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ABSTRACT

Objectives

Accurate predictors of appropriate implantable cardioverter defibrillator (ICD)
therapy in hypertrophic cardiomyopathy (HCM) patients are lacking. Both left atrial
volume index (LAVI) and global longitudinal strain (GLS) have been proposed as
prognostic markers in HCM patients. The specific value of LAVI and GLS to predict
appropriate ICD therapy in high-risk HCM patients was studied.

Methods and Results

LAVI and 2-dimensional speckle tracking-derived GLS were assessed in 92 HCM
patients undergoing ICD implantation (69% men, mean age 50+14 years). During
long-term follow-up, appropriate ICD therapies, defined as antitachycardia pacing
and/or shock for ventricular arrhythmia, were recorded.

Appropriate ICD therapy occurred in 21 patients (23%) during a median follow-
up of 4.7 (2.2-8.2) years. Multivariate analysis revealed LAVI (p=0.03) and GLS
(p=0.04) to be independent predictors of appropriate ICD therapy. Both LAVI
and GLS showed higher accuracy to predict appropriate ICD therapy compared
to presence of =1 conventional sudden cardiac death (SCD) risk factor(s) [area
under the curve 0.76 (95%¢Cl:0.65-0.87) and 0.65 (95%(CI:0.54-0.77) versus 0.52
(95%¢C1:0.43-0.58) respectively, p<0.001]. No patient with both LAVI <34mL/m?
and GLS<-14% experienced appropriate ICD therapy. Assessment of both LAVI
and GLS on top of conventional SCD risk factors provided incremental clinical
predictive value for appropriate ICD therapy, as shown by likelihood ratio test
(p<0.001) and integrated discrimination improvement index (0.17, p<0.001).

Conclusion

LAVI and GLS provide high negative predictive value for appropriate ICD therapy
in high-risk HCM patients. Additionally to conventional SCD risk factors, both
parameters may be useful to optimize criteria and timing for ICD implantation in
these patients.
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INTRODUCTION

Implantable cardioverter defibrillator (ICD) is currently recommended in patients
with hypertrophic cardiomyopathy (HCM) at high risk for sudden cardiac death." In
particular, ICD implantation is a class | indication for secondary prevention in HCM
patients who survive cardiac arrest or present with sustained ventricular tachy-
cardia. In addition, the presence of one or more sudden cardiac death (SCD) risk
factors, including family history of SCD, left ventricular (LV) hypertrophy 230 mm,
non-sustained ventricular tachycardia (nsVT), recent unexplained syncope and/or
abnormal blood pressure response during exercise testing qualifies patients for
ICD implantation as primary prevention.” Although appropriate ICD therapy in this
high-risk population occurs at a yearly rate of 3.3%, inappropriate ICD therapy
or other device-related complications are seen in 4.8% and 3.4% of patients per
year, respectively.® Hence, weighting risk-benefit of ICD implantation in HCM pa-
tients is of paramount importance and has created a currently unmet clinical need
for accurate predictors of appropriate ICD therapy that may optimize candidate
selection and timing criteria for ICD implantation.”*

Impaired myocardial mechanics are commonly observed in HCM patients, de-
spite normal LV ejection fraction.>® Global longitudinal strain (GLS), which reflects
the active deformation of all LV myocardial segments, has been proposed as a
sensitive marker of LV systolic function and can be currently quantified by speckle
tracking echocardiography.” In addition, HCM patients are often characterized
by abnormal myocardial relaxation and significant LV diastolic dysfunction, ulti-
mately resulting in increased left atrial volume index (LAVI).2 Both GLS and LAVI,
as a sensitive marker of LV systolic function and a specific marker of LV diastolic
function respectively, have therefore been identified as prognostic factors in HCM
patients.”** However, their potential role to predict appropriate ICD therapy is
unexplored. Therefore, the aim of our study was 1) to evaluate the value of SCD
risk factors, GLS and LAVI to predict appropriate ICD therapy in high-risk HCM
patients and 2) to explore whether LAVI and GLS assessment provide incremental
prognostic value over SCD risk factors.

METHODS

Patient population

HCM patients who underwent ICD implantation for primary or secondary preven-
tion in our centre during the last decade were evaluated. HCM was defined as
presence of a non-dilated and hypertrophic LV with wall thickness =15 mm in
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the absence of any other cardiac or systemic disease that could account for the
magnitude of LV hypertrophy.” All patients underwent extensive clinical, electro-
cardiographic and echocardiographic evaluation before implantation and patients’
data were prospectively collected in the departmental Cardiology Information
System (EPD-Vision®, Leiden University Medical Center, Leiden, the Netherlands)
and retrospectively analyzed. Patients were excluded from the analysis if 2-di-
mensional (2D) echocardiography was not available prior to ICD implantation.
Patients with severe mitral regurgitation or prior extensive myocardial infarction
were also excluded.

Clinical data included demographics, medications and identification of co-
morbidities. Echocardiographic evaluation consisted of conventional measure-
ments and included 2D-speckle tracking echocardiography for LV deformation
analysis. The SCD risk profile of HCM patients was determined based on clinical
and echocardiographic parameters, according to current guidelines.” In particular,
conventional SCD risk factors were defined as secondary prevention ICD indica-
tion, family history of SCD (= one 1st or 2nd degree relative), maximal LV wall
thickness 230 mm, unexplained syncope or documented nsVT (=3 beats at 2120
bpm) prior to ICD implantation. Blood pressure response during exercise testing
was not included as it was not part of clinical routine in the early years of our study
period. In addition LV resting gradient 230 mmHg was determined.

The patient population was dichotomized based on occurrence or absence of
appropriate ICD therapy at follow-up and the incremental prognostic value of LAVI
and GLS was evaluated over conventional SCD risk factors.

ICD implantation and settings

All defibrillator systems used were implanted via transvenous approach. During
the implant procedure, sensing and pacing threshold was determined and defibril-
lation threshold testing was performed. Used systems were manufactured by Bio-
tronik (Berlin, Germany), Boston Scientific [Natick, MA, USA, formerly CPI, Guidant
(St Paul, MN, USA)], Medtronic (Minneapolis, MN, USA), and St Jude Medical/Ventri-
tex (St Paul, MN, USA). The antitachycardia settings in all devices were programmed
with three consecutive zones with limits varying slightly per manufacturer: a moni-
tor zone (lower limit between 150-155 bpm; upper limit between 185-190 bpm),
an antitachycardia pacing (ATP) shock zone (lower limit between 185-190 bpm;
upper limit between 205-210 bpm), and an initial shock zone (2205-210 bpm).
In the monitor zone, no therapy was programmed unless ventricular arrhythmia
was detected during follow-up. In the ATP-shock zone, two bursts of ATP were
administered and, if arrhythmia continued, defibrillator shocks were used. In case

-196 -



of ventricular arrhythmia faster than the ATP shock zone, device shocks were the
initial therapy. Therapy settings were adapted only when clinically indicated.

Echocardiography

Transthoracic 2D-echocardiography was performed with the patient in left lateral
decubitus position using commercially available ultrasound machines (Vivid-5,
Vivid-7 and E9, GE-Vingmed, Milwaukee, WI) equipped with a 3.5 MHz transducer.
ECG-triggered standard 2D gray-scale and color-Doppler images were acquired in
cine-loop format and transferred to a workstation for off-line analysis (EchoPAC
110.0.0, GE Medical Systems, Horten, Norway). Chamber quantification was
performed conform to current recommendations.*® Maximal LV end diastolic wall
thickness was assessed by LV evaluation in short axis view at basal, mid and apical
level. LV volumes were assessed by Simpson biplane method, indexed to body
surface area and used to calculate LV ejection fraction.

Assessment of LV GLS was performed as previously described.’® In summary, a
region of interest covering the LV myocardium in a two-, four- and apical long-axis
view was selected to perform automated frame-by-frame 2D-speckle tracking
throughout the cardiac cycle. Manual correction was performed to optimize track-
ing results when appropriate. GLS was calculated as the average peak longitudinal
strain value of the two-, four- and apical long-axis view (Figure 1). Mean frame rate
for deformation analysis was 61 frames/s.

In addition, end-systolic LA volume was measured using Simpson biplane meth-
od and indexed to body surface area. LV diastolic function was analyzed assessing
mitral inflow peak E (early diastolic) velocity, peak A (late diastolic) velocity, E/A
ratio and deceleration time.” In addition, E prime was derived from the lateral
wall on a four-chamber color tissue-Doppler acquisition. The presence of a systolic
anterior movement of the mitral valve was also evaluated by M-mode imaging at
the level of the mitral leaflets in a parasternal long-axis view. Mitral regurgitation
severity was semi-quantitatively assessed, based on conventional spectral and
color-Doppler echocardiography as recommended.” Screening for presence of an
intraventricular or LV outflow tract gradient at rest was systematically performed
using pulsed wave Doppler and peak gradient was measured by continuous wave
Doppler.

Endpoints

Occurrence of appropriate ICD therapy, defined as ATP and/or shock for ventricular
tachycardia and/or ventricular fibrillation, was the main endpoint of this study.
Inappropriate ICD therapy was noted when ATP and/or shock occurred despite
absence of ventricular tachycardia and/or ventricular fibrillation. ICD device in-
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GLS -11.8 %
appropriate ICD shock after 1.5 years

GLS -19.4 %

no ICD therapy after 8.2 years

Figure 10.1

Assessment of 2D-speckle tracking global longitudinal strain. Left ventricular (LV) global longitudinal strain (GLS) is
calculated as the average of the peak longitudinal strain values obtained in the 3 apical echocardiographic views.
The bull's eye view is a color-coded representation of longitudinal strain values of all tracked LV segments (deep
red reflects normal strain, light red and blue reduced and severely reduced strain, respectively). Panel A: Impaired
GLS in a patient with hypertrophic cardiomyopathy that experienced appropriate implantable cardioverter defi-
brillator (ICD) therapy. Panel B: Preserved GLS in a patient without appropriate ICD therapy.
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terrogation was scheduled every 3-6 months after implantation and data were
included until occurrence of the study end point or until last date of ICD check-up
during the last year (between February 2011 and March 2012) for patients that did
not experience the study endpoint.

Statistics

Continuous variables are presented as mean + standard deviation when normal
and as median with inter-quartile ranges when not normally distributed. Categori-
cal variables are given as absolute numbers and percentages. Baseline character-
istics between groups with and without appropriate ICD therapy were evaluated
by Student-t test, Kruskall-Wallis or x*-test, when appropriate. In order to evaluate
the association between SCD risk factors and appropriate ICD therapy, only pa-
tients with primary prevention indication were considered, for which incidence
rates of appropriate ICD therapy were calculated and expressed per 100-patient
years. Difference in incidence rates according to the number of SCD risk factors
were tested by Poisson regression, and expressed as incidence rate ratios.

In order to identify parameters potentially associated with appropriate ICD
therapy, assessment of independent predictors of appropriate ICD therapy was
initially performed using a staged multivariable Cox proportional-hazards regres-
sion analysis to avoid model over-fit, given the relatively low incidence of the end
point. Significant univariable predictors at a threshold p<0.2 were entered in a
first multivariable analysis that used a backward elimination approach to identify
predictors of appropriate ICD therapy. Variables with p<0.05 in the first multivari-
able model were entered in a second multivariable model, now containing the
variables of interest, LAVI and GLS. Second, the predictive value of LAVl and GLS
and conventional SCD risk factors was evaluated by receiver operating character-
istic (ROC) analysis and comparison of respective areas under the curve (AUC).™ To
define cut-offs from ROC analysis, a high sensitivity (>85%) was stipulated to en-
sure identification of patients who would experience the endpoint. These cut-offs
were used for subsequent analysis. Sensitivity, specificity, negative and positive
predictive values for appropriate ICD therapy were calculated for LAVI and GLS, as
well as conventional SCD risk factors, assuming a realistic 20% 5-year incidence
of appropriate ICD therapy. Kaplan-Meier curves were constructed for LAVI and
GLS for survival free of appropriate ICD therapy, and compared by log-rank test.
Additionally, the potential incremental value of LAVI and GLS over SCD risk factors
to predict appropriate ICD therapy was evaluated by likelihood ratio testing and
assessment of integrated discrimination improvement index (IDI). Absolute IDI is
a reclassification statistic that studies a new model s discriminatory improvement
to predict the outcome variable (appropriate ICD therapy), calculated by summing
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the IDI components (net true predictive probabilities) of cases (patients experi-
encing appropriate ICD therapy) and controls (patients without appropriate ICD
therapy).” Finally, a similar explorative analysis was performed to test the relation
of both LAVI and GLS with occurrence of inappropriate ICD therapy.

Statistical analysis was performed using SPSS version 17.0. (SPSS Inc., Chicago, Il-
linois) and STATA version 12 (STATA Corp., College Station, Texas) software. All tests
were two-sided and a p-value of <0.05 was considered statistically significant.

RESULTS

Patient population

A total of 92 HCM patients (69% men, mean age 50 + 14 years) who underwent
ICD implantation were included. Baseline characteristics of the study population
are summarized in Table 1. Peri-procedural echocardiography was performed at a
median of 11 days before ICD implantation and all patients were in sinus rhythm
at the time of echocardiographic evaluation. Despite normal LV volumes and pre-
served LV ejection fraction, mean GLS was impaired in the HCM patients (-13.3 +
3.5%). In addition, an enlarged LA volume (LAVI) was observed in these patients
[39 (31-49) mL/m?]. A total of 22 patients (24%) that survived prior cardiac arrest,
sustained ventricular tachycardia or ventricular fibrillation received an ICD for
secondary prevention. The remaining 70 patients (76%) had a primary prevention
indication for ICD implantation, based on the presence of 21 conventional SCD
risk factors (n=63), or on additional factors such as complete heart block (n=1),
LV systolic dysfunction (n=1), inducibility of ventricular fibrillation during electro-
physiological study (n=3) or abnormal blood pressure response during exercise
testing (n=2).

Long-term ICD end points

A total of 21 patients (23%) experienced an appropriate ICD therapy during a
median follow-up of 4.7 (2.2-8.2) years (shock only n=6, shock after unsuccessful
ATP n=3, ATP only n=12). According to ICD interrogation, appropriate ICD therapy
was given for ventricular fibrillation (n=5), fast ventricular tachycardia in the
programmed ventricular fibrillation zone (n=12) or ventricular tachycardia in the
programmed ventricular tachycardia zone (n=4).

As shown in Table 1, patients presenting with versus without appropriate ICD
therapy were more likely to be men (p=0.02) and were characterized by more
impaired GLS (p=0.03) and increased LAVI (p<0.001). The overall HCM risk profile
did not differ significantly between both groups (all p>0.05), although there was a
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Table 10.1
Baseline characteristics of the patient population.

overall group  No ICD therapy  ICD therapy

(n=92) (n=71) (n=21) p value*®
Clinical characteristics
Age, years 50+ 14 49 £ 14 53+12 0.2
Men, n (%) 63 (69) 44 (62) 19(91) 0.02
BSA kg/m? 2.0+ 024 2.0+0.25 2.1+£0.19 0.3
Systolic BP. mmHg 133 +21 13320 133+ 24 1.0
Diastolic BP, mmHg 77 £11 77 £11 77 £ 10 0.9
Medication use, n (%)
p-blockers 51(59) 36(55) 15(71) 0.2
Calcium-antagonists 23(26) 17 (26) 6(29) 0.8
Diuretics 11(13) 8(12) 3 (14) 0.7
Echocardiography
IVS, mm 22 (18-26) 22 (18-26) 22 (21-26) 0.3
PW, mm 11(10-13) 11 (10-13) 12 (11-14) 0.3
LV EDD, mm Lb 7 44+ 6 45+7 0.3
LV EDVI, mL/m? 48 (35-60) 47 (39-59) 59 (40-69) 0.1
LV ESVI, mL/m? 14(10-19) 14(10-18) 15(11-26) 0.1
LV EF, % 70 (64-76) 71(65-77) 68 (52-76) 0.3
GLS, % -13.3+£3.5 -13.8+3.6 -11.9+25 0.03
LAVI, mL/m? 39(31-47) 36 (29-43) 47 (41-58) <0.001
E/A 1.0(0.8-1.6)  0.96(0.8-1.7)  1.2(0.9-1.5) 0.66
E/E 11 (8-14) 11 (8-14) 12 (7-15) 0.9
DT, ms 197 £ 53 192 £ 51 211+ 56 0.14
Systolic anterior movement, n (%) 32(35) 25(36) 7(33) 08
MR =grade 3, n (%) 2(2) 2(2) 0(0) 1.0
HCM risk profile
Primary prevention ICD, n (%) 70(76) 54(76) 16 (76) 1.0
LVH, mm 241+ 49 236+53 259+30 0.1
LVH 230 mm, n (%) 10(11) 9(13) 1(5) 0.5
Family SCD, n (%) 47 (57) 38(59) 9(50) 0.4
Family HCM, n (%) 54 (65) 44 (68) 10 (56) 0.3 5
Unexplained syncope, n (%) 19 (21) 12 (18) 7(33) 0.1 ':
nsVT, n (%) 34 (38) 23 (34) 11(52) 0.1 g_
Resting gradient 230 mmHg, n (%) 17 (19) 13(18) 4(19) 0.9 [er

BP: blood pressure, BSA: body surface area, DT: deceleration time, EDD: end diastolic diameter, EDVI: end diastolic
volume indexed to BSA, EF: ejection fraction, ESVI: end systolic volume indexed to BSA, GLS: global longitudinal
strain, ICD: implantable cardioverter defibrillator, IVS: interventricular septum, HCM: hypertrophic cardiomyopathy,
LAVI: left atrial volume indexed to BSA, LV: left ventricle, LVH: left ventricular hypertrophy, MR: mitral regurgitation,
nsVT: non-sustained ventricular tachycardia, PW: posterior wall, SCD: sudden cardiac death. *: p value for compari-
son of group of patients with versus without appropriate ICD therapy
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trend towards higher maximal LV wall thickness and increased prevalence of nsVT
and syncope prior to ICD implantation in the group of patients with appropriate
ICD therapy. Of note, incidence of appropriate ICD therapy did not differ between
primary and secondary ICD indication patients (p=1.0), nor was it significantly
related to the number of conventional SCD risk factors in primary prevention ICD
recipients. In particular, compared with primary prevention ICD recipients with 1
SCD risk factor, patients with 2 SCD risk factors had an incidence rate ratio of ap-
propriate ICD therapy of 1.5 (95%CI 0.93-2.6) and patients with 3 SCD risk factors
had an incidence rate ratio of 2.0 (95%CI| 0.60-6.4, p for trend=0.06) (Figure 2).

§ 16 p for trend=0.06 0.27
= 14 p 0.
go
-8 12 p 0.09 1
82,
c
2o 8,43
© 0
T g 8
2a
£8 6
[« o
S5 4
o o
] 2
k] —32 n=28
® 0

No of SCDRF in primary prevention patients

Figure 10.2
Appropriate ICD therapy in primary prevention patients according to number of sudden cardiac death risk factors
(SCDRF). ICD: implantable cardioverter defibrillator.

Predictors of appropriate ICD therapy

Univariable Cox proportional-hazards regression analysis revealed LAVI, GLS, male
gender, presence of nsVT and unexplained syncope prior to ICD implantation as
predictors of appropriate ICD therapy (all p<0.2) (Table 2). Staged multivariable
analysis showed that LAVI and GLS, and not any SCD risk factors, were indepen-
dent predictors of appropriate ICD therapy (all p<0.05). A resting LV gradient of
230 mmHg was not related to appropriate ICD therapy in this patient cohort.

ROC curve analysis indicated that the presence of 21 SCD risk factors had limited
value to predict appropriate ICD therapy when compared to both LAVI and GLS
[AUC 0.52, 95% confidence interval (Cl): 0.43-0.58 versus AUC 0.76, 95% Cl 0.65-
0.87 and AUC 0.65, 95% Cl: 0.54-0.77, respectively] (p<0.001). LAVl 234 mL/m?
and GLS =-14% provided high sensitivity of 95% and 86% respectively to predict
appropriate ICD therapy, reaching up to 100% if at least one of both was present
(Table 3). However, the same approach showed a modest positive predictive value
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Table 10.2
Uni- and multivariable cox proportional-hazards regression analysis to identify predictors of appropriate implant-
able cardioverter defibrillator therapy.

Univariable Multivariable
Parameter HR (95% Cl) p-value  HR(95% Cl) p-value
Male gender 4.4 (1.0-19) 0.046 4.2 (0.99-18) 0.05
GLS, % 1.16 (1.02-1.31) 002 1.15(1.02-1.30) 0.03
LAVI, mL/m? 1.02 (1.01-1.03) 0.004  1.01(1.00-1.03) 0.02
E/E 0.98 (0.92-1.1) 0.7
MR grade 1.1 (0.57-2.0) 0.9
Secondary prevention ICD indication 1.1 (0.41-3.0) 0.8
LVH =230 mm 0.36 (0.047-2.6) 0.3
Family SCD 0.86(0.34-2.2) 0.7
Unexplained syncope 2.2 (0.88-5.6) 0.09 2.6(0.99-6.7) 0.05
nsVT 2.36 (0.999-5.59) 0.05 2.38(0.976-5.78) 0.06
Resting gradient 230 mmHg 1.3 (0.44-4.0) 0.6

Cl: confidence interval, GLS: global longitudinal strain, HR: hazard ratio, ICD: implantable cardioverter defibrilla-
tor, LAVI: left atrial volume indexed to body surface area, LVH: left ventricular hypertrophy, nsVT: non-sustained
ventricular tachycardia, SCD: SCD.

Table 10.3
Predictors of appropriate implantable cardiac defibrillator therapy characteristics.
ROC 95% Sens*  Spec*  NPV*  PPV*
Variable AUC cl (%) (%) (%) (%)
LAVI and GLS
LAVI, ml/m? 0.76 0.65 - 0.87 - - - -
LAVI 234 ml/ m?2 - - 95 45 97 30
GLS, % 0.65 0.54-0.77 - - - -
GLS 2-14% - - 86 45 93 28
GLS 2-14% or LAVI 234 ml/m? - - 100 24 100 24
SCD risk factors
Secondary prevention ICD indication 0.52 0.41-0.63 24 76 80 20
Primary prevention ICD indication: -
LVH 230 mmt 0.48  0.42-0.55 5 87 79 9 2
Family history of SCDt 045 032-059 50 41 77 17 o
Prior nsVTt 0.58  0.45-071 52 66 85 28 =
Prior unexplained syncopet 0.58 0.46-0.70 33 82 83 32 5

AUC: area under the curve, Cl: confidence interval, FHSCD: family history of SCD, GLS: global longitudinal strain, HR:
hazard ratio, ICD: implantable cardiac defibrillator, LAVI: left atrial volume indexed to body surface area, LVH: left
ventricular hypertrophy, NPV: negative predictive value, nsVT: non-sustained ventricular tachycardia, PPV: positive
predictive value, ROC: receiver operating characteristic analysis, SCD: SCD, SCD risk factors: SCD risk factor, sens:
sensitivity, spec: specificity, *: calculation based on 20% prevalence of appropriate ICD therapy, 1: one of SCD
risk factors
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of 24%. More importantly, the combined presence of LAVI <34 mL/m?* and GLS
<-14% adequately ruled out likelihood of appropriate ICD therapy, reflected by a
negative predictive value of 100%.

Finally, the Kaplan-Meier survival curves for LAVI and GLS revealed a significant
difference in time to survival free of appropriate ICD therapy for both LAVI 234 mL/
m?versus <34 mL/ m?(p<0.001) and GLS 2-14% versus <-14% (p=0.003) (Figure
3). In particular, after a median follow-up of 1, 3 and 5 years a respective 12%,
24% and 32% of patients with LAVI 234 mL/m* reached the endpoint, whereas
their counterparts showed significantly lower cumulative event rates (0%, 4% and
4%, respectively). HCM patients with GLS =-14% experienced appropriate ICD
therapy in 9%, 23% and 32% after 1,3 and 5 years, respectively, while patients
with GLS <-14% showed lower cumulative event rates of 6%, 9% and 9%.

Incremental value of LAVI and GLS to predict appropriate ICD therapy

The addition LAVI 234 mL/m?2 to a baseline model which included the presence
of =1 SCD risk factor(s) provided incremental value to predict appropriate ICD
therapy as indicated by the likelihood ratio test (p<0.001) and an IDI of 0.13
(p<0.001) (Figure 4). Sequential addition of GLS further improved prediction of
appropriate ICD therapy (likelihood ratio test p=0.02 and IDI 0.04 with p=0.02).
Therefore, adding both LAVI and GLS on top of presence of 21 SCD risk factors
provided the best calibration for appropriate ICD therapy prediction, reflected by
the likelihood ratio test p<0.001 and IDI 0.17 with p<0.001. Importantly, the same
results were observed (IDI 0.19, p<0.001) when only considering IDI in primary
prevention indication ICD recipients (n=70), which is of particular clinical interest
as ICD implantation is unlikely to be withheld in secondary prevention indication
HCM patients. Importantly, assessing both LAVI and GLS on top of conventional
SCD risk factors in primary prevention patients results in reclassification of about
1 out of 5 primary prevention ICD recipients into a very low-risk group, who expe-
rienced no appropriate ICD therapy during follow-up [12/70 pts (17%) have both
LAVI and GLS below the pre-specified cut-off values with presence of 0, 1 and 2
SCD risk factors in 3 (25%), 6 (50%) and 3 (25%) patients respectively].

LAVI, GLS and inappropriate ICD therapy

During the median follow-up of 4.7 (2.2-8.2) years 19 patients (21%) experienced
at least one inappropriate ICD therapy event. Patients with versus without inap-
propriate ICD therapy had similar LAVI [37.4 (33.8-45.1) versus 39.3 (31.0-48.8)
ml/m?2, p=0.806] and GLS (-13.8+3.23 versus -13.2+3.56 %, p=0.579) at baseline,
respectively. In addition, at univariable Cox regression analysis LAVI did not relate
to occurrence of inappropriate ICD therapy [HR 1.00 (95% Cl 0.98-1.03), p=0.800],
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nor did GLS [HR 0.99 (0.88-1.13), p=0.970]. Survival free of inappropriate ICD
therapy during the follow-up period was similar between patients with baseline

A o Survival free of appropriate ICD therapy
LAVI <34 mL/m
2 |
o
3.
o
log-rank p<0.001 LAVI >= 34 mL/m®
Q.
o
3 |
S T T T T T
0 20 40 60 80 100

Follow-up (months)
Number at risk

LAVI <34mL/m2 33 27 22 19 13 10
LAVI =>34mL/m2 59 42 31 23 19 11
B R Survival free of appropriate ICD therapy
o
GLS <-14%
1o}
l\_ -
o
o
I.n_ -
o 149
log-rank p = 0.003 GLS >=-14%
wn
(\! -
o
c
8- 2
S T T T T T &
0 20 40 60 80 100 2
Follow-up (months) o
Number at risk (@]
GLS <-14% 57 37 27 18 16 10
GLS >=-14% 35 32 26 24 16 1

Figure 10.3

Kaplan-Meier analysis to evaluate survival free of appropriate ICD therapy in 92 HCM patients. Panel A: left atrial
volume indexed to body surface area (LAVI). Panel B: left ventricular global longitudinal strain (GLS). ICD: implant-
able cardioverter defibrillator.
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LAVI =34 versus <34 ml/m?2 (log rank p=0.330) as well as for patients with baseline
GLS 2-14 versus <-14 % (log rank p=0.670).

p0.02 ——

20

w GLS
2 -14%
+
LAVI LAVI
2 34 mL/m? 2 34 mL/m2

Chi-square
10

+ +

SCDRF SCDRF

p <0.001 p 0.02

‘ L o3 ] L ipio.os

IDI 0.17
p <0.001

Figure 10.4

Likelihood ratio test bar graph. This test shows incremental value of sequential assessment of left atrial volume
indexed to body surface area (LAVI) and left ventricular global longitudinal strain (GLS) over conventional sudden
cardiac death risk factors (SCDRF) to predict appropriate implantable cardioverter defibrillator therapy. IDI: inte-
grated discrimination improvement.

DISCUSSION

The main findings of the current study can be summarized as follows: 1) the value
of conventional SCD risk factors to predict appropriate ICD therapy in high-risk
HCM patients was limited, however, 2) LAVI and GLS were shown to be independent
predictors of appropriate ICD therapy in this population and 3) assessment of both
parameters provided significant incremental predictive value over conventional
SCD risk factors, particularly to identify patients at very low risk of appropriate ICD
therapy (100% negative predictive value).
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SCD risk factors and appropriate ICD therapy
Although conventional SCD risk factors are established criteria to recommend ICD
implantation in HCM patients, no strong evidence is currently available that these
factors can also accurately predict the occurrence of appropriate ICD therapy.?
The largest multi-center HCM registry so far, which included 506 unrelated HCM
patients who underwent ICD implantation, observed in fact that no single con-
ventional SCD risk factor, nor the number of SCD risk factors, was associated with
appropriate ICD therapy.' A recent observational study in 1606 HCM patients (of
which 19% with an ICD) also suggested that no single SCD risk factor could in-
crease the risk of SCD or appropriate ICD shock, although aggregation of multiple
SCD risk factors did increase this risk, however, with limited power to discriminate
high versus low risk subjects.”* Similar findings were also observed in smaller
single-center series.””?* Only one study, evaluating 104 HCM patients, identified
the presence of nsVT as an independent predictor of appropriate ICD therapy,
although with wide confidence limits [HR 10.3 (95%CI| 1.13-92.99)] and modest
positive predictive value (22%).* Although the independent predictive value of
secondary prevention indication for appropriate ICD therapy has not been shown
unequivocally, appropriate ICD therapy is highly prevalent amongst secondary
prevention ICD recipients and recently showed a significant association to appro-
priate ICD therapy on a univariable level.*** 2

The results of the current evaluation are in line with previous studies, indicating
rather limited predictive value of conventional SCD risk factors for appropriate ICD
therapy." Although conventional SCD risk factors remain mainstay to refer HCM
patients for ICD implantation, additional markers are clinically needed to optimize
candidate selection and allow accurate risk-benefit weighting of ICD implantation
in these patients.

GLS and LAVIin HCM

HCM is a cardiomyopathy characterized by LV hypertrophy, myocardial fiber disar-
ray and interstitial fibrosis. ?® *° These structural alterations are responsible for
significant LV systolic dysfunction, which is often difficult to detect with conven-
tional echocardiographic measures such as LV ejection fraction. Echocardiographic
speckle tracking deformation imaging has been proposed as a highly sensitive
technique which is able to accurately measure myocardial strain in a specific seg-
ment or in the overall LV.” With the use of this technique, a significant impairment
of GLS was demonstrated in HCM patients, despite the presence of preserved LV
ejection fraction.> % ™ In addition, impaired GLS in HCM patients has also been
associated with occurrence of nsVT and adverse cardiac outcome.™
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The above-mentioned HCM structural alterations are also responsible for a
significant LV diastolic dysfunction, due to impaired myocardial relaxation, and
increased LV filling pressures. In addition to these factors, intra-ventricular gradi-
ents and mitral regurgitation severity are main determinants of increased LA size,
a characteristic finding in many HCM patients.” *° Increased LA size is therefore
considered a marker of HCM disease severity and showed to be an independent
predictor of adverse outcome in this population.™ ™ Increased LA diameter has
shown to be a strong mortality predictor in a study including 1491 HCM patients.**
Most recently, O'Mahony et al reported on a large series of 3675 relatively low-risk
HCM patients (only 41 had baseline ICD, 1%), showing LA diameter independently
related to SCD or appropriate ICD shock.*> Asymmetric LA remodeling, however,
may occur and therefore LAVI is currently recommended as the preferred param-
eter of LA size, as large variation in LA volume may coincide with little variation in
LA diameter.** 532

Studies in HCM patients evaluating ICD recordings prior to appropriate ICD
discharge have shown that the vast majority of patients suffered from sustained
monomorphic ventricular tachycardia or ventricular fibrillation, often preceded by
increased heart rate due to sinus tachycardia and atrial fibrillation or late-coupled
premature ventricular complexes, respectively.** *> These findings indicate that
coincidence of arrhythmogenic substrate (allowing for uni-directional conduction
block and re-entry) as well as adequate modulators (including electrolyte distur-
bances, maladaptive autonomic responses affecting heart rate, intra-ventricular
gradients or ischemia) are prerequisites for ventricular tachyarrhytmias in these
patients.** 3> We hypothesize that both GLS and LAVI may indirectly reflect the
underlying arrhythmogenic substrate, if not modulators, in HCM patients, includ-
ing fibrosis and fiber disarray. These findings may contribute to the rationale for
the independent and incremental value of both LAVl and GLS over SCD risk factors
to predict appropriate ICD therapy in this population, as shown in current study.

Clinical implications

The present findings suggest that assessment of both LAVI and GLS on top of
conventional SCD risk factors may optimize referral criteria and timing of ICD im-
plantation in HCM patients at increased risk for SCD. All patients that experienced
appropriate ICD therapy were identified by presence of LAVI or GLS above the
cut-off value of 234 mL/m? or 2-14% respectively (sensitivity 100%). This strat-
egy, however, showed a rather modest positive predictive value of 24%, indicating
that, although patients who may benefit from ICD are identified applying this ap-
proach, still a large number of ICD’s would be implanted in patients who will not
experience any appropriate ICD therapy.
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More importantly, when both LAVI and GLS were below the pre-specified cut-
off values, a low-risk patient for appropriate ICD therapy was identified with a
negative predictive value of 100%. When applying this strategy, no single patient
experienced appropriate ICD therapy during a median period of approximately
5 years. In particular, about 1 out of 5 patients (19%) could be re-classified ac-
cording to this approach as at low-risk and therefore eventually reassured that
appropriate ICD therapy will not occur. These findings might therefore suggest
considering the use of these parameters to delay ICD implantation in some HCM
patients, with careful follow-up. This option might prevent these patients from
exposure to potential adverse ICD-related events such as inappropriate therapy or
device-related complications that might significantly impact on the quality of life
or outcome of the ICD recipients.

Limitations

Several limitations to this study should be mentioned. The present evaluation most
likely was underpowered to prove the absence of relationship between number of
SCD risk factors and occurrence of appropriate ICD therapy, although our findings
are in line with the largest HCM-ICD registry to date." The specificity and negative
predictive values of SCD risk factors to predict appropriate ICD therapy reported
in the present evaluation should be interpreted with caution, as only an absolute
minority of our patients presented without presence of conventional SCD risk
factors. In addition, it should be emphasized that SCD risk factors are established
markers and remain the cornerstone for a decision on ICD implantation in HCM
patients.” The present results may not be generalizable to low-risk HCM patients
for SCD. Therefore, given its retrospective observational single-center nature, this
report should be considered as hypothesis generating and requires prospective
validation in a larger HCM patient cohort.

CONCLUSION

Albeit conventional SCD risk factors are the cornerstone for clinical decision-
making to implant ICD in HCM patients, these factors yield limited value to predict
subsequent appropriate ICD therapy. Both LAVI and GLS are independent predic-
tors of appropriate ICD therapy showing incremental benefit over conventional
SCD risk factors, mainly attributed to high negative predictive value. Therefore, in
addition to conventional SCD risk factors, assessment of both parameters may be
clinically useful to optimize candidate selection and timing of ICD implantation,
particularly to identify HCM patients at low risk for appropriate ICD therapy.
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