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ABSTRACT

BACKGROUND Left ventricular assist device (LVAD) implantation is increasingly used in
patients with end-stage heart failure. Early ventricular arrhythmias (VAs) may occur during
the 30-day post-operative, but many questions remain unanswered regarding their incidence
and clinical impact.

OBJECTIVES This study aimed to evaluate incidence, clinical significance, and predictors of
early VAs in LVAD recipients.

METHODS This observational study was conducted in 19 centers between 2006 and 2016.
Early VAs were defined as sustained ventricular tachycardia/fibrillation occurring <30 days
post-LVAD implantation and requiring appropriate implantable cardioverter defibrillator
therapy, external electrical shock, or medical therapy.

RESULTS A total of 652 patients (median age 59.8 years; left ventricular ejection fraction
20.7 £ 7.4%; HeartMate 2: 72.8%, HeartWare: 19.5%, Jarvik 2000: 7.7%) were included in
the analysis. Early VAs occurred in 162 (24.8%) patients, most frequently during the first
week after LVAD implantation. Multivariable analysis identified history of VAs prior to
LVAD and any combined surgery with LVAD as 2 predictors of early VAs. The occurrence
of early VAs with electrical storm was the strongest predictor of 30-day post-operative
mortality, associated with a 7—fold increase of 30-day. However, in patients discharged alive
from hospital, occurrence of early VAs did not influence long-term survival.

CONCLUSION Early VAs are common after LVAD implantation and increase 30-day post-
operative mortality, without affecting long-term survival. Further studies will be needed to
analyze whether pre or pre-operative ablation of VAs may improve post-operative outcomes.

CLINICALTRIALS.GOV IDENTIFIER: NCT02873169
KEY WORDS: Left ventricular assist device, ventricular arrhythmia, post-operative mortality
ABBREVIATIONS

ACE = angiotensin-converting enzyme

AF = atrial fibrillation

CI = confidence interval

ICD = implantable cardioverter-defibrillator

LVAD = left ventricular assist device

LVEDD = left ventricular end-diastolic diameter

LVEEF = left ventricular end-ejection fraction

OR = odds ratio

VA = ventricular arrhythmia

VT = ventricular tachycardia



INTRODUCTION

Continuous-flow left ventricular assist device (LVAD) implantation has been shown to
improve survival in patients with refractory heart failure and is increasingly used as a bridge
or alternative to transplantation (1-3).

Ventricular arrhythmias (VAs) are common in patients with advanced heart failure and
contribute to increased mortality (4). After LVAD implantation, late VAs (>30 days after
implantation) are frequent with controversial impact on long-term survival (5-7). Little is
known about VAs occurring during the first 30 days after LVAD implantation. Recent data
regarding their prevalence and clinical impact are scarce or coming from single center
studies, and most events are attributed to suction events, inotropic medication or electrolyte
disorders (8) (9-11). In the present study, we aimed at describing the prevalence, predictors
and clinical impact of early VAs in patient with LVAD included in the ASSIST-ICD
observational study.

METHODS

STUDY DESIGN. The ASSIST-ICD is a retrospective, multicenter observational study
(NCT02873169) of durable mechanical circulatory support devices implanted in 19 French
tertiary centers. The methods of this study have been previously published (5).

Briefly, patients aged >18 years implanted with axial HeartMate 2 (Abbott, Chicago,
Illinois), Jarvik2000 (Jarvik Heart, Inc., New York, New York), or centrifugal HeartWare
pumps (Medtronic, Columbia Heights, Minnesota) between February 2006 and December
2016 were included in the final analysis. The type of pump implanted depended on the local
heart team’s decision in each center. Exclusion criteria were: patients who underwent total
artificial heart placement or pulsatile flow LVAD; history of heart transplant; and VentrAssist
(Ventracor, Chatswood, NSW, Australia) recipients. Patients deceased during LVAD surgery

were excluded from the final analysis.



This study was approved by the regional ethic committees, the French Advisory
Committee on the Treatment of Research Information in the Field of Health (CCTIRS), and
the French National Commission of Informatics and Civil Liberties (CNIL). A non-
opposition letter was sent to the patients, as requested by French authorities for retrospective
studies.

BASELINE ASSESSMENT AND FOLLOW-UP. Baseline data — including demographic
characteristics, cardiac disease and heart failure history, VAs and radiofrequency ablation
procedures prior to or after LVAD implantation history, echocardiography, and blood
chemistry values — were collected from hospital files for all patients. Peri-operative data
(such as the necessity of a combined surgery or a right extracorporeal life support) was
collected.

Follow-up was performed according to each institution’s protocols. The LVAD
controller monitor was checked during every clinical visit in each center, according to state-
of-the-art standard of care for LVAD recipients. The last day of follow-up was December
31st 2016, the date of heart transplantation, or death, whichever occurred first.
VENTRICULAR ARRHYTHMIAS. As previously described (5), VAs were defined as
sustained (>30 seconds) ventricular tachycardia (VT) or ventricular fibrillation (VF) without
an acute reversible cause and treated medically, by external electrical shock, or appropriate
therapy from an implantable cardioverter-defibrillator (ICD) (anti-tachycardia pacing or
shock). Of note, the occurrence of early VA associated with acute reversible causes during
the post-operative period (i.e. LV suction events or electrolyte abnormalities) was not
considered as early VA and was not collected. The number and type of VAs and specific
therapies to restore sinus rhythm were collected. VAs were classified according to their time
of occurrence: VAs prior to LVAD implantation, early VAs post LVAD implantation

(occurring within 30 days after the surgery), or both. Electrical storm was defined as three or



more VA episodes in less than 24 hours.

During the post-operative period, telemetry monitoring, electrocardiogram strips or
electrograms of VAs episodes were collected. All antiarrhythmic drug therapies introduced
during the post-operative period were collected.

STUDY ENDPOINTS. The primary endpoints of the study were the rates of early VAs.
Secondary endpoints included all-cause of mortality during the post-operative period (<30
days after LVAD implantation) and all-cause of mortality in patients discharged from
hospital, depending on the occurrence of early VAs or not. Deaths were classified as
cardiovascular (cardiac or vascular cause) or non-cardiac deaths.

STATISTICAL ANALYSIS. Qualitative variables are expressed as number (percentage);
continuous data as mean + standard deviation or median (interquartile range) depending on
their distribution, which was assessed using the Kolmogorov-Smirnov test. Survival rates
were summarized using Kaplan—Meier estimates, and log-rank tests were used to compare
groups. To account for a potential clustering effect within centers, predictors of early VAs
and operative (30 days) mortality post-LVAD were analyzed using univariate and
multivariable multilevel logistic regressions with the center of inclusion as a random effect
with the use of generalized linear mixed models. Variables with p-values <0.1 in univariate
analysis were included in the multivariable analysis. All univariate analyses were performed
on complete cases.

Overall, 23% of patients had missing values for at least one variable, but, of note, only 3
variables are concerned: left ventricular end-diastolic diameter (12.0%), left ventricular
ejection fraction (3.7%) and serum bilirubin (13.7%). For the purposes of the multivariable
analysis, missing data were handled by multiple imputations using the Markov Chain Monte
Carlo method after Little’s test had confirmed that they were missing completely at random.

Ten imputed datasets were created; results were pooled according to Rubin’s rule (12) and



reported as adjusted odds ratios (ORs) with their 95% confidence intervals (Cls). The absence
of multicolinearity in the final model was verified using tolerance and variance inflation
factor measurements. Kaplan—Meier estimates were used to construct the survival curves
based on all available follow-up for the time-to-event analysis and were plotted according to
the occurrence of early VA and the type of early VA. All tests were two-sided at the 0.05
significance level. Statistical analyses were conducted using the Statistical Package for Social
Sciences version 22 (SPSS Inc., IBM, Armonk, New York).

RESULTS

STUDY POPULATION. From 2006 to 2016, a total of 659 patients were implanted with a
continuous-flow LVAD and included in the study. Among these, 7 patients were excluded (3
patients received a VentrAssist and 4 patients died during the LVAD surgery). A total of 652
patients were included in the final analysis.

Baseline characteristic of the 652 patients are presented in Table 1. Overall, 86.0%
were male, 63.2% had an ischemic cardiomyopathy, and the median heart failure duration
was 61.4 months (interquartile range: 2.1-168.8). Two hundred and twenty three patients
(34.2%) had a history of at least one sustained VT/VF and 36 (16.1%) had a VT ablation
procedure performed. The HeartMate 2 was the most common LVAD implanted (72.8%) and
the leading indication (59.4%) was bridge to transplantation.

After LVAD implantation, the mean VT and VF detection rates programmed in ICDs
were 176.6+£16.2 bpm (5.7+3.4 antitachycardia pacing attempts before ICD shock) and
225.9+11.9 bpm (ATP during/after charging then shock).

PREVALENCE AND PREDICTORS OF EARLY VENTRICULAR ARRHYTHMIAS. One
hundred and sixty-two (24.8%) patients had at least 1 episode of early VA. Compared to
patients without early VAs, those with early VAs had significantly had a longer median heart

failure duration and greater LV volumes (Table 1). They also more often had a history of



VAs and more ICDs implanted prior to LVAD implantation. Furthermore, serum creatinine
was higher before LVAD surgery in patient with early VAs. No difference was found
regarding age, gender and etiology of the underlying cardiomyopathy between the two
groups. Regarding the characteristics of the LVAD implantation, there was no difference in
the clinical and the type of LVAD but patients with early VAs had more combined surgery at
the time of LVAD implantation. In the 30-day post-operative, patient who experienced early
VAs presented more AF episodes. Multivariable analysis identified history of VAs prior to
LVAD implantation as the strongest significant predictor of early VA (OR 2.36 95% CI:
1.57-3.56, p<0.001). Interestingly, combined surgery with LVAD implantation was also an
independent predictor of the occurrence of early VA. Lastly, we observed that temporary
right ECLS implantation during LVAD surgery decreases by 2-fold the risk of early VA
(Table 2).

Among the 162 patients with early VAs, a total of 1379 early VAs were documented for
an average of 2.1 VAs per patient-month. The first episode occurred after a median time of
6.0 days (interquartile range; 2.0-12.0) post-LVAD implantation and 93 (57.4%) patients had
the first early VA in the first week post LVAD implantation (Figure 1). Forty patients
(24.7%) had VF episodes (total number of episodes: 352; median of 1.0 episode per patient
[interquartile range: 1.0-3.0]). VT episodes were documented in 141 patients (87.0%) (total
number of episodes: 1,027; median of 3.0 episodes per patient [interquartile range: 1.0-5.25]).
Among the 162 patients, 114 (70.4%) experienced between 1 and 5 early VAs episodes (52
had 1 VA episode and 62 between 2 and 5 events) and 21 (13%) had more than 10 early VAs
episodes. Electrical storm occurred in 39 patients after a median of 7.0 days (interquartile
range 3.0-16.7) after LVAD implantation. A total of 94 patients (58.0%) received at least 1
shock during the 30-day post-operative period (22, 52 and 20 received respectively only

external shocks, only ICD shocks or both). Catheter ablation of VT was performed in 7



patients in the post-operative period, 15.5 (1.0-24.0) days after the first early VA episode,
without procedural complications (none had catheter ablation prior to LVAD implantation).
Of note, radiofrequency ablation was performed for VT and VF episodes in 5 and 2 patients
respectively. The left Purkinje area was the targeted ablation sites in both patients with early
VF. Among these 7 patients, 2 needed a redo ablation during the index hospitalization.
Interestingly, 6 patients were discharged alive from hospital and 2 presented VAs recurrences
during follow-up.

CLINICAL IMPACT OF EARLY VENTRICULAR ARRHYTHMIAS. Patients with early
VAs had a significantly longer duration of hospitalization in intensive care unit and a longer
total hospital stay than patients without early VAs (Table 1). A total of 138 patients (21.2%)
died during the hospitalization period, 50/162 (30.8%) patients with early VAs and 88/490
(18.0%) patients with no early VA (p<0.001, Table 1). As shown in Figure 2, Panel A,
occurrence of early VAs was associated with increased mortality during the 30-day post-
operative especially in case of early VAs associated with electrical storm (Figure 2, Panel B).
In multivariable analysis, the occurrence of early VAs associated with early electrical storm,
heart failure duration and any surgery combined with LVAD, were independent predictors of
30-day post-operative mortality (Table 3). Of note, among these predictors, early VAs
associated with early electrical storm had the strongest OR, with a 7-fold increase in
mortality (OR: 7.36; 95%CI: 2.71-20.00). Conversely, a 2-fold decrease in mortality was
observed in patients receiving amiodarone during the intensive care unit (ICU) stay. Of note,
amiodarone was initiated after a median time of 2.0 (0.0-5.0) days after LVAD implantation
and might have been initiated for the occurrence of VA or AF. Lastly, LVAD recipients with
ICD exhibited an important decrease in the risk of post-operative mortality. Importantly, in
patients discharged alive from hospital early VAs did not influence long-term mortality

(Figure 3).



In the light of the multivariable analysis, we compared patients with early VA with or
without electrical storm episode. Results are described in Table 4. Briefly, patients did not
differ in term of baseline characteristic. However, a significantly higher rate of right ECLS
implantation during the LVAD surgery was observed in patient with electrical storm.
DISCUSSION

To the best of our knowledge, this is the largest database on early VAs in LVAD
recipients aiming to describe their prevalence, predictors and clinical impact after LVAD
implantation. The four main findings are as follows: 1) early VAs are common after LVAD
implantation, occurring in 24.8% of patients; 2) 57.4% of the patients experience their first
early VA during the initial 7 post-operative days; 3) occurrence of VAs prior to LVAD
implantation and any surgery combined with LVAD implantation are two independent
predictors of early VAs; 4) early VAs associated with electrical storm is the strongest
predictor of 30-day post-operative mortality, with a 7-fold increased risk of death.

EARLY VENTRICULAR ARRHYTHMIAS IN LVAD RECIPIENTS. Early VAs frequently
occur in LVAD recipients. In recent studies, the incidence of early VAs was estimated
between 13.2% and 23.5% in patients with continuous-flow LVAD (1, 10-11). A similar rate
was observed in our study with early VAs documented in 24.8% of the patients. In contrary
with late VAs, which are often asymptomatic because of the continuous flow of the LVAD
ensuring efficient hemodynamic support (13), early VAs, occurring shortly after LVAD
implantation, are more likely to be responsible for hemodynamic deterioration (14). In fact,
patients with early VAs more often exhibit right ventricular failure, increasing duration of
hospitalization (10). We confirm this impact on morbidity with a longer duration in intensive
care unit and a longer total hospital length of stay. Data regarding the mortality impact of
early VAs in continuous-flow LVAD are scarce. Bedi et al (9) showed that the mortality risk

was high when VAs occurred within the first post-operative week, but this study mostly
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included patients with pulsatile flow LVAD which is not representative of the current
practice. In a recent study, electrical storm has been described as a pejorative feature in the
early postoperative period (15). We demonstrate in a large population of LVAD recipients
that early VAs associated with electrical storm was the strongest predictor of 30-day post-
operative mortality, with a 7-fold increased risk of death. Indeed, despite the continuous flow
generated by the LVAD, early VAs can lead to right ventricular failure and hemodynamic
deterioration in this high-risk post-operative period.

Interestingly, we also found that heart failure duration and combined surgery with
LVAD are independent predictors of post operative mortality. These parameters are probably
related to more advance cardiomyopathy at the time of implantation. Additionally, patients
who required combined surgery with LVAD, usually had a multifactorial and more complex
cardiomyopathy at baseline. Lastly, those patients experienced a longer cardiopulmonary
bypass duration during surgery, possibly leading to higher rate of post-operative myocardial
insult.

PREDICTORS OF EARLY VENTRICULAR ARRHYTHMIA. In this study, we identified
that history of pre-operative VAs and any surgery combined with LVAD are two independent
predictors of early VAs. Indeed, history of pre-operative VAs has been described as a
predictor of early VAs (10), undoubtedly explained by the underlying arrhythmic substrate.
For a long time, the apical cannula of the LVAD was incriminated as the substrate of early
VA (16) but recent data showed that the preexisting scar was the main substrate for early VA.
Indeed, Sacher et al found that in 34 patients scheduled for VT ablation after LVAD
implantation, only 10/110 (9%) of the targeted VTs were related to the HeartMate II cannula
(17). Similarly, Snipelisky et al reported in a cohort of 6 LVAD recipients who had VT
ablation, only 2 VTs directly related to the LVAD inflow cannula site (18). Lastly, similar

result was found in a large single center experience of 21 LVAD recipients who underwent
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catheter ablation and only 5 (24%) patients had cannula-adjacent related VT (19). Finally, the
fact that history of VAs prior to LVAD implantation is a predictor of early VAs is a strong
argument supporting to the substrate-dependent, macro-reentrant, mechanism of post-LVAD
arrhythmias. We also observed that any surgery combined with LVAD is an independent
predictor of the occurrence of early VA. Indeed, combined surgery may probably play a role
in triggering VA, through ischemia related to an increased procedural time, in patients with
an underlying VA substrate. Conversely, we noted that temporary right ECLS implantation at
the time of LVAD implantation decreases by 2-fold the risk of early VA events. This finding
questions about the impact of the right ventricular function on the occurrence of early VA
during the post-operative period.

Some precipitant factors, specific to the post-operative period, may also play a
significant role in the onset of early VAs. In fact, fluid and electrolyte shifts or use of
inotropic drugs probably intervene in early VAs occurrence (20). An increase in QTc interval
after LVAD implantation has been described (21-22) and may trigger V As through a delayed
post-depolarization mechanism. Ventricular unloading, associated with changes in parietal
stretch that may alter the electrical properties of the tissue (refractory periods or conduction
times), particularly in the scar area, and may favor VAs (17).

CLINICAL IMPLICATIONS. This study strongly suggests that early VAs, and especially the
occurrence of early electrical storm, is the strongest predictor of 30-day post-operative
mortality, with a 7-fold increased risk of death. In addition, history of VA prior to LVAD is a
predictor of 30-day post-operative VAs. The Figure 4 synthesizes the main findings of the
paper and their impact in clinical practice. Indeed, a rigorous pre-operative rhythmic
evaluation is critically needed to determine those patients at high risk of early arrhythmias
and in-hospital death. These findings are a plea to integrate electrophysiologists into the

multidisciplinary “LVAD Heart Team” in charge of patients’ selection and management in
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order to discuss the following attitudes:

- Patients with a history of VA should be evaluated by electrophysiologists prior to
LVAD implantation and a VT ablation could be discussed in selected patients. Of
note, catheter ablation could benefit for patients with epicardial substrate (i.e.
patients with non-ischemic dilated cardiomyopathy) for whom an epicardial VT
ablation is challenging, if not impossible, after LVAD implantation due to
pericardial adherences (23). Alternatively, an open-chest epicardial VT ablation at
the time of LVAD implantation, as described in small size studies, (24-27) could
be performed in selected patients. Finally, the decision to combine a surgical
procedure during LVAD implantation should be carefully discussed to limit
myocardial ischemia and decrease the risk of early VA. Prospective studies will be
required to compare the effect of beating or stopping heart LVAD implantation on
the occurrence of early VA.

- During the post-operative period, especially the first week, ICU physicians should
remain vigilant about VAs and rapidly contact electrophysiologists if an
arrhythmia occurs. An aggressive management of arrhythmias should be pursued,
using anti-arrhythmic drugs and proposing catheter ablation of VAs in selected
patients.

- Importantly, we showed that amiodarone (specifically quickly initiated after
LVAD implantation as performed in our study) in ICU had a positive impact in
post-operative survival, highlighting the potential protective benefit of this therapy
on 30-day post-operative outcomes. This finding could question about the empiric
use of amiodarone in the immediate post-operative period. Nevertheless, dedicated
studies are required to specifically evaluate the impact, optimal delay from LVAD

surgery and dose of empiric anti-arrhythmic drugs in the post-operative period. Of
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note, amiodarone did not show any beneficial anti-arrhythmic effect during long-
term follow-up (5) and we do not encourage continuing this treatment beyond the
30-day post-operative period.

- Lastly, we also observed that ICD positively impacts 30-day post-operative
survival. Indeed, ICD may probably quickly terminate VA events using anti-
tachycardia pacing therapy compared to patients without ICD and consequently
limit the negative impact of prolonged VA episodes or the need for external shock.
Furthermore, in the post-operative period, LVAD recipients are often
hemodynamically unstable and may probably be more prone to experience
deleterious effect of prolonged VA or shocks. However, further studies are
warranted to clearly define the optimal device programming and the impact of
conservative VT management with longer VA detection delay and aggressive
antitachycardia-pacing therapies.

LIMITATIONS. Our observational study has some limitations, including its retrospective
design that may have affected the results. Furthermore, in Europe and particularly in France,
many patients are in advanced cardiogenic shock at the time of LVAD implantation and
probably suggest that the French LVAD recipients are probably sicker than US patients.
Thus, our results cannot be necessarily extended to other populations. In addition, early VAs
with electrical storm increase the 30-day post-operative mortality, but these patients are often
sicker with worst prognosis and this bias cannot be excluded. Additionally, early VAs
associated with post-operative specific acute reversible etiology (i.e. LV suction events or
electrolyte abnormalities) were excluded from the analysis. However, due to the retrospective
inclusion, the real rate of VA without reversible etiology is probably overestimated.
Furthermore, duration of inotropic agent administration was not collected and the impact of

inotrope drug use on the occurrence of early VAs has not been evaluated. Lastly, the impact
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of the pre-operative right ventricular function on the occurrence of early VA has not been
accurately investigated and we are not able to specifically explain the protector effect of
temporary right ECLS implantation.

CONCLUSION.

Early VAs are common after LVAD implantation and increase post-operative
mortality, without affecting long-term survival. Early VAs associated with the occurrence of
early electrical storm, is the strongest predictor of the 30-day post-operative mortality, with a
7-fold increased risk of death. Further studies will be needed to analyze whether pre-

operative ablation of VAs may improve post-operative outcomes.
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PERSPECTIVES:

COMPETENCY IN PATIENT CARE AND PROCEDURAL SKILLS: Early VAs, and
especially the occurrence of early electrical storm, is the strongest predictor of post-operative
mortality, with a 7-fold increased risk of death. Occurrence of VAs prior to LVAD
implantation and any surgery combined with LVAD are two independent predictors of early
VAs. A rigorous pre-operative rhythmic evaluation is critically needed to determine those
patients at high risk of early arrhythmias and in-hospital death.

TRANSLATIONAL OUTLOOK: Further studies will be needed to analyze whether pre- or
preoperative ablation of VAs improves postoperative outcomes.
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FIGURE TITLES AND LEGENDS

FIGURE 1: Type and number of early vas per patient and timing of the occurrence of the first
early VA. LVAD = Left ventricular assist device; VA = ventricular arrhythmia.

FIGURE 2: 30-day survival after LVAD implantation depending on (A) the occurrence of
early VAs, (B) the occurrence of early electrical storm. VA = ventricular arrhythmia

FIGURE 3: Survival after hospital discharge according to the occurrence of early VAs during
in-hospital stay. VA = ventricular arrhythmia

CENTRAL ILLUSTRATION: Suggested management for early VA in LVAD recipients.
ICU = intensive care unit; LVAD= Left ventricular assist device; VA = ventricular
arrhythmia
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TABLE 1 Baseline Demographics.

Patients with early

Patients without

A?nz 2;1;51;1’)1128 VAs early VAs p Value
(n=162) (n=490)

Age. Yrs 59.8 (51.4-66.4) 59.5 (53.3-65.4) 59.9 (50.9-66.6) 0.820
Men 561 (86.0) 143 (88.3) 418 (85.3) 0.416
Body mass index. kg/m? 25.3 (22.6-27.8) 26.5 (23.7-29.3) 25.0 (22.2-27.5) <0.001
Heart failure etiology
Ischemic 412 (63.2) 102 (63.0) 310 (63.3) 0.983
Idiopathic 178 (27.3) 45 (27.7) 133 (27.1) ’
Other 62 (12.9) 15 (9.3) 47 (9.6)
Heart failure duration. months 61.4 (2.1-168.8) 87.6 (12.2-184.4) 45.0 (1.6-160.6) 0.012
LVEDD prior to LVAD. mm 70.0 (64.0-75.0) 72.0 (65.0-77.0) 69.0 (62.0-74.5) <0.001
LVEEF prior to LVAD. % 20.0 (15.0-25.0) 20.0 (15.0-25.0) 20.0 (15.0-25.0) 0.076
History of VAs 223 (34.2) 87 (53.7) 136 (27.8) <0.001
VT ablation prior to LVAD 36 (5.5) 13 (8.0) 23 (4.7) 0.158
ICD prior to LVAD 403 (61.8) 117 (72.2) 286 (58.4) 0.002
CRT prior to LVAD 198 (30.4) 51 (31.7) 147 (28.7) 0.797
Biology Serum
-Creatinine. pmol/L (n=598) 115.0 (87.0-148.0) 125.0 (95.0-154.0) 110.0 (85.0-145) 0.012
-Serum sodium. mmol/L (n=599) 136.0 (132.0-139.0) | 135.0(132.0-138.0) | 136.0 (132.0-139.0) | 0.457
-Total bilirubin. umol/L (n=563) 16.0 (10.0-27.0) 16.5 (11.0-31.0) 16.0 (10.0-25.0) 0.079
Temporary mechanical circulatory
support
-Extracorporeal life support 136 (20.9) 33(20.4) 103 (21.0) 0.816
-Intra-aortic pump balloon 58 (8.9) 8(4.9) 50 (10.2) 0.06
-Impella 64 (9.8) 13 (8.0) 51 (10.4) 0.439
Type of LVAD
-HeartMate 2 475 (72.8) 118 (72.8) 357 (72.8) 0.931
-HeartWare 127 (19.5) 36 (22.2) 91 (18.6) ’
-Jarvik2000 50 (7.7) 8(4.9) 42 (8.6)
LVAD indication
-Bridge to transplantation 387 (59.4) 97 (59.9) 290 (59.2) 0.961
-Destination therapy 247 (37.9) 61 (37.6) 186 (38.0) ’
-Bridge to decision / recovery 18 (2.8) 4(2.5) 14 (2.8)
Surgery combined with LVAD 95 (14.6) 32 (19.8) 63 (12.9) 0.043
Temporary right ECLS during 81 (12.4) 13 (8.0) 68 (13.9) 0.069
surgery
Drugs post LVAD implantation in
ICU
-Beta-blockers 88 (13.5) 33 (20.4) 55(11.2) 0.005
-Amiodarone 321 (49.2) 121 (74.7) 200 (40.8) <0.001
AF post LVAD in ICU 267 (41.0) 81 (50.0) 186 (38.0) 0.006
Total days in ICU 14.0 (9.0-27.0) 21.0 (13.5-28.0) 13.0 (8.0-25.7) 0.001
Total days in hospital 41.0 (30.0-59.0) 47.0 (34.0-66.0) 39.0 (29.0-57.0) 0.007
Death during hospitalization 138 (21.2) 50 (30.8) 88 (18.0) <0.001
Cause of death 0.151
-Cardiovascular death 62 (44.9) 27 (54.0) 35 (37.9) )
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-Non-cardiovascular death

76 (55.1)

23 (46.0)

53 (60.2)

Heart transplant during
hospitalization

7(1.1)

1 (0.6)

6 (1.2)

0.833

Values are median (interquartile range), n (%), or mean + standard deviation. AF = atrial
fibrillation; CRT = cardiac resynchronization therapy; ECLS = extracorporeal life support;
ICD = implantable cardioverter-defibrillator; ICU = intensive care unit; LVAD = left
ventricular assist device; LVEDD = left ventricular end-diastolic dimension; LVEF = left
ventricular ejection fraction; VAs = ventricular arrhythmias; VT = ventricular tachycardia
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TABLE 2 Multivariable Analysis for Risk Prediction of Early VAs.

B coefficient OR (95% CI) p Value
Body mass index,kg/m? 0.028 1.03 (0.99-1.07) 0.186
Heart failure duration, months 0.001 1.00 (0.99-1.00) 0.831
LVEDD prior to LVAD, mm 0.012 1.01 (0.99-1.03) 0.103
VAs prior to LVAD 0.859 2.36 (1.57-3.56) | <0.001
ICD prior to LVAD 0.115 1.12 (0.69-1.82) 0.639
Total bilirubin prior to LVAD, mmol/L* 0.006 1.01 (1.00-1.01) 0.064
Intra-aortic pump balloon prior to LVAD -0.275 0.76 (0.33-1.77) 0.524
Surgery combined with LVAD 0.561 1.75 (1.05-2.93) 0.033
Temporary right ECLS during LVAD surgery -0.739 0.48 (0.24-0.95) 0.035
AF post LVAD in ICU 0.293 1.34 (0.91-1.97) 0.137

AF: atrial fibrillation; CI = confidence interval; ECLS = extracorporeal life support; ICD =
implantable cardioverter-defibrillator; ICU = intensive care unit; LVAD = left ventricular
assist device; LVEDD = left ventricular end-diastolic dimension; OR = odds ratio; VA =
ventricular arrhythmia, VT = ventricular tachycardia.
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TABLE 3 Multivariable Analysis for Risk Prediction of 30-day post-operative mortality

B coefficient OR (95% CI) p Value
Age 0.015 1.01 (0.98-1.05) 0.328
Hypertension 0.404 1.50 (0.83-2.71) 0.180
Heart failure duration 0.003 1.003 (1.001-1.005) | 0.003
LVAD recipients with ICD -3.161 0.04 (0.02-0.09) 0.001
VT ablation prior to LVAD 0.532 1.70 (0.57-5.08) 0.341
Total bilirubin prior to LVAD 0.006 1.01 (0.99-1.01) 0.150
Impella prior to LVAD 0.580 1.79 (0.78-4.08) 0.718
Surgery combined with LVAD 1.106 3.02 (1.49-6.11) 0.002
Temporary right ECLS during surgery 0.218 1.24 (0.57-2.73) 0.586
Early VAs without electrical storm 0.707 2.03 (0.96-4.29) 0.065
Early VAs with electrical storm 1.996 7.36 (2.71-20.00) 0.001
AF post LVAD in ICU -0.734 0.48 (0.25-0.93) 0.028
Beta blockers in ICU -0.859 0.42 (0.15-1.20) 0.105
Amiodarone in ICU -0.765 0.46 (0.23-0.92) 0.028

AF = atrial fibrillation; CI = confidence interval; ECLS = extracorporeal life support; ICD =
implantable cardioverter-defibrillator; ICU = intensive care unit; LVAD = left ventricular
assist device; LVEDD = left ventricular end-diastolic dimension; OR = odds ratio; VA =
ventricular arrhythmia.
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Table 4: Characteristics between patients with early ventricular arrhythmias and with or
without the occurrence of early electrical storm
Early VA without Early VA with p Value
electrical storm electrical storm
(n=123) (n=39)
Age. Yrs 59.5 (53.4-65.5) 59.5 (53.3-65.3) 0.770
Men 111 (90.4) 32 (82.1) 0.971
Body mass index. kg/m? 26.7 (23.8-25.6) 26.3 (23.7-29.) 0.634
Heart failure etiology 0.290
Ischemic 74 (60.2) 28 (71.8)
Idiopathic 38 (30.9) 7(17.9)
Other 11 (8.9) 4 (10.3)
Heart failure duration. months 76.4 (11.9-176.0) 91.0 (26.5-215.2) 0.259
LVEDD prior to LVAD. mm 72.3£9.2 71.2+8.3 0.543
LVEF prior to LVAD. % 20.0 (15.0-25.0) 20.0 (15.0-22.0) 0.732
History of VAs 62 (50.4) 25 (64.1) 0.190
ICD prior to LVAD 88 (71.5) 29 (74.4) 0.891
CRT prior to LVAD 39 (31.7) 12 (30.8) 0.930
Biology
Serum creatinine. pmol/L 127.0 (92.0-156.7) 109.0 (96.7-151.7) 0.509
Serum sodium. mmol/L 135.0 (131.0-138.0) | 135.0 (133.0-138.2) 0.546
Total bilirubin. umol/L 16.0 (10.9-29.1) 19.0 (11.7-33.0) 0.355
Type of LVAD 0.734
HeartMate 2 89 (72.3) 29 (74.4)
HeartWare 27 (22.0) 9(23.1)
Jarvik2000 7(5.7) 1(2.6)
LVAD indication 0.468
Bridge to transplantation 74 (60.2) 23 (59.0)
Destination therapy 47 (38.2) 14 (35.9)
Bridge to decision / recovery 2 (1.6) 2(5.1)
Surgery combined with LVAD 26 (21.1) 6(15.4) 0.578
Right ECLS during surgery 8 (6.5) 5(12.8) <0.001
Early ventricular fibrillation 22 (17.9) 18 (46.2) <0.001
AF post LVAD in ICU 63 (51.2) 18 (46.2) 0.713

Values are median (interquartile range), n (%), or mean + standard deviation. AF = atrial
fibrillation; CRT = cardiac resynchronization therapy; ECLS = extracorporeal life support;
ICD = implantable cardioverter-defibrillator; LVAD = left ventricular assist device; LVEDD
= left ventricular end-diastolic dimension; LVEF = left ventricular ejection fraction; VAs =
ventricular arrhythmias; VF = ventricular fibrillation
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PRE-OPERATIVE PERIOPERATIVE POST-OPERATIVE
PERIOD PERIOD PERIOD

Any surgery combined to LVAD

Historyof VA
S increase increase
SRS e g o R i —> —>> risk of VA and —>> in post-operative
L arrhythmic storm mortality

LVAD Medical ream

Cardiac surgeon
Anesthesiologist
Heart failure specialist
LVAD nurse
Electrophysiologist

Check patient file ® Close contact between ICU and Electrophysiologist
for a history of VA if early VA occur

VA ablation prior to LVAD Aggressive arrhythmia management
should be discussed e Anti-arrhythmic drugs
in selected patients e VA ablation

Discuss the need
for a combined surgery






