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CHAPTER 5
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CHAPTER 5

Short report

Phospholamban (PLN) p.(Argl4del)-positive individuals are at increased risk for major
ventricular arrhythmias (VA) and sudden cardiac death (SCD).Implantable cardioverter-
defibrillator (ICD) implantation remains the gold standard for SCD prevention, and to
guide primary prevention decisions, a variant-specific risk model for major VA was
developed in 2021."? Although this model demonstrated strong predictive value, delayed
gadolinium enhancement (LGE) on cardiac magnetic resonance (CMR) imaging, a well-
established marker of arrhythmic risk, could not be incorporated due to limited data
availability.? With newly collected CMR data and a redefined risk prediction baseline
at the time of first CMR, we were able to evaluate the added prognostic value of
LGE for SCD risk in PLN p.(Argl4del)-positive individuals, with the goal of improving
individualized decision-making regarding primary prevention ICD therapy.

This study was approved by the institutional ethics committees of participating centers
and conformed to the Helsinki Declaration. Data were collected from individuals
included in the PLN registry (PLN/ACM Registry, Netherlands Trial Registry project
70976).*To allow valid comparison with the original risk score, inclusion criteria and
primary outcome definitions were adopted from its developmental cohort. Participants
were =16 years of age, had no history of major VA, myocardial infarction, or heart
transplantation, and had a minimum follow-up of 14 days. The primary outcome was
major VA, defined as a composite of sustained VA (which lasts =30s, or <30s when
terminated electrically or pharmacologically), ventricular fibrillation (VF), appropriate
ICD intervention (antitachycardia pacing or shock), or (aborted) SCD (death with or
without one hour of acute symptoms, or an unexplained death with no antecedent
history of worsening symptoms). Participants were censored at time of a myocardial
infarction or heart transplantation. One participant was censored following out of
hospital cardiac arrest due to central pulmonary embolism. CMRs were performed
upon discretion of the treating physician, typically on 1.5 or 3T systems where LGE
was obtained with a phase sensitive inversion recovery sequence. Presence of LGE
was determined by clinical report as ‘any’ LGE in the left ventricle on CMR, excluding
the insertion points which is known to be a prevalent finding in control subjects. All
statistical analyses were performed with RStudio version 4.3.3 with the survival, mice
and rms packages. First, baseline characteristic of individuals with and without LGE were
compared using T-test or Mann Whitney U test accordingly. Second, the association
between LGE and major VA was analyzed using univariable Cox regression.Third, LGE
was added to a multivariable Cox regression model using the PLN risk model’s linear
predictor as offset. Twenty imputed datasets were used to handle missing data: 1% left
ventricular ejection fraction (LVEF) was missing, 33% 24 hour premature ventricular
contraction (PVC) count, | 3% T-wave inversion and low-voltage ECG, and 0% LGE. Log
hazard ratios were pooled using Rubin’s rules. Finally, the added predictive value of LGE
was assessed by comparing the C-statistic of models with and without LGE, internally
validated using 1,000 bootstraps.

A total of 430 PLN p.(Argl4del)-positive individuals were included. The median
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age was 43 years (interquartile range [IQR] 32-55), 43% were male, and 16% were
proband. Median LVEF was 53% (IQR 46%-58%), and LGE was present in 165 (38%)
individuals. Those with LGE were older (median 52 vs. 38 years, p < 0.001), more often
proband (29% vs.8%,p < 0.001). Baseline characteristics stratified by LGE presence are
summarized in Table |. During a median follow-up of 4.6 years, 41 (10%) participants
experienced major VA: 22 (54%) had appropriate ICD intervention, 15 (37%) had
sustained VT/VF, and four (10%) had (aborted) SCD. In univariable analysis, LGE was
significantly associated with majorVA (HR 4.14,95% confidence interval (Cl) 2.14-7.99;
p < 0.001).This association is illustrated in Figure |, which shows a higher cumulative
incidence of major VA in individuals with LGE. In contrast, in multivariable analysis
correcting for the PLN risk model, LGE was not a significant predictor (HR 1.33,95%
Cl1 0.69-2.70; p = 0.375). The addition of LGE resulted in a negligible improvement in
model performance (C-statistic +0.005): 0.854 (95% CI 0.801 — 0.9) for the original
model vs. 0.859 (95% CI 0.808 — 0.903) for the model including LGE.

Table 1. Baseline characteristics.

Characteristics LGE absent LGE present P-value
Total, n 265 165

Age at first CMR, y 38 [25-49] 52 [41-62] <0.001
Sex, male 106 (40) 76 (46) 0.256
Caucasian ethnicity 254 (100) (n=254) 161 (100) (n=161) /
Proband 22 (8) 47 (29) <0.001
First degree family 22 (8) 23 (13.9) 0.090
member with SCD

First degree family 20 (8) 16 (10) 0.546
member with major VA

Type of presentation <0.001
- Symptomatic and 28 (11) 40 (24)

living

- Abnormal test result 10 (4) 23 (14)

- Familiy screening 227 (86) 102 (62)

Low-voltage ECG® 29 (13) (n=231) 47 (33) (n=141) <0.001
TWIl in = 3 precordial 23 (10) (n=231) 41 (29) (n=141) <0.001
leads®

TWIl in = 2 inferior 13 (6) (n=231) 24 (17) (n=141) 0.001
leads®

24 h PVC count >500 33 (17) (n=191) 59 (60) (n=99) <0.001
LVEF (%) 55 [51-59] (n=261) 47 [35-55] (n=164) <0.001

Categorical data are presented as percentage and continuous data as median [interquartile

range (IQR)].

*Low-voltage ECG is defined as peak-to-peak QRS amplitude of <0.5 mV in the limb leads
and/or <I mV in the precordial leads.
*TWI, T-wave inversion, T-wave is only considered inverted if the voltage shift is = 0. mV.
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Figure I. Incidence of major ventricular arrhythmia by LGE presence on CMR.
The x-axis shows follow-up time (years) after first CMR; the y-axis represents cumulative
incidence of major ventricular arrhythmia events (%).
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This study evaluated the prognostic value of LGE in predicting majorVA by incorporating
LGE into the validated PLN risk model. Although LGE was significantly associated with
major VA in univariable analysis, the effect did not hold after adjusting for predictors in
the PLN risk model (i.e. LVEF, 24 h PVC count, T-wave inversion and low-voltage ECG).
Furthermore, adding LGE to the PLN risk model did not improve its performance.

A plausible explanation for this finding is the correlation between LGE and existing
predictors. Previous research has shown that LV dysfunction, lateral T-wave inversion,
and low-voltage ECG are all strongly associated with the presence of LGE.? Additionally,
multicollinearity was assessed using principal component analysis and demonstrated
that LGE loaded on the same dominant component as LVEF and 24 h PVC count,
indicating that it may reflect similar underlying disease processes. Notably, T-wave
inversion and low-voltage ECG loaded on distinct components, suggesting they
capture complementary electrophysiological substrates not represented by LGE.
Our finding that LGE on CMR correlates with major VA aligns with other genetic
cardiomyopathies. Recently, a multicenter study in LMNA carriers showed a significant
association between global LGE =7% and MACE (HR 3.42, 95% CI 1.17-10.01; p <
0.001).5Though, this analysis is limited by a small sample size (n = 67, 14 events) and
lack of multivariable analysis. Whether LGE improves the LMNA-risk VTA model
remains unclear. Nevertheless, one could speculate that LGE holds additional value,
given that predictors such as T-wave inversion and low-voltage ECG are not included
in the LMNA model.
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In conclusion, LGE on CMR is significantly associated with major VA in PLN
p-(Argl4del)-positive individuals. However, incorporating it into the PLN p.(Argl4del)
risk model appears to add little incremental predictive value. Nonetheless, given its
strong association with major VA, LGE remains a valuable clinical marker in the overall
assessment of arrhythmic risk.
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