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Acute rheumatic fever and its chronic sequela, rheumatic heart disease (RHD), pose major health problems globally,
and remain the most common cardiovascular disease in children and young people worldwide. Echocardiography is
the most important diagnostic tool in recognizing this preventable and treatable disease and plays an invaluable role
in detecting the presence of subclinical disease needing prompt therapy or follow-up assessment. This document
provides recommendations for the comprehensive use of echocardiography in the diagnosis and therapeutic inter-
vention of RHD. Echocardiographic diagnosis of RHD is made when typical findings of valvular and subvalvular ab-
normalities are seen, including commissural fusion, leaflet thickening, and restricted leaflet mobility, with varying
degrees of calcification. The mitral valve is predominantly affected, most often leading to mitral stenosis. Mixed valve
disease and associated cardiopulmonary pathology are common. The severity of valvular lesions and hemody-
namic effects on the cardiac chambers and pulmonary artery pressures should be rigorously examined. It is essen-
tial to take advantage of all available modalities of echocardiography to obtain accurate anatomic and hemodynamic
details of the affected valve lesion(s) for diagnostic and strategic pre-treatment planning. Intraprocedural echocar-
diographic guidance is critical during catheter-based or surgical treatment of RHD, as is echocardiographic surveil-
lance for post-intervention complications or disease progression. The role of echocardiography is indispensable in

the entire spectrum of RHD management. (J Am Soc Echocardiogr 2023;36:3-28.)

From Hoag Hospital, Newport Beach, California (N.G.P.), University of California
Irvine, Irvine, California (J.K.K.); Instituto Nacional de Cardiologia Ignacio Chavez,
Mexico City, Mexico (J.A.A.G.); Boston Children’s Hospital, Boston,
Massachusetts (G.R.M.); Mayo Clinic, Rochester, Minnesota (H.l.M.); Fortis
Hospital, New Delhi, India (J.C.M.); First Cardiology Consultants Hospital, Lagos,
Nigeria (K.O.0.); Instituto Cardiovascular de Buenos Aires, Buenos Aires,
Argentina (R.E.R.); Baskent University, Ankara, Turkey (L.E.S.) and Pittsburgh
University Medical Center, Pittsburgh, PA; MedStar Health Research Institute,
Washington, District of Columbia (A.S.); Sengupta Hospital and Research
Institute, Nagpur, India (S.P.S.); Cedars Sinai Medical Center, Los Angeles,
California (R.J.S.); Fudan University, Shanghai, China (X.S.); Universitas Indonesia
/ National Cardiovascular Center Harapan Kita, Jakarta, Indonesia (A.M.S.); North
Shore University Hospital, Manhasset, New York (L.S.); Karolinska Institutet,
Stockholm, Sweden (A.V.); Sao Paulo University Medical School, Sao Paulo,
Brazil (M.L.C.V.); Houston Methodist Hospital, Houston, Texas (S.H.L.).

The following authors reported no actual or potential conflicts of interest in relation to
this document: Jin Kyung Kim, MD, PhD, FASE, Jose Antonio Arias Godinez, MD, Ger-
ald R. Marx, MD, FASE, Kofoworola O. Ogunyankin, MD, FASE, Ricardo E Ronderos,
MD, PhD, FASE, Leyla Elif Sade, MD, Anita Sadeghpour, MD, FASE, Shantanu P. Sen-
gupta, MD, DNB, FASE, Robert J. Siegel, MD, FASE, Xianhong Shu, MD, PhD, Amiliana
M. Soesanto, MD, PhD, Lissa Sugeng, MD, FASE, Ashwin Venkateshvaran, PhD, RCS,
RDCS, FASE, and Marcelo Luiz Campos Vieira, MD, PhD.

The following authors reported relationships with one or more commercial interests:
Natesa G. Pandian, MD, has been on the speaker’s bureau for Bristol Myers Squibb.

Hector I. Michelena, MD, FASE, has received speaker’s honoraria from Artivion and
Biostable Science and Engineering. Jagdish Chander Mohan, MBBS, MD, DM,
FASE, is a member of the speaker’s bureau of Astra Zeneca Pharmaceuticals Ltd,
Boehringer Ingelheim, Merck & Co. (MSD), Novartis India, Eris Life Sciences, Alkem
Laboratories Ltd, Sanofi India, CIPLA, Glenmark Pharmaceuticals, USV Ltd, and Lupin
Ltd. He received honoraria from each organization not exceeding USD 500 per year.
Stephen H. Little, MD, FASE, has institutional research agreements with Medtronic,
Abbott Structural Heart, Boston Scientific, and Edwards Lifesciences. He has no per-
sonal financial relationship nor received honoraria from industry.

Reprint requests: American Society of Echocardiography, Meridian Corporate
Center, 2530 Meridian Parkway, Suite 450, Durham, NC 27713 (E-mail: ase@
asecho.org).

Attention ASE Members:

Login at www.ASELearningHub.org to earn continuing medical education
credit through an online activity related to this article. Certificates are available
for immediate access upon successful completion of the activity and post-
work. This activity is free for ASE Members, and $25 for nonmembers.

0894-7317/$36.00

Copyright 2022 Published by Elsevier Inc. on behalf of the American Society of
Echocardiography.

https://doi.org/10.1016/j.echo.2022.10.009


mailto:ase@asecho.org
mailto:ase@asecho.org
http://www.ASELearningHub.org
https://doi.org/10.1016/j.echo.2022.10.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.echo.2022.10.009&domain=pdf

4 Pandian et al

Journal of the American Society of Echocardiography

January 2023

This document is endorsed by the following ASE International Alliance Partners: Argentine Federation of Cardiology; Argentine Society of
Cardiology; ASEAN Society of Echocardiography; Asian-Pacific Association of Echocardiography; Australasian Sonographers Association;
British Heart Valve Society; British Society of Echocardiography; Canadian Society of Echocardiography; Cardiothoracic Anaesthesia Society
of South Africa; Cardiovascular Imaging Department of the Brazilian Society of Cardiology; Cardiovascular Imaging Society of the Inter-
American Society of Cardiology; Chinese Society of Echocardiography; Echocardiography Section of the Cuban Society of Cardiology;
Indian Academy of Echocardiography; Indonesian Society of Echocardiography; Iranian Society of Echocardiography; Italian Society of
Cardio-Thoracic Anesthesia and Intensive Care; Japanese Society of Echocardiography; Korean Society of Echocardiography; Mexican
Society of Echocardiography and Cardiovascular Imaging; National Association of Cardiologists of Mexico, AC; National Society of
Echocardiography of Mexico AC; Philippine Society of Echocardiography; Saudi Arabian Society of Echocardiography; Thai Society of
Echocardiography; The Pan-African Society of Cardiology; and Vietnamese Society of Echocardiography.

Keywords: Echocardiography, Rheumatic heart disease, Valvular heart disease, Mitral stenosis, Heart failure,
Pulmonary hypertension

TABLE OF CONTENTS

2DE = Two-dimensional
echocardiography

3DE = Three-dimensional
echocardiography

AF = Atrial fibrillation

AR = Aortic regurgitation
ARF = Acute rheumatic fever
AS = Aortic stenosis

ASD = Atrial septal defect
AV = Aortic valve

AVA = Aortic valve area
BSA = Body surface area

CMR = Cardiac magnetic
resonance

CSA = Cross-sectional area
CT = Computed tomography

CWD = Continuous-wave
Doppler

EF = Ejection fraction

EROA = Effective regurgitant
orifice area

FAC = Fractional area change

GAS = Group A g-hemolytic
streptococcus

GLS = Global longitudinal
strain

LA = Left atrium
LAA = Left atrial appendage
LV = Left ventricle

LVOT = Left ventricular
outflow tract

MR = Mitral regurgitation
MS = Mitral stenosis
MV = Mitral valve

I. INTRODUCTION
II. EPIDEMIOLOGY OF RHEU-
MATIC HEART DISEASE
IIl. BASIC CONCEPTS OF PATH-
OPHYSIOLOGY, CLINICAL
PRESENTATION, AND
SCREENING
IILA. Pathophysiology and Clin-
ical Presentation
II1.B. Echocardiographic
Screening in Acute Rheu-
matic Fever
Key Points
Recommendations
IV. RHEUMATIC VALVE LESIONS
IV.A. Mitral Stenosis
IVA.1l. Anatomic Consider-
ations in the Assess-
ment of  Mitral
Stenosis
IV.A.2. Hemodynamic Con-
siderations in the
Assessment of Mitral
Stenosis
IV.A.3. Mitral Stenosis in
Pregnancy
Key Points
Recommendations
IV.B. Rheumatic Mitral Regurgi-
tation
IVB.1. Anatomic Consider-
ations in the Assess-
ment of Rheumatic
Mitral Regurgitation
IV.B.2. Hemodynamic Con-
siderations in the
Assessment of Rheu-
matic Mitral Regurgi-
tation
Key Points
Recommendations
IV.C. Rheumatic Aortic Valve
IV.C.1. Anatomic Consider-
ations in the Assess-
ment of the

MVA = Mitral valve area
PA = Pulmonary artery

PADP = Pulmonary artery
diastolic pressure

PASP = Pulmonary artery
systolic pressure

PBMV = Percutaneous
balloon mitral valvuloplasty

PH = Pulmonary hypertension
PHT = Pressure half-time

PISA = Proximal isovelocity
surface area

PR = Pulmonic regurgitation
PS = Pulmonic stenosis

PV = Pulmonic valve

RA = Right atrium

RHD = Rheumatic heart
disease

RV = Right ventricle

RVOT = Right ventricular
outflow tract

STE = Speckle tracking
echocardiography

TAPSE = Tricuspid annular
plane systolic excursion

TEE = Transesophageal
echocardiography

TTE = Transthoracic
echocardiography

TR = Tricuspid regurgitation
TS = Tricuspid stenosis

TV = Tricuspid valve

TVA = Tricuspid valve area
VC = Vena contracta

VTI = Velocity-time integral

Rheumatic Aortic
Valve
IV.C.2. Hemodynamic Con-
siderations in the
Assessment of Rheu-
matic Aortic Valve
Stenosis
IV.C.3. Hemodynamic Con-
siderations in the
Assessment of Rheu-
matic Aortic Valve
Regurgitation
Key Points
Recommendations
IV.D. Rheumatic Tricuspid Steno-
sis
IV.D.1. Anatomic Consider-
ations in the Assess-
ment of Rheumatic
Tricuspid Stenosis
IV.D.2. Hemodynamic Con-
siderations in the
Assessment of
Tricuspid Stenosis
Key Points
Recommendations
IV.E. Rheumatic Tricuspid Regur-
gitation
IVE.l. Anatomic Evaluation
of Rheumatic
Tricuspid  Regurgita-
tion
IVE.2. Hemodynamic Con-
siderations in  the
Assessment of Rheu-
matic Tricuspid Regur-
gitation
Key Points
Recommendations
IVE Rheumatic Pulmonic Valve
IVEI1. Rheumatic Pulmonic
Stenosis
IVE2. Rheumatic Pulmonic
Regurgitation
Key Points
Recommendations
IV.G. Assessment of Mixed Valve
Disease



Journal of the American Society of Echocardiography
Volume 36 Number |

Recommendations
V. OTHER CONSIDERATIONS
V.A. Technical Considerations in Echocardiographic Imaging of Rheu-
matic Heart Disease
Recommendations
V.B. Secondary Hemodynamic Consequences (Pulmonary Hypertension)
Recommendations
V.C. Chamber Dysfunction
Recommendations
V.D. Echocardiographic Guidance for Percutaneous and Surgical Therapy
V.D.1. Echocardiographic Guidance for Selection and Intraprocedural
Guidance
V.D.2. Assessment of Post-Procedure Outcomes and Possible Compli-
cations
Recommendations
VI. CONCLUSIONS
VII. REFERENCES

I. INTRODUCTION

Acute rheumatic fever (ARF) and its chronic sequela, rheumatic heart
disease (RHD), are major health problems globally.! Worldwide,
RHD is one of the most common cardiovascular diseases in children
and young people under 25 years of age and remains an important
cause of morbidity and mortality throughout developing countries.'
RHD is the single most important cause of cardiac valve disease in
many parts of the world. With ongoing emigration and immigration
in recent decades, RHD has crossed borders and become a global
burden.

While minimum echocardiographic criteria for the diagnosis of
RHD and diagnostic criteria for ARF incorporating Doppler echocar-
diography have been published previously, > a guide to comprehen-
sive noninvasive evaluation of rheumatic cardiac lesions is lacking.
The purpose of this document is to provide recommendations for
the use of echocardiography in the diagnosis, classification, and risk
assessment of RHD and to help educate clinicians and sonographers
worldwide on the essential role of echocardiography in the compre-
hensive assessment of the disease, and to provide therapeutic
directions.

Il. EPIDEMIOLOGY OF RHEUMATIC HEART DISEASE

A recent report identified more than 33 million cases of RHD glob-
ally.* However, these statistics may under-represent the disease
burden, owing to under-reporting, scarce healthcare resources, and
few systematic registry programs in the low-income countries where
the disease is endemic.' Adding echocardiography to the screening
protocols leads to a much higher estimate of RHD prevalence, up
to ten times more than identified by clinical screening alone.” The
highest prevalence is found in Oceania, South Asia, and central sub-
Saharan Africa.*

While the incidence is low in industrialized nations, ARF and
RHD are not uncommon among certain indigenous populations
within these countries.®” In addition, new cases of RHD are being
seen in industrialized nations with demographic shifts due to immi-
gration from underdeveloped countries."® In the United States,
RHD ranks 8" among the cardiovascular causes in terms of deaths,
years of life lost, and the age-standardized mortality rate at the
national level.®
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Given the overall disease burden and the high likelihood of devel-
oping RHD from the initial episode of ARF, clinicians must make an
accurate diagnosis and promptly institute appropriate antibiotic ther-
apy as well as prophylaxis. With the recent incorporation of echocar-
diographic findings into the diagnostic criteria for both ARFand RHD,
more subclinical cases of rheumatic carditis and RHD are being recog-
nized.”> The application of echocardiography, therefore, has a funda-
mental implication on modifying the worldwide burden of rheumatic
carditis and RHD, its treatment, and prognosis in this globalized era.

Ill. BASIC CONCEPTS OF PATHOPHYSIOLOGY, CLINICAL
PRESENTATION, AND SCREENING

A. Pathophysiology and Clinical Presentation

RHD is the long-term consequence of immune-mediated injury to
the heart and cardiac valves following infection by group A 6-hemo-
Iytic streptococcus (GAS), also known as Streptococcus pyogenes
(Fig. 1A). ARF is an acute illness following the infection and usually
manifests 2-4 weeks after GAS tonsillopharyngitis. Clinical presenta-
tions of ARF can be variable and may include fever, arthritis, carditis,
chorea, subcutaneous nodules, and erythema marginatum. Of these,
carditis is the most common presentation (50%-70%) during the first
episode of ARE> While acute rheumatic carditis can present as pan-
carditis involving the endocardium, myocardium, and pericardium,
it almost always involves valvulitis, inflammation of the valvular endo-
cardium. Subclinical carditis is defined by the presence of
echocardiographically-detected valvulitis without clinical signs of car-
ditis, and may be present in up to 53% of all cases of ARF.” The path-
ogenesis of acute rheumatic carditis is thought to be immune-
mediated following GAS infection. Antibodies developed in response
to GAS pharyngitis cross-react with cardiac proteins through a process
termed ‘molecular mimicry’.'® The subsequent autoimmune
response causes the major manifestations of ARE. The presence of
ARF in only a subset of children untreated for streptococcal pharyn-
gitis and the fact that only a minority of the affected children develop
RHD also suggest a possible role of host susceptibility.'' Aschoff
bodies (Fig. 1B), the pathognomonic lesions of the rheumatic process
that form in the endocardium of the heart valve and in the myocar-
dium, are thought to be sites of granulomatous inflammation as a
result of T lymphocyte-mediated delayed hypersensitivity against
GAS antigens.'” Damage to cardiac valves may be progressive, ulti-
mately resulting in RHD, the chronic sequela of carditis, with the
development of valvular stenosis and regurgitation, pulmonary hyper-
tension (PH), and heart failure. Thus, the immune-mediated injury
responsible for acute rheumatic carditis is dependent mainly on a triad
of factors: infection with GAS, a susceptible host, and an aberrant host
response.

B. Echocardiographic Screening in Acute Rheumatic Fever

Echocardiography significantly enhances the diagnostic yield of cardi-
tis in suspected cases because mild and moderate pathological
valvular regurgitations may be missed with auscultation alone. This
is important because a longer duration of secondary prophylaxis is
recommended to prevent the recurrence of rheumatic fever in pa-
tients with valvulitis.”> In 2015, the use of echocardiography was
formally incorporated into the revised Jones criteria as a tool to diag-
nose rheumatic carditis, with subclinical carditis (or echocardio-
graphic valvulitis) recognized as a major criterion for diagnosis of
ARF® Handheld point of care cardiac ultrasound (cardiac POCUS)
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Figure 1 (A) lllustration of pathophysiology and clinical presentation of acute rheumatic fever (ARF) and rheumatic heart disease
(RHD). (B) Hematoxylin-eosin staining of Aschoff bodies present in myocardium.

instruments are highly portable and less expensive than standardard
cardiac ultrasound equipment and pose a promising alternative to
enhance diagnosis of RHD.'* It may be a reasonable alternative to
use POCUS for screening in areas of low resources, but POCUS
may not provide comprehensive information. Left-sided valve
involvement is the most common pathology, as isolated pulmonary
or tricuspid regurgitation (TR) is seldom rheumatic in origin. Two
types of echocardiographic findings have been proposed to diagnose
rheumatic valvulitis: [ 1] pathological mitral regurgitation (MR) and/or
aortic regurgitation (AR) (Fig. 2A) and [2] morphological changes of
valvulitis in the mitral valve (MV) and aortic valve (AV) (Fig. 2B-D).

In healthy children, trace physiological regurgitation may be
observed in all cardiac valves. More than trace AR or MR in children
should be considered pathological and may indicate rheumatic cardi-
tis or RHD, provided non-rheumatic causes are excluded. For a regur-
gitant jet to be considered abnormal, the flow jet should produce a
complete continuous-wave Doppler (CWD) spectral waveform.
Specifically, pansystolic MR or pandiastolic AR seen in more than
1 view with peak velocity >3 m/s, should be considered significant
in at-risk populations. MR occurs in 84-94 % of cases of acute rheu-
matic carditis, with the jet usually directed posterolaterally due to
involvement of the anterior mitral leaflet."

Morphological valvular changes take time to develop and may be
absent in the early phase of ARE When present, valvular thickening
with or without restricted leaflet mobility is the most common
morphological echocardiographic feature in patients with rheumatic
carditis."® Such thickening is often seen at the free edge of the leaflet
(Figs. 2B and 2C). The MV is most commonly involved in a first as
well as recurrent episode of carditis. Nodularity, or beading, along
the length of the leaflet can be seen. Measurement of valve thickness
should be performed with tissue harmonics turned off as this modality
increases apparent tissue thickness.'® Normal ranges of MV and AV
thickness in healthy individuals have been established, and are noted
to be increased with aging.”!” Normal MV thickness is <3 mm in
healthy children and <3.5 mm in adults.'®'” The AV cusps are
thinner, with the mean thickness ranges by age as follows: <20 years
of age: 0.67 = 0.21 mm; 20-59: 0.87 = 0.27 mm, and >60: 1.42 =
0.51 mm."”

Serial echocardiography should be performed in patients diag-
nosed with or suspected to have ARF, as the cumulative incidences
of ARF recurrence and RHD at 10 years are as high as almost 20 %
and 51.9 %, respectively.”° Currently, there is a lack of systematic pro-
spective scientific studies to make specific recommendations on the
frequency and duration of serial echocardiograms after the diagnosis
of ARFE. Recommended frequency of echocardiograms in patients
with established valvular heart disease, including chronic RHD, has
been previously published.?""*?

Key Points

e RHD is the long-term consequence of ARE.

o Rheumatic carditis from ARF is due to immune-mediated injury to the heart following
group A 8-hemolytic streptococcus (S. pyogenes) infection, with antibodies developed
in response to streptococcal pharyngitis subsequently cross-reacting with cardiac pro-
teins in a susceptible host.

o Valvulitis is the most consistent feature of rheumatic carditis and commonly associ-
ated with mitral or aortic valve regurgitation.

o Echocardiographic evidence of valvulitis is a major criterion in the diagnosis of sub-
clinical carditis.

Recommendations

e More than trace AR or MR in children should be considered pathological and may
indicate rheumatic carditis or RHD, provided non-rheumatic causes are excluded.

o Pathological valvular regurgitation suggesting carditis should include pansystolic MR
or pandiastolic AR seen in more than 1 view with peak velocity >3 m/s in at-risk pop-
ulations.

o Measurement of valve thickness should be performed with tissue harmonics turned
off as this modality increases apparent tissue thickness.

IV. RHEUMATIC VALVE LESIONS

A. Mitral Stenosis

RHD is the most common global etiology of mitral stenosis (MS), and
MS is, in turn, the most common chronic debilitating lesion of RHD.??
MYV thickening and commissural fusion result in a progressive reduc-
tion in mitral valve area (MVA). Calcification of the valve and annulus
is often noted in chronic severe MS. As MVA (normally 4-6 cm? in
adults) progressively narrows to less than 2.5 cm?, the pressure in
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Figure 2 Example of rheumatic mitral valvulitis. (A) Transthoracic echocardiographic parasternal long-axis views in a 10-year-old boy
with recent onset dyspnea, showing flail anterior mitral leaflet (arrow in left panel) and severe mitral regurgitation (right panel). (B) Para-
sternal long-axis view in different phases of diastole in the same patient. Note the chordal tear (red arrow) and nodular thickening of
both leaflets (yellow arrows). (C) 3D en-face view of the mitral orifice at the level of leaflet tips showing nodular thickening of both
leaflets (arrows) in diastole in the same patient. (D) Parasternal long-axis view in systole demonstrating nodular thickening of the aortic
leaflets (red arrows) in addition to the aforementioned mitral valve findings (yellow arrow).

the left atrium (LA) starts to rise, causing LA remodeling, and leading
to increased pulmonary venous pressure (causing symptoms of dys-
pnea and hemoptysis), and eventually pulmonary artery (PA) pres-
sure elevation. LA pressure rises further, and symptoms are
accentuated by factors that increase transmitral flow, such as high car-
diac output and shortened diastolic filling time, seen with exercise, fe-
ver, pregnancy, hyperthyroidism, anemia, or atrial tachyarrhythmia.
While no single index value should define the severity of MS
because of its progressive nature in a disease continuum, given that
valve obstruction is the primary cause of hemodynamic and clinical
sequelae, MVA is one of the main indicators of severity. In general, pa-
tients with MVA greater than 2.5 cm? are asymptomatic, while those
with MVA between 1.5 — 2.5 cm? may exhibit mild symptoms.>*
MVA less than 1.5 cm? is considered severe MS.***°> When grading
MS severity, a multi-parametric approach should be used, including
valve area, pressure half-time (PHT), transmitral mean pressure
gradient, and pulmonary pressures, taking into account both
anatomic and hemodynamic consequences of the pathophysiology
of MS (Table 1, Fig. 3). Agreement among these measurements in-
creases the reliability of determining the severity of MS. When these
measured variables are inconsistent, stress echocardiography (exer-
cise or dobutamine) aids in assessing the hemodynamic severity of
MS. Based on the World Heart Federation criteria, the definition of
rheumatic MS requires a transmitral mean pressure gradient > 4

mmHg and at least two morphological changes consistent with a
rheumatic MV (Table 2).”

A.1 Anatomic Considerations in the Assessment of Mitral
Stenosis. Anatomic appraisal of MS requires careful assessment
of valvular morphology and associated abnormalities (Table 2).
These observations have therapeutic implications when percutaneous
balloon mitral valvuloplasty (PBMV) or surgery is considered. The
rheumatic involvement of the MV has characteristic morphologic fea-
tures (Fig. 4A-D, Video 1-4), which include (1) commissural fusion,
(2) leaflet thickening with or without calcification, (3) restricted leaflet
motion, resulting in a typical “hockey-stick” or “doming” appearance
of the anterior mitral leaflet during diastole, and (4) chordal thickening
and shortening.

Two-dimensional (2D) and three-dimensional (3D) echocardiogra-
phy in various views allow for assessment of thickening and calcifica-
tion of the mitral leaflets. Diastolic doming of the anterior leaflet is
best seen in long-axis views, while the restricted motion of the poste-
rior mitral leaflet and commissural fusion (the main mechanism of
obstruction), with a small central oval orifice and a “fish-mouth”
appearance, are better appreciated in the short-axis orientations.
Chordal thickening, shortening, and fusion are visualized in paraster-
nal long-axis and apical views. It is important to pay attention to the
extent of leaflet and commissural calcification, as it predicts the
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success of PBMV (discussed further in Section V.D.) and may intro-
duce a potential error in measuring MVA by planimetry.

There are important considerations and potential sources of error
in direct planimetry of the MVA (Fig. 5A). When measuring MVA by
planimetry, the short-axis imaging plane should be positioned at the
tip of the valve to avoid overestimation (Fig. 5B-C, Video 5).
Imaging the subvalvular region in a short-axis view and slowly tilting
the transducer to the level of the valve tip is helpful. 3D echocardiog-
raphy (3DE) allows for visualization of stenotic valve area both from
the LA and left ventricle (LV) (Fig. 6A, Video 6-7). 3DE is particularly
useful for measuring MVA in an eccentrically oriented or irregularly
shaped MV orifice, as multiplanar imaging can determine the correct
short-axis orientation parallel to the MV orifice at the level of the
leaflet tips to measure the MVA from the ventricular side (Fig. 6B).
3DE is more accurate and reproducible than 2D echocardiography
(2DE) for MVA by planimetry, and provides more precise imaging
of the commissural fusion.”® MVA has been thought to change with
flow, a concept based on the invasive Gorlin equation method, influ-
encing “functional” MVA. However, there is echocardiographic evi-
dence that the anatomic MVA is not influenced by changes in flow
in moderate and severe MS.>’

If the diagnosis of rheumatic MS is in question, looking for the pres-
ence of commissural fusion in the parasternal short-axis view helps
confirm a rheumatic process, as commissural fusion is a characteristic
feature of rheumatic MS. Calcification of the mitral annulus is a com-
mon finding in elderly patients with atherosclerosis. When caused by
annular calcification, stenosis is rarely more than mild unless annular
calcification is extensive and involves the basal parts of the leaflets. In
contrast, rheumatic MS involves predominantly the tips and margins
of the leaflet. Congenital MS is a rare abnormality that occurs in isola-
tion or in association with other congenital heart diseases. Although
the thickening and restricted motion of the margin of the mitral leaflet
may be seen in congenital MS, multiple segments of the mitral appa-
ratus (tendinous chords, interchordal spaces, and papillary muscles)
are usually involved, and commissural fusion is rare. The position,
number, and size of papillary muscles, best seen in the parasternal
short-axis view, are important to note in differentiating parachute
mitral valve from rheumatic MS.

A.2. Hemodynamic Considerations in the Assessment of
Mitral Stenosis. Hemodynamic appraisal of MS requires assess-
ment of MV pressure gradient, calculation of MVA by PHT,?® and esti-
mation of left and right atrial and PA pressures (Fig. 7). Significant PH
as a consequence of MS can lead to increased pressure in the right
ventricle (RV) and right atrium (RA), enlargement and dysfunction
of the RVand RA, functional TR, and signs of systemic venous conges-
tion (dependent edema and hepatic congestion). Systolic and diastolic
function of the LV is generally normal but can be compromised by
myocardial dysfunction due to chronic rheumatic myocarditis or
other causes of LV dysfunction.

The transmitral pressure gradient is measured from the apical win-
dow by using CWD aligned coaxially with mitral inflow. The CWD
spectral display of mitral inflow yields the [1] velocity-time integral
(VTD of transmitral flow, [2] mean transmitral pressure gradient
derived from the VTI, and [3] PHT (Fig. 8A). Transmitral pressure
gradients are flow- and heart rate-dependent, and should not be relied
upon as the only parameters to assess MS severity. High output states
or concurrent MR causes a disproportionate increase in the transmi-
tral flow velocity and pressure gradient. The rhythm and heart rate
should be noted and reported.
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Table 1 Classification of Mitral Stenosis Severity

Progressive
(Mild) (Moderate) Severe
Valve area (cm?) >2.5 2.5-1.6 =15
Pressure half-time (milliseconds) <100 100-149 =150
Mean gradient (mmHg)* <5 5-9 =10
Systolic pulmonary artery <30 30-49 =50

pressure (mmHg)

*At a heart rate of 60-80 beats per minute

PHT represents the time required for the instantaneous pressure
gradient to decrease by half from its peak value at early mitral inflow.
The velocity at which the gradient declines to one-half of its peak is
equal to 0.7 x peak velocity. PHT is entered into the equation for
calculation of MVA as follows:

MVA (cm)? =220 / PHT

The rate of decay of the MV pressure gradient is a measure of the
severity of MS and is inversely proportional to MVA. The PHT method
is easy to perform, provided that the Doppler signal of transmitral flow
is of good quality with a well-defined linear deceleration slope of the E
wave. When the deceleration slope is bimodal with a rapid decay fol-
lowed by a more gradual decay, the deceleration slope should be traced
in mid-diastole, rather than using the early steep deceleration slope
(Fig. 8B).>° Compared with planimetry, the PHT method yields a
smaller MVA when extensive subvalvular disease increases the LA-LV
gradient to more than the pressure drop across the leaflet tips. PHT es-
timates functional valve area from the pressure decay between the LA
and LV. Therefore, any factor affecting LA and LV compliance or LV dia-
stolic pressure, such as LV hypertrophy, concurrent AR, or LA fibrosis,
may change the result obtained by PHT. In addition, the presence of sig-
nificant MR reduces the reliability of PHT-derived MVA, with the risk of
underestimated valve area. PHT is misleading immediately after PBMV.

The continuity equation assumes that the volume of forward flow
across the MV is equal to the volume of flow across a reference valve
(typically the AV). MVA by continuity equation is based on the ratio
between the stroke volume in the left or right ventricular outflow tract
and the VTI of mitral inflow:

MVA (sz) =CSALvor x VTlor / VTvital

where CSA is the cross-sectional area and LVOT stands for left ventric-
ular outflow tract. The reproducibility of this method is limited by po-
tential errors from multiple measurements and assumptions. The
continuity equation, although able to calculate MVA theoretically, is
not well validated and is infrequently used. The continuity equation
should not be used when significant aortic or mitral regurgitation is
present. If there is only AR, aortic parameters should be replaced
with the flow across the pulmonic valve (PV) and CSA of the right
ventricular outflow tract (RVOT):

MVA (sz) =CSAgvor x VTlgvor / VTlyitral

The proximal isovelocity surface area (PISA) method is based on
the concept that, as flow approaches a circular finite orifice, concen-
tric hemispherical “isovelocity shells” are formed with gradually
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Figure 3 Stages of mitral stenosis by echocardiographic parameters. MVA, Mitral valve area; PHT, pressure half-time; MG, mean

gradient.

decreasing surface area and increasing velocity. Although the first vali-
dated PISA method was for MR, it can also be used to assess MS.*°
The PISA method assumes that flow across the stenotic orifice equals
flow at the level of the convergence zone. As blood flow accelerates
when it approaches the stenotic orifice in diastole, the color Doppler
Nyquist limit is surpassed, creating aliased isovelocity hemispheres
with a bright blue hue (Fig. 8C). The method is technically demanding
and requires multiple measurements. The typically funnel-shaped
opening of the rheumatic MV, with the angle between the leaflets
less than 180°, renders the flow convergence zone non-
hemispheric. Therefore, angle correction in the formula is needed
for most cases of rheumatic MS, a step that may be impractical in clin-
ical application. Overall, MVA assessment via the PISA and continuity
equation methods are not recommended in routine practice due to
the complexity of the equations and multiple sources of error.
However, they may be considered in patients with inconclusive
data from 2D planimetry, PHT, and mean pressure gradient methods.
In patients with atrial fibrillation (AF) and irregular cycle lengths, at least
5 measurements should be averaged to provide an accurate estimation of
pressure gradients and valve area, avoiding extremely short and long cy-
cle lengths. If the rhythm is highly irregular with multiple short cycles,
measurement of the gradient in the long-cycle beat alone is sufficient.
Rheumatic MS is a slowly progressive disorder with an insidious
natural history. The patient may be compensated and remain rela-
tively asymptomatic at baseline despite the hemodynamic limitations
posed by the stenosis. In some cases, this is due to patients limiting
their activity. When imaging data and symptoms do not correlate
with each other, stress echocardiography is useful to assess the func-
tional significance of MS. Stress-induced increase in heart rate and
cardiac output allows evaluation of the hemodynamic behavior of
the wvalvular obstruction and its influence on the pulmonary
circulation, helps clarify any discordance between resting echocardio-

graphic data and symptoms, and aids in risk stratification of patients
with moderate stenosis. The exercise portion of the test may be per-
formed using simple alternate leg raising, a recumbent bicycle, or a
treadmill. If a patient is unable to exercise, dobutamine stress echocar-
diography can be employed.*' Echocardiographic data to be obtained
during stress testing include transmitral gradient, stroke volume, MVA,
pulmonary artery systolic pressure (PASP; based on TR velocity and
estimated RA pressure), LV and RV function, and any change in
MR if present. Heart rate change should be reported. An increase
in transmitral mean gradient >15 mmHg with exercise or =18
mmHg with dobutamine infusion may explain exertional dyspnea
due to hemodynamic consequences of MS and identify high-risk pa-
tients who may benefit from intervention.>>>> A stress-induced PASP
>60 mmHg has been considered another marker of hemodynamical-
ly significant MS.>* However, resting and exercise-induced PASP is
age-dependent,®® and post-exercise PASP has been shown to

Table 2 Anatomic/Morphological Parameters in the
Echocardiographic Assessment of Mitral Stenosis

Valvular Findings Associated Findings

o Left atrial size

e Presence of thrombi and/or
spontaneous echo contrast
(“smoke”) in the left atrium and/
or appendage

e Right ventricular and atrial size

e Other co-existent abnormalities
(e.g., multivalvular disease)

e Extent and pattern of
commissural fusion

e Degree and extent of valve
thickening and calcification

e Degree of subvalvular
abnormalities

e Severity of valve narrowing
(valve area and transvalvular
gradient)
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Figure 4 2D echocardiographic findings of MS. (A) Bi-commissural fusion (arrows) of a rheumatic valve in parasternal short-axis view.
(B) Thickened and calcified mitral valve leaflets seen in parasternal long-axis view, with diastolic doming of the anterior leaflet (arrow).
(C) Thickened and doming mitral anterior leaflet (single white arrow) and restricted motion of posterior leaflet (double arrows) in para-
sternal long-axis view. (D) Chordal thickening and calcification seen in parasternal long-axis view.

correlate poorly with the onset of symptoms.® Therefore, PASP at
peak exercise should be interpreted in the context of age and other
diagnostic indices discussed above. An early increase in PASP to a
valug)(>90 % than its resting value may also have prognostic implica-
tion.””

A.3. Mitral Stenosis in Pregnancy. Severe MS in pregnancy is
associated with a significant risk of morbidity and mortality in both
mother and fetus. Pregnancy is associated with a significant increase
in plasma volume, cardiac output, and heart rate. This results in an in-
crease in transmitral gradient even in moderate MS while the
anatomic MVA may not significantly change. Interpretation of the
gradient and MVA and their implications should be done in each pa-
tient’s clinical context.

Key Points:

e Rheumatic MS is defined by a transmitral mean pressure gradient >4 mmHg and
typical morphological changes in the valve consistent with a rheumatic process:
thickened mitral leaflets, commissural fusion, restricted MV leaflet motion, diastolic
doming of the anterior mitral leaflet, and/or chordal thickening/calcification.

o Severe rheumatic MS is indicated by MVA =1.5 cm?, PHT =150 msec, and transmitral
mean gradient =10 mmHg.

Recommendations:

o MS should be evaluated in a comprehensive approach, including a careful examina-
tion of valve morphology with 2DE, accurate determination of MVA by planimetry
at the level of the leaflet tips, with 3DE multiplanar guidance if needed, hemodynamic
assessment with Doppler echocardiography to determine PHT and mean pressure
gradient, and supportive data, such as pulmonary artery pressure estimation and
left atrial size.

Planimetry is the preferred method for determination of anatomic MVA. The imaging
plane should be positioned at the leaflet tips, and the smallest orifice area should be
traced in zoom mode, with an optimized gain setting to avoid signal “drop-out”.
Excessive gain, which can result in MVA underestimation, should be avoided.

The cardiac thythm and heart rate should be noted as part of Doppler assessment of
MS.

When the CWD spectral pattern of mitral inflow is bimodal with an initial rapid decel-
eration followed by a slower rate of decline, the linear portion of the mid-diastolic
slope should be traced for PHT, rather than using the early steep deceleration slope.
Stress echocardiography should be considered in patients whose symptoms are incon-
gruent with echocardiographic data and for risk stratification of patients with MS. A
transmitral mean gradient >15 mmHg during exercise echocardiography (or =18
mmHg during dobutamine echocardiography) should be considered hemodynami-
cally significant rheumatic MS and identifies patients who might benefit from inter-
vention.

B. Rheumatic Mitral Regurgitation

Rheumatic MR is caused by incomplete leaflet coaptation due to
thickening and scarring of the leaflets as well as chordal shortening
that restricts the motion of the leaflets in systole. MR is the most
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frequent valvular abnormality in RHD.>” The echocardiographic eval-
uation of rheumatic MR should follow previously published guide-
lines on native valvular regurgitation.’® MR is considered severe
with a vena contracta (VC) =0.7 cm, VC area =0.40 cm?, regurgitant
volume =60 mL, regurgitant fraction =50 %, and regurgitant orifice
=0.40 cm?>®

B.1. Anatomic Considerations in the Assessment of Rheu-
matic Mitral Regurgitation. The first step in the approach to pa-
tients with MR is to evaluate the morphology of the valve and to
determine whether the etiology of the MR is primary or secondary.
2D transthoracic echocardiography (TTE), and transesophageal
echocardiography (TEE) in the case of nondiagnostic TTE, play a
key role in the assessment of the MV structure and the hemodynamic
effects of MR on the cardiac chambers. In general, MR is classified as
primary (or organic) if the regurgitation results from the abnormality
of the MV proper, or secondary (or functional) if regurgitation is
caused by distortion of the MV apparatus due to LV and/or LA
remodeling.>**®

In young individuals with a predominantly regurgitant rheumatic
MV or those with acute rheumatic carditis, excessive leaflet tip motion
can be seen because of elongation or restriction and thickening of the
primary chords, with displacement of the leaflet tips toward the LA,
leading to incomplete leaflet apposition and resulting MR (Fig. 9).
Excessive leaflet tip motion is less common beyond the third decade
of life as MS becomes predominant.

Rheumatic MR is pathological regurgitation of the MV with at least
two morphological features of a rheumatic MV in the absence of
other etiologies (Table 2).” The revised Jones criteria note that MR
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Figure 5 (A) Mitral valve area measurement by planimetry at the leaflet tip level in parasternal short axis. (B) lllustration of potential
overestimation of mitral valve area when the short-axis imaging plane is not at the mitral leaflet tips. (C) Orthogonal (bi-plane) views to
ensure that the short-axis imaging plane for planimetry of the valve area is at the tip of the valve to avoid overestimation.

is considered pathological when [ 1] a holosystolic jet is seen in at least
2 views, [2] jet length is =2 cm in at least one view, and [3] peak MR
velocity is =3 m/s (Fig. 10).> However, the jet length or the regurgitant
velocity does not necessarily reflect the severity.

3DE with real-time volumetric imaging enhances the echocardio-
graphic characterization of anatomic pathology behind MR. It is
particularly useful for investigating the regurgitant orifice or guiding
surgical planning or interventional mitral procedures. Combined
with color Doppler, 3DE provides an accurate and reliable measure-
ment of MR severity and has been demonstrated to correlate well
with cardiac magnetic resonance (CMR) imaging.>® 3DE better pre-
dicts surgical repair feasibility and complexity,*® and, combined
with color Doppler, has the ability to determine the origin, extent,
and trajectory of the regurgitant jet. The VC area measured by 3DE
provides a semi-quantitative method to estimate significant MR.
(Fig. 11)

B.2 Hemodynamic Considerations in the Assessment of
Rheumatic Mitral Regurgitation. MR from RHD develops
over years and is typically not acute unless there is concurrent infec-
tive endocarditis or other trauma to the valve. Rheumatic MR jets
may be central or eccentric. Eccentric jets are often due to a pseudo-
prolapsing anterior leaflet that appears to slide over the posterior
leaflet, which is restricted by valvular and chordal thickening and
shortening (Fig. 9). The hemodynamic aspects of rheumatic MR
should follow the same principles detailed in the previous
American Society of Echocardiography (ASE) recommendations on
native valvular regurgitation.>®
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Figure 6 3D echocardiography of rheumatic MV. (A) Visualization of stenotic valve area from left atrial (LA) and left ventricular (LV)
views. (B) Multiplanar imaging to guide the imaging plane (blue line) at the mitral valve tip for planimetry of irregularly shaped MV open-

ing.

Key Points:

o An integration of multiple parameters is essential to examining rheumatic MR.

o Severe theumatic MR is indicated by a VC =0.7 cm, VC area =0.40 cm?, regurgitant
orifice area =0.4 cm?, regurgitant volume =60 mL, and regurgitant fraction =50 %.
Quantitative indices include effective regurgitant orifice area (EROA) by PISA, regurgi-
tant volume (using the PISA-derived method, continuity equation, or by 3DE), and re-
gurgitant fraction (a ratio of regurgitant volume to forward stroke volume).**
Semiquantitative parameters include VC, which is relatively unaffected by loading
conditions and may be used with eccentric MR jets (common in RHD), VC area by
3DE color Doppler, and mitral to aortic valve VTI ratio (>1.4 suggests severe MR and
<1 indicates mild MR*' in the absence of moderate or severe aortic valve regurgita-
tion).

Supportive data include mitral inflow peak E velocity, mitral inflow E/A ratio, pulmo-
nary venous flow pattern, CWD profile of the MR jet, and LA and LV size.

Recommendations

e A quantitative approach should be used when more than moderate central MR is
observed.

o Quantification of MR severity by VC and the PISA method should be included in the
assessment of rheumatic MR, whenever feasible.

o 3DE with real-time volumetric imaging should be attempted whenever feasible, as it
adds to the echocardiographic characterization of anatomic pathology of MR. Com-
bined with color Doppler, 3DE is superior to traditional 2D PISA measurement of
MR severity and provides an accurate VC area.

C. Rheumatic Aortic Valve

Rheumatic AV involvement almost always occurs in the presence of
rheumatic MV disease. Regurgitation is more common (47 %) than
stenosis (14 %) in rheumatic AV disease.’” Basic echocardiographic
parameters to assess aortic stenosis (AS) include peak transvalvular
jet velocity, mean pressure gradient, and AV area (AVA), as detailed
in the previous recommendations.*” General principles of data
recording and measurements for quantitation of AS apply to rheu-
matic AS. Severe AS is suspected when transaortic flow Vmax =4
m/s, mean pressure gradient =40 mmHg, AVA <1 cm?, indexed
AVA <0.6 cm?/m?, and the ratio of LVOT velocity and AV velocity
<0.25.

C.1. Anatomic Considerations in the Assessment of Rheu-
matic Aortic Valve. Rheumatic AV disease is characterized by
commissural fusion, fibrotic thickening, and retraction of the leaflet
edges, giving a triangular or rounded orifice in systole (Fig. 12A-C,
Video 8-10). Varying degrees of calcification may be seen with age.
Calcification of a rheumatic AY commonly starts from the edges
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Figure 7 Overview of hemodynamic assessment of MS. MS results in increased left atrial pressure, shown in simultaneous LA and LV
pressure tracings (upper left), resulting in increased transmitral pressure gradient and velocities, seen in the continuous-wave
Doppler waveform of mitral inflow (lower left). The mean gradient across the stenotic MV is measured from the transmitral flow
VTI. Elevated early inflow peak velocity (Vmax) may be used to calculate PHT, which in turn yields calculation of mitral valve area (up-
per and lower right). LV, Left ventricle; LA, Left atrium; PHT, pressure half-time; MVA, mitral valve area.
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Figure 8 Examples of Doppler echocardiography in MS. (A) Continuous-wave Doppler waveform of mitral inflow in severe MS,
demonstrating long PHT (red line) leading to reduced MVA calculated from PHT, and elevated mean gradient (24 mmHg) derived
from the VTI (in blue dotted outline) of mitral inflow. (B) When the deceleration slope of the MV inflow is biphasic with a rapid decay
(red line) followed by a more gradual decay, the deceleration slope should be traced in mid-diastole (white line) rather than using the
early steep deceleration slope. (C) Color Doppler of the MV in diastole indicating the acceleration of flow toward the stenotic orifice
and hemispherical isovelocity surface “shells” (white arrows) formed at the stenotic MV.
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rather than the body and base of the leaflets, in contrast to calcific AS.
Congenital AS due to bicuspid or unicuspid AV may be differentiated
from rheumatic AV in early stages, based on the morphology, but
once the valve is significantly calcified, it may be difficult to delineate
the etiology.

Valve anatomy should be assessed in the parasternal long- and
short-axis views of 2DE, preferably with the use of zoom mode.
TEE may be helpful to better appreciate the doming and commissural
fusion of the rheumatic AV and to ensure optimal positioning of the
short-axis plane at the leaflet tips (Fig. 12D). A short-axis view of
the AV is important to note commissural fusion, thickening, and calci-
fication at the cusp edges characteristic of a rheumatic AV. When ob-
taining an en-face view of the AV orifice is difficult with 2DE,
multiplanar 3D imaging should be utilized to aid the complete char-
acterization of the AV morphology. The AV cusps and their mobility
can be obtained reliably by real-time 3D TEE. 3DE is especially useful
in assessing an irregularly shaped or angulated orifice in a severely
thickened or domed AV. Multiplanar imaging via 3DE improves the
accuracy of planimetry of the anatomic AV orifice, as it helps to avoid
over-measurement of the valve area within domed leaflets. AVA
measured by 3DE has been shown to correlate better with the valve
area determined by computed tomography (CT) and by cardiac cath-
eterization than AVA measured by 2DE.** Improved accuracy of 3DE
can reclassify the severity of AS in up to 25 % of patients.**

C.2. Hemodynamic Considerations in the Assessment of
Rheumatic Aortic Valve Stenosis. AVA may be obtained from
planimetry or derived from the continuity equation. In the latter
case, quantification by 3DE may be useful, as the multiplanar imaging
of 3DE yields more accurate sizing of the left ventricular outflow tract
(LVOT). If 3D visualization of the LVOT CSA is not satisfactory, car-
diac CT can be considered as an alternative, keeping in mind the
calculated valve area would be larger using the LVOT CSA derived
from CT.*>*° Effective AVA derived from the continuity equation
has been well-validated, is an important parameter for decision-
making, and is a robust predictor of clinical outcome.

Mean pressure gradient and peak velocity across the AV obtained
from the apical views are susceptible to malalignment of the CWD
cursor. Therefore, every effort should be made to ensure the
Doppler cursor is coaxial to flow through the AV, and a non-
imaging transducer should be used with additional echocardiographic
windows, such as right parasternal, suprasternal, and right supraclavic-
ular views. Additional parameters, including AVA indexed to body
surface area (BSA), acceleration time (time from the valve opening
to the peak velocity of AV flow), stroke volume index, and Doppler
velocity index (ratio of LVOT VTI to AV VTD, should be examined
to ensure consistency in the multi-parametric approach.

In case of discrepant results, a careful review of potential mea-
surement errors, including the angle of Doppler interrogation, loca-
tion of the LVOT sample volume, and accuracy of the LVOT
diameter measurement should be conducted. In addition, attention
should be paid to systemic blood pressure, BSA, and high or low
flow conditions. Concurrent cardiomyopathy, severe MR, or MS
may affect the quantitative echocardiographic findings of AS in
RHD.

In asymptomatic patients, careful attention should be given to com-
plementary findings to support the diagnosis of AS, including LV hy-
pertrophy, evidence of subclinical LV dysfunction via global
longitudinal strain (GLS), extent of valve calcification, rate of hemo-
dynamic progression, increase in transvalvular pressure gradient
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Figure 9 Parasternal long-axis view of rheumatic MV. Excessive
leaflet tip deformation can be seen, with pseudoprolapsing
anterior leaflet appearing to slide over the posterior leaflet, lead-
ing to incomplete leaflet apposition.

during exercise, and pulmonary artery pressures, especially in the
. . -49
case of mixed valve disease.*®*

C.3. Hemodynamic Considerations in the Assessment of
Rheumatic Aortic Valve Regurgitation. Rheumatic AS usually
coexists with some degree of AR because of retraction of the cusp
edges. Typically, rheumatic AR exceeds rheumatic AS in severity.
Severe AR increases flow across the LVOT and AV, thus peak velocity
and gradients may be higher than expected for a given valve area, but
valve area calculation by the continuity equation remains applicable.
It has been shown that mixed AV disease of moderate severity has
adverse outcome comparable to severe isolated AS with preserved
ejection fraction (EF), and significantly worse outcome than isolated
moderate AS or AR°° In mixed AV disease, peak velocity and
mean gradient remain the major predictors of outcome.>®°!

Overall, Doppler assessment of rheumatic AR remains in keeping
with the same principles detailed in the previous recommendations
on native valvular regurgitation.® An integration of multiple param-
eters is essential to grade AR severity, including:

e Qualitative indices: CWD jet density, flow reversal in the descending aorta,
flow convergence, regurgitant PHT by CWD

e Semi-quantitative indices: VC width, regurgitant jet width/LVOT width

e Quantitative Doppler measurements: regurgitant volume, regurgitant frac-
tion, and EROA

e Supportive findings: LV size and function

Severe AR is indicated by a dense CWD jet density, PHT <200
msec, VC width >0.6 c¢cm, regurgitant jet width/LVOT width =65
%, regurgitant volume =60 ml, regurgitant fraction =50 %, and
EROA =0.3 cm®. Flow reversal in the descending aorta and LV
enlargement are present.>®

3DE with color Doppler improves accuracy in determining the
severity of AR by making direct measurement of the VC area feasible.
The 3DE color Doppler technique may be similarly superior for quan-
tification of flow convergence using the PISA method, without geo-
metric assumptions inherent in the 2D PISA method. Rarely,
additional quantification by CMR may be needed when echocardio-
graphic measurements are discordant, inconclusive, or inconsistent
with the patient’s symptoms, or when images are of suboptimal
quality.
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Key Points

o The presence of commissural fusion and thickening of the free edges of the AV leaflets
helps identify rheumatic involvement.

Doppler assessment of rheumatic AR remains in keeping with the same principles
detailed in the previous recommendations on native valvular regurgitation.

Severe AS is suspected when transaortic flow Vmax =4 m/s, mean pressure gradient
=40 mmHg, AVA < 1 cm?, indexed AVA <0.6 cm?/m?, and the ratio of LVOT velocity
and AV velocity <0.25.

Severe AR is indicated by a dense CWD jet density, PHT <200 msec, VC width >0.6 cm,
regurgitant jet width/LVOT width =65 %, regurgitant volume =60 ml, regurgitant
fraction =50 %, and EROA =0.3 cm?. Flow reversal in the descending aorta and LV
enlargement are present.

Recommendations:

o 2D and Doppler assessment of rheumatic AS should be complemented by a multipara-
metric approach that includes anatomic AVA determined by planimetry, effective AVA
calculated from the continuity equation, AVA indexed to BSA, mean pressure gradient,
transvalvular peak flow velocity, Doppler velocity index, and acceleration time.
Valve anatomy should be assessed in the parasternal long- and short-axis views of 2DE,
with the use of zoom mode.

In the presence of significant leaflet doming, AVA by planimetry should be guided by
3D multiplanar imaging for optimal positioning of the imaging plane at the level of
the leaflet edges to avoid overestimation of AVA.

Assessment of the severity of rheumatic AR should rely on qualitative, semi-
quantitative, and quantitative Doppler measurements together with the assessment
of LV size and function.

3DE with color Doppler should be considered to assess VC area in moderate and severe
rheumatic AR.

In case of discrepant results, a careful review of potential technical errors or supportive
findings should be performed. They include the angle of Doppler interrogation, loca-
tion of the LVOT sample volume, accuracy of the LVOT diameter measurement, sys-
temic blood pressure, BSA, high output states, and low flow conditions.

D. Rheumatic Tricuspid Stenosis

Isolated rheumatic TS is uncommon, and occurs usually in concert
with rheumatic mitral and/or aortic valve disorders. The normal
tricuspid valve (TV) orifice area is 7-9 cm?. Narrowing of the TV
orifice results in elevation of RA pressure and systemic venous pres-
sure. Similar to the assessment of MS, the severity of TS should not
be defined by a single metric, rather by a multiparametric approach
including valve area, mean transvalvular gradient, and RA chamber
size.

D.1. Anatomic Considerations in the Assessment of Rheu-
matic Tricuspid Stenosis. The morphological characteristics of
rheumatic TS are similar to those found in rheumatic MS, except
that significant calcification of the TV occurs to a lesser extent.
Anatomic appraisal of TS requires assessment of the degree of valve
thickening, calcification, commissural fusion, mobility, and diastolic
doming, shortening of subvalvular structures, measurement of
tricuspid valve area (TVA), and RA size as well as presence of any
thrombi. Because of the TV geometry, it is not possible to visualize
all 3 leaflets in most 2DE views, while 3DE allows for visualization
of the whole TV apparatus (Fig. 13A-C, Video 11-13).

To better appreciate the TV in the apical 4-chamber view, the trans-
ducer should be moved medially over the RV apex. In 2D TTE, it may
be feasible to obtain TVA by planimetry by visualizing the valve from
the subcostal view in short-axis orientation. 3DE allows for visualiza-
tion of stenotic valve area from either the right atrial or ventricular
perspective, and is particularly useful for deriving TVA in an
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Figure 10 Pathological rheumatic mitral regurgitation. (A) Parasternal long-axis and (B) apical 4-chamber views showing thickened
leaflets with doming typical of rheumatic MV in diastole. (C) Zoomed color Doppler image of pathological mitral regurgitant jet in sys-
tole, with a jet length =2 cm. (D) Continuous-wave Doppler waveform of transmitral flow showing pathological regurgitant flow with a
peak velocity =3 m/s.
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Figure 11 Vena contracta area by 3D TEE multiplanar analysis with color Doppler. Note that optimally oriented cut planes provide an
en-face view of the vena contracta region. The regurgitant orifice has an irregular shape (right lower panel) that can be directly pla-

nimetered (arrow) with the use of 3D echocardiography.

eccentrically oriented TV orifice, as multiplanar images of 3D data sets
may help identify the correct short-axis orientation to measure TVA.

D.2. Hemodynamic Considerations in the Assessment of
Tricuspid Stenosis. Progressive reduction in TVA results in
increased RA pressure and diastolic TV pressure gradient and a
decrease in forward stroke volume. High RA pressure leads to
increasing systemic venous pressure, causing peripheral edema, he-
patic congestion, and fatigue. Chronic RA dilation, decreased stroke
volume, and AF can result in blood stasis and thrombi in the RA.
RV systolic and diastolic function are generally normal but can be
compromised by co-existent TR, the impact of left-sided valve
involvement, or myocardial dysfunction secondary to chronic rheu-
matic myocarditis or associated disorders. Hemodynamic appraisal
of TS requires measurement of mean TV pressure gradient, estima-
tion of TVA as well as RA and PA pressures, and evaluation of the he-
modynamics of associated valve disorders.

The mean tricuspid inflow pressure gradient is calculated from the
velocity recording obtained by CWD in any orientation that allows
an optimal angle (Fig. 13D). Because tricuspid inflow velocity is easily
influenced by respiration and heart rate, the velocity recordings and
mean gradient in 5 or more beats should be averaged. TS is considered
to be severe if the mean gradient is =5 mmHg, inflow VTI =60 cm,
PHT =190 ms, and TVA =<1 cm?. TS is considered to be mild with a
TVA >1.5 cm?, and moderate with a TVA 1-1.5 cm?. The PHT-based
calculation of TVA is derived by dividing a constant of 220 or 190 by
PHT. This method, however, is less reliable than in MS.

Supportive findings of severe TS are those consistent with elevated
RA pressure, including a dilated RA, inferior vena cava (IVC) plethora,
interatrial septum bowing toward the LA, loss of systolic flow pre-
dominance in the superior vena cava, jugular vein, or hepatic veins
(ratio of systolic flow velocity to diastolic flow velocity <1), and a
tricuspid E/e’ ratio >6.2” The right atrial sizing in adults should be per-
formed quantitatively, rather than by visual estimation, by following
the ASE recommendations for cardiac chamber quantification.>>

Key Points

TS occurs in concert with rheumatic mitral and/or aortic valve disorders.

Anatomic appraisal of rheumatic TS requires assessment of the degree of valve thick-
ening, calcification, commissural fusion, mobility, diastolic doming, and shortening
of subvalvular structures, measurement of TVA, RA size, and notation of presence of
any thrombi.

Hemodynamic appraisal of TS includes mean TV pressure gradient, TVA, and estima-
tion of RA and PA pressures.

TS is hemodynamically significant with a mean gradient =5 mmHg, inflow VTI =60
cm, and TVA =1 cm?. PHT =190 or 220 msec may be used, but this method is less reli-
able than in MS.

Recommendations

o The severity of TS should be assessed by a multi-parametric approach including valve
area, mean transvalvular gradient, RA size, an estimate of PA pressures, and evaluation
of the hemodynamics of associated valve disorders.

o 3DE should be considered to measure TVA in multiplanar images for an eccentrically
oriented TV orifice.
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Figure 12 Rheumatic AV anatomy. (A) 2D TEE long-axis view in systole, demonstrating AV leaflet doming. (B) 2D TEE long-axis view
in diastole. (C) 2D TEE short-axis view, demonstrating AV commissural fusion and nodular thickening. (D) TEE view of AV marking the
correct level of cut plane at the leaflet edges (yellow arrow) in contrast to a misplaced plane cut at the level of doming (red arrow)

yielding a larger AVA.

E. Rheumatic Tricuspid Regurgitation

TR is the third most common valve lesion in RHD after MR and MS,
with a reported prevalence up to 70%, and is almost always associated
with MS.*” Rheumatic TR may be classified into primary (organic) or
secondary (functional) TR. Primary rheumatic TR results from valvulitis
(44% of reported cases) as a complication of ARF,>> or from chronic
sequelae of RHD, leading to scarring of the valve leaflets and/or chor-
dae with thickening, doming, restriction, and calcification of the
tricuspid valvular apparatus in variable proportions. Secondary rheu-
matic TR is due to tricuspid annular dilatation from right heart enlarge-
ment and dysfunction associated with left heart valve disease and
resultant PH. Mixed TV disease is commonly encountered in RHD,
with combined stenotic and regurgitant lesions of varying severity.>

Assessment of primary rheumatic TR requires a comprehensive
approach with complete visualization and a full description of the
TV and subvalvular apparatus. Qualitative and quantitative analysis
of the regurgitant severity, as well as anatomic and functional descrip-
tion of the right atrium and ventricle, should follow published recom-
mendations.”®>? The presence of moderate TR is an independent
predictor of new development of severe TR after MV surgery to treat
RHD,** and severe TR is an independent predictor of heart failure
and other major adverse cardiac events.>” Tricuspid repair for mild
or moderate TR associated with tricuspid annular dilation, when per-
formed at the same time as mitral valve surgery, improves both echo-
cardiographic and functional parameters.>”

E.1 Anatomic Evaluation of Rheumatic Tricuspid Regurgi-
tation. An echocardiographic diagnosis of primary rheumatic TR
is made when TR is associated with typical diastolic doming or thick-
ening of the valve with or without limitation of its opening (Fig. 14A,
Video 14). In a systematic review of 2,497 patients from 5 reports of
RHD, a wide difference in the prevalence of rheumatic TV disease
was noted when echocardiograms and autopsy reports were
compared (7.7 % vs. 38.5 %, respectively), suggesting TTE may un-
derestimate tricuspid involvement in RHD.>® The use of 3DE allows
for en-face imaging of the TV and accurate measurements of the
tricuspid annulus and EROA of the regurgitant jet.”®

Right heart size and TV annular dilatation may be the cause or
result of severe TR. Functional rheumatic TR may result from negative
remodeling of the right-sided chambers due to severe rheumatic MS
and PH. The tricuspid annulus is considered dilated when its end-
diastolic diameter is =40 mm (or >21 mm/m? indexed by BSA) in
the apical four-chamber view.>®

E.2. Hemodynamic Considerations in the Assessment of
Rheumatic Tricuspid Regurgitation. Methods for determining
the severity of TR are detailed in previously published recommenda-
tions.>® Severe TR (Fig. 14B) is associated with [11 a color Doppler re-
gurgitant jet area >10 cm? (Nyquist limit set at >50 cm/sec), [2]1 a VC
=0.7 cm (acquired from the apical four-chamber or RV inflow para-
sternal views, with the Nyquist limit >50 cm/sec), [3]1a VC area >0.4
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Figure 13 Rheumatic tricuspid valve. (A) A 2D echocardiographic image of a stenotic TV in the right ventricular inflow view. Note the
doming leaflets (arrow), with reduced separation of the leaflet tips and enlarged RA. Figure courtesy of Dr. Satish Govind, Bengaluru,
India. (B) A 2D echocardiographic image of a stenotic TV (arrow) in the apical 4-chamber view. Figure courtesy of Dr. Manish Bansal,
New Delhi, India. (C) En-face view of thickened, stenotic TV with commissural fusion seen from the right atrial view using 3D echo-
cardiography. (D) A continuous-wave Doppler recording through the rheumatic TV shows the PHT of 178 ms, and TVA estimated to

be 1.24 cm? per the PHT method (vellow line).

cm? via 3DE, [4] a PISA radius =0.9 cm (baseline Nyquist limit
shifted to ~28 cm/s), [5] an EROA =0.40 cm?, and [6] a regurgitant
volume =45 ml by 2D PISA. In addition, supportive data include
prominent hepatic venous systolic flow reversal, a peak tricuspid E-
wave velocity >1.0 m/s, and a dense CWD regurgitant waveform.
An early peaking and triangular shape of the velocity waveform
may be seen with severe acute or subacute TR secondary to rapidly
rising right atrial pressure.. Several caveats to consider when exam-
ining these indices are as follows:

e In wide-open, torrential TR with little valve coaptation, the regurgitant flow

is of low velocity, does not alias, and may lose its appearance as a distinct jet,

leading to underestimation of the regurgitant jet area by color Doppler.

The TR PISA method is similar to that of MR. However, since the peak TR

velocity is generally less than in MR, flattening of the contour of the aliased

hemisphere closer to the regurgitant orifice may be exaggerated with TR,

leading to underestimation of the regurgitant flow.

The PISA approach may be inaccurate when the orifice is noncircular.

e EROA derived from the TTE 2D PISA method underestimates regurgitant

orifice area by the 3D PISA method.

TR jet velocity is not related to the regurgitant volume.

e AF with significant variation of cardiac cycle lengths or rapid ventricular
response may render many of these indices less reliable.

Key Points

o An echocardiographic diagnosis of primary rheumatic TR is made when there is TR
associated with typical diastolic doming or thickening of the valve.

TR is considered severe if the color Doppler regurgitant jet area is >10 cm? at a Nyquist
limit >50 cm/sec, VC is =0.7 cm in the apical four-chamber or RV inflow view, VC area
is >0.4 cm? via 3DE, PISA radius is =0.9 cm, EROA is =0.40 cm?, and regurgitant vol-
ume is =45 ml by 2D PISA. Not all of these findings may be present in all patients with
severe TR.

Supportive findings of severe TR include systolic flow reversal in a hepatic vein,
tricuspid inflow E-wave velocity >1.0 m/s, and dense CWD waveform of the regurgi-
tant jet.

Recommendations

o The severity of TR should be determined by assessment of color Doppler regurgitant
jet area, VC width and area, PISA radius, EROA, and regurgitant volume.
Multiplanar images of 3D datasets should be used whenever possible to help identify
the correct short-axis orientation to measure the TVA and VC area.

o In patients with concomitant rheumatic MR and AR, increased LV filling pressures can
increase pulmonary venous pressure. The regurgitant volume of TR may accordingly
increase despite unchanged regurgitant orifice area, thus exaggerating TR severity by
Doppler assessment. Also, functional TR may reverse with normalization of LV func-
tion/filling pressure. Thus, integrated hemodynamic and anatomic assessment of
rheumatic TR should always be taken into consideration for clinical decision-making.
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Figure 14 Rheumatic TR. (A) Left, Apical 4-chamber view of TV with color Doppler in diastole; Right, Apical 4-chamber view of TV
with color Doppler in systole. Figure courtesy of Dr. Manish Bansal, New Delhi, India. (B) Severe TR with a large color Doppler regur-
gitant jet area, a wide VC =0.7 cm, and a dense triangulated continuous-wave Doppler flow profile with low velocity (<2 m/sec), indi-

cating rapidly rising right atrial pressure due to severe TR.

F. Rheumatic Pulmonic Valve

F.1. Rheumatic Pulmonic Valve Stenosis. The PV is rarely
involved in RHD. Rheumatic PV disease, when it does occur, is al-
ways associated with MS, and portends advanced stages of RHD,
as in cases of quadrivalvular stenosis. However, involvement of the
PV may be clinically silent, underscoring the utility of imaging in mak-
ing the accurate diagnosis and forming appropriate treatments, as late
recognition of rheumatic PV disease may result in unintended compli-
cations or a delay in treatment. When assessing the stenotic and/or re-
gurgitant PV in RHD, the published guidelines on valvular stenosis
and regurgitation should be followed.>”>%

Rheumatic involvement of the PV typically results in stenosis. 2DE
may reveal pulmonic stenosis (PS), depicting limited leaflet mobility
with a domed appearance in systole, or calcification and thickening
of the leaflets, best seen in the parasternal views where the anterior
and right cusps are typically visualized. No imaging plane with 2D
TTE captures all three (left, right, and anterior) cusps of the valve.
However, with 3DE, the en-face view of the PV can be obtained.

Surgical and postmortem data report a larger mean PV area (PVA)
in normal subjects (4.88 = 1.25 cm? in males, 4.32 = 1.03 cm? in fe-
males) than that calculated by Doppler echocardiography using the
continuity equation (3.01 *+ 0.36 cm?).””>® Specific partition values
of PVA for the degrees of PS severity have not been identified.
However, considering that the range of a normal PV size is similar
to that of a normal AV, it would be reasonable to extrapolate from
the AV data, and define a PVA less than 1.0 cm? as severe PS in adults,
since a valve area reduced to "4 of the normal size may be considered
severe stenosis.

The severity of PS is commonly assessed with measurement of
peak transpulmonic flow velocity by CWD and deriving the peak
pressure gradient across the valve by applying the simplified
Bernoulli equation. The measurement of a peak PV velocity is typi-
cally performed in a parasternal short- or long-axis view, which yield
the best alignment of the Doppler signal with the transpulmonic flow.
These views also provide opportunities to evaluate the pulmonary ar-
tery, which may be dilated in advanced stages of RHD with associated
PH. A peak transpulmonic flow velocity of >4 m/s suggests severe PS,
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assuming there is no sub- or supra-valvular obstruction.”>*?

Extrapolating from the current guidelines on non-rheumatic PS, a
mean gradient greater than 35 mmHg should be considered severe
PS, although data to support this threshold are limited.>” Since rheu-
matic PS almost always occurs with the involvement of the other
valves in advanced stages of RHD, it is important to conduct a
comprehensive assessment of right heart size and function, evidence
of PH, and staging of the co-existing valve lesions.

F.2. Rheumatic Pulmonic Regurgitation. While trace or mild
pulmonic regurgitation (PR) with normal PV morphology is common
and clinically inconsequential, isolated rheumatic PR has not been re-
ported in large modern surveys of RHD.>%°° While there are no data
specific to rheumatic PV disease to assign cutoff partition Doppler
values, the previously published recommendations should be fol-
lowed when evaluating rheumatic PR.>*® Quantitative parameters
for severe PR include a PR jet width/annulus diameter ratio =70%,
PHT of a PR jet <100 msec, and deceleration time of the PR CWD
waveform <260 milliseconds.

Supportive findings of severe PR include abnormal valve
morphology with thickening of the leaflets, a dense PR CWD wave-
form, early termination of PR flow, and diastolic flow reversal by
PW Doppler in the main or branch pulmonary artery. Chronic severe
PR may lead to RV dilation and dysfunction, and the ASE guideline on
chamber quantification should be followed to quantitatively assess
RV size and function.’” Intervention is considered when PR is severe
in the setting of symptoms and/or RV dysfunction.

Key Point

o Rheumatic PV disease is rare, always associated with MS, and typically manifests as ste-
nosis.

o Severe theumatic PS has a peak velocity >4 m/s and a mean gradient >35 mmHg.

e Severe PR is defined as a jet width/annulus diameter =70%, a PR jet PHT <100 msec,
and a deceleration time of the PR spectral Doppler waveform <260 milliseconds.

Recommendations

o Severity of PR in the setting of RHD should be assessed in a manner similar to that of
nonrheumatic PR.

o Quantitative RV size and function assessment should be included in patients with
rheumatic PV.

G. Assessment of Mixed Valve Disease

Mixed valvular disease is common in RHD.>” Co-existing MV and AV
disease is more commonly seen in all age groups of RHD, with an
exception of children under 10 years old, in whom pure MR is
more prevalent.

As velocities and pressure gradients are flow-dependent, concom-
itant moderate to severe MR or MS may result in lower transvalvular
aortic velocity and pressure gradients. As such, severe AS may present
with Doppler hemodynamics that are more consistent with paradox-
ical low-flow AS (defined by an effective AVA <1.0 cm?, a mean aortic
transvalvular pressure gradient <40 mmHg, or a peak velocity <4 m/
s, with LVEF =50 %). In this case, concomitant rheumatic MV disease
limits the use of dobutamine challenge to assess contractile reserve
because changes in stroke volume do not necessarily reflect contrac-
tile reserve as the LV fails to fill properly in co-existing MS or unloads
into the LA in the presence of concurrent MR. Thus, in patients with
mixed aortic and mitral valve disease with suspected low-flow
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low-gradient AS, adjunctive indices such as Doppler velocity index,
LVOT flow determined by means other than TTE 3D TEE, CT,
CMR, cardiac catheterization), and calcium score (Agatston) of the
AV by CT should be sought.*> However, given the commissural
fusion contributing to rheumatic stenosis, the calcium score alone
may not accurately reflect the severity of stenosis, whereas CT-
derived AVA is a robust measure of severity.

With concurrent AR and MS, transmitral inflow should be carefully
distinguished from AR flow, particularly in patients with AE A ste-
notic MV with a funnel-shaped orifice can direct mitral inflow toward
the interventricular septum, thus mimicking AR (Fig. 15). Additionally,
an eccentric AR jet can contaminate mitral inflow. Care should be
given to orient the image properly to differentiate these flows. The
timing of AR and MS is helpful in identifying the cause(s) of high ve-
locity flow in the LV noted during diastole, with the anterograde flow
across a stenotic MV confined to diastole while the AR jet starts earlier
at aortic valve closure. PHT may not be a reliable measure of MS in
the presence of co-existing moderate or severe AR.

Anatomic valve area should be measured in both valves in patients
with combined MS and AS. Multivalvular regurgitation will hamper
the use of volumetric methods for quantifying regurgitation because
there may be no reference systemic stroke volume to use. In this
setting, direct measurement of the forward and reversed flow through
a given valve may be the best option.

Recommendations

o In suspected AS and concurrent rheumatic mitral disease, evidence for a possible low-
flow state should be sought by examining LVOT flow determined by 3D TEE, CT, CMR
or cardiac catheterization. The severity of low-flow AS should be supported by Doppler
velocity index and AVA by CT, if necessary.

Dobutamine challenge is not recommended to differentiate pseudo-severe from true
severe AS in the setting of concomitant significant rheumatic MV disease, as forward
stroke volume across the AV may not augment reliably with severe rheumatic MS and/
or MR, regardless of contractile reserve of the LV.

Measurement of anatomic valve area by planimetry should be performed in cases of
combined MS and AS.

In concurrent AR and MS, care should be taken to align the Doppler cursor with mitral
inflow, distinguished from the AR jet. The timing of the jet may help distinguish one
from the other, with the MS flow confined to diastole while AR starts at AV closure.
e When AR and AS of more than moderate severity coexist, the AVA calculated by the
continuity equation remains applicable. Mean gradient and peak velocity are predic-
tors of worse outcomes and should be considered in decision-making.

The use of volumetric quantification of regurgitation is rendered inaccurate in the
presence of multivalvular rheumatic involvement.

V. OTHER CONSIDERATIONS

A. Technical Considerations in Echocardiographic
Imaging of Rheumatic Heart Disease

2D TTE is recommended as first-line imaging, both for the initial and
longitudinal assessment of subjects with valvular heart disease. While
harmonic imaging is generally recommended to improve endocardial
delineation in a standard adult examination, it may need to be turned
off and fundamental frequencies used for determining valve thickness
to avoid overestimation of the degree of valvular and chordal thick-
ening, as the extent of the valve and subvalvular thickness has bearing
in diagnostic accuracy and subsequent choice of intervention in RHD.
With machines that have the capability to manually alter focus, the
focus should be positioned at the level of the valve being inspected
to optimize lateral resolution.

Gain settings should be adjusted to image the contours of valve
leaflets sufficiently while maintaining echo-free visualization of the
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Figure 15 Mixed valve disease with rheumatic AR and MS. (A)
Color Doppler and (B) CW Doppler spectral envelope of the
mitral inflow (arrowhead) in apical 4-chamber view, demon-
strating that the inflow jet through the funnel-shaped, stenotic
MV orifice can be directed toward the interventricular septum,
mimicking AR (long arrow) which lasts longer in diastole.

blood pool. In addition, optimal adjustment of dynamic range is
needed to enhance leaflet border recognition. Dynamic range, also
called compression, is an important grayscale parameter that adjusts
the appearance of the shades of gray on the image and should be opti-
mized for defining morphological details of the valve tissue. An exces-
sively high dynamic range, and thus a very low-contrast image, may
lead to poor delineation of endocardial borders.

Heart rate and BP should be recorded before each study, given the
strong influence of each on transvalvular gradients. In AF, an average
of at least 5 beats or the most representative cycle should be utilized
when measuring velocities and pressure gradients.’> Multiple
windows are to be used to assess the jet direction, eccentricity, and
multiplicity.*®

During the acquisition of 3DE images, spatial and temporal resolu-
tion should be optimized by using a narrow image sector and reduced
maximum imaging depth. Gain should be set in the mid-range,
around 50 dB, and optimized with slightly higher time gain compen-
sation to avoid potential signal dropout and subsequent loss of diag-
nostic information. Excessive gains, however, result in a loss of
depth perception and a decrease in resolution. Therefore, gain and
compression settings should be balanced for optimal structure visual-
ization.

Stress echocardiography plays an important role in the hemody-
namic evaluation of valvular heart disease when symptoms and valve
lesion severity measures are discordant.”? Stress echocardiography
should also be used to assess asymptomatic MS before major surgery
or planned pregnancy to predict hemodynamic reserve.>* Images
should be acquired at baseline and immediately post exercise within
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2 minutes into recovery when using a treadmill. A sweep speed of
100 cm/sec and optimized velocity scale is necessary. Supine bicycle
exercise is the preferred modality when assessing hemodynamic con-
sequences of rheumatic valve lesions as it better allows acquisition of
Doppler recordings during exercise. Dobutamine stress echocardiog-
raphy has been shown to have prognostic value but is less physiolog-
ical than exercise.’’> Low dose dobutamine (up to 20
micrograms/kg/min) may be administered in patients with moderate
or severe symptoms when exercise is impossible. Dobutamine stress
echocardiography can be used to assess transmitral gradients during
stress, but is not recommended for determination of PASP.**

Recommendations

o The use of harmonic imaging is not recommended for assessing valve thickness in
RHD.

Temporal and spatial resolution should be optimized by decreasing scan depth and
sector width, positioning the focus at the level of the valve being inspected, and em-
ploying the zoom function to magnify the structure of interest before making mea-
surements.

Gain settings should be adjusted to sufficiently image the contours of the mitral leaf-
lets. Optimal adjustment of dynamic range (compression) may be needed to enhance
leaflet border recognition.

Multiple windows are employed for Doppler interrogation to best align the beam with
blood flow during assessment of a valvular lesion.

When imaging with 3DE, time gain compensation should be increased to avoid po-
tential signal dropout and subsequent loss of diagnostic information. Excessive gains,
however, may result in a loss of depth perception and a decrease in resolution.
Post-exercise imaging during treadmill stress echocardiography should be acquired
immediately after stopping exercise, preferrably in the first 2 minutes of recovery.
Supine bicycle exercise is the preferred modality when assessing hemodynamic con-
sequences of rheumatic valve lesions.

B. Secondary Hemodynamic Consequences (Pulmonary
Hypertension)

An important sequela in the course of RHD is the development of
PH, defined as a mean pulmonary arterial pressure (mPAP) =25
mmHg at rest.°’ Right heart catheterization is the gold standard for
measuring pulmonary artery pressures, but its invasive nature limits
routine use for serial hemodynamic assessment. Doppler echocardi-
ography is a cornerstone of estimating PASP noninvasively, and can
also provide an estimate of pulmonary artery diastolic pressure
(PADP) and mPAP by multiple methods.®> PASP and mPAP by
TTE correlate well with right heart catheterization-derived measure-
ments in patients with rheumatic MS.°® In the absence of flow
obstruction across the PV or in the RVOT, PASP equals RVSP.
Therefore, PASP can be estimated by the following equation:

PASP=RVSP=4V2,_, ;- + RA pressure

€

where RA pressure is estimated by respiratory variation of the [VC
diameter.’? In the presence of RVOT or pulmonic obstruction,
PASP may be estimated by subtracting the systolic pressure gradient
across the site of obstruction from the estimated RVSP. Because the
presence of TR is a prerequisite to this echocardiographic calculation
of PASP, thorough attempts must be made to detect the TR, which
may be accentuated with the use of an ultrasound enhancing agent
or agitated saline. Only the well-defined, dense spectral envelope
(modal velocity) should be measured, and the less-dense “hairs”
excluded, to avoid overestimating the peak velocity. Measuring
peak TR velocity following an extrasystolic beat should be avoided
because the velocity will be higher owing to the larger stroke volume
from the compensatory pause following the ectopy and does not
represent that of the underlying rhythm.
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If PR is present with a good-quality spectral display, PADP can be

estimated using the following equation®*:

PADP =4 x (end diastolic velocity of PR)? + RA pressure

In the absence of PR, PADP can be estimated from TR.®>°® TR
velocity at the time of PV opening is applied to the simplified
Bernoulli equation to approximate PADP at this time, as RV
pressure and PADP are equal at the time of PV opening.®” mPAP,
calculated as 5 (PASP) + %/3 (PADP), can be determined by echocar-
diography in several ways, although none demonstrated superiority to
the others in common clinical utility.”®”!

Qualitative echocardiographic findings indicative of PH include
mid-systolic notching in the RVOT PW Doppler display, short accel-
eration time of pulmonary artery flow, systolic flattening of the inter-
ventricular septum with a “D”-shaped LV seen in short-axis, and a
dilated RV and RA.

Recommendations

o Because the development of PH is an important clinical sequela in the course of RHD
and correlates with more advanced disease, a thorough echocardiographic evaluation
should include estimation of PASP and quantitative analysis of right heart size and
function.

o In estimating PASP, measurement of peak TR velocity after an extrasystolic beat should
be avoided.

o If the Doppler spectral envelope of the peak TR velocity is not well visualized, the mea-
surement should be repeated with an ultrasound enhancing agent or agitated saline
for better delineation of the peak velocity. Only the peak of a well-defined, dense spec-
tral envelope (modal velocity) should be measured, excluding artifact or noise, to
avoid overestimating the peak velocity.

C. Chamber Dysfunction

The LA is the cardiac chamber that is most directly affected by the he-
modynamic sequelae of RHD. LA size is a strong predictor of cardio-
vascular outcome and procedural success of PBMV or MV
replacement.”*”> The left atrial appendage (LAA) should be exam-
ined for thrombus, common in those with severe MS and AF.
Imaging of the LAA is best performed by 2D and 3D TEE in multiple
planes, given the complex and variable anatomy of the appendage.
When assessing left atrial size in patients with RHD, the latest recom-
mendations for quantification by echocardiography should be fol-
lowed in general.”*”* LA function may be assessed in terms of 2D
area, volumetric emptying fractions, myocardial deformation, and
spectral Doppler interrogation of transmitral, pulmonary venous,
and LA appendage flows.”” 78

Left ventricular dysfunction is not uncommon in RHD.>? Changes
in LV mass and volume are important prognostic factors of morbidity
and mortality in patients with RHD. Thus, it is important to assess the
chamber dimensions and volume accurately.’” The effect of MS on
LV function is complex, and the etiology for reduced LV function is
unclear. Even with normal LVEF, the LV myocardium demonstrates
pathologic changes at the ultrastructural level in rheumatic MS.”’
Subclinical LV dysfunction is believed to develop at an early stage
of rheumatic MS, as evidenced by abnormal myocardial strain in
mild MS and normal LVEES® PBMV leads to improvement of both
diastolic and systolic LV function, demonstrated by changes in
regional wall motion abnormalities and LVEF,®' LV compliance, dia-
stolic filling,®> LV GLS (Fig. 16),2*®* and MV annular velocities.>®
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The use of GLS by speckle tracking echocardiography (STE) is not
only instrumental in detecting subclinical LV dysfunction in RHD, it
is also shown to be a strong predictor of mortality, adding incremental
prognostic value over clinical, traditional echocardiographic, and inva-
sive hemodynamic parameters.>> LV strain imaging via 2D STE
should be performed according to the previously described common
standards.5¢ Reference ranges of 2D STE-derived LV strain in children
have also been published.®” Although 3D STE holds promise, there is
currently limited data on its use in the evaluation of RHD.®

There are significant ultrastructural changes in the rheumatic right
atrial myocardium, including interstitial fibrosis, cellular degeneration,
and marked myocyte hypertrophy. These histopathological abnor-
malities seen in RHD occur independently of the underlying rhythm
and are not seen in the RA of non-rheumatic valvular heart disease,
coronary artery disease, or congenital heart disease patients.>””°
Accurate measurement of RA size is a crucial part of assessing atrial
function. 2DE-derived RA volume is typically smaller than RA volume
obtained with 3DE or CMR.”" Right atrial myocardial strain deter-
mined by STE has been shown to be a robust tool to assess RA func-
tion.”” Normal RA strain values for healthy children and adults have
been published.”*"*

The RV is significantly impacted by the hemodynamic sequelae of
RHD. RV injury, subclinical or overt, occurs early in the course of
RHD, regardless of the extent of MS.”> Right ventricular function
may be assessed by several echocardiographic indices, including
tricuspid annular plane systolic excursion (TAPSE), TV annulus s’
from tissue Doppler imaging, myocardial performance index, frac-
tional area change (FAC), EF by 3DE, and strain by STE.>> When
analyzing the relevant echocardiographic parameters from apical
views, it is important to obtain the RV-focused apical 4-chamber
view to optimize the visualization of this anatomically complex cham-
ber. Subtle or subclinical RV dysfunction is better detected by strain
imaging. Lower RV longitudinal strain values can be seen in RHD in-
dependent of the severity of MS, LVEF, TAPSE, or RV FAC, and is
prognostic.”®

Recommendations

o Analysis of each cardiac chamber size and function should be performed comprehen-
sively, using multimodality echocardiography.

o Imaging of the LAA should involve both TEE and 3DE.

e Strain imaging should be applied whenever possible to assess chamber function in
subclinical RHD.

D. Echocardiographic Guidance for Percutaneous and
Surgical Therapy

D.1. Echocardiographic Guidance for Selection and Intra-
procedural Guidance. The transcatheter treatment options for
RHD other than MS are limited at present. After the introduction
of the Inoue balloon catheter in 1984, PBMV became the treatment
of choice for symptomatic rheumatic MS.°” The procedure enlarges
the narrowed MVA by splitting the fused commissures. Successful
PBMYV is defined when a MVA =1.5 cm? is achieved with no more
than +2 MR.?® Surgical repair or valve replacement may be chosen
for MS not suitable for PBMV and with coexistent valvular lesions.
Echocardiographic evaluation that incorporates all modalities is
crucial for making these determinations.
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Before PBMV

GLS =-17.6%

GLS =-21.2%

Figure 16 Pre- and post-PBMV global longitudinal strain of LV

Peak longitudinal
left atrial strain %
23.4

Peak longitudinal
left atrial strain % 32.2

(A and B, respectively) and LA (C and D, respectively), showing

improvement in the myocardial deformation measurement. GLS, global longitudinal strain. PBMV, Percutaneous balloon mitral val-

vuloplasty.

Pre-procedure echocardiographic assessment for PBMV includes
confirmation of the severity of MS as described earlier, the extent
of valvular abnormalities, the presence or absence of significant
MR, and the presence or absence of clots in the LA body and
appendage. Moderate to severe MR is a contraindication for PBMV.
PBMV should be postponed until the resolution of LA or LAA clots
followed by a period of anticoagulant therapy. Several scoring systems
have been proposed to assess the suitability of PBMV.” ! They are
mostly similar and of almost equal value in predicting the outcome.
The key components of the available scoring systems include the
degree of leaflet thickening, pliability (doming) of the leaflets
(particularly the anterior leaflet), the extent of calcification, extent
and symmetry of commissural fusion, and the severity of any
subvalvular disease. Highly calcified valve leaflets, severe or
asymmetric commissural calcification and fusion, and extensive
subvalvular disease do not yield good results and, in fact, can cause
complications, such as leaflet tear and significant MR.

Intraprocedural echocardiography offers significant advantages,
compared with fluoroscopic guidance, in monitoring procedural ef-
ficacy and development of complications. TEE is superior to TTE to
guide PBMV. 2D and 3D TEE guide transseptal puncture, pointing
out the suitable location, usually in the fossa ovalis zone and poste-
riorly away from the aorta (Fig. 17A, Video 15). This can be easily
visualized in the biplane views of 3DE. 2D and 3D TEE also guide
the transport of the balloon catheter across the interatrial septum,
then through the stenotic valve and during balloon inflation
(Fig. 17B-D, Video 16). The use of echocardiography to guide
transseptal catheterization and PBMV is further detailed in the pre-
viously published recommendations for echocardiography-guided
interventions.'*%

MV surgery is an option for symptomatic patients with severe MS
who are not suitable for PBMV and for patients with another
co-existent disease that requires cardiac surgery. Surgical commissur-
otomy can be performed in such patients unless extensive calcifica-
tion of the valve apparatus precludes it. Surgical MV repair is
preferable whenever possible. Careful selection of patients based
on the MV anatomy, along with a dedicated and experienced surgical
team, are prerequisites for successful repair of a rheumatic mitral
valve. The durability of rheumatic MV repair in the modern era has
been improving, and the results of the recently published series are
promising.'®*!%* Success of MV repair is dependent on careful sys-
tematic valve analysis with preoperative and intraoperative echocar-
diography. Intraoperative TEE is useful in outlining the extent of the
disease as well as evaluating the efficacy of surgical repair.'*® The im-
aging methods and data to be acquired are similar to those described
for PBMV.

D.2. Assessment of Post-Procedure Outcomes and Possible
Complications. Immediate post-procedure imaging by 2DE and
color Doppler is indispensable to assess the efficacy of PBMV and
to monitor potential complications and hemodynamic changes. 3D
TEE is useful in demonstrating the pattern of commissural splitting
(Video 17-20). MVA can be measured by planimetry from transgastric
short-axis 2D images or the 3D dataset (Fig. |7E). MVA, as assessed by
2DE, is a strong predictor of the immediate results of PBMV.”® In
most successful cases, MVA approximately doubles. Mean pressure
gradient should be assessed to evaluate the procedural success and
for prognostic value. Immediately after PBMV, PHT is unreliable for
calculation of MVA due to an acute change in chamber compliance,
and is generally not recommended within 24 hours of PBMV.'%
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MVA = 0.5 cm?

Figure 17 TEE guidance of PBMV. (A) TEE showing the short-axis view marking the transseptal puncture needle (red arrow) in
position and the atrial septum bowed into the left atrium. (B) Left atrial view during 3D TEE guidance showing the transseptal needle
crossing the interatrial septum. (C) 3D TEE guidance from the left atrial view during transport of the balloon catheter (arrow) through
the stenotic valve and during balloon inflation. (D) Fluoroscopic visualization of the inflated valvuloplasty balloon. (E) Pre- and
immediate post-PBMV imaging (left and right, respectively) by 3D TEE to assess the MVA by planimetry from the 3D dataset. (Panels
B and C: Reprinted/adapted by permission from Springer Nature, Real-Time 3D Interventional Echocardiography by Francesco
Fulvio Faletra, Gila Perk, Natesa G. Pandian, Hans-Joachim Nesser, ltzhak Kronzon, © 2014, https://doi.org/10.1007/

978-1-4471-4745-9)

MVA by planimetry can be used reliably early after PBMV. However,
when visualization of the valve is suboptimal, a PHT less than 130 mil-
liseconds is associated with good valve opening post valvuloplasty
and may be useful.'””

Procedural complications include cardiac tamponade, worsening
or new acute MR, or occurrence of a major interatrial septal shunt.
Echocardiographic signs for cardiac tamponade include [11] early dia-
stolic collapse of the right ventricular free wall, best seen on M-mode
echocardiography over the RV wall but with decreased sensitivity in
the presence of right ventricular hypertrophy and PH; [2] evidence
of increased ventricular interdependence by respiratory discordance
of the MV and TV inflow velocities, changes in ventricular internal di-
mensions with respiration, and interventricular septal bounce; and [3]
a dilated IVC with a decreased respiratory response. RA collapse is
sensitive but not specific for cardiac tamponade.

Acute severe MR is a serious complication following balloon infla-
tion during PBMV. In case of acute severe MR or worsening MR, the
mechanism of regurgitation must be investigated further, such as
leaflet tearing, leaflet perforation, or papillary muscle rupture
(Fig. 18A). Acute severe MR causes hypotension and high LA pres-
sure, which leads to a low driving pressure. As a consequence, lower
MR jet velocity and less turbulent flow by color Doppler will be seen
and may underestimate the severity of MR. Depending on the mech-
anism of MR, the color Doppler jet can be markedly eccentric, which
further underestimates the MR severity. Nevertheless, a constellation
of findings, such as flail leaflet or ruptured papillary muscle, hyperdy-
namic LV with paradoxically low systemic output per Doppler values,
along with clinical findings should suffice to establish the diagnosis of
acute severe MR, even when color Doppler does not show a large MR

jet. Pulmonary vein systolic flow reversal is usually present and is help-
ful. In acute MR, quantification methods to assess chronic MR severity
cannot be applied.*®

Although the iatrogenic left-to-right shunt at the interatrial septum
from catheter manipulation occurs commonly (Fig. 18B), most defects
are small, restrictive, and may close spontaneously after several
months. Close examination of the interatrial septum, including a
zoomed subcostal view with color Doppler to assess the extent of
the residual shunt, should be performed in post-procedure TTE and
may require serial examinations if significant atrial septal defect is pre-
sent. The use of TEE guidance reduces the incidence of septal punc-
ture at a suboptimal location and decreases complications.

Systemic thromboembolism is caused by dislodgement of
thrombus from the LAA, or thrombus formation on the catheter.
Pre-procedural TEE or cardiac CT should be performed to rule out
the presence of intraatrial thrombus before intervention.

Recommendations

o Echocardiographic Information needed for patient selection for PBMV should include
[1] degree of thickening and calcification of leaflets and commissures, [2] extent and
symmetry of commissural fusion, [3] severity of subvalvular thickening, shortening,
and fusion, [4] severity of MR, if present, and [5] presence of LA or appendage clots.
Intraprocedural 2D and 3D TEE is recommended to guide transseptal puncture as well
as passage and inflation of the balloon catheter.

Immediately post-procedure, transmitral pressure gradient and MVA by planimetry
should be measured.

PHT should not be used to calculate MVA immediately after PBMV.

Post PBMYV, the echocardiographic examination should include screening for poten-
tial complications, including cardiac tamponade, the severity of MR, and the extent
of iatrogenic ASD.
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Figure 18 Examples of complications and common findings from PBMV. (A) TEE long-axis view of the MV in 2D and color Doppler
post PBMV, demonstrating a complication of leaflet tearing (left) leading to acute mitral regurgitation (right). Note smaller than ex-
pected MR jet area related to hypotension and high LA pressure caused by acute severe MR, which may underestimate the severity
of MR. (B) Color Doppler of TEE in bicaval view showing left-to-right shunt across the interatrial septum expected from transseptal

puncture post PBMV.
VI. CONCLUSIONS

RHD is a major health problem globally and one of the most common
cardiovascular diseases in young people worldwide. Thus, health care
providers everywhere should be cognizant of this disease and have a
solid understanding of how to diagnose and treat it
Echocardiography is the most important diagnostic tool in recognizing
this preventable and treatable disease, and plays an invaluable role in
detecting the presence of subclinical disease needing prompt therapy
or follow-up assessment. This document provides broad recommenda-
tions for the use of echocardiography in the diagnosis and risk assess-
ment of RHD. Echocardiographic diagnosis of RHD is made when
typical findings of valvular and subvalvular abnormalities are seen,
including leaflet thickening, particularly nodular fibrosis of leaflet edges,
commissural fusion, restricted leaflet mobility, with varying degrees of
calcification. The MV is predominantly affected, most often leading to
MS. However, mixed valve disease and associated cardiopulmonary
pathology are common. Therefore, the severity of valvular lesions
and hemodynamic effects on the cardiac chambers should be exam-
ined, in addition to screening for PH. It is essential to take advantage
of all available modalities of echocardiography to provide accurate
anatomic and hemodynamic details of the affected valve lesion(s) for
diagnostic and strategic pre-treatment planning. Echocardiographic
guidance is critical during and immediately after catheter-based or sur-
gical treatment of RHD, and for ongoing assessment of disease progres-
sion. Given the indispensable role of echocardiography in the entire
spectrum of RHD management, an integrative, comprehensive
approach is recommended, taking into account strengths and pitfalls
of the principles and utility of each echocardiographic modality.
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