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Abstract

Background The study sought to assess the prognostic impact of chronic kidney disease (CKD) and renal replacement therapy
(RRT) in patients with ventricular tachyarrhythmias and sudden cardiac arrest (SCA) on admission.

Methods A large retrospective registry was used including all consecutive patients presenting with ventricular tachycardia
(VT), fibrillation (VF) and SCA on admission from 2002 to 2016. Non-CKD vs. “CKD without RRT”, and “CKD without
RRT” vs. “CKD with RRT” were compared applying multivariable Cox regression models and propensity-score matching
for evaluation of the primary prognostic endpoint defined as long-term all-cause mortality at 2 years. Secondary prognostic
endpoints were cardiac death at 24 h, in-hospital death at index and the composite endpoint of recurrent ventricular tachyar-
rhythmias, appropriate ICD therapies and cardiac death at 24 h.

Results In 2686 unmatched high-risk patients with ventricular tachyarrhythmias and SCA, non-CKD was present in 46%,
“CKD without RRT” in 46% and “CKD with RRT” in 8%. Each, VT and VF occurred in about one-third of CKD patients.
Multivariable Cox regression models revealed that “CKD without RRT” (HR=2.118; p=0.001) and “CKD with RRT”
(HR =3.043; p=0.001) patients were associated with the primary endpoint of long-term mortality at 2 years, which was also
proven after propensity-score matching (non-CKD vs. “CKD without RRT”: 43% vs. 27%, log rank p=0.001; HR =1.847;
“CKD without RRT” vs. “CKD with RRT”: 74% vs. 51%, log rank p=0.001; HR =2.129). The rates of secondary endpoints
were higher for cardiac death at 24 h, in-hospital death at index and the composite of recurrent ventricular tachyarrhythmias,
appropriate ICD therapies and cardiac death at 24 h, respectively, for “CKD without RRT” and “CKD with RRT” patients.
Conclusion In patients presenting with ventricular tachyarrhythmias and aborted SCA on admission, the presence of CKD,
especially combined with RRT, is independently associated with an increase of long-term all-cause mortality at 2 years,
cardiac death at 24 h, in-hospital death and the composite of recurrent ventricular tachyarrhythmias, appropriate ICD thera-
pies and cardiac death at 24 h.
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Introduction

Compared to the general population, patients suffering
from chronic kidney disease (CKD) are associated with
a higher incidence of arterial wall thickening and stiff-
ness leading to progressive coronary calcification [1-3].
This CKD-related coronary calcification may be caused
by the development of patchy calcification of intimal ath-
eromatous plaques and linear calcification of lipid depots
in the media (i.e. Monckeberg’s sclerosis) [4]. Addition-
ally, secondary hyperparathyroidism with consecutive
hyperphosphatemia may induce ossification of vascular
smooth muscle cells of coronary arteries and heart valves
[5]. Furthermore, arterial hypertension, dyslipidemia, dia-
betes mellitus, oxidative stress and elevated homocysteine
level may alleviate the risk for cardiac arrhythmias due
to the induction of a coronary artery disease (CAD) in
CKD patients [6, 7]. Most CKD patients are affected by
malignant arterial hypertension due to poor volume con-
trol, which is the direct cause for left ventricular hyper-
trophy (LVH) [1, 8-10]. LVH itself is associated with an
increased risk of sudden cardiac arrest (SCA) and more
than 70% of hemodialysis patients are affected by this
clinical condition [1, 8, 11-15]. A prior study reported
about an association between heart rate variability and
LVH, which may promote myocardial autonomic dysfunc-
tion and increase the risk of ventricular tachyarrhythmias
and SCA [16].

SCA reflects an international health burden accounting
for 15-20% of all deaths in the Western world [17]. SCA
is commonly caused by CAD [1, 18-22]. Notably, the risk
of ventricular tachyarrhythmias and SCA in CKD patients
is high and represents a leading cause of death in hemo-
dialysis patients [1, 20, 23]. However, patients suffering
from chronic or terminal kidney disease were excluded
from 80% of randomized controlled trials (RCT) [24, 25].
Additionally, it has never been investigated whether CKD
with or without renal replacement therapy (RRT) may
impact long-term prognosis of patients presenting with
life-threatening ventricular tachyarrhythmias and SCA.

Therefore, this study evaluates the prognostic impact
of CKD and RRT in patients presenting with ventricular
tachyarrhythmias and aborted SCA on admission.

Methods
Study patients, design and data collection

The present study retrospectively included all consecu-
tive patients presenting with ventricular tachyarrhythmias
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or SCA on hospital admission from 2002 until 2016 at
the First Department of Medicine, University Medical
Centre Mannheim, Germany. Using the hospital informa-
tion system, all relevant clinical data related to the index
event were documented.

Ventricular tachyarrhythmias comprised ventricu-
lar tachycardia (VT) and fibrillation (VF), as defined by
current international guidelines [19]. Sustained VT was
defined by duration of > 30 s or causing hemodynamic col-
lapse within 30 s, non-sustained VT by duration of <30 s
both characterized by wide QRS complexes (> 120 ms) at
a rate greater than 100 beats per minute [26]. Ventricular
tachyarrhythmias were documented by 12-lead electrocar-
diogram (ECG), ECG tele-monitoring, implantable cardio-
verter defibrillator (ICD) or in case of unstable course or
during cardiopulmonary resuscitation (CPR) by external
defibrillator monitoring. Documented VF was treated by
external defibrillation and in case of prolonged instability
with additional intravenous anti-arrhythmic drugs during
CPR.

Further data being documented contained baseline char-
acteristics, prior medical history (PMH), prior medical treat-
ment (PMT), length of index stay, detailed findings of labo-
ratory values at baseline, data derived from all non-invasive
or invasive cardiac diagnostics and device therapies, such
as coronary angiography (CA), electrophysiological exami-
nation (EP), ICD, pacemaker (PM) or cardiac contractility
modulation (CCM), as well as imaging modalities, such as
echocardiography or cardiac magnetic resonance imaging
(cMRI). The overall presence of an activated ICD comprises
the total sum of all patients with either a prior implanted
ICD before admission, those undergoing new ICD implan-
tation at index stay, as well as those with ICD implantation
at the complete follow-up period after index hospitaliza-
tion, referring to sole transvenous ICD, subcutaneous-ICD
(s-ICD) and cardiac resynchronization therapy with defibril-
lator function (CRT-D). Pharmacological treatment was doc-
umented according to the discharge medication of patients
surviving index hospitalization. Rates of overall ICDs and of
pharmacological therapies are referred to the number of sur-
viving patients being discharged from index hospitalization.

Every re-visit at the outpatient clinic or rehospitalization
was documented when related to recurrent ventricular tach-
yarrhythmias and adverse cardiac events. Adverse cardiac
events comprised acute heart failure, CPR, cardiac surgery,
recurrent percutaneous coronary intervention (re-PCI),
new implants or upgrades of cardiac devices, worsening or
improvement of left ventricular function.

Documentation period lasted from index event until 2016.
Documentation of all medical data was performed by inde-
pendent cardiologists at the time of the patients” individual
period of clinical presentation, being blinded to final data
analyses.
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The present study is derived from an analysis of the
“Registry of Malignant Arrhythmias and Sudden Car-
diac Death—Influence of Diagnostics and Interventions
(RACE-IT)” and represents a single-center registry includ-
ing consecutive patients presenting with ventricular tachyar-
rhythmias and aborted SCA being acutely admitted to the
University Medical Center Mannheim (UMM), Germany
(clinicaltrials.gov identifier: NCT02982473) from 2002
until 2016. The registry was carried out according to the
principles of the declaration of Helsinki and was approved
by the medical ethics committee II of the Medical Faculty
Mannheim, University of Heidelberg, Germany.

The medical centre covers a general emergency depart-
ment for emergency admission of traumatic, surgical, neu-
rological and cardiovascular conditions. Interdisciplinary
consultations is an in-built feature of this 24/7 service and
connects to a stroke unit, 4 intensive care units with extra-
corporeal life support and a chest pain unit to alleviate rapid
triage of patients. The cardiologic department itself include
cardiac catheterization and electrophysiologic laboratories,
a hybrid operating room and telemetry units.

Definition of study groups, inclusion and exclusion
criteria

For the present analysis, risk stratification was performed
according to the presence of non-CKD vs. “CKD without
RRT”, and “CKD without RRT” vs. “CKD with RRT”
according to the clinical practice guideline of the kidney
disease improving global outcome (KDIGO) executive com-
mittee for the evaluation of chronic kidney disease [27].
Accordingly, CKD was defined as abnormalities of kidney
function with implication for health accompanied with a
GFR < 60 ml/min/1.73 m? (GFR categories G3a-G5) and a
duration > 3 months [28]. Patients reaching stage 5 of CKD
(estimated GFR < 15 ml/min/1.73 m?) were defined as termi-
nal kidney disease with the need for RRT [25]. RRT patients
comprised those with a history of prior chronic hemodialysis
before admission as well as those with continuous veno-
venous hemodiafiltration (CVVHDF) during intensive care
treatment.

Overall exclusion criteria comprised patients without
complete follow-up data regarding mortality. Each patient
was counted only once for inclusion when presenting
with the first episode of ventricular tachyarrhythmias and
aborted SCA.

Study endpoints

The primary prognostic outcome was all-cause mortality at
long-term follow-up at 2 years. Secondary endpoints were
cardiac death at 24 h, in-hospital death at index and the
composite endpoint of recurrent VT/VF, appropriate ICD

therapies and SCA at long-term follow-up. Early cardiac
death was defined as occurring <24 h after onset of ven-
tricular tachyarrhythmias or an assumed unstable cardiac
condition on index admission [26].

Overall follow-up period lasted until 2016. All-cause
mortality was documented using our electronic hospital
information system and by directly contacting state resident
registration offices (‘“bureau of mortality statistics”) across
Germany. Identification of patients was verified by place of
name, surname, day of birth and registered living address.
Lost to follow-up rate was 1.7% (n=48) regarding survival
until the end of the follow-up period.

Statistical methods

Quantitative data are presented as mean =+ standard error
of mean (SEM), median and interquartile range (IQR), and
ranges depending on the distribution of the data and were
compared using the Student’s ¢ test for normally distributed
data or the Mann—Whitney U test for nonparametric data.
Deviations from a Gaussian distribution were tested by the
Kolmogorov—Smirnov test. Spearman’s rank correlation for
nonparametric data was used to test univariate correlations.
Qualitative data are presented as absolute and relative fre-
quencies and compared using the y° test or the Fisher’s exact
test, as appropriate.

First, overall data of consecutive patients on admis-
sion are given for the entire unmatched cohort to present
the real-life character of health-care supply at our institu-
tion in between 2002 and 2016. Here, multivariable Cox
regression models were applied for the evaluation of the
primary prognostic endpoint within the total study cohort
for “CKD without RRT” and “CKD with RRT”. Then multi-
variable Cox regression models were applied for the primary
prognostic endpoint in the sub-groups of non-CKD, “CKD
without RRT” and “CKD with RRT” patients. Multivari-
able Cox regression models were adjusted for the following
covariables: age, sex, diabetes, CAD, CPR, acute myocar-
dial infarction, (non-) ST segment myocardial infarction ((N)
STEMI), left ventricular ejection fraction (LVEF) <35%,
cardiogenic shock, index ventricular tachyarrhythmia (VT/
VF) and overall ICD.

Second, propensity score matching was applied. There is
a relevant and increasing demand from patients, clinicians
and within the health care system in general for growing
evidence from non-randomized studies. There are simply
too many medically relevant questions/hypotheses, which
will never be investigated within randomized controlled tri-
als (RCT) due to several reasons (i.e. funding, recruitment,
difficult study settings, high-risk patients, etc.). Therefore,
we felt that the method of propensity matching would be a
reasonable additional statistical method beside multivari-
able Cox regression models for the purpose of the present

@ Springer



672

Clinical Research in Cardiology (2019) 108:669-682

study evaluating the prognostic impact of non-CKD, “CKD
with and without RRT” in high-risk patients presenting
with ventricular tachyarrhythmias and SCA on admission.
These high-risk patients are usually excluded from RCT. In
RCT, patients with or without a specific treatment would
have a 50% chance to be treated and balanced measured
and unmeasured baseline characteristics would be expected.
However, patients with different disease entities may not
be randomized in real-life (such as non-CKD versus “CKD
without RRT”, or “CKD without RRT” versus “CKD with
RRT”) due to different pathophysiologies and treatment rec-
ommendations. An observational study usually recruits con-
secutive real-life patients without randomization resulting in
varying chances between 0 and 100% to receive imbalances
in baseline characteristics and treatments. Therefore, dif-
ferences of outcomes in specific disease groups might be
explained by heterogeneous distribution of baseline charac-
teristics and applied therapies. To further reduce this selec-
tion bias, we used 1:1 propensity-scores for “CKD without
RRT” versus non-CKD, respectively, “CKD with RRT”
versus “CKD without RRT” patients, to assemble matched
cohorts, in which patients would be well-balanced regarding
all measured baseline characteristics. 1:1 propensity score
matching was performed including the entire study cohort
and in CKD patients only, applying a non-parsimonious
multivariable logistic regression model using “CKD with-
out RRT” and “CKD with RRT” patients as the dependent
variables [29, 30].

Propensity scores were created according to the pres-
ence of the following independent variables: age, sex, dia-
betes, CAD, acute myocardial infarction, (non-) ST seg-
ment myocardial infarction ((N)STEMI), left ventricular
ejection fraction (LVEF) < 35%, cardiogenic shock, CPR,
index ventricular tachyarrhythmia (i.e., VI/VF) and over-
all ICD. Based on the propensity score values counted by
logistic regression, for each patient in the “CKD without
RRT” group (“CKD with RRT” group, respectively) one
patient in the control group with a similar propensity score
value was found (accepted difference of propensity score
value < 5%). Propensity scores were calculated for the fol-
lowing comparative analyses: (1) non-CKD versus “CKD
without RRT” (2) “CKD without RRT” versus “CKD with
RRT”. Uni-variable stratification was performed using the
Kaplan—Meier method with comparisons between groups
using uni-variable hazard ratios (HR) given together with
95% confidence intervals, according to the presence of non-
CKD, “CKD without RRT” and “CKD with RRT” within
the propensity-matched cohorts.

Follow-up periods for the evaluation of long-term all-
cause mortality were set at 2 years according to the median
survival time of CKD patients to guarantee complete follow-
up of at least 50% of patients. Patients not meeting long-term
follow-up were censored.
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Finally, a study-specific risk score (RACE-IT-CKD-
score) was developed within the unmatched cohort to illus-
trate the risk of the primary prognostic endpoint of all-cause
mortality at 2 years and the secondary endpoint of cardiac
death at 24 h. The risk score includes the following vari-
ables derived from significant adverse predictors evaluated
in the multivariable Cox regression model from the total
unmatched cohort: age > 66 years, male sex, LVEF <35%,
cardiogenic shock, CPR, “CKD without RRT” and “CKD
with RRT”. Each predictive variable was given 1 point
revealing a total minimum of 0 to a maximum of 7 points.
Risk categories were set at 0—1 points for lowest risk, 2—4
points for intermediate risk and 5—7 points for high-risk for
both endpoints. Uni-variable stratification was performed
using the Kaplan—-Meier method. The maximum risk for
each endpoint corresponded to the number of deaths related
to the total number of patients in each risk-group.

The result of a statistical test was considered significant
for p<0.05, p values <0.1 were defined as a statistical trend.
SAS, release 9.4 (SAS Institute Inc., Cary, NC, USA) and
SPSS (Version 25, IBM Armonk, New York, USA) were
used for statistics.

Results
Entire unmatched real-life cohort

In the entire unmatched real-life cohort including 2684 high-
risk patients, the prevalence of “CKD without RRT” was
46%, “CKD with RRT” 8%, and non-CKD 46%. As shown
in Table 1, the rate of VT was significantly higher in non-
CKD patients (57% vs. 35% vs. 30%) attributed to both sus-
tained and non-sustained VT, whereas the rate of VF was
equally distributed (29% vs. 28% vs. 25%). The rates of early
cardiac death were significantly highest in “CKD with RRT”
patients (45% vs. 37% vs. 14%) (Table 1).

Most patients were of male sex. Compared to non-CKD
patients, “CKD without RRT” patients were older and had
higher rates of cardiovascular risk factors, prior heart fail-
ure, CAD, obstructive pulmonary diseases, acute myocardial
infarction, respectively, (N)STEMI, cardiogenic shock, in-
and out-of hospital CPR and LVEF <35% (Table 1). Com-
pared to “CKD without RRT”, “CKD with RRT” patients
were older and had higher rates of diabetes, prior heart fail-
ure, acute myocardial infarction, respectively, (N)STEMI,
cardiogenic shock and in- and out-of hospital CPR, with an
equally distributed LVEF (Table 1). 49% of RRT patients
were on chronic haemodialysis before admission with a
mean RRT duration of 4.6 years (range 1-35 years). 51% of
RRT patients were treated with CVVHDF during intensive
care treatment. Non-CKD patients showed the highest rate
of EP and ablation therapy followed by “CKD without RRT”
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Table 1 Patient characteristics o, acteristic Non-CKD (n=1241; 46%) CKD without ~ CKD with RRT
in the upmatched real-life RRT (n=1233; (n=212: 8%)
population 46%)

Inclusion criteria, n (%)

Ventricular tachycardia 713 (57)* 493 (40) 85 (40)
Non-sustained 434 (61)* 244 (50) 38 (45)
Sustained 279 (39)* 249 (50) 47 (55)
Monomorphic 692 (97) 473 (96) 82 (97)
Polymorphic 21 (3) 20 (4) 3(3)

Slow 12 (2) 7(1) 1(1)
Fast 701 (98) 486 (99) 84 (99)
Induced 125 (25)" 290 (41)" 15 (18)

Ventricular fibrillation 358 (29) 341 (28) 53 (25)

Early cardiac death 173 (14)* 458 37" 95 (45)
With ventricular tachycardia 24 (2)* 77 (6)* 26 (12)
With ventricular fibrillation 60 (5)* 167 (14) 32 (15)
Without ventricular tachyarrhythmia 89 (7)* 214 (17) 37(17)

Gender, n (%)

Male 887 (71) 865 (70) 146 (69)
Age, median (range) 64 (51-73)* 71 (62-78)" 72 (64-78)
Serum creatinine, mg/dl (IQR) 0.94 (0.81-1.07)* 1.61 (1.35-2.10) 2.97 (1.90-4.38)
Glomerular filtration rate, ml/min 76.3 (66.9-89.7) 39.9 (28.7-49.0) 20.0 (11.8-33.0)
Cardiovascular risk factors, n (%)

Arterial hypertension 641 (52)* 755 (61) 138 (65)

Diabetes mellitus 250 (20)* 398 (32)° 92 (43)

Hyperlipidemia 338 (27) 320 (26) 56 (26)

Smoking 378 (30)* 279 (23) 38 (18)

Cardiac family history 148 (12)* 72 (6) 10 (5)
Comorbidities, n (%)

Prior chronic heart failure 249 (20)* 302 (24)° 72 (34)

Prior coronary artery disease 435 (35)* 528 (43) 106 (50)

Prior myocardial infarction 267 (22) 282 (23) 55 (26)

Liver cirrhosis 12 (1) 23 (2) 8(4)

COPD/asthma 106 (9)* 150 (12) 29 (14)

Acute myocardial infarction 331 (27)* 404 (33)F 54 (25)
STEMI 124 (10) 121 (10) 19 (9)
NSTEMI 207 (17)* 283 (23)° 35(17)

Cardiogenic shock 135 (11)* 326 (26)" 72 (34)

Atrial fibrillation 160 (13) 298 (23) 59 (28)

Cardiopulmonary resuscitation 467 (38) 782 (63) 155 (73)
In hospital 215 (17)* 334 27)f 104 (49)
Out of hospital 252 (20)* 448 (36)" 51(24)

Stroke 31(2) 42 (3) 94
Left ventricular function, n (%)

LVEF>55% 338 (27)* 196 (16) 35(17)

LVEF 54-35% 327 (26)* 262 (21) 48 (22)

LVEF<35% 267 (22)* 382 (31) 53 (25)

Not documented 309— 393— 76—
Electrical therapies at index, n (%)

Electrophysiological examination 412 (33)* 160 (13)" 14 (7)

Ablation therapy 88 (7)* 39 (3)f 1(0.5)
Patients discharged, n (%) 1013 (82)* 593 (48)" 74 (35)
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Table 1 (continued)

Characteristic Non-CKD (n=1241; 46%) CKD without CKD with RRT
RRT (n=1233;  (n=212; 8%)
46%)
Overall ICDs, n (%) 462 (46)* 323 (55) 43 (58)
Medication at discharge, n (%)
Beta-blocker 789 (78)* 495 (84)7 56 (76)
ACE-inhibitor/ARB 709 (70)* 462 (78)7 49 (66)
Aldosterone antagonist 90 (9) 82 (14) 7 (10)
Digitalis 101 (10) 89 (15)* 18 (24)
Amiodarone 117 (12) 117 (20) 17 (23)

CKD chronic kidney disease, RRT renal replacement therapy, COPD chronic obstructive pulmonary dis-
ease, LVEF left ventricular ejection fraction, (N)STEMI (non-) ST-segment myocardial infarction, /CD

implantable cardioverter defibrillator

*Indicates p <0.05 in between non-CKD and CKD without RRT. Level of significance p <0.05
TIndicates p < 0.05 in between CKD with and without RRT. Level of significance p <0.05

and “CKD with RRT” patients (33% vs. 13% vs. 7%; 7% vs.
3% vs. 0,5%) (Table 1). No difference regarding medica-
tion at discharge was shown, especially for anti-arrhythmic
drugs.

Median follow-up time was 18 months (IQR 2 days
to 6 years). Multivariable Cox regression analyses within
the entire unmatched real-life cohort revealed “CKD with-
out RRT” (HR=2.118, 95% CI 1.743-2.573, p=0.001)
and “CKD with RRT” patients (HR=3.043, 95% CI
2.797-4.031, p=0.001) to be significantly associated with
the primary endpoint of long-term all-cause mortality at
2 years (Fig. 1a).

Focusing on the sub-groups of non-CKD, “CKD without
RRT” and “CKD with RRT” patients (Fig. 1b, left, middle,
and right panels), multivariable Cox regressions revealed
age, LVEF < 35%, cardiogenic shock and CPR as the strong-
est predictors of long-term all-cause mortality at 2 years
across all sub-groups, whereas the presence of an overall
ICD was consistently beneficial. Particularly in non-CKD
patients, age and male sex were significantly associated with
the primary endpoint. Contrastively, presence of STEMI was
a protective treatable risk factor in non-CKD and “CKD
without RRT” patients (Fig. 1B, left, middle, right panels).

Propensity matched cohorts

After applying propensity-score matching for the compari-
son of non-CKD versus “CKD without RRT” patients (589
matched pairs) and CKD without versus “CKD with RRT”
patients (136 matched pairs) comparable sub-groups with
similar rates were achieved for age, sex, diabetes, prior heart
failure, prior CAD, prior AMI, LVEF, cardiogenic shock,
CPR and overall ICDs. A higher rate of induced VT was
shown for “CKD without RRT” compared to non-CKD
patients. Early cardiac death was significantly higher in
“CKD with RRT” compared to “CKD without RRT” patients
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(26% vs. 20%, p=0.046) and higher in “CKD without RRT”
compared to non-CKD patients (18% vs. 11%, p=0.001)
(Table 2).

Non-CKD patients revealed a higher rate of EP, but
not of ablation therapy compared to “CKD without RRT”
patients (29% vs. 20%, p=0.001) (Table 2). “CKD with-
out RRT” patients showed higher rates of EP and ablation
therapy compared to “CKD with RRT” patients (21% vs.
9%, p=0.006; 6% vs. 0.7%, p=0.036) (Table 2). No differ-
ence regarding the medication at discharge was shown. Only
slight differences were still seen after matching for smoking,
cardiac family history and atrial fibrillation (Table 2).

Figure 2a (left panel) and Table 3 illustrate the signifi-
cantly adverse prognosis for the primary endpoint of long-
term all-cause mortality at 2 years in non-CKD compared
to “CKD without RRT” patients (primary endpoint, all-
cause mortality at 2 years: 43% vs. 27%; log rank p=0.001;
HR =1.848; 95% CI 1.521-2.24; p=0.001). Moreover,
Fig. 2a (right panel) and Table 3 illustrate adverse prognosis
for the primary study endpoint in “CKD without RRT” com-
pared to “CKD with RRT” patients (primary endpoint, all-
cause mortality at 2 years: 74% vs. 51%; log rank p=0.001;
HR=1.944; 95% CI 1.428-2.646; p=0.001).

Both “CKD without RRT” and “CKD with RRT” patients
revealed significantly higher rates of the secondary prognos-
tic endpoints of cardiac death at 24 h (18% and 36%) and
in-hospital death at index (31% and 57%) (Table 3).

Figure 2b shows significantly adverse prognosis for the
secondary composite endpoint of recurrent ventricular tach-
yarrhythmias, appropriate ICD therapies at 2 years and car-
diac death at 24 h, which was already observed in non-CKD
versus “CKD without RRT” patients (secondary composite
endpoint: 32% vs. 27%; log rank p =0.026; HR =1.255; 95%
CI 1.018-1.548; p=0.033) (left panel), as well as in “CKD
without RRT” versus “CKD with RRT” patients (secondary



675

669-682

Clinical Research in Cardiology (2019) 108

270°0=d (186°0-6£€°0) 925°0
100°0=d (96€°0-9L1°0) ¥12°0
622°0=d (526'1-9.2°0) ¥25°0
880°0=d (588'2-626°0) LEY'}
100°0=d (vv2'2-512°1) 169'}
¥10°0=d (811°€-8€1°1) £88°L
610°0=d (L20°€-921°1) 658°L
620°0=d (190L-L¥€°0) 2090
¥0£°0=d (08+'L-6G5°0) 0L6°0
675°0=d (¥90'2-089°0) G81'L
100°0=d (590°1L-910°}) 0¥0'}
Shlend (D %S6)  °H

(S0°0 > d) dduroyruUSIS [ednsne)s sayedrpur odAy prog “(joued YSLD) LAY WM D, Pue ([oued o[pprur) [ INOWIM (3D, ‘(1oued 139) (3[D-uou jo sdnorsqns oy ur
sIeak 7 18 Ajpelrow asned-[[e wirel-3uof jo yurodpus onsousord Arewrid oy Jo s10301paid jueoyuSis JUIMOYS S[POW UOISSAITAI X0 [RLIBANNW € JO SJO[q }SAII0 q 1I0Y0D JI[-[EaI PIyojewuun
QMU 9y} UTYIM SIBA 7 Je A[eliow asned-[[e wie)-3uof jo jurodpus onsoudord Arewrnid oy) jo s103orpaid jueoyrudts SUIMOYs [9POW UOISSAITAI X0 S[qRLIBATI[NW B JO SJO[q ISA1I0] € | “Bi4

09

NsKI3YSIy  yjsu samo|

>
[ T0

(zTz=u) T4y QaIm axd

812°0=d (£25'}-L06°0) 82L°L
100°0=d (662°0-291°0) 0220
§10°0=d (668°0-22£"0) 2850
1£0°0=d (€20'L-¥2G°0) 9920
100°0=d (v66°L-912°L) SOL'}
100°0=d (v66°L-912°}) LSG°}
100°0=d (60¥°2-¥25°L) 916°}
162°0=d (€41°1-¥99°'0) 098'0
651°0=d (8/v'1-8€6°0) LLL'L
9€1°0=d (¥¥S'L-€v6°0) 90Z'L

100°0=d (LE0'L-LLO}) L20°L
SneAd (D %S6)  §H

ys1 IaysSiy Jsl 1aMmo)|

—

0T T0

(€€2'T=u) LYY Inoyum axd

025°0=d (G18'L-072'0) 6SL°L
100°0=d (L22°0-511°0) LLL'O
100°0=d (zv9°0-021°0) 0£€'0
640°0=d (L¥0'L-2€¥°0) 2290
100°0=d (£20'2-861°L) 6SS°}
100°0=d (2£8'7-9£0°2) 9€1°€
100°0=d (£90'¥-€v0°2) £88°C
20£°0=d (£09'1-922°0) 080"}
89/°0=d (6¥5'L-¥22'0) 6S0'L
£10°0=d (0€5'2-260°L) 999'L

100°0=d (6v0°1-220°L) SE0'L
snjend (D%S6)  dH

09

NS IBYSly  ysu Jamo|

0T

—_—
—_———
—_—

—_—
—_—
—_——
.

(T¥Z'T=U) @¥J-UON

>
T0

-

JSHIBYSlY  KsH aamo|

0T TO

100°0=d (L€0'-262°2) £V0'E
100°0=d (€25°Z-€VL'L) 8LL'T
€2y'0=d (Lv}'1-2€8°0) 660
100°0=d (v0£'0-€61°0) ZvZ'0
£00°0=d (9980-28¥°0) 9v9°0
€2¥'0=d (0€}'1-872°0) 6160
100°0=d (966'1-G19'}) 96.'}
100°0=d (9vZ'Z-€25°}) 628'}
100°0=d (061°2-995°1) 258'}
820°0=d (926°0-199°0) £08°0
£66'0=d (v81'1-€¥8°0) 6660
120°0=d (68v'1-¥E0'L) L¥T'L

100°0=d (€£0°1-610'L) 920°}
anend (D%S6)  uH

(898‘z=u) Buiynew aioeg

dA

llesan0 @oI
IN3LS
IN3LSN
¥do

}ooys ‘pien
%S€> 431
avo
s9j9qelq
safel

aby

Ly
aMo

4A

llesano ol
IN3Ls
IN3LSN
udd

320ys ‘pied
%S€> 431
avo
sajeqelq
salep

aby

pringer

A's



676

Clinical Research in Cardiology (2019) 108:669-682

Table 2 Patient characteristics after propensity score matching

Characteristic Non-CKD (n=589; 50%) CKD without p value CKD without CKD with RRT  p value
RRT (n=589; RRT (n=136; (n=136; 50%)
50%) 50%)

Inclusion criteria, n (%)

Ventricular tachycardia 349 (59) 347 (59) 0.187 74 (54) 69 (51) 0.119
Non-sustained 203 (58) 180 (52) 0.095 34 (46) 29 (45) 0.875
Sustained 146 (42) 167 (48) 40 (54) 37 (55)

Monomorphic 334 (96) 339 (98) 0.141 68 (92) 65 (97) 0.204

Polymorphic 15 4) 8(2) 6(8) 4 (3)

Slow 9(3) 6(2) 0.440 1(1) 12 0.926

Fast 340 (97) 341 (98) 73 (99) 68 (99)

Induced 103 (30) 147 (42) 0.001 13 (20) 23 (31) 0.137
Ventricular fibrillation 203 (35) 189 (32) 0.187 54 (40) 49 (36) 0.119
Early cardiac death 62 (11) 106 (18) 0.001 27 (20) 49 (36) 0.003

With ventricular tachycardia 10 (2) 22 (4) 0.001 11 (8) 18 (13) 0.046

With ventricular fibrillation 16 (3) 36 (6) 10 (7) 13 (10)

Without ventricular tachyarrhythmia 37 (6) 539 8 (6) 18 (13)

Gender, n (%)

Male 441 (75) 426 (72) 0.321 99 (73) 93 (68) 0.425
Age, median (range) 67 (17-92) 69 (18-94) 0.057 71 (21-100) 71 (15-88) 0.592
Serum creatinine, mg/dl (IQR) 0.96 (0.85-1.07) 1.53(1.32-1.91) 0.001 1.65(1.32-1.99) 2.97 (1.88-4.36) 0.001
Glomerular filtration rate, ml/min 73.4 (65.8-84.3) 42.8 (32.7-50.7)  0.001 40.9 (32.4-49.3) 20.6 (12.7-33.0) 0.001
Cardiovascular risk factors, n (%)

Arterial hypertension 357 (61) 374 (64) 0.307 99 (73) 95 (70) 0.592

Diabetes mellitus 152 (26) 156 (27) 0.791 59 (43) 61 (45) 0.807

Hyperlipidemia 192 (33) 181 (31) 0.491 48 (35) 40 (29) 0.300

Smoking 202 (34) 160 (27) 0.008 42 (31) 27 (20) 0.037

Cardiac family history 76 (13) 45 (8) 0.003 12 (9) 9(7) 0.496
Comorbidities, n (%)

Prior chronic heart failure 164 (28) 175 (30) 0.479 58 (43) 61 (45) 0.714

Prior coronary artery disease 261 (44) 278 (47) 0.320 75 (55) 83 (61) 0.326

Prior myocardial infarction 162 (28) 155 (26) 0.646 43 (32) 43 (32) 1.000

Liver cirrhosis 6(1) 10 (2) 0314 22 4(3) 0.684

COPD/asthma 60 (10) 66 (11) 0.572 19 (14) 23 (15) 0.502

Acute myocardial infarction 177 (30) 177 (30) 1.000 43 (32) 36 (27) 0.350

STEMI 54 (9) 58 (10) 0.691 9(7) 11 (8) 0.642
NSTEMI 123 21) 19 (20) 0.773  34(25) 25 (18) 0.185

Cardiogenic shock 82 (14) 99 (17) 0.170 39 (29) 49 (36) 0.195

Atrial fibrillation 170 (29) 213 (36) 0.007 49 (36) 63 (46) 0.085

Cardiopulmonary resuscitation 159 (34) 266 (45) 0.001 78 (58) 91 (67) 0.104

In hospital 114 (19) 124 21) 0.769 36 (27) 32 (24) 0.104
Out of hospital 145 (25) 142 (24) 42 (31) 59 (43)

Stroke 20 (3) 21 (4) 0.874 4(3) 6(4) 0.519

Intracranial hemorrhage 4(0.7) 1(0.2) 0.374 0(0) 0(0) -
Left ventricular function, n (%)

LVEF>55% 169 (29) 163 (28) 0.136 36 (27) 35 (26) 0.552

LVEF 54-35% 210 (36) 184 (31) 43 (32) 48 (35)

LVEF<35% 210 (36) 242 (41) 57 (42) 53 (39)

Electrical therapies at index, n (%)

Electrophysiological examination 173 (29) 116 (20) 0.001 28 (21) 12 (9) 0.006

Ablation therapy 35 (6) 26 (4) 0.237  8(6) 1(0.7) 0.036
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Table 2 (continued)
Characteristic Non-CKD (n=589; 50%) CKD without p value CKD without CKD with RRT  p value
RRT (n=589; RRT (n=136; (n=136; 50%)
50%) 50%)
Patients discharged, n (%) 492 (84) 404 (69) 0.001 94 (69) 58 (43) 0.001
Overall ICDs, n (%) 249 (51) 227 (56) 0.096 49 (52) 40 (69) 0.041
Medication at discharge, n (%)
Beta-blocker 430 (87) 344 (85) 0.329 80 (85) 45 (78) 0.239
ACE-inhibitor/ARB 347 (71) 278 (69) 0.578 63 (67) 34 (60) 0.295
Aldosterone antagonist 51 (10) 63 (16) 0.019 4.(4) 6 (10) 0.141
Digitalis 66 (13) 60 (15) 0.538 16 (17) 16 (28) 0.121
Amiodarone 69 (14) 69 (17) 0.207 24 (26) 15 (26) 0.964

Bold type indicates statistical significance p <0.05

CKD chronic kidney disease, RRT renal replacement therapy, COPD chronic obstructive pulmonary disease, LVEF left ventricular ejection frac-
tion, (N)STEMI (non-) ST-segment myocardial infarction, /CD implantable cardioverter defibrillator

composite endpoint: 68% vs. 47%; log rank p =0.009;
HR=1.577;95% CI 1.088-1.291; p=0.016) (right panel).

RACE-IT-CKD-score

Patients with a high score were associated with highest all-
cause mortality at 2 years compared to patients with an inter-
mediate and low risk score (Fig. 3, Kaplan—-Meier curves)
(corresponding to maximum risk at 2 years of 84% in the
high-risk group, 39% in the intermediate and 5% in the low-
risk group) (Fig. 3). Similar risk scores were obtained for
cardiac death at 24 h (high risk 47% vs. intermediate risk
16% vs. low risk 1%) (p < 0.05 for each group comparison)
(Fig. 3).

Discussion

The present study evaluates the prognostic impact of the
presence of CKD either without or with RRT in consecutive
high-risk patients presenting with ventricular tachyarrhyth-
mias and aborted SCA on admission.

This real-world data suggests that these high-risk patients
presenting reveal highest long-term all-cause mortality in the
presence of “CKD with RRT”, followed by “CKD without
RRT” and non-CKD patients. Respectively, increasing rates
of secondary endpoints, including cardiac death at 24 h, in-
hospital death at index as well as the composite endpoint
of recurrent ventricular tachyarrhythmias, appropriate ICD
therapies and cardiac death at 24 h, were seen in CKD with
and without RRT compared to non-CKD patients. Prognos-
tic differences were demonstrated even within multivariable
Cox regression models and after propensity-score matching.
The strongest predictors of long-term mortality across all
analyzed subgroups consisted in age, LVEF <35%, cardio-
genic shock and CPR, whereas the presence of an ICD was

consistently beneficial. This study identifies the presence
of CKD both with and without RRT as robust predictors
of adverse secondary outcomes in patients presenting with
ventricular tachyarrhythmias and aborted SCA straight from
the admission scenario, which is also reflected within the
novel description of the so-called “RACE-IT-CKD-score”.

It is currently under debate whether CKD patients may
reveal a higher risk for ventricular tachyarrhythmias favoring
SCA, which has been shown to be a leading cause of death
in hemodialysis patients [1, 23]. Data about the prevalence
of ventricular tachyarrhythmias and CKD and their influ-
ence on mortality are rare [23] and usually derived from
sub-analyses of randomized controlled trials (RCT) evalu-
ating patients in need for hemodialysis only with regard to
different types of applied hemodialysis, whereas patients
with compensated CKD and patients without CKD were
not included.

As mentioned above, “CKD with RRT” patients were
associated with the secondary composite endpoint of recur-
rent ventricular tachyarrhythmias, appropriate ICD thera-
pies and cardiac death at 24 h. “CKD with RRT” patients
also showed the lowest rate of EP and ablation therapy,
and the highest rates of cardiac death at 24 h due to VT
associated with increasing CPR rates. The lower rates of
EP and ablation therapy might be explained by a higher co-
morbidity of “CKD with RRT” and frailty compared to the
other groups. This theory is supported by the fact, that non-
CKD patients showed the lowest rate of cardiac death at 24 h
as well as the highest rate of EP. Whether invasive EP and
ablation therapy may affect long-term all-cause mortality in
CKD patients with and without RRT, may not be explained
by the present study. However, CKD patients are at risk for
recurrent ventricular tachyarrhythmias and might, therefore,
benefit from EP and VT ablation in apparently daily active
patients. Therefore, it would be desirable if further studies
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after propensity score matching
1,0 1,0
0.8 0.8
0,6 0,6
04 04
0,2 P=0.001 0,2 P=0.001
Al Non-CKD CKD without RRT Al CKD without RRT | CKD with RRT
USSR  (n=589; 50%) _ __(n=589; 50%) DU (n=136; 50%)  _(n=136; 50%)
0,0 | meratyn (%) 156 (27) 255 (43) 0,0 mortality, n (%) 69 (51) 101 (74)
0 6 12 18 24 0 6 12 18 24
Months of survival Months of survival
Non-CKD 589 456 433 414 387 CKD without RRT 136 83 78 72 66
CKD without RRT 589 359 331 310 293 CKD with RRT 136 51 45 34 32
after propensity score matching
1,0
1,0
0,8
0,8
0,6 0,6
——
0.4 04
0,2 P=0.026 0,2 P=0.009
Non-CKD CKD without RRT . CKD without RRT CKD with RRT
i [ t
(;om-p:)SIteu/ (n=589; 50%) (n=589; 50%) endg?iﬁ?srll ?%) (n=136; 50%) (n=136; 50%)
0,0 endpoint, n (%) 160 (27) 190 (32) 0,0 ’ 47 (35) 68 (50)
0 6 12 18 24 0 6 12 18 24
Months of survival Months of survival
Non-CKD 589 478 465 441 402 CKD without RRT 136 % 93 % 86
CKD without RRT 589 428 422 402 389 CKD with RRT 136 74 68 66 61

Fig.2 a After propensity score matching, Kaplan Meier survival
curves still demonstrate increasing rates of the primary prognostic
endpoint of long-term all-cause mortality at 2 years between non-
CKD versus “CKD without RRT” (left panel) and “CKD without
RRT” versus “CKD with RRT” patients (right panel). b After pro-
pensity score matching, Kaplan Meier survival curves still demon-

would investigate the effect on long-term all-cause mortality
of VT ablation therapy in “CKD with RRT” patients.

Data from the HEMO study including 1,846 patients
with different types of hemodialysis found an overall SCA
rate of 22% according to a total of 808 patients with SCA
during follow-up period of 2.5 years [31]. Rates of SCA,
non-SCA, and non-cardiac death were 22%, 17%, and 61%,
respectively [31]. Neither non-CKD nor “CKD without
RRT” patients were included, as well as no rates of ven-
tricular tachyarrhythmias were reported in this study. In line,
the prospective and placebo-controlled study of heart and
renal protection (SHARP) assigned 4,650 patients to receive

@ Springer

strate increasing rates of the secondary 2-years composite endpoint
of recurrent ventricular tachyarrhythmias, appropriate ICD therapies
and cardiac death at 24 h between non-CKD versus “CKD without
RRT” (left panel) and “CKD without RRT” versus “CKD with RRT”
patients (right panel)

simvastatin plus ezetimibe and 4,620 to placebo all suffering
from CKD including 33% patients being on hemodialysis,
whereas patients with a history of AMI or coronary revas-
cularization were excluded. Beside a significant reduction
of adverse clinical events (i.e. non-fatal myocardial infarc-
tion or coronary death, non-hemorrhagic stroke, or any arte-
rial revascularization procedure) due to simvastatin plus
ezetimibe, an overall mortality was reported at 24.3% during
4.9 years of follow-up. Cardiovascular diseases including
SCD accounted for 27.9% of total mortality [32]. Patients
without CKD as well as patients with ventricular tachyar-
rhythmias from the outset were not included and data on
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Table 3 Study endpoints after propensity score matching

Characteristic Non-CKD CKD without RRT p value CKD without RRT CKD with RRT p value
(n=589; 50%) (n=589; 50%) (n=136; 50%) (n=136; 50%)
Primary endpoint, n (%)
All cause-mortality, at 2 years 156 (27) 255 (43) 0.001 69 (51) 101 (74) 0.001
Secondary endpoints, n (%)
Cardiac death, at 24 h 62 (11) 106 (18) 0.001 27 (20) 49 (36) 0.003
In-hospital death, at index 97 (17) 185 (31) 0.001 42 (31) 78 (57) 0.001
Composite endpoint (recurrence of 160 (27) 190 (32) 0.056 47 (35) 68 (50) 0.001
ventricular tachyarrhythmias, appro-
priate ICD therapy, cardiac death at
24 h), at 2 years
Follow-up times
Hospitalization total; days (median 13 (8-23) 13 (7-22) 0.917 15(8-27) 18 (9-34) 0.006
(IQR))
ICU time; days (median (IQR)) 3 (0-8) 4(1-9) 0.010 4 (1-9) 6 (2-14) 0.019

Follow-up; days (mean; median
(range))

1859; 1694 (0-5106) 1207; 667 (0-5091) 0.001

1258; 673 (0-5004) 554; 14 (0-4365) 0.001

Bold type indicates statistical significance p < 0.05

CKD chronic kidney disease, RRT renal replacement therapy, /CU invasive care unit, /QR interquartile range, VF ventricular fibrillation, VT ven-
tricular tachycardia, /CD implantable cardioverter defibrillator, SCA sudden cardiac arrest

Fig.3 The RACE-IT-CKD-

»RACE-IT-CKD-score”

Score describes the maximum
associated risk of all-cause
mortality at 2 years and the risk
of death at 24 h when present-
ing with ventricular tachyar-
rhythmias and aborted cardiac LVEF <35%
arrest. The high risk group was Cardiogenic shock
associated with the highest CPR

risk of mortality at 2 years and
with death at 24 h, followed by
the intermediate and low risk
group (p < 0.05 for each group
comparison)

Age > 66 years
Male sex

Chronic kidney disease

Renal replacement therapy
0-1 points= low risk

2-4 points= intermediate risk
5-7 points= high risk

Risk group
Low
Intermediate
High

rates of ventricular tachyarrhythmias is not given. The US
renal data system (USRDS) collects mortality data based on
end-stage kidney disease. According to the 2012 USRDS
annual report ventricular tachyarrhythmias and cardiac arrest
accounted for 63% of cardiovascular and 26.5% of all-cause
mortality in prevalent dialysis patients [14]. However, the
individual outcome of patients specifically presenting with
ventricular tachyarrhythmias was also not documented.

(MDRD-GFR <60 ml/min/1.73m?)

Characteristic m

+1 10 All-cause mortality at 2 years
+1 low risk
+1 0,8
+1
ol 0.6 intermediate risk
®
+ >
1 S 04
<
3
@
+1 0.2
high risk
0,0

0 6 12 18 24
months of follow up

maximum associated risk of

All-cause mortality at 2 years cardiac death at 24 hours

5% (18/366) 1% (3/366)
39% (496/1286) 16% (210/1286)
84% (218/259) 47% (123/259)

According to Sherif et al. the progression of CKD is
associated with an impairment of cardiac repolarization as
being expressed by two-thirds of CKD patients with QTc-
prolongation, of which 20% revealed QTc intervals of more
than 500 ms. The prolongation was independent of electro-
lyte disturbance, drug intake or underlying structural heart
disease [33]. Moreover, sudden potassium and calcium shifts
during hemodialysis are associated with pro-arrhythmogenic
side-effects [1, 2]. These shifts combined with rapid changes
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of blood pressure and volume load may sustain a milieu of
mechanical and electrical imbalance of myocytes, potentially
increasing the risk of ventricular tachyarrhythmias [16, 34,
35]. Additionally, dyslipidemia, oxidative stress, elevated
homocysteine level, hyper-parathyreoidism, hyper-phos-
phataemia and electrolyte imbalance may also alleviate the
development of ventricular tachyarrhythmias [1]. Of note,
accumulation of numerous toxins, such as b2-microglobulin,
guanidines, phenols, indoles, aliphaticamines, furans, poly-
ols, nucleosides, leptin, parathyroid hormone and erythro-
poiesis inhibitors may aggravate cardio-toxicity, which is
nowadays not clarified in detail [36, 37]. Whether genomic
alterations may influence the occurrence of ventricular tach-
yarrhythmias has not yet been completely understood and is
a matter for further studies in future [38, 39].

Supply with activated ICDs for primary and secondary
prevention in patients with severe systolic heart failure is
based on a class I, level of evidence A recommendation [40].
An alternative to the transvenous ICD is the subcutaneous
implantable defibrillator (s-ICD) in patients with systolic
heart failure when antitachycardia or antitbradycardia pac-
ing is not additionally needed (class of recommendation II,
level of evidence A) [41-46]. Nevertheless, the implantation
of an ICD or s-ICD is an invasive procedure. Therefore, it
is important to identify high risk subgroups of patients that
may benefit from an ICD-therapy [47-50].

However, whether especially CKD patients may benefit
from an activated ICD is still under ongoing debate [51].
This present study demonstrated that CKD patients present-
ing with ventricular tachyarrhythmias and aborted SCA are
still associated with increasing mortality despite the pres-
ence of an activated ICD compared to patients without CKD.
The presence of an ICD increased long-term survival, espe-
cially in ’CKD with RRT” patients, however, these patients
were still associated with highest mortality compared to
“CKD without RRT” and non-CKD patients. Multivariable
Cox regression models demonstrated a prognostic benefit
of the presence of an activated ICD both in VT and VF
patients, as well as in CKD with and without RRT and non-
CKD patients. It might be speculated, whether an activated
ICD may be of prognostic benefit even for primary preven-
tion especially in “CKD with RRT” patients. Results of the
prospective ICD-2-study from Leiden University Medical
Center are awaited and will address this important topic
[51, 52]. In summary, the present study demonstrates high-
est secondary all-cause mortality at 2 years in “CKD with
RRT” followed by “CKD without RRT” patients compared
to non-CKD patients, when presenting with ventricular
tachyarrhythmias and aborted SCA on admission. In line,
secondary prognostic endpoints of cardiac death at 24 h,
in-hospital death and the composite of recurrent ventricu-
lar tachyarrhythmias, appropriate ICD therapies and early
cardiac death at 24 h were increased in “CKD with RRT”,

@ Springer

followed by “CKD without RRT” and non-CKD patients.
Future RCT should address, whether implantation of an ICD
may be indicated in high-risk CKD patients presenting with
ventricular tachyarrhythmias.

Study limitations

This observational and retrospective registry-based analysis
reflects a realistic picture of consecutive health-care sup-
ply of high-risk patients presenting with ventricular tach-
yarrhythmias and SCA. Lost to follow-up rate regarding
the evaluated endpoint of all-cause mortality was minimal.
Additionally, heterogeneity within the study population
was controlled by a stepwise statistical approach including
multivariable adjustment for several important comorbidi-
ties and risk factors, both within the entire and propensity
matched cohorts. Patients not surviving out of hospital CPR
and not being transferred to the heart centre were, therefore,
not included in this study. All clinical data was documented
reliably by individual cardiologists during routine clinical
care being blinded to final analyses, alleviating the use of
an independent clinical event committee.

Conclusions

The presence of CKD with and without RRT is an independ-
ent predictor of long-term all-cause mortality at 2 years, car-
diac death at 24 h, in-hospital death at index and the 2-year
composite endpoint of recurrent ventricular tachyarrhyth-
mias, appropriate ICD therapies and cardiac death at 24 h
in patients presenting with ventricular tachyarrhythmias and
aborted SCA on admission.
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