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How do you assess LVAD
function with echo? Role of
CTA?
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Left Ventricular Assist Device: A useful alternative to transplant
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Device technology has evolved and with newer, better hemocompatibility profile
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Important Device Components
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Mehra MR, Naka Y, Uriel N, Goldstein DJ, Cleveland JC Jr, Colombo PC, Walsh MN, Milano CA, Patel CB, Jorde UP, Pagani FD, Aaronson KD, Dean DA, McCants K, Itoh A, Ewald GA, Horstmanshof D, Long JW, Salerno C;

MOMENTUM 3 Investigators. A Fully Magnetically Levitated Circulatory Pump for Advanced Heart Failure. N Engl ) Med. 2017 Feb 2;376(5):440-450. doi: 10.1056/NEJMo0al1610426. Epub 2016 Nov 16. PMID:
27959709.
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Important Device Components

Visualized by echo

CT is needed!
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Why do we need imaging?

Pump function: RV function Valvular abnormalities:
Appropriate LV unloading AR, MR and TR

Echocardiogram

Recovery and decommissioning Risk Prediction Assessing compl.lcatlons and Trouble
an LVAD shooting alarms

Echocardiogram and Cardiac CT




Increase in LV systolic
pressure reduces systolic
pump differential
pressure, which increases
the flow during systole
compared to diastole
(higher pulsatility).

a*

Increase in LV stroke
volume increases LV
pressure, which increases
aortic systolic and pulse
pressure (aortic valve
opens when LV pressure >
aortic pressure)

a*

Reduction in pump speed:
Increase LV preload and
stroke volume via Frank-
Starling relationship

Pump differential pressure

Reduction in

-
-
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Increase In
pumg speed

Pump flow

b
LY

Peak LV pressure

LV end-diastolic volume

Reduction in LV systolic
pressure increases systolic
pump differential
pressure, which reduces
the flow during systole
(lower pulsatility).

*

Reduction in LV stroke
volume reduces LV
pressure, which reduces
aortic pulse pressure
(aortic valve fails to open
as LV pressure < aortic
pressure)

L

Increase in pump speed:

Reduction in LV preload
and stroke volume via
Frank-Starling relationship
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Heart-LVAD interaction: Effect on LV

= |VAD provide effective pressure and volume
unloading

= Decrease in LV size (immediate effect- and
continues over weeks- months)

= Decrease in LV end-diastolic pressure ( decreased
PCWP within 2 minutes [RAMP studies]

= Reduction in myocyte size and increase in

relative collagen.

= Recovery!
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Heart-LVAD interaction: Effect on LV
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Why is it so Importani
1. LV unloading

2. Management of B

HOUSTON

No AV opening--> MAP

AV opening--> Systolic

To determine if pulsatility is
present, palpate if a radial pulse
can be appreciated

Place the BP cuff over the forearm

Place ultrasound gel on the wrist at
the location of the radial artery

Use the Doppler to locate the pulse
and inflate the cuff to >20mmHg
above the disappearance of the
Doppler sound

Slowly deflate the cuff and record
the number where the Doppler
sound returns

A similar method can be used for
the brachial pulse in the antecubital
fossa and by inflating the cuff on
the upper arm.
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Heart-LVAD interaction: Doppler based assessment of Inflow cannula
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Heart-LVAD interaction: Doppler based assessment of Inflow cannula

Inflow cannula Doppler
HM 3 et v
4800RPM ‘3\‘/,,"“. g

Inflow Dopplers usually not well alighed and inaccurate. Avoid extrapolation.



Multi-modality Imaging Conference
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Net flow through LVAD: How native contribution affect flow in aorta

VelocityMagnitude

—— 336801
=1 03
"f
| | K-
|

=02

~0.000e+00
VelocityMagnitude

6225601
| [04
‘ =02

} AbsolutePressure
~1.016e+05

101500

101400

~8.4886.03

1.013e+06

Aortic valve open

Aortic valve closed




MULTIMODALITY IMAGING CONFERENCE Methadist

LEADING MEDICINE

Heart-LVAD interaction: Doppler based assessment

Typical Echo features consistent with inadequate unloading by the LVAD
1- Dilated LV and LA enlargement
2-Persistent secondary mitral regurgitation > mild to moderate
3-Systolic Pulmonary Artery Pressure > 40 mmHg and elevated estimated RA pressure

4-Mital valve E/A peak Doppler velocity > 2

Elevated Estimated PCWP > 15 mmHg on LVAD support (actual PCWP 20 mmHg)

®"' 5 -are "

SPAP = & 4 eRAP |
=3340
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Heart-LVAD interaction: Doppler based assessment

Normal Estimated PCWP on LVAD support (actual PCWP 9 mmHg)
o' —y— ‘ -

Optimal speed is thought to be the one at which:
1.Aortic valve opening is intermittent or closed
2.The interventricular septum is midline
3.Mitral and aortic regurgitation are minimized
4 .Pulmonary capillary wedge pressure <18 mm Hg

5.Central venous pressure <12 mm Hg and collapsible IVC
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Apply echocardiographic algorithm

Heart-L\ J ssessment

Mitral E/A
E/A <1+ E/A >1, <2* E/A >2
any 1 parameter +2 of parameters + any 1 parameter
(a) RAP <10 or (@) RAP =10 or
sPAP <40 mmHg sPAP >40 mmHg
(b) LAVi <33 ml/m? (b) LAVi >33 ml/m?
(c) Efe’' <14 (c) Efe' >14

No change in HIF medical therapy. | Augment HF medical therapy
and/or pump speed and/or increase pump speed

Estep JD, ..Nagueh SF. Echocardiographic Evaluation of Hemodynamics in Patients With Systolic Heart Failure Supported by a Continuous-Flow LVAD. J Am Coll Cardiol. 2014 Sep 23;64(12):1231-41. doi: 10.1016/j.jacc.2014.06.1188. PMID: 25236515.
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IVC for volume assessment

. ...heartmate lll 5100RPM
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Heart-LVAD interaction: Repercussions of ineffective LV unloading
[RAMP-IT UP STUDY]
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Uriel N, Burkhoff D, Rich JD, Drakos SG, Teuteberg JJ, Imamura T, Rodgers D, Raikhelkar J, Vorovich EE, Selzman CH, Kim G, Sayer G. Impact of Hemodynamic Ramp Test-Guided HVAD Speed and Medication Adjustments on Clinical
Outcomes. Circ Heart Fail. 2019 Apr;12(4):e006067. doi: 10.1161/CIRCHEARTFAILURE.119.006067. PMID: 30946600.
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Heart-LVAD interaction: Reasons ineffective unloading

* Low set pump speed

* Hypertension (excessive afterload)

e Outflow cannula kinking (afterload)

* Inflow Cannula Mal-position

* Pump malfunction (e.g. rotor thrombus)

e Acquired continuous aortic regurgitation

Uriel N, Burkhoff D, Rich JD, Drakos SG, Teuteberg JJ, Imamura T, Rodgers D, Raikhelkar J, Vorovich EE, Selzman CH, Kim G, Sayer G. Impact of Hemodynamic Ramp Test-Guided HVAD Speed and Medication Adjustments on Clinical
Outcomes. Circ Heart Fail. 2019 Apr;12(4):e006067. doi: 10.1161/CIRCHEARTFAILURE.119.006067. PMID: 30946600.
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Heart-LVAD interaction: Effect on LV is determined by Inflow cannula position

Position of inflow cannula

HM 3
4800RPM
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Heart-LVAD interaction: Complementary role of Echo and Cardiac CT

Larger LV

Inflow cannula mal-position can impair LV unloading
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Heart-LVAD interaction: Suck-down events

Suction or obstruction occurs if:

= Small LV cavity ; restrictive
cardiomyopathy

= Off-axis inflow cannula

= Low pre-load: Failing right ventricle,
hypovolemia

= LV recovery

Inflow cannual

AR

Position change causing-
change in inflow cannula
position resulting in
suction

Valsalva
RV Expands pushing the
septum causing suction
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Heart-LVAD interaction: Differential diagnosis of ineffective LV unloading
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Heart-LVAD interaction: Effect of AR on LV unloading

i &
Mock circulatory

flow loop

Kassi M, Filippini S, Avenatti E, Xu S, El-Tallawi KC, Angulo CI, Vukicevic M, Little SH. Patient-specific, echocardiography compatible flow loop model of aortic valve regurgitation in the setting of a mechanical assist device. Front Cardiovasc Med.
2023 Feb 8;10:994431. doi: 10.3389/fcvm.2023.994431. PMID: 36844719; PMCID: PMC9945256.
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Heart-LVAD interaction: Novel Parameters
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Grinstein J, Kruse E, Sayer G, Fedson S, Kim GH, Jorde UP, Juricek C, Ota T, Jeevanandam V, Lang RM, Uriel N. Accurate Quantification Methods for Aortic Insufficiency Severity in Patients With LVAD: Role of Diastolic Flow
Acceleration and Systolic-to-Diastolic Peak Velocity Ratio of Outflow Cannula. JACC Cardiovasc Imaging. 2016 Jun;9(6):641-51. doi: 10.1016/j.jcmg.2015.06.020. Epub 2015 Dec 9. PMID: 26684975.
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Heart-LVAD interaction: Novel Parameters

TABLE2 Aorticinsuffi 49 ] I vrociionat visuat estimation eleration, and PCWP,
35
as Well as Proposed Thi 34
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£ 307 rapolated Moderate to
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2 .
S/D = : 1.1
Diastolic acceleration, cm Z 4q i 82.0
PCWP, mm Hg : NA

" 0
Al = aortic insufficiency; NA - 0 - stolic peak velocity ratio.
none trace/mild moderate severe

(RF <10%)  (10% <RF <30%) (30% <RF <50%) (RF 250%)

Al grades at baseline (3 months following LVAD implantation) . )
FoIIow-up study UEIIuULIdDLIALEU d THEIIET L-yEedl uEdLl dIiu 1EdUllIIddIVIL TdLlE DddEU Ul above criteria.

Imamura T, Narang N, Kim G, Nitta D, Fujino T, Nguyen A, Grinstein J, Rodgers D, Ota T, Jeevanandam V, Sayer G, Uriel N. Aortic Insufficiency During HeartMate 3 Left Ventricular Assist Device Support. J Card Fail. 2020 Oct;26(10):863-869. doi:
10.1016/j.cardfail.2020.05.013. Epub 2020 May 27. PMID: 32473380.
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Heart-LVAD interaction: Difficulties with outflow cannula measurements
Outflow cannula

. ..heartmate 1l 5100RPM
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Heart-LVAD interaction: Effect on RV

LV RV
= Effect on RV is dependent on RV contractile reserve |

and on RV-PA coupling

= Pulmonary pressure decrease

= RV afterload decrease

IE 4y TRy ke
= Systemic venous return increases — -

Highest RPM

= RV-LV septal interaction becomes profound -
Lowest RPM

= Early and Delayed RV failure. «

» Early—> can be catastrophic

= Delayed—> Recurrent Hospitalizations
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Heart-LVAD interaction: Effect on Septal interaction

\-heartmate lll 5100RPM

Early and Delayed RV failure:
* RV function

* TAPSE

* Fractional Area change
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Pericardial effusions behave differently

Parasternal long axis view

LVAD 8300
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ORI A1.2 cm

AV
opening
time
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Important Complications: Pump thrombosis

LVEDd R AO cm
e — i 59
BPM
AV A35 ms
opening Estep JD, Vivo RP, Cordero-Reyes AM,
time Bhimaraj A, Trachtenberg BH, Torre-Amione
G, Chang SM, Elias B, Bruckner BA, Suarez EE,
Loebe M. A simplified echocardiographic
technique for detecting continuous-flow left
ventricular assist device malfunction due to
pump thrombosis. J Heart Lung Transplant.
2014 Jun;33(6):575-86. doi:
10.1016/j.healun.2014.01.865. Epub 2014 Jan
28. PMID: 24656286.
Mitral A8 ms
DT
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LVAD Troubleshooting Alarms

Power/Flow  PI Causes
Low Low  Hypovolemia (bleeding, dehydration)
Tamponade
Right heart failure
Arrhythmias
Inflow/outflow graft obstruction (Kink., thrombus)
Low High Hypertension

Low pump speed
Inflow/outflow graft obstruction

High Low  Hypotension (sepsis, vasodilators)

High pump speed

Pump thrombus affecting rotor/bearings
High High Normal physiology

Improvement in cardiac function
Exercise
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Assessment of Myocardial Recovery

>40 % is considered a responder
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Echo contrast is safe
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, . Prediction of complications
Risk Prediction

Size of

= Hemocompatibility related adverse events: i
anastomosis

=  Stroke
= Bleeding

= Pump thrombosis

CRISP-CT:

Cannula Retrospective Imaging Study of
Positioning by CT in LVAD

Angle b/w
outflow graft
and aorta

Outflow angle and size of anastomosis predicts stroke.

Kassi M, Agrawal T, Xu J, Marcos-Abdala HG, Araujo-Gutierrez R, Macgillivray T, Suarez EE, Yousefzai R, Fida N, Kim JH, Hussain |, Guha A, Trachtenberg B, Bhimaraj A, Chang SM, Estep J. Outflow cannula alignment in continuous
flow left ventricular devices is associated with stroke. Int J Artif Organs. 2023 Apr;46(4):226-234. doi: 10.1177/03913988231154284. Epub 2023 Mar 9. PMID: 36895175.
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LVAD related infection- Important Role of PET
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What is new: Echocardiographic PIV

Vorlex area 0.30+0.09
Vortex length 0.65+0.17
Vortex depth 0.45+0.08
Vortex intensity —0.36+0.12
Energy dissipation index 0.96+0.57
Vortex fluctuation index 0.75+0.15
Kinetic energy fluctuation index 1.34+0.46

Data are presented as mean + standard deviation
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What is new: Vector Flow mapping technology with Epiaortic echocardiogram

Diastole
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What is new: PET based Myocardial blood flow reserve

A CF-LVAD “High-speed” setting B -LAD “Low-speed" settin
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Future directions

= Validate Diastology in HM3
= Novel imaging tools to understand LV/RV interplay
= (Corroborate other imaging findings with echocardiography and invasive hemodynamics

= [ncorporate novel imaging tools for risk assessment/ recovery

Thank you!
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