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SPEAKER PRESENTATION DISCLAIMER

The content and views presented are made available for educational purposes only. The
information presented are the opinions of the presenter and do not necessarily represent
the views of the Society of Diagnostic Medical Sonography (SDMS) or its affiliated
organizations, officers, Boards of Directors, or staff members.

The presenter is responsible for ensuring balance, independence, objectivity, scientific
rigor, and avoiding commercial bias in their presentation. Before making the presentation,
the presenter is required to disclose to the audience any relevant financial interests or
relationships with manufacturers or providers of medical products, services, technologies,
and programs.

The SDMS and its affiliated organizations, officers, Board of Directors, and staff members
disclaim any and all liability for all claims that may arise out of the use of this educational
activity.
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RESEARCH DISCLAIMER

The information presented in this presentation is based on research conducted to the
best of the presenters’ abilities and knowledge. Research involves uncertainty and is
subject to limitations. The findings and conclusions presented herein may be
influenced by various factors including but not limited to data quality, methodology,
assumptions, and interpretation.

Research outcomes may not always accurately predict real-world scenarios or future
events. While the presenter may make efforts to ensure the accuracy and reliability of
the information presented, completeness or absolute correctness is not guaranteed.
This presentation is intended for informational purposes only and should not be
construed as professional advice. Participants are encouraged to independently verify
any information provided and consult relevant experts or professionals where
appropriate.

The SDMS and its affiliated organizations, officers, Board of Directors, and staff
members disclaim any and all liability for all claims that may arise out of the use of
this educational activity.

GENERATIVE Al DISCLAIMER

The presenter utilized the use of large language models (LLMs) and generative
artificial intelligence (Al) as a productivity tool to assist in drafting and refining
content in this presentation.

While these tools can aid in structuring ideas, summarizing, paraphrasing, and
language polishing, they have inherent limitations and cannot replace human
creativity, critical thinking, or expert judgment. Al-generated content may contain
errors, biases, or gaps in knowledge.

This presentation is intended for informational purposes only and should not be
construed as definitive or authoritative guidance. Participants are encouraged to
critically evaluate the information presented and consult relevant experts as needed.
The SDMS and its affiliated organizations, officers, Board of Directors, and staff
members disclaim any and all liability for claims that may arise from the use or
interpretation of this educational material.
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Disclosures

Professional, non-product speaker:
Edwards Lifesciences - Aortic Stenosis education
Abbott Medical - Mitral Regurgitation education

Bristol Myers Squibb - Hypertrophic Cardiomyopathy education

No additional financial relationships or conflicts of interest to disclose

Learning Objectives

Understanding Heart Volumes - Review the physiologic basis and clinical
importance of accurate volume assessment

Techniques for Accurate Measurements - compare
echocardiographic methods, from Doppler to Simpson’s biplane and 3D imaging.
Overcoming Common Challenges - Recognize and resolve pitfalls such
as foreshortened views, Doppler misalignment, and image quality limitations.

Advanced Applications - Explore how volumes guide valve disease
assessment, and the role of emerging Al and automated tools.
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Hemodynamic & Mechanical
Stroke Volumes

By the end of this talk, you’ll understand the importance of accurate
volume measurements, common pitfalls, and advanced techniques to
enhance precision.

Understanding Heart
Volumes

Forward Stroke Volume:
LVOT Method

SV = CSA gyon X VT om0
CSA=mx (D/2)?
VTI = Doppler derived velocity
time integral

Stroke Volume (SV)

Represents Forward Stoke
Volume through the LVOT
/ Aortic Valve

T4 bpi

Image 1: Apical Long by (M.Trump, 2025)

(1) Lang RM, Badano LP, Mor-Avi V, et al. J Am Soc Echocardiogr. 2015;28(1):1-39.e14. doi:10.1016/j.ech0.2014.10.003
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Stroke Volume (SV)

Understanding Heart 51 :
VO | u m eS ontrast LVO . : I
i s PR +A4Cd
Mechanical Stroke Volume: Med y B LV Length 9.90 ¢
Simpson’s Method i - ek
. 3 . 'Ol r
SV = EDV — ESV) : . , EDV (A4C) 263
LV endocardium in apical 4 and 2 :
chambers
Measures total stroke volume
* Forward and regurgitant
Dependent on image quality and
endocardial border definition
Ultrasound Enhancing Agents (UEAs)
reduce variability and improve accuracy®

79 bpi

Image 2: Apical 4 Simpsons by (M.Trump, 2025)

(1)Lang RM, Badano LP, Mor-Avi V, et al. ) Am Soc Echocardiogr. 2015;28(1):1-39.e14. doi:10.1016/j.ech0.2014.10.003
(2) Porter TR, Mulvagh SL, Abdelmoneim SS, et al. J Am Soc Echocardiogr. 2018;31(3):241-274. d0i:10.1016/j.ech0.2017.11.013

Understanding Heart
Volumes

Gold Standard: Cardiac MRI
Computed Tomography (CT) (A super close
second) for LV volumes

SV = EDV — ESV()

Ejection Fraction: 73.54 %

High reproducibility for LV volumes?
Used in structural heart planning

Echo 2D and 3D are validated against these
modalities?

Stroke Volume (SV)

N
)

Image 3: CT image from author’s clinical collection, de-identified (M.Trump, 2025)

(1)Lang RM, Badano LP, Mor-Avi V, et al. ) Am Soc Echocardiogr. 2015;28(1):1-39.e14. doi:10.1016/j.ech0.2014.10.003
(2) Porter TR, Mulvagh SL, Abdelmoneim SS, et al. J Am Soc Echocardiogr. 2018;31(3):241-274. doi:10.1016/j.ech0.2017.11.013
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From Absolute to Hemodynamics

Hemodynamic Volumes (Where’s it

Absolute Volumes (How much?)
») going?)
* Forward flow (LVOT) to the next

* Columns of Blood _
* End-diastolic & end-systolic AR SIE @ Syl

volumes * Regurgitant volumes to the

i (3)
* Stroke volume from Simpson’s & previous chamber

MRI/CT * Shunt calculations

Absolute numbers don’t tell the whole story alone.

IAB RETRO ’ TIS0O6 MI09
P,

Hemodynamic Volumes:
Connecting flow to orz

2.c|‘r|
Function .
Aortic Stenosis — Valve area, flow

gradient

Aortic Insufficiency — Regurgitant
volume & fraction

Mitral Stenosis — By VTI, stroke
volume impact

Mitral Regurgitation — Regurgitant
fraction, PISA

Atrial and Ventricular septal defects —
Qp:Qs ratios

Right heart — RV stroke volume,

closed pump system i

Image 4: Apical Long MV by (M.Trump, 2025)

Understanding Heart Volumes and hemodynamic 1
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Aortic Stenosis
VS Aortic
IHSUfﬁ Ciency Regurgitant Volume = LVOT SV -  AVA=(CSA.yor X VTl vor) /

Total SV (Simpson’s method) ©) VTl potic vawve'”

TIS

o 0
% 3 % :: LVOT Dia

Stroke Volume is a Volume VOT Ars

Aortic Stenosis
e Valve area
. Low Flow Low
Gradient

Understanding Heart Volumes and hemodynamic

Aortic Insufficiency (Al or AR)
e Regurgitant volume
e Regurgitant fraction

Image 5: Aortic regurgitation PLAX zoomed & Image 6: LVOT diameter PLAX zoomed.
from author’s clinical collection, de-identified (M.Trump, 2025)

+LVOT Diam 18cm wm

® 7 LvoT Area 284 cm?

Stroke Volume in z -7
Aortic Stenosis g

%
.
+LVOT VTl 2w : E p
Vmax 101 cmis 2516 ’ J
Vmean  66.7 cmis _—— -
Max PG 4 mmHg
Mean PG 2 mmHg |

vTi 20.2cm :
AVVR 031 <2
MVA(VT) 200cm* Bl
- " ry AVA (VTI)  0.88 cm?® -618
e T svqvom) 57 ml ™S A R | A e
AVA (Vmax) 0.89 cm?p . ) ..
AVA(VTI/BSA  0.48 Image 8: PLAX LVOT diameter zoomed from author’s clinical

i ek B h‘#ﬁ“ e cakielliny R collection, de-identified (M.Trump, 2025)
- W%" fo g, ;#E W;M T
‘ wdy

--40

i ® SV =CSA or x VTI 5@
' ¢ Low flow, low gradient

Understanding Heart Volumes and hemodynamic

Image 7: Apical 5 LVOT VTI from author’s clinical collection, de-identified
(M.Trump, 2025)
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1

N Ej F ti H
’ T
8 ml
& F - . % % [ ]
R ’& Fi nd WaVS to
’
:

check your

- 49 - work
v e @

Image 9: CT image from author’s clinical collection, de-identified (M.Trump, 2025)

Let’s Have Some Examples Please
Let’s say:
Total SV (Simpson’s) = 120 mL

Forward SV (LVOT Doppler) = 80 mL

Regurgitant Volume:
RV=120ml - 8oml = 40ml

Regurgitant Fraction:
RF = (40/120) x 100 =
33.3%

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Let’s
Have

But sometimes there is Mitral Regurgitation!

Regurgitant Volume MR
Some MR volume (PISA) = 45ml
Total SV (Simpson’s) = 110ml
Exam P les Forward SV (LVOT Doppler) = 65ml
End Systolic volume = 55
P | ease End Diastolic volume = 210
Regurgitant Volume:
= (SB)110ml — (LVOTSV)65ml = 45ml

If severe MR by PISA contributes 45ml to the regurgitant volume; we should be able
to add it to our LVOT stroke volume and the total should be less than our EDV, equal-
ish to our Simpsons SV.

We Understand Forward Flow now

LVOT Diameter LVOT Pulsed wave

éé",fz - +LVOT Diam __ 2.0cm " 2 +« LVOT VTI

12em LVOT Area  3.14 cs 7e [ Vmax 84.2cm/s
Vmean 594cm/s
Max PG 3 mmHg
Mean PG 2 mmHg
VTl 24.2cm
MVA (VT)) 3.13cm? /
SV(LVOT) 109ml &/

1 57bpm Fsmmis ' | * STopm

Image 10: LVOT diameter TAVR stent strut tips. Image 11: Apical 5 PW with clean baseline and modal waveform. Images from author’s
clinical collection, de-identified (M.Trump, 2025)

Understanding Heart Volumes and hemodynamic

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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We Understand Forward Flow now?

+A4Cd
LV Length 9.90 cm
LVArea 56.3cm?
LV Vol 263 ml
EDV(A4C) 263 ml

Image 12: UEA apical four Simpson’s end diastolic volumié.
Image from author’s clinical collection, de-identified

(M.Trump, 2025)

Understanding Heart Volumes and hemodynamic

Mechanical Volumes

MI 0

+A4Cd
LV Length 9.4
LV Area 35¢
LV Vol 11
A EDV(A4C) 1

|- R 5

Image 13: UEA apical 4 EDV image from author’s clinical collection,
de-identified (M.Trump, 2025)

I
z
1
]

rast LVO
6

:d
n

2 A2Cs
LV Length
LV Area
_ Vol
ESV (A2C)
EF (A2C)
ESV (BP)
i -~ EF (BP)
! . - S ——

3 e

Image 14: UEA apical 4 ESV image from author’s clinical collection, de-
identified (M.Trump, 2025)

*ISN’T THIS JUST FOR EF?

759 cr
16.7 e
338m
338r
50.1
42.7r
523
53 bpn
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Image 15: Philip’s Heart Model image from author’s clinical collection, de-identified (M.Trump, 2025)

Mechanical Heart Volumes

Can we put this all
together without 5 _ ° Wonir

THz

Stroking out? -
We are telling a story: . . I
) . —]

Aortic Stenosis
Aortic Insufficiency
Mitral Stenosis
Mitral Regurgitation

We have to be able to
support our claims

74 bp

Image 16: Cine GIF apical four UEA image from author’s clinical collection, de-
identified (M.Trump, 2025)

Mechanical Heart Volumes

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Can we put this all
together without 51 . ® Mo

Stroking out? iy
* If you think it’s low flow AS
prove it

* Quantify your Al with
pressure half time, look for
descending flow reversal,
quantify your volumes

* If there is MR see if your
regurgitant volumes line up

74 bp

Image 16: Cine GIF apical four UEA image from author’s clinical collection, de-
identified (M.Trump, 2025)

Mechanical Heart Volumes

Can we put this all
together without 51 . ° Wonr

M3
Scm

Stroking out? P

*If the physician asks why
you think you’re right. Don’t
hang your probe on one
measurement. Prove it with
multiple.

74 bp

Image 16: Cine GIF apical four UEA image from author’s clinical collection, de-
identified (M.Trump, 2025)

Mechanical Heart Volumes
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FINAL THOUGHTS

*This is no way only way to think about volumes. Our heart is a closed
pump. What works on one side works on the other. Find the best
window and don’t forget to role your patients to the right side.

lisUo Miu)

N =t . Just the faintest of Roll them on their
Left Lateral Decubitus noise; maybe it’s right side, all the
h"‘mf\ Wl b

frow?

Image 17, 18, 19: Apical LVOT CW in the LLD, Faint apical CW waveform not measurable, Right Sternal Border improved CW tracing. from
author’s clinical collection, de-identified (M.Trump, 2025)

| am going to need you to roll to your right side so | can better
here your valve.

Thank you

TIS0.5
+ Vmax 68.3 cm/s
Vmean 24.7 cmis
Max PG 2 mmHg
Mean PG 0 mmHg
Wl 24.5cm
Vmax  59.2 cmis
Vmean 27.3 cmis
Max PG 1 mmHg
Moan PG 0 mmHg
"l 20.7cm

Image 20: AO flow reversal from author’s clinical collection, de-identified (M.Trump,
2025)
mtrump@uabmc.edu
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