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Background: Left ventricular assist devices (LVADs) are widely employed as a therapeutic 
option for end-stage heart failure. We evaluated the outcomes associated with centrifu-
gal-flow LVAD implantation, comparing 2 device models: the Heartmate 3 (HM3) and the 
Heartware Ventricular Assist Device (HVAD).
Methods: Data were collected from patients who underwent LVAD implantation be-
tween June 1, 2015 and December 31, 2022. We analyzed overall survival, first rehospital-
ization, and early, late, and LVAD-related complications.
Results: In total, 74 patients underwent LVAD implantation, with 42 receiving the HM3 
and 32 the HVAD. A mild Interagency Registry for Mechanically Assisted Circulatory Sup-
port score was more common among HM3 than HVAD recipients (p=0.006), and patients 
receiving the HM3 exhibited lower rates of preoperative ventilator use (p=0.010) and extra-
corporeal membrane oxygenation (p=0.039). The overall early mortality rate was 5.4% (4 of 
74 patients), with no significant difference between groups. Regarding early right ventric-
ular (RV) failure, HM3 implantation was associated with a lower rate (13 of 42 [31.0%]) than 
HVAD implantation (18 of 32 [56.2%], p=0.051). The median rehospitalization-free period 
was longer for HM3 recipients (16.9 months) than HVAD recipients (5.3 months, p=0.013). 
Furthermore, HM3 recipients displayed a lower incidence of late hemorrhagic stroke 
(p=0.016). In the multivariable analysis, preoperative use of continuous renal replacement 
therapy (odds ratio, 22.31; p=0.002) was the only significant predictor of postoperative RV 
failure.
Conclusion: The LVAD models (HM3 and HVAD) demonstrated comparable overall sur-
vival rates. However, the HM3 was associated with a lower risk of late hemorrhagic stroke.
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Introduction

The prevalence of end-stage heart failure (HF) is increas-
ing in Korea, posing a major public health challenge and 
incurring substantial costs [1]. However, the scarcity of 
available organs means that heart transplantation, the gold- 
standard treatment for end-stage HF, is an option available 
to few patients. As an alternative, the implementation of a 
left ventricular assist device (LVAD), a durable mechanical 
circulatory support system, has become an established 

treatment for these cases. LVADs can serve as either a bridge 
to transplantation (BTT) or a destination therapy (DT) for 
those with end-stage HF. Several types of LVADs are avail-
able, with ongoing development and introduction of new 
models [2]. In the MOMENTUM3 trial, relative to an axi-
al-f low LVAD, a fully magnetically levitated centrifu-
gal-flow LVAD demonstrated a lower frequency of pump 
replacement or removal and a higher rate of survival free 
of disabling stroke [3]. Consequently, the use of the Heart-
mate 3 (HM3; Abbott Laboratories, Abbott Park, IL, USA), 
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a fully magnetically levitated centrifugal-flow LVAD, has 
seen an uptick. Two types of third-generation LVADs exist: 
the HM3 and the Heartware Ventricular Assist Device 
(HVAD; Medtronic, Minneapolis, MN, USA). Both the 
HM3 and the HVAD are centrifugal devices that are im-
planted within the pericardial space. Subsequent research 
has further highlighted the advantages of the HM3 over 
the HVAD, showing improvements in mean survival time 
and complication-free time along with fewer device mal-
functions [4,5]. Moreover, as of July 2021, the distribution 
and sale of the HVAD had ceased [6]. Despite the adoption 
of the HM3 for patients with end-stage HF in Korea, no 
study has yet analyzed the outcomes associated with this 
device or compared it with other models used in the coun-
try. Therefore, our objective was to assess the outcomes of 
LVAD implantation at our center and to compare the re-
sults between the HM3 and HVAD models.

Methods

Patients

We consecutively enrolled 74 patients who underwent 
implantation of a centrifugal continuous-flow implantable 
LVAD at Asan Medical Center in Seoul, South Korea be-
tween June 2015 and December 2022. Until 2019, only the 
HVAD was utilized, while beginning in 2021, both HVAD 
and HM3 models were available. Initially, our preference 
was for the HM3 model. However, for patients with a 
smaller body size, we selected the HVAD due to its smaller 
dimensions. Beginning in June 2021, only HM3 models 
were used (Fig. 1). No patients were excluded from the 

present study. The patients were divided into 2 groups: 42 
received the HM3, while 32 were implanted with the 
HVAD.

The study protocol received approval from the Institu-
tional Ethics Committee/Review Board of Asan Medical 
Center (study number: 2023-0867; approval date: 2023-07-
12). Given the retrospective nature of the study, the re-
quirement for informed patient consent was waived.

Data acquisition and endpoints

All patients were followed until heart transplantation, 
death, or the end date of the study (December 31, 2022). 
Patients were censored at the time of transplantation or 
death. In the calculation of survival rates, cases involving 
heart transplantation were treated as censored data.

The primary outcome of interest was all-cause mortality 
following LVAD implantation. The secondary endpoints 
included first rehospitalization, early and late complica-
tions, and VAD-related complications. These endpoints 
were defined in accordance with the standards set by the 
International Society for Heart and Lung Transplantation 
Mechanically Assisted Circulatory Support registry. For 
additional information on the definitions of these compli-
cations, refer to Supplementary Table 1.

Clinical data were collected through December 31, 2022, 
during routine visits to the outpatient clinic. To ascertain 
mortality status, details concerning the date and cause of 
death were obtained from the institutional electronic data-
base of Asan Medical Center and the health claims data-
base of the National Health Insurance Service. The latter 
institution represents a mandatory universal health insur-
ance program covering all residents of the Republic of Ko-
rea. Early mortality was defined as death occurring within 
30 days following surgery.

Surgical procedures

Overall, 69 cases involved full median sternotomy, while 
5 patients underwent left thoracotomy with upper sternot-
omy or right anterior thoracotomy. The right atrial auricle 
was selected for venous cannulation. However, in cases re-
quiring right atriotomy for combined surgery, bicaval ve-
nous cannulation was the preferred method. When com-
bined procedures—for instance, aortic or mitral valve 
replacement—necessitated aortic cross-clamping, that step 
was completed first. Following declamping of the aorta, 
LVAD implantation was performed with the heart beating. 
Before administering heparin, a tunnel for the driveline 

Fig. 1. Number of left ventricular assist device (LVAD) implanta-
tion cases by year. HM3, Heartmate 3; HVAD, Heartware Ventric-
ular Assist Device.
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was fashioned. The driveline exit site was positioned on the 
left side for right-handed patients and on the right side for 
left-handed patients. We employed the double-tunnel tech-
nique to establish a silicone-to-skin interface. The place-
ment and orientation of the inflow cannula were verified 
using transesophageal echocardiography, ensuring it was 
directed from the true left ventricular apex towards the 
mitral valve. The outflow graft was connected using 5-0 
Prolene sutures. For the next surgical procedure, a Gore- 
Tex membrane was utilized.

Following LVAD implantation surgery, we adhered to a 
standardized anticoagulation protocol. On postoperative 
day (POD) 1, barring any bleeding, heparin therapy was 
initiated with the goal of achieving an activated partial 
thromboplastin time (aPTT) of 50–75 seconds. In cases in-
volving a bleeding tendency, the target aPTT was adjusted 
to a range of 40–60 seconds. From POD 3 onward, provid-
ed the chest tube drainage output was below 30 mL per 
hour, we introduced a regimen of 100 mg aspirin along 
with warfarin therapy. For the latter, the therapeutic objec-
tive was to achieve a target international normalized ratio 
of 2.0 to 3.0.

Statistical analysis

Continuous variables are presented as either the mean 
with standard deviation or the median with interquartile 
range (IQR, presented as 25th–75th percentile) following 
normality testing. Values were compared using the Student 
t-test or the Mann-Whitney U test. Categorical variables 
are presented as counts and percentages and were analyzed 
using either the chi-square test or the Fisher exact test. 
Survival and freedom-from-event outcomes were evaluated 
using Kaplan-Meier curves, with the log-rank test applied 
to assess differences between groups. Statistical analysis 
was performed using R ver. 4.3.0 (R Foundation for Statis-
tical Computing, Vanderbilt University, Nashville, TN, 
USA).

Results

Baseline characteristics

This study included a total of 74 patients (mean age, 58.9 
years), of whom 83.8% were male. The baseline character-
istics of these patients are detailed in Table 1. No signifi-
cant differences were observed in terms of sex, age, indica-
tion for surgery, or history of cardiac surgery between the 
groups. However, relative to those in the HVAD group, the 

HM3 group exhibited better Interagency Registry for Me-
chanically Assisted Circulatory Support (INTERMACS) 
scores (p=0.006), a lower rate of preoperative ventilator use 
(1 patient [2.4%] versus 8 patients [25.0%], p=0.010), and a 
lower frequency of ECMO (4 patients [9.5%] versus 10 pa-
tients [31.2%], p=0.039). Additionally, ischemic cardiomy-
opathy was more prevalent in the HVAD group. Preopera-
tive transthoracic echocardiography parameters showed no 
significant differences between groups (Table 2). The ma-
jority of procedures in both groups were performed 
through a median full sternotomy, and 31.1% of operations 
were performed in conjunction with other cardiac proce-
dures (Table 3). The specific additional surgical procedures 
are detailed in Table 3.

Clinical outcomes

The early mortality rate was observed to be 5.4% (Table 
4). No significant differences were found in the rates of 
early postoperative complications, including postoperative 
bleeding, gastrointestinal bleeding, pump failure, and 
stroke, between the groups. However, the HVAD recipients 
more frequently required the subsequent implantation of a 
right ventricular assist device (RVAD) following initial 
LVAD implantation (7 patients [21.9%] versus 1 patient 
[2.4%], p=0.022). Additionally, the HVAD group experi-
enced longer intensive care unit (ICU) stays (13 days [IQR, 
9–22 days] versus 8 days [IQR, 7–22 days], p=0.024) and 
greater overall hospitalization time (57 days [IQR, 38–84 
days] versus 34 days [IQR, 27–45 days], p<0.001) following 
surgery.

The median follow-up duration was 200.5 days (IQR, 
107–384 days). This value did not differ significantly be-
tween groups (HM3, 198 days; HVAD, 232 days; p=0.218). 
Over the follow-up period, 29 patients remained alive and 
LVAD-dependent, 29 patients underwent heart transplan-
tation, and 16 patients died. The mean period from LVAD 
implantation to heart transplantation was 234.4±137.7 
days. The overall survival rates at 6, 12, and 24 months 
were 84.8%, 79.7%, and 55.2%, respectively (Fig. 2A). The 
most common cause of death was sepsis due to pneumo-
nia, followed by hemorrhagic stroke (Supplementary Table 
2). In the HM3 group, the survival rates at 6 and 12 
months were 85.6% and 75.6%, respectively, while in the 
HVAD group, survival rates were 83.7% at both 6 month 
and 12 month. No significant difference in survival was 
found between the groups (p=0.79) (Fig. 2B). The BTT 
group exhibited better survival rates than the participants 
receiving DT (p=0.029), with 6- and 12-month survival 
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rates of 87.1% and 82.9% for BTT and 72.7% and 63.6% for 
DT, respectively (Fig. 2C). Survival analysis stratified by 
INTERMACS profiles revealed 6-month survival rates of 
75.0%, 65.0%, 91.6%, and 87.5% for INTERMACS profiles 
of 1, 2, 3, and 4, respectively. The 12-month survival rates 
were 75.0%, 65.0%, 83.3%, and 87.5%, respectively (Fig. 
2D).

During the clinical follow-up period after discharge (me-
dian duration, 4.13 months; IQR, 1.53–6.63 months), a to-
tal of 31 patients (50.8%) required rehospitalization. Of 
these unplanned admissions, 12 patients had received HM3 
implantation, while 19 patients were HVAD recipients. Re-
hospitalization was avoided more frequently in the HM3 
group, with 73.1% of patients free of rehospitalization at 6 
months and 53.3% at 12 months, compared to the HVAD 

group, which exhibited rates of 38.1% at 6 months and 
12.7% at 12 months (Fig. 3A). Bleeding was identified as 
the leading cause of readmission, followed by infection 
(Supplementary Table 3). No significant differences were 
observed in the rates of late postoperative complications, 
including pneumonia, driveline infection, de novo aortic 
insufficiency, and pump thrombosis, between the groups 
(Table 5). Notably, the HM3 group had no reported cases 
of ischemic or hemorrhagic stroke. In contrast, within the 
HVAD group, 3 patients experienced ischemic stroke, 
while 6 had hemorrhagic strokes. The Kaplan-Meier analy-
sis revealed a statistically significant difference in the inci-
dence of stroke between the groups (p=0.007), as illustrat-
ed in Fig. 3B. The incidence of hemorrhagic stroke was 
higher in the HVAD group (p=0.013) (Fig. 3C). Although 

Table 1. Baseline characteristics

Characteristic Total (n=74) HM3 (n=42) HVAD (n=32) p-value

Sex, male 62 (83.8) 38 (90.5) 24 (75) 0.141
Age (yr) 58.9±12.8 58.5±11.7 59.4±14.2 0.767
Height (cm) 167.2±8.3 168.1±8.8 165.9±7.6 0.273
Weight (kg) 64.1±14.7 67.7±17.3 60.3±9.3 0.033
Body mass index (kg/m2) 22.8±4.3 23.6±5.1 21.8±2.7 0.060
Diabetes mellitus 22 (29.7) 12 (28.6) 10 (31.2) 1.000
Hypertension 13 (17.6) 8 (19.0) 5 (15.6) 0.940
Chronic kidney disease 30 (40.5) 15 (35.7) 15 (46.9) 0.466
Atrial fibrillation 20 (27.0) 11 (26.2) 9 (28.1) 1.000
History of cardiac surgery 19 (25.7) 10 (23.8) 9 (28.1) 0.879
Diagnosis 0.024
   DCMP 40 (54.1) 26 (61.9) 14 (43.8)
   HCMP 5 (6.8) 5 (11.9) 0
   ICMP 27 (36.5) 10 (23.8) 17 (53.1)
   Mitral regurgitation 1 (1.4) 0 1 (3.1)
   Sarcoidosis 1 (1.4) 1 (2.4) 0
Purpose of device implantation 0.624
   Bridge to transplantation 63 (85.1) 37 (88.1) 26 (81.2)
   Destination therapy 11 (14.9) 5 (11.9) 6 (18.8)
INTERMACS profile 0.006
   1 4 (5.4) 1 (2.4) 3 (9.4)
   2 16 (21.6) 5 (11.9) 11 (34.4)
   3 41 (55.4) 24 (57.1) 17 (53.1)
   4 13 (17.6) 12 (28.6) 1 (3.1)
Preoperative status
   Intensive care unit 20 (27.0) 8 (19.0) 12 (37.5) 0.132
   Ventilator 9 (12.2) 1 (2.4) 8 (25.0) 0.010
   ECMO 14 (18.9) 4 (9.5) 10 (31.2) 0.039
   CRRT 8 (10.8) 3 (7.1) 5 (15.6) 0.432
Follow-up period (day) 201 (107–383) 198 (107–327) 232 (126–499) 0.218

Values are presented as number (%), mean±standard deviation, or median (quartile 1–quartile 3).
HM3, Heartmate 3; HVAD, Heartware Ventricular Assist Device; DCMP, dilated cardiomyopathy; HCMP, hypertrophic cardiomyopathy; ICMP, 
ischemic cardiomyopathy; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; ECMO, extracorporeal membrane 
oxygenation; CRRT, continuous renal replacement therapy.
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the difference between HM3 and HVAD recipients was not 
statistically significant, the HM3 group displayed a lower 
incidence of ischemic stroke (p=0.063) (Fig. 3D).

Predictors of adverse clinical outcomes

In the multivariable analysis of risk factors for postoper-
ative mortality, hypertension (hazard ratio [HR], 4.38; p= 
0.012) and preoperative use of continuous renal replace-

Table 2. Preoperative transthoracic echocardiography findings

Variable Total (n=74) HM3 (n=42) HVAD (n=32) p-value

LVEF 20.9±6.7 21.5±6.7 20.2±6.8 0.399
AR 0.429
   None or trivial 59 (79.7) 34 (81.0) 25 (78.1)
   Mild 13 (17.6) 8 (19.0) 5 (15.6)
   Moderate 1 (1.4) 0 5 (15.6)
   Moderate to severe 0 0 0
   Severe 1 (1.4) 0 1 (1.4)
MR 0.387
   None or trivial 14 (18.9) 8 (19.0) 6 (18.8)
   Mild 25 (33.8) 15 (35.7) 10 (31.2)
   Moderate 12 (16.2) 9 (21.4) 3 (9.4)
   Moderate to severe 3 (4.1) 2 (4.8) 1 (3.1)
   Severe 20 (27.0) 8 (19.0) 12 (37.5)
TR 0.826
   None or trivial 13 (17.6) 8 (19.0) 5 (15.6)
   Mild 38 (51.4) 22 (52.4) 16 (50.0)
   Moderate 13 (17.6) 7 (16.7) 6 (18.8)
   Moderate to severe 1 (1.4) 0 1 (3.1)
   Severe 9 (12.2) 5 (11.9) 4 (12.5)
Peak TR velocity 3.2±0.7 3.1±0.7 2.2±0.8 0.614

Values are presented as mean±standard deviation or number (%).
HM3, Heartmate 3; HVAD, Heartware Ventricular Assist Device; LVEF, left ventricular ejection fraction; AR, aortic regurgitation; MR, mitral 
regurgitation; TR, tricuspid regurgitation.

Table 3. Surgical characteristics

Variable Total (n=74) HM3 (n=42) HVAD (n=32) p-value

Approach 0.536
   Full sternotomy 69 (93.2) 38 (90.5) 31 (96.9)
   Thoracotomy 5 (6.8) 4 (9.5) 1 (3.1)
CPB time (min) 109.5 (80–126) 110.7 (82–126) 107.8 (79–117) 0.796
ACC time (min) 150.4 (n=5) 114.1 (n=7)
Combined surgery 23 (31.1) 13 (31.0) 10 (31.2) 1.000
   None 51 (68.9) 29 (69.0) 22 (68.8)
   ASD closure 9 (12.2) 6 (14.3) 3 (9.4)
   AVP 4 (5.4) 3 (7.1) 1 (3.1)
   AVR 2 (2.7) 0 2 (6.2)
   MVP 1 (1.4) 0 1 (3.1)
   TVP 5 (6.8) 4 (9.5) 1 (3.1)
   TVR 1 (1.4) 0 1 (3.1)
   LV aneurysm resection 1 (1.4) 0 1 (3.1)

Values are presented as number (%), median (quartile 1–quartile 3), or mean.
HM3, Heartmate 3; HVAD, Heartware Ventricular Assist Device; CPB, cardiopulmonary bypass; ACC, aortic cross-clamp; ASD, atrial septal defect; 
AVP, aortic valvuloplasty; AVR, aortic valve replacement; MVP, mitral valvuloplasty; TVP, tricuspid valvuloplasty; TVR, tricuspid valve replacement; 
LV, left ventricle.
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Fig. 2. Overall survival rate after left ventricular assist device (LVAD) implantation. (A) Survival across all patients. (B) Comparison be-
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Table 4. Early mortality and in-hospital complications

Variable Total (n=74) HM3 (n=42) HVAD (n=32) p-value

Death (<30 day) 4 (5.4) 2 (4.8) 2 (6.2) 1.000
Bleeding control 15 (20.3) 6 (14.3) 9 (28.1) 0.240
GI bleeding 3 (4.1) 3 (7.1) 0 0.343
Pump malfunction 1 (1.4) 0 1 (3.1) 0.891
Pump failure 5 (6.8) 1 (2.4) 4 (12.5) 0.211
Driveline infection 1 (1.4) 0 1 (3.1) 0.891
Mediastinitis 2 (2.7) 0 2 (6.2) 0.358
Stroke 3 (4.1) 2 (4.8) 1 (3.1) 1.000
Pneumonia 11 (14.9) 7 (16.7) 4 (12.5) 0.866
RVAD 8 (10.8) 1 (2.4) 7 (21.9) 0.022
RV failure 31 (41.9) 13 (31.0) 18 (56.2) 0.051
Postoperative stay
   ICU stay (day) 12 (7–21) 8 (6–16) 13 (9–22) 0.024
   Hospital stay (day) 42 (30–64) 34 (27–45) 57 (38–84) <0.001
   Ventilation (hr) 20 (17–68) 20 (17–68) 21 (17–62) 0.772

Values are presented as number (%) or median (quartile 1–quartile 3).
HM3, Heartmate 3; HVAD, Heartware Ventricular Assist Device; GI, gastrointestinal; RVAD, right ventricular assist device; RV, right ventricle; ICU, 
intensive care unit.
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ment therapy (CRRT) (HR, 6.91; p=0.003) were identified 
as significant risk factors (Table 6). Regarding postopera-
tive complications, the multivariable analysis did not reveal 
any statistically significant risk factors for early stroke 
(Supplementary Table 4A). In the univariable risk analysis 
for postoperative RV failure, male sex, HVAD implementa-
tion, preoperative CRRT, and preoperative ventilator use 
emerged as significant risk factors. However, in the final 

multivariable model, preoperative CRRT (OR, 22.31; p= 
0.002) was identified as the sole significant predictor of 
postoperative RV failure in our cohort (Table 7). In the 
univariable risk analysis for late complications, no statisti-
cally significant predictors were found for ischemic stroke. 
HVAD emerged as the sole significant risk factor for hem-
orrhagic stroke (HR, 12.81; p=0.015) (Supplementary Table 
4B, C).
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tricular assist device.

Table 5. Late complications after discharge

Variable Total (n=61) HM3 (n=33) HVAD (n=28) p-value

Stroke 7 (11.5) 0 7 (25.0) 0.008
   Hemorrhagic stroke 6 (9.8) 0 6 (21.4) 0.018
   Ischemic stroke 3 (4.9) 0 3 (10.7) 0.182
Pneumonia 7 (11.5) 2 (6.1) 5 (17.9) 0.300
Driveline infection 4 (6.6) 1 (3.0) 3 (10.7) 0.491
De novo AR 3 (4.9) 1 (3.0) 2 (7.1) 0.884
GI bleeding 6 (9.8) 3 (9.1) 3 (10.7) 1.000
RV failure 7 (11.5) 2 (6.1) 5 (17.9) 0.300
Pump thrombosis 1 (1.6) 0 1 (3.6) 0.934

Values are presented as number (%).
HM3, Heartmate 3; HVAD, Heartware Ventricular Assist Device; AR, aortic regurgitation; GI, gastrointestinal; RV, right ventricle.
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Discussion

In this single-center study, we observed no significant 
difference in short-term survival following LVAD implan-
tation based on the type of LVAD used. However, HVAD 
use was associated with the subsequent need for postopera-
tive RVAD insertion and an elevated risk of postoperative 
stroke.

The short-term survival rates observed in this report 
align with findings from international studies. For the 
HM3 device, the MOMENTUM 3 trial demonstrated a 
6-month survival rate of 87.3% and a 12-month survival 

rate of 84.4% [7]. In the present investigation, no statisti-
cally significant difference was found in overall survival 
based on the device type used, echoing results from other 
studies. In a separate article comparing the HM3 and 
HVAD, the 1-year survival rates were 83.2% for the HM3 
and 86.0% for the HVAD [5]. Comparable survival rates 
for both devices have been reported in additional single- 
center studies [8,9]. Moreover, a multicenter study revealed 
no significant differences in overall survival rates, with 
1-year rates of 73% for HM3 and 71% for HVAD [10]. In 
contrast, a separate study indicated that the HM3 may of-
fer better overall survival than the HVAD, with 2-year sur-

Table 6. Risk factor analysis for mortality

Variable
Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value

HVAD 0.87 (0.31–2.46) 0.79
Age 1.07 (1.00–1.15) 0.042 1.04 (0.98–1.11) 0.182
Male sex 2.01 (0.44–9.20) 0.371
Bbody mass index 0.95 (0.83–1.08) 0.425
Hypertension 3.15 (1.11–8.89) 0.031 4.38 (1.38–13.89) 0.012
Diabetes mellitus 2.54 (0.95–6.78) 0.062
Chronic kidney disease 1.74 (0.65–4.68) 0.271
Atrial fibrillation 1.09 (0.38–3.18) 0.867
Preoperative status
   Ventilator 1.74 (0.49–6.19) 0.389
   ECMO 1.59 (0.51–4.96) 0.422
   CRRT 5.31 (1.8–15.7) 0.003 6.91 (1.96–24.42) 0.003
CPB time 1.00 (0.99–1.01) 0.573

HR, hazard ratio; CI, confidence interval; HVAD, Heartware Ventricular Assist Device; ECMO, extracorporeal membrane oxygenation; CRRT, 
continuous renal replacement therapy; CPB, cardiopulmonary bypass.

Table 7. Risk factor analysis for early complication: right ventricular failure

Variable
Univariable analysis Multivariable analysis

OR (95% CI) p-value OR (95% CI) p-value

HVAD 2.79 (1.10–7.31) 0.030 2.13 (0.76–6.27) 0.147
Age 1.00 (0.97–1.04) 0.953
Male sex 0.29 (0.08–1.09) 0.067
Body mass index 0.95 (0.85–1.07) 0.426
Hypertension 1.05 (0.20–5.55) 0.954
Diabetes mellitus 2.08 (0.76–5.73) 0.155
Chronic kidney disease 1.39 (0.54–3.56) 0.492
Atrial fibrillation 1.19 (0.42–3.35) 0.742
Preoperative status
   Ventilator 5.08 (1.24–28.94) 0.023 2.08 (0.25–19.47) 0.499
   ECMO 4.28 (1.32–16.02) 0.014 1.42 (0.22–8.01) 0.691
   CRRT 31.47 (3.64–4135.65) <0.001 22.31 (2.38–2974.17) 0.002
CPB time 1.00 (0.99–1.01) 0.929

OR, odds ratio; CI, confidence interval; HVAD, Heartware Ventricular Assist Device; ECMO, extracorporeal membrane oxygenation; CRRT, 
continuous renal replacement therapy; CPB, cardiopulmonary bypass.
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vival rates of 77.4% for the HM3 and 53.2% for the HVAD 
[4]. However, that study focused on patients receiving DT 
at a single center. Unlike prior research, the HVAD group 
in the present investigation exhibited comparatively poor 
preoperative characteristics, but similar survival outcomes. 
This discrepancy may be due to the relatively low number 
of cases at our center. The difference in survival outcomes 
between these devices remains a topic of debate, under-
scoring the necessity for additional research in this field.

In the MOMENTUM3 trial, right HF emerged as the 
most common cause of death following LVAD implanta-
tion [7,11]. In a separate LVAD study conducted in Korea, 
the most prevalent cause of death was hemorrhagic stroke 
[12]. In contrast, our findings indicated that sepsis result-
ing from pneumonia was the primary cause of death. Ad-
ditionally, the incidence of pneumonia exceeded 10% 
among our participants. In this study, high proportions of 
patients were preoperatively dependent on ECMO, received 
mechanical ventilation, and/or had stayed in the ICU prior 
to surgery. These preoperative conditions likely hindered 
postoperative ambulation and impeded effective lung care, 
thereby elevating the risk of developing pneumonia.

Numerous studies have documented the outcomes of 
ischemic and hemorrhagic strokes following LVAD im-
plantation, highlighting the gravity of neurological compli-
cations. Research has indicated that fully magnetically lev-
itated centrifugal-f low LVADs are superior to axial-f low 
LVADs in terms of survival free from disabling stroke [11]. 
Moreover, when comparing different centrifugal-f low 
LVADs, the HM3 has displayed better outcomes than the 
HVAD in terms of ischemic and hemorrhagic cerebrovas-
cular accidents [13]. Another study revealed that the rate of 
severe neurological dysfunction was 13.9% in patients treat-
ed with the HM3, a better outcome than the 24.3% rate 
observed in HVAD recipients [5]. In the present study, HM3 
implantation was also associated with favorable results re-
garding the incidence of stroke. Notably, no cases of late 
stroke were found in the HM3 group. Additionally, HVAD 
use was identified as a risk factor for hemorrhagic stroke. 
Future research may provide a deeper understanding of 
these differences, particularly considering the absence of 
late stroke cases in the HM3 group.

This study revealed varying outcomes regarding RV fail-
ure between the examined devices. Prior research has not 
definitively clarified the distinctions in RV failure follow-
ing LVAD implantation [5,10]. In the present study, the 
disparate findings between groups may stem from high 
rates of RV failure after HVAD insertion at our institution. 
Early RV failure following HM3 implantation was ob-

served in 31.0% of patients, with 2.4% requiring ECMO or 
RVAD insertion. These figures align with the MOMEN-
TUM3 trial outcomes for HM3, which reported an RV fail-
ure rate of 31.7% with 3.2% of patients requiring mechani-
cal support [7]. However, the early RV failure rate after 
HVAD implantation exceeded 50% in this study. We attri-
bute this finding to the higher frequency of preoperative 
ECMO usage among participants. Over 30% of patients re-
ceiving HVAD were on ECMO preoperatively, indicating 
relatively compromised preoperative states. After account-
ing for variations in preoperative characteristics, multivari-
able analysis indicated that HVAD use was not statistically 
associated with an increased risk of RV failure. Instead, the 
preoperative use of CRRT emerged as a significant risk fac-
tor. This suggests that a patient’s preoperative condition 
may exert a more substantial impact on RV failure than 
the specific device chosen. To elucidate these differences, 
additional data from HM3 implantations in severely ill 
conditions are required.

Both the duration of postoperative ICU stay and the 
length of hospitalization were shorter in the HM3 group 
than among the HVAD recipients. A separate study report-
ed the median ICU stay as 12 days for the HM3 and 11 
days for the HVAD group, without any significant differ-
ence [10]. However, our study identified a 5-day difference 
between the groups. This discrepancy may stem from dif-
ferences in baseline characteristics and postoperative com-
plications. Notably, the patients who received HVAD im-
plantation displayed relatively poor INTERMACS scores, 
and comparatively high proportions required ventilator 
support and ECMO. Moreover, the HVAD recipients ex-
hibited a higher incidence of postoperative RV failure, of-
ten necessitating RVAD implantation. We believe that 
these distinctions contributed to the prolonged postopera-
tive ICU stays observed in the HVAD group. Consequently, 
our findings suggest that mitigating early complications 
could potentially decrease the duration of postoperative 
ICU stays, which may in turn lower the risk of pneumonia 
and improve overall survival.

This study had several limitations. First, the retrospec-
tive observational design is associated with inherent con-
straints. Second, the findings were based on a relatively 
small sample size from a single center, potentially restrict-
ing the generalizability of the results. The use of a small 
sample can also yield statistically unusual clinical findings. 
Third, differences were present in the preoperative charac-
teristics, which could have influenced the results. It is con-
ceivable that some of the variations in clinical outcomes 
were due to preoperative differences rather than the devic-
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es themselves. Finally, as this was a chronological study, 
changes may have occurred in the practitioners’ skills and 
experience over time, potentially impacting the results. 
Nevertheless, despite these limitations, the findings are 
meaningful, particularly considering the infrequency of 
HVAD use. These results provide valuable information for 
subsequent research on the HM3 device and its effects.

In conclusion, in this study, the HM3 and the HVAD 
demonstrated comparable overall survival rates. Preopera-
tive CRRT was identified as a risk factor for postoperative 
RV failure. Most notably, the HM3 was associated with su-
perior outcomes regarding the incidence of hemorrhagic 
stroke compared to the HVAD.
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