physiology is distinct for every device,
thus posing tailored imaging challenges to assess function.
Modern devices such as the HeartMate 3 are centrifugal
pumps that continuously drain blood from the left ventricle
delivering it into the aorta, generating minimally pulsatile
systemic blood flow.

Echocardiography is crucial to LVAD imaging - from initial bi-
ventricular assessment of function and patient selection for
implantation (4) to identification of cannula position as well
as long- term complications.

Cameliand colleagues’ (5) recent clinical consensus document
published in the European Heart Journal - Cardiovascular
Imaging (November 2024) provides an in depth exhaustive
review of the current state-of-affairs of cardiovascularimaging.

Right ventricular (RV) evaluation is paramount to successful
LVAD implantation.Validated echo parameters studied include
RV dimensions (basal, longitudinal and medium diameter)
and function. The 2-dimensional (2D) RV parameters such
as tricuspid annular plane systolic excursion (TAPSE), tissue
Doppler derived tricuspid lateral annular systolic velocity
wave ('), RV fractional area change (RVFAC) have traditionally
been employed to assess RV function (6).

Newer modalities employ 3-dimensional (3D) imaging tools;
speckle tracking echocardiography and evolving software
intelligence. RV global longitudinal strain (RV GLS) and free
wall longitudinal strain (fwRVLS) are considered accurate
measures of RV function. Meta-analysis data proves RV GLS
and fwRVLS tracking accurately predict subsequent RV
dysfunction after LVAD implantation. Furthermore, fwRVLS
(<-22%) has good correlation with RV stroke volume index (7-
8) and studies have shown fwRVS a reliable prognostic marker
to predict early RV failure with a cut-off values > -14% (9).
In essence, fwRVLS is considered the most sensitive marker
prognostic marker for RV dysfunction post implantation (9).

The 3D imaging can circumvent the often complex RV
geometry leading to inaccurate RVFAC evaluation (10). The
3D echocardiography (3DE) is the most accurate method
to evaluate ventricular volumes and ejection fraction (11).
The 3D technology is particularly useful in indeterminate
situations, with research showing superior predictors of RV
failure than conventional 2D. Applications of 3D and speckle
technology have benefited from software improvement and
integration such as auto tracking features enabling wider
utilization in the community.

Transesophageal echocardiography (TOE) is indispensable in
the intraoperative and perioperative phases as delved into
detail in this consensus statement.

TOE aids in comprehensive valve, intracardiac shunting and
thrombus evaluation. TOE is a vital tool for hemodynamic
monitoring during LVAD implantation. TOE is utilized in LVAD
activation and cardiopulmonary bypass weaning — inter-atrial
and interventricular septal position along with chamber size
and function identify early RV dysfunction and guide LVAD
speed adjustments. Cameli and colleagues (5) highlight
the importance of TOE in post implantation parameters
such as aortic valve (AV) opening and complications such
as cardiac tamponade, RV dysfunction, aortic regurgitation
and thrombosis that are frequently detected by TOE. The
highlighted impact on pre-LVAD hemodynamics, which may
delay detection of entities such as tamponade without a high
clinical degree of suspicion, has been well surmised.

The authors discuss AV opening, thrombosis and regurgitation
in detail, highlighting the role of echocardiography and
potentially computed tomography (CT). AV opening serves to
prevent root thrombosis, however regurgitation may create
a drop in the LVAD-aortic circulation resulting in decreased
systemic circulation. AV opening utilizing transthoracic
echocardiography (TTE)/TOE M-mode imaging through
the long- axis of the aortic valve can predict eventual
complications such as thrombosis and is specific for different
LVADs

CTimagingis primarily useful in definition of thoracicanatomy.
Coronary CT angiography (CCTA) can exclude coronary artery
disease in heart failure patients at low to moderate pretest
probability prior to LVAD implantation. Cardiac CT with
delayed acquisition sequences have high sensitivity and
specificity for detection of left atrium and left atrial appendage
thrombus and is considered as acceptable alternate to TOE.
Morphological evaluation of cardiac structures remains a
strength of CT, with contrast and radiation exposure serving
as primary limitations. There Is a need for further research to
define specific CT parameters with prognostic benefit.

Device infection is a common complication after LVAD
implantation, this can involve any part of the LVAD circuit
however LVAD drive line is frequently involved (10-35% of all
cases), especially at the entry site into the skin (12). TOE has a
high sensitivity and specificity at detection of LVAD infection,
however CT and fluorodeoxyglucose (FDG)-positron emission
tomography (PET)/CT are increasingly useful. FDG-PET/CT has
an overall sensitivity and specificity of 92 and 83% respectively
at localizing device infection and internal extension (13).

The current evidence for the role of cardiac magnetic
resonance imaging (cMRI) is limited, however it is valuable
in patients with sub-optimal echocardiographic evaluation
or when a more detailed assessment if needed (14). Late
gadolinium enhancement (LGE) is the reference standard for
detection of myocardial infarct and focal fibrosis. cMRI can
help identify inflammatory heart disease, intracardiac thrombi
and tissue characterization can identify myocardial edema
and fibrosis.
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Multimodality imaging enables clinicians to understand tools
available to comprehensively evaluate LVAD implantation,
function and prevent adverse events. Improvement in
software intelligence, introduction of machine learning
algorithms will almost certainly rapidly improve our ability to
enhance outcomes of not just LVAD recipients but almost all
heart failure patients.

Camelietal. (5) have created a detailed yet easy-to-read review
of current cardiovascular imaging parameters and their utility
in clinical practice.
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