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The aortic root has been opened through a longitudinal incision across the area of aortic-
mitral valvar continuity, and spread open to show the semilunar attachments of the valvar
leaflets.

Robert H Anderson Heart 2000;84:670-673 m
Copyright E BMJ Publishing Group Ltd & British Cardiovascul ar Society i ght
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This section across one of the two coronary sinuses of the aortic valve shows how the hinge
of the valvar leaflet is attached to the ventricular myocardium well proximal to the anatomic
ventriculo-arterial junction (see fig 5 also).

'-':6' ' ;
Robert H Anderson Heart 2000;84:670-673 m
Copyright E BMJ Publishing Group Ltd & British Cardiovascul ar Society i ght
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A diagrammatic representation of the aortic root shows its considerable length.

Sinutubular
junction

Arterial wall

within ventricle

( Interleaflet
triangle )

Ventriculo-arterial
junction

Basal ring
Ventricle within sinus

Robert H Anderson Heart 2000;84:670-673

Copyright E BMJ Publishing Group Ltd & British Cardiovascul ar Societymighl
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PATHOPHYSIOLOGY OF AORTIC REGURGITATION ;@

Early Mild Aortic Regurgitation Acute Severe Aortic Regurgitation

Acute Aortic Regurgitation -
sudden and severe clinical

Aortic Regurgitation can lead to LV Volume < %
deterioration

Overload (&4 LVEDV)...

...And LV Pressure Overload (as & LVEDV
leads to Systolic Aortic HTN)

The LV: ® time to compensate for
rapid &5 LV volume

But if only Mild AR: not exposed to
significant Regurgitant Volume and patients
are generally asymptomatic

Cardiac Output decreases rapidly
-> Cardiogenic Shock

& &3 LVEDP and LV
decompensation can lead to
ﬂ diastolic MR > Pulmonary Edema

Chronic Severe Aortic Regurgitation Decompensated Aortic Regurgitation
&4 LVEDV leads to &d LV Wall

150/50 Stress [LaPlace Law - (Pressure *
Wide Puse remure Radius)(a * Thickness)] |:>

Over time: &4 LV Volume Overload,
ks Myocardial Fibrosis, and &4 LV
/ So to compensate, there is LV Compliance
remodeling with eccentric
hypertrophy This will lead to LV Dilation, &4 LVEF
40 and a chronic decompensated state
25 This helps maintain LV 170/40

170/40

Widening Pulse Pressure

More likely to see CHF symptoms and

compliance and LV s Lyene e exertional dyspnea at this stage

Volume/Mass Ratio

LVEF Preserved in this Stage

#CNCR
Produced by @EvelynSong | @karanpdesai www.cardionerds.com
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A EF 58%, EDVi 106 ml/m2 | EF 59%, EDVi 215 ml/m?2
A IVS 18-22 mm IVS 10 mm
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Etiologie aor’t§hh| neurgitecg ur g
Postigen2 c¢c2pT

AVrozéh®kuspi d8§I n?2
uni kuspi d81l n?2
kvadri kuspi d81 n?2
defekt septa komor

A Z 2 s k aka®ifikace
IE
postiradial n?
porevmati ck®
toxicita (anorektika, karcinoid)
trauma
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Michelena H. Circulation 2014
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True bicupsid

AlJen 5 % BAV je tvoSeno
kagdlo, 1880o0u zcela symet
| sinusy Valsalva jen dva
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Nej |l ast NDj-8% t

S nejrychlejg
0.4-0.6 mm/rok

25%
Typ 1 BAV
I

Aort.regurgitace
Michelena H. Circulation 2014
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Podobnost BAV a Marfanova
syndromu

AProgres2vn?2 dil-824%cpaaioentyT u:
Ariziko disekce je 8x vRtg?2 n
pacient T-ZZ&eBA¥ticklich vI §ken

AMarfanT¢¥086% m8§& struktur 8§l n?
media aorty

AAort8ln2 disekce u -tjleedi ncT m
- 50% Marfan sy (prevalence 5-10:10 000)
- 9% BAV (prevalence 1-2%)
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BAV i- klinicky prcstkup p S2 st
Rodi nnlT scrle0ed ipnrgv o(sst up Rovich pS2b
pozori3 c2py a i1 zolovans8 dil atace as
Nutno vyloulit koarktaci aorty
Pravidel n® ECHO kontroly dblet) akt us§
rg§dnsg8 zubn? prewenicel&n a

Aorta OiMBI mmi-1TmP62cT kontrol a)
PS2sng§8 kontrola kthdwkBHioityldRO/ 8lDe

Preventivn2 ng&hradad &dr tnym prSiO rlo 7z n
(koarktace, art.hypertenze, pl.tDh
AR,MR),j i nal® pSi mm
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Onemocnlin? koSene aol

AVrozéam®ul oaort 8§l n2 ektazi
onemocniDn?2 pojivov®
(Loeys Dietz, Ehlers-Danlos, Marfan sy)

AZ2skain® opatick§g dil atace
art.hypertenze
aut ol munitn?2 onemochn|
(syst®movIi |l upus, m. Be
Aortitis (syfilitick
Trauma
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Normal Cusp Motion with Aortic Dilation or
Cusp Perforation

2017 ASE Guidelines



Symptomy

1/ 3 pacientT podstup

AAs i
viznamnou AR je asymptom

AMI adg? paciuedtiit® stesky
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APosl echhhovlDodi astol i ckl dekr es
maxi mem v Erbov0D bodhRD, mTge
Flinta

ASil n® pivdozacieganTv tep, Musse
Quincke.pulzace

A astNji art.hypertenze (hy

KT |
TK a DTK (napS. 140/ 40 mmHg
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Example

Advantages

Pitfalls

Modality Optimization
Color flow Doppler 2D
Jet width/ e Long-axis view
LVOT diameter e Zoomed view

e Imaging plane for
optimal VC

rement may be
L VT

S 0
O 6 5 /0 rent from PISA

u cteamiha j&d n 2 ohl\&asdreqntL\}‘bT
within 1 cm of the VC

Jet area/LVOT area e Short-axis view
e Zoom view
e Measure within 1 cm
of the VC

VC e Parasternal long-axis
view

e Zoomed view

e Imaging plane for
optimal VC
measurement may be
different from that for
PISA

e Narrowest area of jet
at or just apical to the
valve

> 6mm

2017 ASE Guidelines

Simple sensitive
screen for AR
Rapid qualitative
assessment

Estimate of
regurgitant orifice
area

Surrogate for
regurgitant orifice
size

May be used in
eccentric jets
Independent of flow
rate and driving
pressure

Less dependent on
technical factors
Good at identifying
mild or severe AR

Underestimates AR in
eccentric jets

May overestimate AR
in central jets as AR
jet may expand
unpredictably below
the orifice

Is affected by the size
of the LVOT

Direction and shape
of jet may
overestimate or
underestimate jet
area

Problematic in the
presence of multiple
jets or bicuspid
valves

Convergence zone
needs to be
visualized

The direction of the
jet (in relation to the
insonation beam) will
influence the
appearance of the jet
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Excentrickl pléent AR
(tvipyey brolkpy cipurcioBlA p s cC
ECHO _ .
AR 3/4
VC 5 mm
VCA 28 mm?2
P W v desc
16 mmHg

EDD 63 mm
EDVi 84 ml/m2 (<75)
EF 58%
GLS 17%
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Exceneioklyy feti AQ K |

=follow-up 2roky-nov D NY HANdikace KGH.

EDVi 125 ml (105 ml/m2), EF 54%,
GLS 11.2%, RV 46 ml, RF 35%
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Modality Optimization Advantages Pitfalls
Pulsed wave Doppler: e Align insonation e Simple supportive e Depends on
Flow reversal in beam with the flow in sign of severe AR compliance of the
proximal descending the proximal o More specific sign if aorta; less reliable in
aorta descending or seen in abdominal older patients
abdominal aorta aorta e Brief velocity reversal
e Can be obtained with is normal
both TTE and TEE e Can be present in

arteriovenous fistula
in upper extremity,
J h () ruptured sinus of

Ryclkldst holsdiastbl@lélood | Al e
reeevzeihoztaok? he@c.abrock< 20—21d:ra/s c.aorth < 2 0e Maynotbe

CwWD

Density of
regurgitant jet

Jet deceleration rate

(pressure half-
time)

PHT <200 ms

Align insonation
beam with the flow
Adjust overall gain

Align insonation
beam with the flow
Usually best from
apical windows

In eccentric jets, may
be best from
parasternal window,
helped by color
Doppler

Simple

Density is
proportional to the
number of red blood
cells reflecting the
signal

Faint or incomplete
jet is compatible with
mild or trace AR

Simple

Specific sign of
pressure relation
between aorta and
LV

If long, excludes
severe AR

2017 ASE Guidelines

holodiastolic in acute
AR

Qualitative

Perfectly central jets
may appear denser
than eccentric jets of
higher severity
Overlap between
moderate and severe
AR

Qualitative

Poor alignment of
Doppler beam may
result in lower
pressure half-time
Affected by changes
that modify LV-aorta
pressure gradient (if
short, implies
significant AR or high
LV filling pressure)
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1+ AR Vmax 4.41m/s mmHg

4.54 m/s
27 mmHg

AV Vmax

AV Vmean

AVm 10.11 mmHg
AV meanPG 5.36 mmHg
AV VTI 34.1cm

AV Env.Ti
HR
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Modality

Optimization

Example Advantages Pitfalls

Quantitative Doppler:
EROA, regurgitation
volume and fraction

Flow Convergence Method
. PISA cacs 1)

Va

Va

Reg Flow = 2nr' x Vo
EROA = Reg Flow/PKV,__|

¢ Align insonation
beam with the flow

e Lower the color
Doppler baseline in
the direction of the jet

e Look for the
hemispheric shape to
guide the best lower
Nyquist limit

o CWD of regurgitant
jet for peak velocity
and VTI

e Feasibility is limited
by aortic valve

V alias
251 cris

e Rapid quantitative
assessment of lesion

severity (EROA) and calcifications
volume overload e Not valid for multiple
(RVol) jets, less accurate in

eccentric jets

e Limited experience

e Small errors in radius
measurement can
lead to substantial
errors in EROA due to
squaring of error.

Peak Al velocity» 525em/s

2017 ASE Guidelines
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Modality Optimization Advantages Pitfalls
SV method e LVOT diameter e Quantitative, valid o Difficulties measuring

RVol = SVLVOT — SVMV

measured at the
annulus in systole
and pulsed Doppler
from apical views at
same site

e Mitral annulus
measured at
middiastole; pulsed
Doppler at the
annulus level in
diastole

e Total LV SV can also
be measured by the
difference between
LV end-diastolic
volume and end-
systolic volume.

e LV volumes are best
measured by 3D.
Contrast may be
needed to better
trace endocardial
borders. If 3D not
feasible, use 2D
method of disks.

VTl:ZScrq -"J

-

mitral annulus
diameter, particularly
with annular

with multiple jets and
eccentric jets.
Provides both lesion
severity (EROA, RF) calcification

and volume overload e Not valid for

(RVol) combined MR and
Verify results using AR, unless pulmonic
LV end-diastolic site is used

volume and LV end-

systolic volume

2017 ASE Guidelines
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Chronic Aortic Regurgitation by Doppler Echocardiography

W
* Yes, mild Does AR meet specific criteria of Yes, severe *
, mild or severe AR? \If
1
Specific Criteria for Mild AR i Specific Criteria for Severe AR
* VCwidth < 0.3 cm intermediate Values: * Flail Valve
= Central Jet, width <25% of AR Probably moderate +  VCwidth >0.6cm
LvOT o ] .| = Central Jet, width >65% of LVOT
= Small or no flow convergence 2-3criteria ;m------mmooomoo--oooomdooooooooooo oo ------7 2-3criteria| | arge flow convergence
- Soft or incomplete jet by CW 3 , Perform quantitative methods whenever possibleto ¢ «  PHT <200 ms
»  PHT>500 ms ' refine assessment ! »  Prominent holodiastolic flow
= NomallVsize | [ TTTTTTTTTTTTTTTETmTTopTTT T oSS s s e e mmmt reversal in the descending aorta
* Enlarged LV with normal function
2 4 criteria -
o . = 4 criteria
) I_:)eﬁmhvely mild v Definitively severe
(quantitation not needed) RVol <30 mL RVol 30-44 mL RVol 45-59 mL RVol 2 60 mL (may still quantitate)
RF < 30% RF 30-39% RF 40-49% RF 2 50%
EROA <0.1 cm? EROA 0.10-0.19 cm? EROA 0.20-0.29 cm? EROA 20.3 cm2
AR Grade | AR Grade i AR Grade Il AR Grade IV
3 specific criteria
for severe AR
A A Y Y Q/ v W
Mild Moderate Severe
AR AR AR
= Poor TTE quality or low confidence in measured Doppler parameters ~ Inde_termmatefhl_z
+  Discordant quantitative and qualitative parameters andlor clinical data e Consider further testing:
TEE or CMR for quantitation

L Beware of limitations of color flow assessment in eccentric AR jets; volumetric quantitation and integration of other parameters is advised

2017 ASE Guidelines
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Kdy indikovat MRl u AR

AECHO nedostateln® kvali
ADi skrepance doppler hod
A Diskrepance kliniky a ECHO kvantifikace

APSesn® zhodnoced¥2 LK u .
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ABAV k posouzen? koSene

2017 ASE Guidelines
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AMRI disponuje sekvenc?
pr Tti phase contrast velocity mapping

A MR je Aziatym standarderh“aprochednateni
parametrusrdecnichkonoel | ER, ERVNESY,
SV
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Phase-contrast velocity mapping
Pratou soh&nud ulaunbjunlknd kr cn22
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RO
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hantom ROI "
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Slice:01 Time:624 ms [SEE AR Slice-01 Time! 624 ms,
flow_aort_stj_300_throu (Mixed) flow_aort_stj_300_throu (er
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Eddy current

1. Redukce odchyl ky opti ma
konkr ®t n?2m scanner u

2. PoRogiphahtom nebo korekce
postprocesingem
Peter Gatehouse

Chyba 0.6 cm/s = v toleranci
2. 5% Regurgitalin?2 frakce

MP Rolf et al.JCMR 2011
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Phase contrast velocity mapping
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A Rez zmistén? visodemtéu magnetu (1ISO)
minimalizace vlivu nehomogenity pole
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