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Abstract

Background -—Patients with ischemic or dilated cardiomyopathy and reduced left ventricular
ejection fraction (LVEF) face a high risk for ventricular arrhythmias. Exact grading of diastolic
function might improve risk stratification for arrhythmic death.

Methods -—We prospectively enrolled 120 patients with ischemic, 60 patients with dilated
cardiomyopathy and 30 patients with normal LVEF. Diastolic function was graded normal (N) or
dysfunction grade I-111. Primary outcome parameter was arrhythmic death (AD) or resuscitated
cardiac arrest (RCA).

Results -—Normal diastolic function was found in 23 (11%) patients, dysfunction grade | in 107
(51%), grade Il in 31 (14.8%) and grade 111 in 49 (23.3%) patients, respectively. After an average
follow-up of 7.0+2.6 years, AD or RCA was observed in 28 (13.3%) and 33 (15.7%) patients,
respectively. Non-arrhythmic death was found in 41 (19.5%) patients. On Kaplan-Meier analysis,
patients with dysfunction grade 111 had the highest risk for AD or RCA (p<0.001). This finding
was independent from the degree of LVEF dysfunction and was observed in patients with
LVEF<35% (p=0.001) and with LVEF>35% (p=0.014). Non-arrhythmic mortality was highest in
patients with dysfunction grade Il1. This was true for patients with LVEF<35% (p=0.009) or >35%
(p<0.001). In an adjusted model for relevant confounding factors, grade I11 dysfunction was
associated with a 3.5-fold increased risk for AD or RCA in the overall study population (HR=3.52,
p<0.001).

Conclusions -—Diastolic dysfunction is associated with a high risk for AD or RCA regardless if
LVEF is <35% or >35%. Diastolic function grading might improve risk stratification for AD.
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Diastolic function predicts arrhythmic death

Study Design Results

= 180 patients with ischemic or dilated
cardiomyopathy and 30 with normal LVEF

*  Primary endpoint: Arrhythmic death or
resuscitated cardiac arrest

* Diastolic function was graded normal (N)
or dysfunction grade I-lll.

Cumailative incidence for arhythmic
death or resuscitated eardiae amest

Years of Follow-up

Conclusion

* Diastolic dysfunction is associated with a significantly increased risk for arrhythmic death.
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Introduction

Patients with ischemic cardiomyopathy (ICM) or dilated cardiomyopathy (DCM) and
reduced left ventricular ejection fraction (LVEF) carry a high risk for sudden cardiac death,
especially arrhythmic death (AD).1=3 Current guidelines recommend primary prevention
with an implantable cardioverter-defibrillator (ICD) in patients with severely reduced LVEF
of <35%.4° However, prediction of arrhythmic death solely based on LVEF has significant
limitations.®7 Patients with a LVEF >35% have a lower relative risk, but the absolute
number of ADs in these patient group is high.8-11 Many potential predictors and techniques
have been proposed to improve risk stratification for AD.’ So far, there is only limited data
on the role of diastolic dysfunction in the prediction of AD.12 The present study tests the
hypothesis that severe diastolic dysfunction is associated with an increased risk for AD.

Methods
Study Design

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

This prospective observational, observer-blind study was approved and monitored by the
local ethics committee. All participants gave written consent. Screening, enrollment and
follow-up after 3 and 10 years were conducted at the Medical University of Vienna, Austria.
Test scoring, interpretation and statistical data processing underwent a blinded assessment at
the Vanderbilt Autonomic Dysfunction Center, Nashville, USA. After enroliment, optimal
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medical treatment was established. Test results were not disclosed to participants or their
physicians. Antiarrhythmic drug therapy and ICD implantation were not guided by the study.

Study population

A total of 120 patients with ICM, 60 patients with DCM and 30 patients with normal LVEF
were included in the study. Patients were eligible to participate if they had recently
undergone coronary angiography with ventriculography as standard use of care at the
physician’s discretion due to typical symptoms, an abnormal echocardiogram or abnormal
magnetic resonance imaging. Patients were excluded from participation if they had a history
of sustained ventricular arrhythmia or permanent atrial fibrillation or if they were dependent
on ventricular pacing. The treatment of patients was not guided by this study.

QOutcome parameters

The primary endpoint of the study was time to arrhythmic death (AD) or resuscitated cardiac
arrest (RCA). For statistical analysis, only the first event (AD or RCA) was taken. Non-
arrhythmic death was a secondary endpoint. Deaths were categorized applying an adapted
form of the Hinkle classification:13 Detailed information on the circumstances of death and
abruptness of loss of consciousness were gathered from witnesses, reports from emergency
service and records from treating hospital and physician. Family members were interviewed
for activities and the condition in the time before death. Autopsy reports were obtained from
all study participants. Appropriate ICD therapy without ventricular tachycardia (VT)
acceleration that failed to save the patient’s life was classified as AD. An RCA was
ventricular fibrillation or VT >240 bpm (beats per minute) leading to syncope before ICD
therapy and multiple slower VT episodes (electrical storm) leading to syncope and ICD
discharge without ICD therapy related acceleration. All other ICD therapies due to VT
<240bpm were not taken as surrogate for AD. All ICD devices were programmed to allow
maximum possible detection duration.

Assessment of diastolic function

Doppler measures of diastolic function were performed according to recommendations 14
and averaged over 3 cardiac cycles in sinus rhythm only. Trans-mitral pulsed-wave Doppler
velocities were recorded at rest and during Valsalva maneuver from an apical 4-chamber
view with a Doppler sample of 2 mm placed between the tips of the mitral leaflets. Diastolic
function was graded blinded to baseline data or outcomes as normal, impaired relaxation
(grade 1), pseudo-normal pattern (grade Il), or as restrictive pattern (grade I11), using offline
Doppler measurements of the mitral inflow, mitral inflow during Valsalva maneuver, and
tissue Doppler imaging of the mitral annulus. Valsalva manoeuver and E/Eratio (E early
mitral valve flow velocity, E left ventricular annular early lengthening velocity) were used to
distinguish between normal and pseudo-normal filling pattern. For a normal pattern, the
reference ranges used were as follows: ratio of early (E) to late (A) diastolic filling velocities
in the mitral inflow recording between 1 and 2; deceleration time (DT) of early filling
between 150ms and 220ms; ratio of systolic to diastolic peak velocity mitral E/A ratio
during Valsalva manoeuver >1 with a reduction compared to baseline of <0.5 of the absolute
ratio. Grade | diastolic dysfunction was consistent with an E/A ratio <1, DT>220 ms, and no
substantial change in E/A ratio during Valsalva. Grade Il diastolic dysfunction resembled the
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normal configuration with respect to the mitral inflow but with =2 of the following features:
mitral E/A ratio <1 during Valsalva manoeuver with a reduction of at least 0.5 of the
absolute ratio, and E/Eratio by tissue Doppler imaging of >15.14 Grade 111 diastolic
dysfunction was characterized by an E/A ratio of >2, a DT <150, and E/E>15. In case of 15
> E/E > 8, additional investigations were required to confirm the diagnosis: E/A<0.5 (A late
mitral valve flow velocity), DT >280ms and LAVI >40ml/m? (left atrial volume index).

Statistical Analysis

Categorical variables are presented as numbers and percentage and continuous variables are
presented as mean + standard deviation. Chi-square test was used for comparison of
categorical variables, Kruskal-Wallis test was used for comparison of continuous variables.
Kaplan Meier analysis was performed to detect differences in arrhythmic and non-
arrhythmic mortality in the overall study population and in patients stratified according to
their LVEF: <35% and >35%. Log-rank test was used to determine statistical significance.
Uni- and multivariable Cox regression analysis was performed to determine the effect of
diastolic dysfunction on the risk for arrhythmic death. All variables with a p-value of <0.10
in the univariable analysis were included in the multivariable analysis. The univariable Cox
regression model was fit for the variables age, gender, LVEF <35%, hypertension, diabetes
mellitus, chronic kidney disease, implanted cardioverter-defibrillator, implanted cardiac
resynchronization-therapy pacemaker, underlying heart disease, body-mass index, history of
syncope, treatment with ACE/ARB, beta-blockers, diuretics, amiodarone or sotalol, New
York Heart association (NYHA) classification, QRS duration = 0.12 seconds and history of
paroxysmal atrial fibrillation. Statistical Analysis was performed using the software package
SPSS, Version 25.0, SPSS Inc, Chicago, IL, USA with a significance level of a two-sided p-
value of < 0.05.

Results

The overall study population included 210 patients, of whom 23 (11.0%) patients had
normal diastolic function, 107 (51.0%) patients had dysfunction grade I, 31 (14.8%) patients
had dysfunction grade Il and 49 (23.3%) had dysfunction grade I1l. Mean LVEF of the study
population was 38.0 + 14.7%. Baseline clinical characteristics of the study population
stratified according to the grades of diastolic dysfunction are presented in Table 1. All
patients completed the predefined follow-up visits. The shorter follow-up duration of the
patient group with grade 11 diastolic dysfunction is a result of the higher mortality rate in
this group.

Endpoints

An overview of the primary and secondary endpoints is provided in Figure S1 in the
supplemental material. During an average follow-up of 7.0 + 2.6 years, 69 patients died in
the overall study population. Of these deaths, 28 were classified as AD and 41 died a non-
arrhythmic death. Out of the 28 participants that died an arrhythmic death, 13 patients had
an ICD implanted, but the device could not abort an electrical storm. RCA occurred in 33
patients as the first event. Of these individuals with RCA, 8 died later during follow-up an
AD. In patients with normal diastolic function, no patient died of an AD, but 8 patients with
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dysfunction grade I, 2 patients with dysfunction grade 1l and 18 patients with dysfunction
grade Il died of an AD.

Diastolic dysfunction and the association to AD or RCA

Kaplan Meier estimates of the time to AD or RCA for the overall study population are
shown in Figure 1. Patients with dysfunction grade 111 had the significantly highest risk for
AD or RCA compared with patients with dysfunction grade Il, I or normal diastolic function
(p<0.001, Fig. 1). After 8 years of follow-up, the risk for AD or RCA was 4.5% in patients
with normal diastolic function, 21.5% in patients with dysfunction grade I, 37.2% in patients
with dysfunction grade Il and 57.7% in patients with dysfunction grade Ill. Uni- and
multivariable Cox Regression analysis (Table S1 in the supplemental material) was
performed to identify confounding variables for AD or RCA. Relevant confounding
variables in the multivariable analysis were hypertension (hazard ratio (HR)=2.82, 95%ClI:
0.84-9.46, p=0.093), implantation of an ICD (HR=3.44, 95% CI:1.69-7.01, p=0.001),
treatment with diuretics (HR=1.74, 95%Cl: 0.84-3.57, p=0.134) and QRS duration >0.12s
(HR=2.37, 95%CI: 1.28-4.39, p=0.006). In an additional model adjusted for these
confounding factors (Table S2 in the supplemental material), patients with dysfunction grade
Il had a HR of 3.52 for AD or RCA (95%CI:2.00-6.22, p<0.001), whereas patients with
dysfunction grade | had a significantly lower risk for AD or RCA (HR=0.41, 95%CI: 0.23-
0.71, p=0.002). Normal diastolic function (HR=0.42, 95%CI: 0.06-3.21; p=0.405) or grade
Il diastolic dysfunction (HR=1.03, 95%CI: 0.50-2.16; p=0.930) did not significantly
influence the risk for AD or RCA. Ischemic cardiomyopathy (HR=1.00, 95%CIl: 0.47-2.16,
p=0.994) and dilated cardiomyopathy (HR=0.91, 95%C1:0.49-1.70, p=0.764) were non-
significant confounding variables for AD or RCA in the multivariable Cox regression.

Stratification to LVEF

Patients were stratified in two groups according to their left ventricular function. Overall,
117 (55.7%) patients were categorized in the group with LVEF <35% and 93 (44.3%)
patients in the group with LVEF >35%. Kaplan Meier analysis showed in the group with
LVEF <35% that patients with dysfunction grade 111 had a significantly higher risk for AD
or RCA than patients with normal diastolic function or with dysfunction grade I or Il
(p=0.001, Fig. 2a). This was also true in the group of patients with LVEF >35% (p=0.014,
Fig. 2b). The risk for non-arrhythmic death was highest in patients with dysfunction grade
I11in the group with LVEF <35% (p=0.009, Fig. 3a) and in the group with LVEF >35%
(p<0.001, Fig. 3b). In the latter, 78% of patients with dysfunction grade 111 died after 8 years
of follow-up.

Discussion

The underlying study reports two major findings. First, diastolic dysfunction is associated
with a significantly increased risk for AD or RCA in patients with ischemic or dilated
cardiomyopathy. Second, this association is regardless of the degree of LVEF reduction.
Patients with severe diastolic dysfunction have a significantly higher risk for AD or RCA
regardless if LVEF is <35% or >35%. Diastolic function might be an important tool in risk
stratification for arrhythmic death.
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Diastolic dysfunction is associated with increased myocardial fibrosis and ventricular
stiffness.1%16 Scars and fibrotic tissue in the ventricular myocardium increase the risk for
cardiovascular mortality and contribute to potential reentry mechanisms for ventricular
tachyarrhythmia.1’-19 This might explain the high number of AD or RCA in patients with
diastolic dysfunction grade I1l in the present study. After eight years of follow-up, the risk
for AD or RCA was 58% in patients with dysfunction grade 111, compared to 37% and 22%
in patients with dysfunction grade Il or I, respectively. Patients with normal diastolic
function had a risk of 5% for AD or RCA only. To the best of our knowledge, this is the first
study that prospectively evaluated the association between diastolic function and the risk for
AD or RCA during long term follow-up.

Current Guidelines on the prevention of sudden cardiac death recommend primary
preventive ICD implantation in symptomatic patients (NYHA classification 11-111) with a
LVEF <35% in ischemic and non-ischemic heart disease.*° This recommendation is based
on landmark studies like MADIT 111 and SCD-HeFT? that demonstrated the benefit of
primary preventive ICD implantation in patients with LVEF <30% and <35%, respectively.
Nevertheless, risk stratification according to LVEF has considerable limitations in sensitivity
and specificity.”-20 Importantly, the absolute number of sudden cardiac death is highest in
patients with only moderately or preserved LVEF'=9, but these patients are missed by risk
stratification solely based on LVEF’. In addition to this, a considerable number of patients
that receives an ICD never experiences a potentially life-threatening arrhythmic event?1:22,

The present study strongly indicates that diastolic function grading might improve risk
stratification for AD. After eight years of follow-up, the cumulative probability of AD or
RCA in the group with LVEF <35% was 60%, 42% and 22% in patients with dysfunction
grade 111, Il or |, respectively. Risk of AD or RCA was significantly different (p=0.001)
between diastolic dysfunction grades and was highest in patients with grade 111 dysfunction.
These patients might represent a population that particularly benefits from primary
preventive ICD implantation. Importantly, risk for AD or RCA was also high in patients with
LVEF >35%. After eight years of follow-up, the probability of AD or RCA in the group with
LVEF >35% was 41% in patients with dysfunction grade 111 and 21% in patients with
dysfunction grade 1 or I1. This result indicates that diastolic function grading might improve
risk stratification for AD in patients with LVEF>35%. Potentially, high-risk patients can be
identified in this group that might benefit from primary preventive ICD implantation. This
finding warrants further investigations in prospective and randomized trials.

Non-arrhythmic mortality was significantly higher in patients with diastolic dysfunction
grade 111 compared to patients with normal diastolic function or dysfunction grade I or II.
This was true for the group of patients with LVEF <35% and with LVEF >35%. This finding
might be particularly relevant for heart failure patients with mid-range LVEF (40-50%,
HFmrEF) that may have properties of systolic and diastolic impairment.23 Treatment options
in these patients are scarce and focus on the control of cardiovascular comorbidities.2*
However, diastolic function grading might identify high-risk patients in this cohort.
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Study limitations

This is a non-randomized prospective, observational study to determine the role of diastolic
function grading in the prediction of AD. It is still possible that some events, classified as
RCA, might not have led to death. Another limitation is the small sample size, which does
not allow making firm conclusions. Therefore, any finding should be labeled as pilot study
results and further confirmation of results and discussed interpretations in large randomized
trials is warrant.

Conclusion

Diastolic dysfunction is associated with a high risk for AD or RCA. This finding is
independent from the degree of LVEF reduction and is observed in patients with LVEF
<35% and in patients with LVEF >35%. Diastolic function grading might contribute to an
improved risk stratification for AD or RCA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

A late mitral valve flow velocity

ACE angiotensin converting enzyme

AD arrhythmic death

ARB angiotensin receptor blocker

bpm beats per minute

Cl confidence interval

CRT cardiac resynchronization therapy

DCM dilated cardiomyopathy

DT deceleration time

E early mitral valve flow velocity

E’ left ventricular annular early lengthening velocity
HFmrEF heart failure with mid-range ejection fraction
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What is known:

. Patients with structural heart disease and reduced left ventricular ejection
fraction (LVEF) carry a high risk for ventricular arrhythmias. Nevertheless,
risk stratification for arrhythmic death based on LVEF reduction has
important shortcomings in sensitivity and specificity.

What the study adds:

. Diastolic dysfunction is associated with a significantly increased risk for
arrhythmic death in patients with ischemic cardiomyopathy and patients with
non-ischemic, dilated cardiomyopathy.

. This association is independent of the degree of LVEF reduction and is
present in patients with LVEF <35% and in patients with LVEF >35%.
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Kaplan Meier curves showing the association between diastolic function and arrhythmic
death or resuscitated cardiac arrest in the overall study population (Dia_N normal diastolic
function, Dia_| diastolic dysfunction grade one, Dia_lII diastolic dysfunction grade two,

Dia_lll diastolic dysfunction grade three)

Circ Arrhythm Electrophysiol. Author manuscript; available in PMC 2021 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pezawas et al.

Figure 2:

10 a) wees Dia_ M
= Dia_|

* Dia_it

0.8- = Dia_ln
p=0.001

Cumulative incidence for arrhythmic
death or resuscitated cardiac arrest

o
=]

T T T T 1
o 2 4 & 8 10
Years of Follow-up
No. at Risk

Dia_N 1 1 1 1 1
Dia_l 54 52 45 40 L}
Dia_ll 25 15 13 1 2
Dia_ln a7 21 12 B 2

- L0 b) sess Dia M

E —_— il
E Dia_tl

'é 0,8+ = Dia_h

- p=0.014
2 ; 0.6
LT

3 04

@

2

&5 02

£

"

o
o% o0- =

T 1 T 1 1
0 2 4 & L] 10
Years of Follow-up

No. at Risk
Dia_N s n 21 21 19
Dia_l 53 51 ar aa 20
Dia_ll L] 5 5 5 1
Dia_n 12 8 ] 1

Page 12

Kaplan Meier curves showing the association between diastolic function and arrhythmic

death or resuscitated cardiac arrest in patients with a) LVEF <35% and b) LVEF >35%

(Dia_N normal diastolic function, Dia_I diastolic dysfunction grade one, Dia_lII diastolic

dysfunction grade two, Dia_Ill diastolic dysfunction grade three)
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Kaplan Meier curves showing the association between diastolic function and non-arrhythmic
death in patients with a) LVEF <35% and b) LVEF >35% (Dia_N normal diastolic function,

Dia_| diastolic dysfunction grade one, Dia_lI diastolic dysfunction grade two, Dia_IlI
diastolic dysfunction grade three)
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Baseline Clinical Characteristics according to the grades of diastolic dysfunction ™

Table 1.

DIA N DIA | DIA_ Il DIA_IIl p-value
No. of patients 23 107 31 49
Age (m £ SD) 528+13.0 595+9.1 594+85 58999 0.196
Follow-up (years)  8.6+1.1 71+17 57+29 39%24 <0.001
Female (%) 9(39.1)  18(16.8) 4(129)  6(12.2) 0.032
BMI 242+44 283+43 273+x40 288x50 0.001
ICM 3(13.0) 60 (56.1) 20(64.5) 37(755) <0.001
DCM 1(4.3) 36(336) 11(355) 12(245)  0.028
Hypertension 14 (60.7) 93(86.9) 28(90.3) 45(91.8) 0.003
DM II 2(8.7) 30(28.0) 11(355) 20(40.8)  0.039
CKD 0(0) 23(215) 10(322) 16(327)  0.012
Syncope 2(8.7) 24(224) 5(161)  7(14.3) 0.349
ICD 2(8.7) 45(42.1)  13(41.9) 20(40.8)  0.023
CRTP 1(4.3) 16 (15.0) 2 (6.4) 5(10.2) 0.350
LVEF <35 1(4.3) 54 (50.5) 25(80.6) 37(75.5) <0.001
ACE/ARB 15(65.2)  99(925) 31(100) 47(96.0) <0.001
Beta blocker 12(52.2) 96(89.7) 26(83.9) 45(91.8) <0.001
Diuretics 4(17.4)  68(63.6) 21(67.7) 35(71.4)  <0.001
Amiodaron 2(8.7) 19 (17.8) 3(9.7) 8(16.3) 0.557
Sotalol 1(4.3) 4(3.7) 3(9.7) 0(0.0) 0.181
NYHA | 10 (435)  40(37.4) 9(29.0) 11(22.4)  0.193
NYHA Il 13(56.5) 55(51.4) 16(51.6) 20 (40.8)  0.543
NYHA 11 0(0) 12(11.2)  6(194) 18(36.7) <0.001
QRS >0.12's 0(0) 27(252) 16(51.6) 23(46.9) <0.001

Page 14

*

n (%); ACE = angiotensin converting enzyme inhibitors, ARB = angiotensin Il receptor blockers, BMI = body mass index, CKD = chronic kidney
disease, CRT P = cardiac resynchronization therapy pacemaker, DCM = dilated cardiomyopathy, DIA_N = normal diastolic function, DIA_I =
impaired relaxation, DIA_II = pseudo-normal pattern, DIA_I1I = restrictive pattern, DM Il = diabetes mellitus 2, ICD = implantable cardioverter/

defibrillator, ICM = ischemic cardiomyopathy, LVEF = left ventricular ejection fraction
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