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Objective 

Evaluate echo still images and subsequently 
formulate conclusions and next steps in 
clinical management



CLINICAL 
CASE

75-year-old male with known history of 
CAD – 3 DES to proximal, mid LAD and 
circumflex.  

History of permanent AF

NYHA III despite maximally tolerate 
carvedilol, ramipril and spironolactone



Case 1



Echo Math:  Calculate the ERO 

Radius =  
0.98 cm

Va = 37 
cm/sec

MR peak 
velocity = 

5.53 m/sec
MR TVI = 187 

cm



PISA

2 



Severity

Quantitative Criteria

ERO > 0.4 cm2

RV   > 60 ml

RF    > 50%

Conversely, some patients with chronic severe MR remain asymp-
tomatic owing to compensatory mechanisms and a dilated,
compliant LA. It is important to consider primary and secondary
MR separately, as the etiology, mechanism, underlying cardiac
structures, and hemodynamics differ significantly and may modu-
late echo/Doppler parameters assessing MR. However, regardless
of etiology, if there is a small central jet, normal leaflet
morphology, a VCW < 0.3 cm, no proximal flow convergence,
and an A-wave dominant mitral inflow pattern, then MR is mild
and further quantitation is not necessary. Conversely, if there is a
large jet, with a prominent flow convergence, large VCW >
0.7 cm, flow reversal in the pulmonary veins, then MR is severe;
quantitation would substantiate the severity of the regurgitation.

The qualitative, semiquantitative, and quantitative parameters
used in grading primary MR are summarized in Table 8 , along
with a suggested algorithm for the assessment of MR severity
(Figure 18 ) that incorporates these various parameters. In applying
this scheme, the writing committee wishes to emphasize that spe-
cific signs have inherently a high positive predictive value for the
severity of regurgitation and are thus highlighted in bold in Table
8 . The supportive signs or clues may be helpful in consolidating
the impression of the degree of MR, although their predictive
value is more modest. It is the consensus of the committee mem-

bers that the process of grading MR should be comprehensive, us-
ing a combination of clues, signs, and measurements obtained by
Doppler echocardiography. If the MR is definitely determined as
mild or less using these signs, no further measurement is required.
If there are signs suggesting that the MR is more than mild and the
quality of the data lends itself to quantitation, it is desirable for
echocardiographers with experience in quantitative methods to
determine quantitatively the degree of MR, including the RVol
and fraction as descriptors of volume overload and the EROA as
a descriptor of the lesion severity. Quantitation of regurgitation
can further subclassify regurgitation into four grades, with grade
III having some overlap with characteristics of severe MR (Figure
18 and Table 8 ), hence the need for an integrative approach.
Finally, it is important to stress that when there is congruent evi-
dence from different parameters, it is easy to grade MR severity
with confidence. When different parameters are contradictory,
one must look carefully for technical and physiologic reasons to
explain the discrepancies and rely on components with the highest
quality of the primary data that are the most accurate, considering
the underlying physiologic condition. There will be times when MR
severity and/or mechanism is uncertain by TTE and further testing
is needed with TEE or CMR. The following are some consider-
ations in the assessment of severity of primary and secondary MR:

* Beware of underesƟmaƟon of MR severity in eccentric, wall impinging jets; quanƟtaƟon is advised

** All values for EROA by PISA assume holosystolic MR; single frame EROA by PISA and VCW overesƟmate non-holosystolic MR

• Poor TTE quality or low confidence in measured Doppler parameters
• Discordant quantitative and qualitative parameters and/or clinical data

Indeterminate MR
Consider further testing:

TEE or CMR for quantitation

**
Perform quantitative methods  whenever possible 

Intermediate Values:
MR Probably Moderate 

¶ Regurgitant volume for severe MR may be lower in low flow conditions.

Does MR  meet specific criteria for
mild or severe MR?

Chronic Mitral Regurgitation by Doppler Echocardiography

Severe 
MR

Specific Criteria for Severe MR
• Flail leaflet
• VCW  ≥ 0.7 cm 
• PISA radius ≥ 1.0 cm at Nyquist 30-

40 cm/s
• Central large jet > 50% of LA area 
• Pulmonary vein systolic flow reversal 
• Enlarged LV with normal function

Yes, severe

**

≥4 Criteria
Definitely severe

Mild 
MR

Yes, mild

≥4 Criteria
Definitely mild

*

Specific Criteria for Mild MR
• Small, narrow central jet 
• VCW ≤ 0.3 cm 
• PISA radius absent or  ≤ 0.3 cm at 

Nyquist 30-40 cm/s
• Mitral A wave dominant inflow
• Soft or incomplete jet by CW Doppler  
• Normal LV and LA size

Moderate
MR

2-3
criteria

EROA 0.2-0.29 cm
RVol 30-44 ml

RF 30-39%
MR Grade II

EROA < 0.2 cm
RVol < 30 ml

RF < 30%
MR Grade I

EROA ≥ 0.4 cm
RVol ≥ 60 ml ¶

RF ≥ 50%
MR Grade IV

2-3
criteria

3 specific criteria 
for severe MR or 
elliptical orifice

EROA 0.30-0.39 cm
RVol 45-59 ml

RF 40-49%
MR Grade III

Figure 18 Algorithm for the integration of multiple parameters of MR severity. Good-quality echocardiographic imaging and com-
plete data acquisition are assumed. If imaging is technically difficult, consider TEE or CMR. MR severity may be indeterminate
due to poor image quality, technical issues with data, internal inconsistency among echo findings, or discordance with clinical
findings.
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Etiology and 
Mechanism

Type I:  Normal leaflet 
motion 

Type II:  Exaggerated leaflet 
motion

Type III:  Restricted valve 
motion

Type IV:  Systolic anterior 
motion

Type V:  Hybrid conditions



Indications for 
Mitral Clip

Otto et al 2020 ACC/AHA Guideline for the Management of Valvular Heart Disease
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the highest mitral valve repair rates (85%).16,17 
The limited data addressing mitral valve repair in 
patients with annular dilation related to AF indi-
cate low operative risk.18–20

4. There is limited evidence that mitral valve sur-
gery improves survival in symptomatic patients 
with secondary MR. In addition, surgery may 
improve symptoms and quality of life in these 
patients whose symptoms persist despite GDMT. 
Small RCTs demonstrate that mitral valve surgery 
reduces chamber size and improves peak oxygen 
consumption in chronic severe secondary MR. 
Ischemic or dilated cardiomyopathy presents dif-
ferent challenges for mitral repair. Regurgitation 
is caused by annular dilation, as well as by apical 
and lateral displacement of the papillary muscles. 
New techniques have facilitated mitral repair 
in this situation, but durability of the repair is 

dependent primarily on regression or progression 
of ventricular dilation. If the heart continues to 
dilate, long-term durability of the repair is moot; 
the survival of the patient is limited.9,12,21–43

5. In an RCT of mitral valve repair versus mitral 
valve replacement in patients with severe isch-
emic MR, there was no difference between 
repair and mitral valve replacement in survival 
rate or LV remodeling at 2 years. However, the 
rate of recurrence of moderate or severe MR 
over 2 years was higher in the repair group than 
in the replacement group, leading to a higher 
incidence of HF and repeat hospitalization. The 
lack of apparent benefit of valve repair over 
valve replacement in secondary MR versus pri-
mary MR, with less durable repairs in secondary 
MR, highlights that primary and secondary MR 
are 2 different diseases.9,12,21–32,44–47

Figure 9. Secondary MR.
Colors correspond to Table 2. *Chordal-sparing 
MV replacement may be reasonable to choose 
over downsized annuloplasty repair. AF indicates 
atrial fibrillation; CABG, coronary artery bypass 
graft; ERO, effective regurgitant orifice; GDMT, 
guideline-directed management and therapy; 
HF, heart failure; LVEF, left ventricular ejection 
fraction; LVESD, left ventricular end-systolic 
dimension; MR, mitral regurgitation; MV, mitral 
valve; PASP, pulmonary artery systolic pressure; 
RF, regurgitant fraction; RVol, regurgitant volume; 
and Rx, medication.

D
ow

nloaded from
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uDisease of the ventricle
uReserve intervention   for 
severe MR with symptoms 
despite GDMT



Case 2

2 months ago, 48-year-old male, presents with an 
acute cardiac pain syndrome 

Now represents with chest pain and  
progressive dyspnea, decline in 
functional capacity as well as 
development of edema



IVC dimension
2.2 cm



E/A Ratio 1.8

79 cm/sec 107 cm/sec





35 cm.sec

19 cm/sec



E’ 9 cm/sec



Welch et al Circ Cardiovasc Imaging 2014;7:526







Case 3

u 63 year old female past medical history significant for:
u Elevated cholesterol
u Hypertension
u Smoking

u Called to ED emergently due to hemodynamic 
instability





Short answer 
question

u In the setting of an aortic 
aneurysm what are the 
surgical cutoffs ? 

Degenerative disease
Marfan’s 
Bicuspid 
Loeys-Dietz



Case 4

u 81-year-old male – past medical history significant for Hep C with 
cirrhosis, constipation, and carpal tunnel syndrome – presented with 
a 1-year history of increased SOB edema and weakness which has 
progressed over the last few months

u Presented to the ED – elevated troponin I 208, BNP 1862 and sinus 
rhythm with type 1 second degree AV block;



LAVI of 44 ml/m^2
TR velocity 0f 3.0 m/sec



Increased wall thickness

Valvular thickening

Biatrial enlargement

Intratrial thickening

Pericardial effusion



What is the diastolic grade?

WHAT TEST WOULD YOU ORDER 
NEXT TO MAKE THE DIAGNOSIS?



RALS = 2.2



Average apical LS
Average basal LS + 

Mid LS

Value> 1.0

93% Sensitive
82% Specific

ORIGINAL ARTICLE

Relative apical sparing of longitudinal strain using
two-dimensional speckle-tracking echocardiography
is both sensitive and specific for the diagnosis of
cardiac amyloidosis
Dermot Phelan, Patrick Collier, Paaladinesh Thavendiranathan, Zoran B Popovi!c,
Mazen Hanna, Juan Carlos Plana, Thomas H Marwick, James D Thomas

ABSTRACT
Background The diagnosis of cardiac amyloidosis (CA) is
challenging owing to vague symptomatology and non-
specific echocardiographic findings.
Objective To describe regional patterns in longitudinal
strain (LS) using two-dimensional speckle-tracking
echocardiography in CA and to test the hypothesis that
regional differences would help differentiate CA from
other causes of increased left ventricular (LV) wall
thickness.
Methods and results 55 consecutive patients with CA
were compared with 30 control patients with LV
hypertrophy (n¼15 with hypertrophic cardiomyopathy,
n¼15 with aortic stenosis). A relative apical LS of 1.0,
defined using the equation (average apical LS/(average
basal LS + mid-LS)), was sensitive (93%) and specific
(82%) in differentiating CA from controls (area under the
curve 0.94). In a logistic regression multivariate analysis,
relative apical LS was the only parameter predictive of
CA (p¼0.004).
Conclusions CA is characterised by regional variations
in LS from base to apex. A relative ‘apical sparing’
pattern of LS is an easily recognisable, accurate and
reproducible method of differentiating CA from other
causes of LV hypertrophy.

BACKGROUND
Cardiac amyloidosis (CA) is an infiltrative cardio-
myopathy characterised by deposition of b-pleated
fibrils in the myocardium and usually portends
a poor prognosis.1 The diagnosis is challenging and
relies on a high degree of clinical suspicion,
a combination of imaging techniques and often an
endomyocardial biopsy.2 Symptoms early in the
disease course are vague and non-specific, which
often leads to a delay in diagnosis. Echocardiog-
raphy remains the preferred imaging study for the
initial assessment of cardiac involvement; however,
findings suggestive of CA, such as increased wall
thickness, impaired systolic and diastolic function
and reduced myocardial tissue velocities, are regu-
larly attributed to more prevalent pathologies.
More contemporary echocardiographic tech-

niques play an adjunctive role in the diagnosis of
CA.3 Specifically, strain and strain rate imaging
parameters obtained by tissue Doppler techniques

have been shown to be significantly reduced in
primary amyloidosis with cardiac involvement in
comparison with patients without cardiac
involvement.4 Furthermore, two-dimensional (2-D)
speckle tracking of global radial, circumferential
and longitudinal strain (LS) analysis can help to
differentiate CA from hypertensive heart disease
and hypertrophic cardiomyopathy (HCM).
However, the specificity of this technique is
diminished because any myopathic process can
result in a reduction in global strain parameters.
Patients with left ventricular hypertrophy (LVH) or
HCM and impaired left ventricle (LV) systolic
function may have reduced global strain in the
same range as patients with CA, making it difficult
to differentiate these entities solely on the basis of
this measurement.
In our echocardiography laboratory, a pattern of

regional differences in LS of the LV has been noted
among patients with CA. The aims of this study
were (1) to describe the pattern of regional LS in
patients with CA using 2-D speckle-tracking echo-
cardiography and (2) to assess whether this pattern
is specific to CA and helps to differentiate patients
with CA from patients with other causes of
increased LV wall thickness.

PATIENTS AND METHODS
Patient population
This was a caseecontrol study involving consecu-
tive patients referred to the Cleveland Clinic
Foundation (CCF) echocardiography laboratory
with a presumptive diagnosis of CA between
October 2010 and March 2012. Study patients were
identified from the echocardiography database
using the search term ‘amyloid’ and its variants and
from a clinical database maintained at our local
amyloid outpatient clinic. Medical records of all
these patients were reviewed to confirm the diag-
nosis of CA. A confirmatory diagnosis consisted of
either (1) an endomyocardial biopsy consistent
with CA,5 or (2) a positive non-cardiac biopsy for
amyloidosis and cardiac magnetic resonance
imaging (CMR) with classic features,6 or (3)
a positive non-cardiac biopsy with characteristic
non-strain-based echocardiographic parameters
together with a consistent clinical history and ECG
findings.5 As the clinical challenge relates to the
correct identification of amyloidosis among the
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Case 5

u Does this 84-year-old woman with dyspnea on minimal exertion, LV 
systolic dysfunction and a systolic ejection murmur have true or 
pseudo AS?



D1 D2D3
J Am Coll Cardio 2012;60:1845

EF 40%
SV 53 ml
3.5 m/sec
29 mmHg
0.77 cm2

parameters and criteria have been proposed in the liter-
ature to identify patients with pseudosevere AS during
DSE, including a peak stress mean gradient !30 or !40
mm Hg depending on studies, a peak stress EOA "1.0 or
1.2 cm2, and/or an absolute increase in EOA "0.3 cm2

(2,5–7,30,34) (Fig. 2); thus, the optimal cutoff values
remain to be determined. The prevalence of pseudosevere
AS is reported to be between 20% and 30% (5,28 –30,35).

Some patients may nonetheless have an ambiguous
response to DSE (e.g., a peak gradient of 29 mm Hg and
an EOA of 0.8 cm2) due to variable increases in flow
(5,28,29), and interpreting the changes in EOA and
gradients without considering the relative changes in flow
may often be problematic. Hence, to overcome this
limitation, the investigators of the TOPAS (Truly or
Pseudo-Severe Aortic Stenosis) study proposed to calcu-
late the projected EOA that would have occurred at a
standardized flow rate of 250 ml/s (EOAProj) (28,29)
(Fig. 4), and this new parameter has been shown to be
more closely related to actual AS severity, impairment of
myocardial blood flow, LV flow reserve, and survival than

the traditional DSE parameters (8,28,29,36). The full
potential of the EOAProj remains to be determined by
future studies (Fig. 2).

Patients with no increase in stroke volume may nonethe-
less have an increase in mean flow rate sufficient to allow a
reliable measurement of EOAProj; this is due to shortening
of LV ejection time in relation to an increase in heart rate
(Fig. 2) (28,29). However, there are 10% to 20% of patients
in whom the increase in flow rate is insufficient to allow
calculation of EOAProj (28,29). In such cases or those with
ambiguous results during DSE, quantification of valve
calcification by multislice computed tomography may also
be useful (Fig. 2). Cueff et al. (37) suggested that a score
"1,650 Agatston units provides good accuracy to distin-
guish true severe from pseudosevere AS.

ASSESSING PROGNOSIS AND OPERATIVE RISK. In the subset
of low LVEF, LF-LG AS patients treated medically,
morbidity and mortality risk factors identified in previous
studies were reduced functional capacity as assessed by Duke
Activity Score Index (!20) or by 6-min walk test

Figure 1 Different Patterns of Severe AS According to Flow, Gradient, and LV Geometry

The majority (50% to 70%) of patients with severe aortic stenosis (AS) develop left ventricular (LV) hypertrophy with normal LV cavity size and ejection fraction (EF), which
allows maintenance of normal LV pump function. These patients with severe AS and normal transvalvular flow rate exhibit a high gradient. Patients with low LVEF, “clas-
sical” low-flow, low-gradient (LF-LG) AS (5% to 10% of the AS population) generally have a dilated LV cavity with markedly depressed myocardial systolic function and
reduced LV outflow. Normal LVEF, “paradoxical” LF-LG AS (10% to 25% of AS population) is characterized by pronounced LV concentric remodeling, small LV cavity size
and a restrictive physiology leading to impaired LV filling, altered myocardial function, and reduced LV outflow. Because of the LF state, patients with classical or para-
doxical LF may present with a LG despite presence of severe stenosis. AVA # aortic valve area (in square centimeters); AVAproj # projected aortic valve area at normal
flow rate (in square centimeters); Ca # calcium score (in Agatston units); CABG # coronary artery bypass graft; CT # computed tomography; Op. # operative; #P #
mean transvalvular gradient (in mm Hg); SAVR # surgical aortic valve replacement; SV # stroke volume; TAVR # transcatheter aortic valve replacement. Figure illustra-
tion by Craig Skaggs.

1847JACC Vol. 60, No. 19, 2012 Pibarot and Dumesnil
November 6, 2012:1845–53 Low-Flow, Low-Gradient Aortic Stenosis
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(!320 m), presence of CAD, more severe stenosis as
assessed by EOAProj !1.2 cm2, and reduced peak stress
LVEF (!35%) (8,16,29,35). A high plasma B-type natri-
uretic peptide (BNP) level ("550 pg/ml) would also appear
to be a powerful predictor of mortality in patients with

LF-LG AS regardless of treatment (medical vs. surgical) or
the presence and/or absence of flow reserve (13).

In the subset of low LVEF, LF-LG patients who
underwent AVR, the most powerful operative mortality risk
factors were absence of LV flow reserve, very low pre-
operative resting mean gradient (!20 mm Hg), multivessel

Figure 2 Clinical Decision Making Process in Low LVEF, LF-LG Severe AS

Dobutamine stress echocardiography (DSE) is useful to assess LV flow reserve and to distinguish between the true severe and pseudosevere AS. Quantification of valve
calcification by multislice computed tomography (CT) may also be used to corroborate stenosis severity. Text between parentheses represents new emerging parameters
that need to be further validated. EOA # effective orifice area. (in square centimeters); EOAProj # projected EOA at normal flow rate (in square centimeters); $P # mean
transvalvular gradient (in mm Hg); Ca # calcium score (in Agatston Unit); SV # stroke volume; Op.# operative; SAVR # surgical aortic valve replacement; TAVR # trans-
catheter aortic valve replacement; other abbreviations as in Figure 1. *Cutoffpoints may vary depending on studies. † See text for explanation and references. Figure
illustration by Craig Skaggs.

Figure 3
Survival of Patients With Low LVEF,
LF-LG AS According to Presence of
LV Flow Reserve and Type of Treatment

Patients with no LV flow (contractile) reserve (Group II) defined as !20% increase
in stroke volume during DSE have markedly reduced survival compared with those
with LV flow reserve (Group I), regardless of the type of treatment. Aortic valve
replacement is associated with dramatic improvement in survival in patients with
LV flow reserve and a trend for better survival in those with no flow reserve. *p #
0.001 versus medical; § p # 0.07 versus medical. Adapted with permission from
Monin et al. (7).

Figure 4
Calculation of Projected EOA at
Normal Flow Rate (EOAProj) to Distinguish
Between True Severe and Pseudosevere AS

The projected aortic valve area (EOAProj) extrapolates what the EOA would be at a
standardized normal flow rate (Q) of 250 ml/s. Yellow circles depict the values of
EOA as a function of Q at each stage of the DSE. The valve compliance (VC) is the
slope of the regression line (blue line), which is calculated by dividing the maximal
increase in EOA (% 0.15 cm2) by the maximal increase in Q (% 70 ml) during DSE.
In this case, there was a discordance between peak stress EOA (0.85 cm2) and
peak stress gradient (35 mm Hg) during DSE, but the EOAProj (0.97 cm2; pink cir-
cle) confirmed that the stenosis was severe. Abbreviations as in Figures 1 and 2.

1848 Pibarot and Dumesnil JACC Vol. 60, No. 19, 2012
Low-Flow, Low-Gradient Aortic Stenosis November 6, 2012:1845–53

J Am Coll Cardio 2012;60:1845



Case 6

u 57 year old with a mechanical mitral valve replacement and 
tricuspid valve repair secondary to valvular regurgitation in 2012

u Presents in cardiogenic shock



Baseline 
hemodynamic 
data

E velocity is 1.4 m/sec

Mean gradient 4 mmHg (72 bpm)

TVI ratio 1.89

PHT 95 msec



uE velocity is 2.5 
m/sec

uMean gradient 
15 mmHg (90 
bpm)

uTVI ratio is 4.8

uPHT 182 msec



Pressure half-time
ExistingASEandEAE recommendations state that apressurehalf-
time (PHT) < 130 ms is consistent with normal MVP function,1

while data fromour institution indicate that PHT is < 120 ms in all
bileaflet mechanical, porcine and pericardial MVPs with normal

function5,6,14–16 (Table 3). Unlike E velocity, MG, and TVI ratio, PHT
is not influenced by factors such as small prosthesis size,
tachycardia, hyperdynamic state and prosthetic or periprosthetic
regurgitation. Thus, PHT > 120–130 ms may indicate pathologic
obstruction and should prompt further investigation.

Fig 2 – Algorithm for evaluating mitral valve prostheses with highmean gradient. Abbreviations: iEOA, indexed effective orifice
area; PHT, pressure halftime; PPM, prosthesis–patient mismatch; TVI ratio, ratio of the time velocity integral of themitral valve
prosthesis to the time velocity integral of the left ventricular outflow tract.

106 P R O G R E S S I N C A R D I O V A S C U L A R D I S E A S E S 5 7 ( 2 0 1 4 ) 1 0 0 – 1 1 0



Treatment u Thrombosed left sided 
mechanic prosthetic heart 
valve who present with 
symptoms of valve obstruction:
uSlow infusion, low dose 

fibrinolytic therapy
uEmergency surgery



Case 7
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low risk of SCD. Similarly, preemptive medical ther-
apy is not offered in genotype-positive, phenotype-
negative individuals. In a small pilot randomized trial, 
preemptive treatment of sarcomere variant-positive, 
phenotype-negative individuals with diltiazem was 
associated with a small improvement in LV diastolic 
function and thickness: dimension ratio on 3-year 
follow-up.13 However, the trial was not powered to 
detect effects on clinical outcomes.

7. SCD RISK ASSESSMENT AND 
PREVENTION
7.1. SCD Risk Assessment

Recommendations for SCD Risk Assessment

Referenced studies that support the recommendations are 
summarized in Online Data Supplement 11.

COR LOE Recommendations

1 B-NR

1. In patients with HCM, a comprehensive, 
systematic noninvasive SCD risk assessment 
at initial evaluation and every 1 to 2 years 
thereafter is recommended and should include 
evaluation of these risk factors1–25 (Figure 1 
and Figure 3, Table 7):
a.  Personal history of cardiac arrest or sus-

tained ventricular arrhythmias
b.  Personal history of syncope suspected by 

clinical history to be arrhythmic
c.  Family history in close relative of premature 

HCM-related sudden death, cardiac arrest, 
or sustained ventricular arrhythmias

d.  Maximal LV wall thickness, EF, LV apical 
aneurysm

e.  NSVT episodes on continuous ambulatory 
electrocardiographic monitoring

1 B-NR

2. For patients with HCM who are not otherwise 
identified as high risk for SCD, or in whom 
a decision to proceed with ICD placement 
remains uncertain after clinical assessment 
that includes personal/family history, echo-
cardiography, and ambulatory electrocardio-
graphic monitoring, CMR imaging is beneficial 
to assess for maximum LV wall thickness, EF, 
LV apical aneurysm, and extent of myocardial 
fibrosis with LGE1,11,12,15–20 (Table 7).

2a B-NR

3. For patients who are ≥ 16 years of age with 
HCM, it is reasonable to obtain echocardiog-
raphy-derived left atrial diameter and maximal 
LVOT gradient to aid in calculating an esti-
mated 5-year sudden death risk that may be 
useful during shared decision-making for ICD 
placement2,22 (Table 7).

Synopsis
HCM has been regarded as the most common cause 
of SCD in young people in North America, a highly 
visible and devastating complication of this genetic 
heart disease.1,2,21,22,26–32 Among patients with HCM, 
younger patients are at higher risk for SCD than older 
patients.6,26–30,33,34 The 5-year cumulative proportion of 
SCD events in childhood HCM from diagnosis was 8% 

to 10% for SCD events in childhood.35,36 There appears 
to be no sex- or race-based differences in SCD risk.28,29

Over several decades, a multitude of studies have 
focused on identification of major clinical risk markers 
that stratify patients according to level of risk to iden-
tify high-risk patients who may be candidates for SCD 
prevention with ICDs.1–22,26–33,37–61 This risk stratification 
strategy and the penetration of ICDs into clinical prac-
tice has substantially reduced disease-related mortality 
rates.31,32 A predictive risk score is also available that can 
derive individualized estimated 5-year SCD risk to aid 
in risk stratification and ICD decision-making in adult 
patients.2,22 The evolution of SCD risk assessment, in-
cluding the addition of new risk markers, has resulted 
in the removal of abnormal blood pressure response to 
exercise as a routine part of the SCD risk evaluation.

The current conventional noninvasive SCD risk 
markers (Table 7) used to estimate increased risk level 
in individual patients with HCM, and to identify those 
patients most likely to benefit from primary prevention 

Figure 3. ICD patient selection.
Colors correspond to the Class of Recommendation in Table 2. *ICD decisions 
in pediatric patients with HCM are based on ≥1 of these major risk factors: 
family history of HCM SCD, NSVT on ambulatory monitor, massive LVH, and 
unexplained syncope. †In patients >16 years of age, 5-year risk estimates can 
be considered to fully inform patients during shared decision-making discus-
sions. ‡It would seem most appropriate to place greater weight on frequent, 
longer, and faster runs of NSVT. CMR indicates cardiovascular magnetic 
resonance; EF, ejection fraction; FH, family history; HCM, hypertrophic cardio-
myopathy; ICD, implantable cardioverter-defibrillator; LGE, late gadolinium 
enhancement; LVH, left ventricular hypertrophy; NSVT, nonsustained ventricu-
lar tachycardia; SCD, sudden cardiac death; VF, ventricular fibrillation; and VT, 
ventricular tachycardia.
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Conclusion u In the absence of an oral exam 
component, I can see echo images as a 
gateway to assessment of clinical 
competency

u Diagnosis

u Management


