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ORIGINAL ARTICLE

Two-Year Follow Up of the LATERAL Clinical Trial
A Focus on Adverse Events

Georg M. Wieselthaler , MD*; Liviu Klein , MD, MS*; Anson W. Cheung , MD; Matthew R. Danter, MD;  
Martin Strueber , MD, PhD; Claudius Mahr , DO; Nahush A. Mokadam , MD; Simon Maltais, MD, PhD;  
Edwin C. McGee, Jr, MD

BACKGROUND: The LATERAL trial validated the safety and efficacy of the thoracotomy approach for implantation of the 
HeartWare HVAD System, leading to Food and Drug Administration approval. We sought to analyze 24-month adverse event 
(AE) rates, including a temporal analysis of the risk profile, associated with the thoracotomy approach for the HVAD system.

METHODS: AEs from the LATERAL trial were evaluated over 2 years postimplant. Data was obtained from the Interagency 
Registry for Mechanically Assisted Circulatory Support database for 144 enrolled United States and Canadian patients. 
Temporal AE profiles were expressed as events per patient year.

RESULTS: During 162.5 patient years of support, there were 25 driveline infections (0.15 events per patient year), 50 
gastrointestinal bleeds (0.31 events per patient year), and 21 strokes (0.13 events per patient year). Longitudinal AE analysis 
at follow-up intervals of <30 and 30 to 180 days, and 6 to 12 and 12 to 24 months revealed the highest AE rate at <30 days, 
with a decrease in total AEs within the first 6 months. After 6 months, most AE rates either stabilized or decreased through 
2 years, including a 95% overall freedom from disabling stroke.

CONCLUSIONS: Two-year follow-up of the LATERAL trial revealed a favorable morbidity profile in patients supported with 
the HVAD system, as AE rates were more likely to occur in the first 30 days postimplant, and overall AE rates were 
significantly reduced after 6 months. Importantly, 2-year freedom from disabling stroke was 95%. These data further support 
the improving AE profile of patients on long-term HVAD support.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT02268942.

Key Words: heart failure ◼ morbidity ◼ sternotomy ◼ thoracotomy

The use of left ventricular (LV) assist devices (LVAD) 
to support patients with end-stage heart failure is 
growing. Historically, LVADs have been implanted via 

full midline sternotomy.1,2 As LVAD technology evolved 
and devices became smaller, the trend to implant using 
a less invasive thoracotomy approach has increased, 
becoming the surgical strategy of choice at many cen-
ters.3–6 The thoracotomy approach can be performed 

with optimal visualization of cardiac structures, even 
though incisions are smaller compared with conventional 
sternotomy.7,8 The LATERAL trial has previously reported 
safety and efficacy of the thoracotomy implant technique 
of the HeartWare HVAD system (Medtronic, Minneapo-
lis, MN) compared with conventional median sternotomy, 
by demonstrating noninferiority of 6-month survival on 
original device free from disabling stroke, transplanted or 
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explanted for recovery, as well as significantly reducing 
hospital stay.8

Despite the fact that the number of patients with heart 
failure continues to grow, there remains a paucity of donor 
hearts, creating longer wait times for heart transplanta-
tion. Additionally, with the newly revised United Network 
for Organ Sharing criteria,9,10 stable LVAD patients await-
ing heart transplant are lower on the priority listing, often 
extending LVAD support times rivaling destination ther-
apy. As such, it is important to ensure that the adverse 
event (AE) profile of LVAD patients is low to ensure a 
good quality of life (QoL) with low long-term morbidity. 
We now present long-term data on patients implanted 
with the HVAD system via thoracotomy describing the 
AE profile through 2 years of support.

METHODS
The study design of the LATERAL trial, including specific inclu-
sion and exclusion criteria, was described previously.8 Briefly, 

between January 15, 2015, and April 26, 2016, 144 HVAD 
implants were performed at 26 investigational sites via a lateral 
thoracotomy approach in bridge to transplant (BTT) patients. 
The LATERAL patient population was comparable to other BTT 
trials, including 33% with ischemic cardiomyopathy, 23% prior 
cardiac surgery, >80% Interagency Registry for Mechanically 
Assisted Circulatory Support (INTERMACS) profiles 1 to 3, 
3.5% cardiogenic shock, 18.8% chronic kidney disease, and 
4.9% prior stroke.8,11

The HVAD system was implanted via a left anterolateral 
thoracotomy with an upper hemi-sternotomy or a right anterior 
thoracotomy for outflow graft anastomosis to the ascending 
aorta. All implants were performed on cardiopulmonary bypass. 
All data were collected via the INTERMACS Registry database. 
Patients were followed for 2 years, or until device exchange, 
transplant, or death. The clinical data and study materials will 
not be made available to other researchers for purposes of 
reproducing the results or replicating the procedures.

Data Collection and Statistical Analysis
In addition to primary end point and total hospital length of stay,8 
secondary end points of the LATERAL trial included major 
AE’s (per INTERMACS Protocol 4.0 definitions), QoL, func-
tional capacity, and survival. QoL was measured by Kansas City 
Cardiomyopathy Questionnaire and EuroQol EQ-5D. Functional 
status was measured by New York Heart Association functional 
class and 6-minute walk test.

Freedom from event analyses were performed using Kaplan-
Meier methodology. Patients were censored from analysis at the 
time of original device exchange, explant, or death. AE compari-
sons of events per patient year (EPPY) across time intervals were 
performed using Poisson modeling. Events were considered 
clinically independent. Postimplant QoL and functional capacity 
measures were compared with baseline measures using paired 
t test at each time point. All statistical analyses were performed 
with SAS v.9.4 software (SAS Institute, Cary, NC). The study was 
conducted in compliance with Food and Drug Administration 
regulations for Good Clinical Practice and approved by each clin-
ical site’s institutional review board. All subjects or their autho-
rized representatives provided informed consent.

RESULTS
This report describes 2-year follow-up of the 144 BTT 
patients implanted with the HVAD pump using a tho-
racotomy approach between January 2015 and April, 
2016 in the United States and Canada. At 2 years, 
53.5% patients underwent heart transplantation, 2.1% 
were explanted for recovery, and 31.9% were alive on 
the original device. Seventeen deaths (11.8 %) were 
reported, the most common cause of death being neuro-
logical dysfunction (n=4, 2.8%), followed by right heart 
failure (RHF; n=3, 2.1%).

During the 2-year follow-up (162.5 patient-years), 
there were 25 driveline infections (DLI; 0.15 EPPY), 
50 gastrointestinal bleeds (0.31 EPPY), one severe 
RHF event requiring right ventricular (RV) assist device 
(0.006 EPPY), and 21 strokes (0.13 EPPY), with 9 
hemorrhagic (0.06 EPPY), and 12 ischemic (0.07 

Nonstandard Abbreviations And Acronyms

AE adverse events
BTT bridge to transplant
DLI driveline infection
EPPY events per patient year
INTERMACS  Interagency Registry for Mechani-

cally Assisted Circulatory Support
LV left ventricle
LVAD left ventricular assist device
QoL quality of life
RHF right heart failure
RV right ventricle

WHAT IS NEW?
• The LATERAL trial is the first published multicenter 

clinical trial of a centrifugal flow ventricular assist 
device implanted via thoracotomy as bridge to 
transplant in patients with end-stage heart failure.

WHAT ARE THE CLINICAL IMPLICATIONS?
• This analysis provides the first long-term outcomes 

of left ventricular assist device patients implanted 
via this innovative approach that may help reduce 
complications associated with sternotomy, includ-
ing stroke, bleeding, and right heart failure, while 
shortening index hospital stay.

• Further understanding of the long-term adverse events 
profile of left ventricular assist devices will advance the 
field’s knowledge to develop best practices for opti-
mizing patient management and surgical techniques, 
improving outcomes, and therapy adoption.
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EPPY; Table 1). Kaplan-Meier analysis of freedom from 
any stroke was 91% at 6 months, 88% at 1 year, and 
82% at 2 years. Freedom from disabling stroke (modi-
fied Rankin Scale, >3) was 96% at 6-months and one-
year and 95% at 2 years (Figure). There were 3 LVAD 
exchanges for thrombus in the first year (2.1%) and 
none between years 1 and 2.

We evaluated the 2-year longitudinal temporal AE 
profile over time intervals of <30 days, 30 to 180 days, 
6 to 12 months, and 1 to 2 years postimplant (Table 2) 
to asses the overall AE burden. Stroke, bleeding, and 
cardiac arrythmia rates declined significantly after the 
first 30 days. After 6 months, most AE rates either 
stabilized or decreased. The hemorrhagic stroke rate 
between 1 and 2 years declined from 0.05 EPPY to 
0.01 EPPY. There were no additional RHF episodes 
between 6 months through 2 years. An analysis of 
first-event-per-patient per category while on support, 
essentially a patient-based analysis, revealed a reduc-
tion or stabilization in the percentage of patients with 
a first-event after 6 months, except for DLI, which may 
be attributable to increased activity as highlighted by 
the functional capacity measures, and ischemic stroke 
and cardiac arrhythmia, all which declined initially with 
the larger ongoing support cohort, but were higher at 
2 years (Table I in the Data Supplement). These first-
event percentages may be skewed by the reduced 
patient cohort at 2 years postimplant due to the number 
of patients who were transplanted or explanted (≈55%) 

during the course of the study. Hence, the AE-based 
analysis with EPPY provides a clearer understanding of 
the AE burden or risk over time.

Patient self-reported QoL measured by Kansas City 
Cardiomyopathy Questionnaire showed a mean improve-
ment of 18.1 through 24 months, with the EQ-5D Visual 
Analog Scale improving by an average of 30.1 points 
above baseline (Table 3). Both New York Heart Asso-
ciation functional class and 6-minute walk test showed 
improvement from baseline through 24 months. The 
majority of patients had New York Heart Association 
functional class IV at baseline (76.4%), whereas by 
24 months postimplant, 46.7% were New York Heart 
Association functional class II. Mean 6-minute walk test 
increased from 76.7 meters at baseline to 151.7 meters 
at 24 months (Table 3).

DISCUSSION
One of the biggest challenges with LVAD therapy is the 
AE burden, which greatly impacts overall perception and 
acceptance of mechanical circulatory support therapy 
in patients. Although the overall AE profile has greatly 
improved since earlier pulsatile devices, it remains high 
for this type of therapy. Despite advances in pump design 
and improved clinical management strategies, AEs still 
occur regularly in LVAD patients, with multifactorial risk 
factors.12 According to the eighth Annual INTERMACS 
report, 60% of patients are rehospitalized at least once 

Table 1. Summary of Adverse Events Occurring Through 24 mo

Adverse events

LATERAL trial (N=144) cumulative number of events (EPPY)

30 days (11.8 PY) 6 mo (62.4 PY) 12 mo (105.5 PY) 2 y (162.5 PY)

Bleeding

 Requiring reoperation 5 (0.42)* 8 (0.13)* 8 (0.08)* 9 (0.06)

 Requiring transfusion 16 (1.36) 38 (0.61) 50 (0.47)* 69 (0.42)

 Gastrointestinal 9 (0.76) 24 (0.38) 36 (0.34) 50 (0.31)

Any device malfunction/failure† 10 (0.85) 20 (0.32) 55 (0.52) 69 (0.42)

Driveline infection 2 (0.17) 10 (0.16) 15 (0.14) 25 (0.15)

Stroke 21 (0.13)

 HCVA 3 (0.25) 6 (0.10) 8 (0.08) 9 (0.06)

 ICVA 3 (0.25) 6 (0.10) 8 (0.08) 12 (0.07)

TIA 1 (0.08) 5 (0.08) 10 (0.09) 13 (0.08)

Hepatic dysfunction 1 (0.08) 1 (0.02) 1 (0.01) 2 (0.01)

Renal dysfunction 8 (0.68) 15 (0.24) 16 (0.15) 18 (0.11)

Severe right heart failure requiring RVAD 0 (0.00) 1 (0.02)‡ 1 (0.01)‡ 1 (0.006)‡

Cardiac arrhythmia 38 (3.22) 51 (0.82) 57 (0.54) 73 (0.45)

 Ventricular arrhythmia 25 (2.12) 34 (0.54) 38 (0.36) 48 (0.30)

EPPY indicates events per patient year; HCVA, hemorrhagic cerebrovascular accident; ICVA, ischemic cerebrovascular accident; PY, 
patient-years; RVAD, right ventricular assist device; and TIA, transient ischemic attack.

*Represents a statistically significant reduction when compared with bleeding requiring reoperation in the ADVANCE Bridge to Trans-
plant + Continous Access Program trial over the same time period (represents a post hoc analysis).

†Any device malfunction/failure includes pump thrombus and any device component failure including peripheral components such as 
batteries, controllers, etc.

‡This difference is not significant (P=0.07) when compared post hoc to the ADVANCE BTT+CAP trial results.
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by 6-months postimplant, with 1-year rehospitalization 
rates as high as 80%. Traditionally, stroke and multi-
system organ failure were associated with early risk 
of death, while DLI, RHF, and gastrointestinal bleeding 
were associated with recurrent hospitalizations.13 Patient 
comorbidities and their preexisting end-organ dysfunc-
tion have been postulated as leading to higher rates of 
AEs.13,14 The current LATERAL trial reports favorable AE 
rates at 2-years (Table 1). Notably, those events which 
are typically problematic for LVAD patients, specifically 
stroke, severe RHF, and DLI, remained low at 2-years.

Maltais et al15 described temporal trends in AE pro-
files over time in the HeartWare ADVANCE BTT+CAP 
cohort, showing that the total number of AEs occurring 
within the first 30 days postimplant was significantly 
higher compared with those occurring between 30 and 
180 days (30.36 versus 5.34 EPPY, P<0.0001). Even at 
1-year, overall AE rates continued to decrease and were 

considerably lower compared with the prior 5 months of 
support (5.34 versus 4.09 EPPY, P<0.0001). This trend 
could be attributed to the overall improvement in LVAD 
patient management postimplant. A longitudinal, tempo-
ral review of the AE rates for this study reveals AE rates 
following a similar trend of greatest risk early on, then 
considerably lower risk over increasing time on support 
(Table 2). Both studies also highlight the need for greater 
understanding of the early (<6 months) postimplant AE 
rates and related risk profiles, and the potential clinical 
management strategies to significantly ameliorate them.

Neurological complications can create some of the 
most devastating outcomes post-VAD implant. Stroke 
rates have been described in previous HeartWare stud-
ies.6,11,16 Understandably, multiple factors contribute to the 
risk of developing stroke postimplant, including history of 
stroke and atrial fibrillation, showered thrombi, postop-
erative infection, and both sub- and supra-therapeutic 

Figure. Freedom from disabling strokes.
A stroke is disabling if modified Rankin Scale (mRS) was 4 or 5 at 24 wk poststroke, the patient died within 24 wk of the stroke (mRS=6), or 
the 24-week mRS was missing and the latest recorded mRS was 4 or 5. Patients are censored at the first occurrence of transplant, device 
exchange to a different device, explant, or death.

Table 2. Longitudinal Temporal Analysis of Adverse Events (EPPY)

INTERMACS 
adverse events

≤30 d, n=144, 
11.8 PY

>30–180 d, 
n=140, 50.7 PY

P value  
≤30 d vs  
>30–180 d

>180–365 d, 
n=102, 43.1 PY

P value 
>30–180 d vs 
>180–365 d

>365–730 d, 
n=75, 57.0 PY

P value  
>180–365 d vs  
>365–730 d

Bleeding 1.53 0.51 <0.001 0.39 0.45 0.39 >0.99

 Requiring reoperation 0.42 0.06 0.008 0.00 0.10 0.01 >0.99

 Gastrointestinal 0.76 0.30 0.03 0.28 >0.99 0.25 0.84

Cardiac arrhythmia 3.22 0.26 <0.001 0.14 0.25 0.28 0.20

 Driveline infection 0.17 0.16 >0.99 0.12 0.78 0.18 0.60

Total stroke 0.51 0.12 0.01 0.09 0.76 0.09 >0.99

 Ischemic CVA 0.25 0.06 0.09 0.05 >0.99 0.07 0.71

 Hemorrhagic CVA 0.25 0.06 0.09 0.05 >0.99 0.01 0.58

Severe right heart failure  
requiring RVAD

0.00 0.02 >0.99 0.00 >0.99 0.00 NE

CVA indicates cerebrovascular accident; EPPY, events per patient year; INTERMACS,  Interagency Registry for Mechanically Assisted Circulatory Support; NE, not 
evaluable, no comparison of 0 vs 0; PY, patient year; and RVAD, right ventricular assist device.
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levels of anticoagulation.17–20 Findings have consistently 
shown that the risk for stroke post-LVAD implantation 
is highest immediately following LVAD implantation.17–20 
There has been some difficulty comparing stroke rates 
between devices due to the differences in patient popu-
lations as well as different INTERMACS stroke defini-
tions.21,22 INTERMACS version 4.0 definitions were used 
in the LATERAL trial and categorized strokes as either 
ischemic, hemorrhagic, or transient ischemic attacks. All 
types of stroke events carried a low event rate (Table 1), 
with 6.3% hemorrhagic (n=9, 0.06 EPPY) and 7.6% 
ischemic (n=12, 0.07 EPPY), with 13.2% overall stroke 
(n=21, 0.13 EPPY) at 2 years. Despite the potential dev-
astating impact of stroke, LATERAL trial patients expe-
rienced a 95% 2-year freedom from disabling stroke. 
These data corroborate prior temporal analyses of stroke 
rates from the ADVANCE BTT CAP cohort, which also 
showed a substantially declining risk after 6 months to 1 
year. This risk continued to decline over time, specifically 
between 180 days and 3 years.15

Multiple studies have described DLI in LVAD patients, 
with typical rates ranging from 10% to 25%.23,24 In the 
INTERMACS database, continuous flow LVAD had a 
DLI rate of 1.31 per 100 patient months within the first 
3 months postimplant (early) and 1.42 per 100 patient 
months occur after 3 months (late).11 DLI rates reported 
in the LATERAL trial remain low (11.8%, 0.15 EPPY) 
at 2 years, which is superior to rates reported in the 
earlier HeartWare Advance BTT+CAP cohort (19.6%, 
0.25 EPPY).15

RHF presents a challenge for LVAD patient manage-
ment, occurring in up to 30% of patients postimplant 
and has been associated with high mortality rates.24,25 
Persistent RHF can be managed based on the acuity 

and severity of clinical symptoms. Medical manage-
ment with inotropes may ameliorate less severe RHF, 
however, for acute severe RHF, a RV assist device may 
be needed. The rate of severe RHF requiring RV assist 
device in the LATERAL trial at 2-years was 0.006 EPPY 
(n=1). A temporal review of severe RHF rates compared 
with BTT+CAP (0.00 versus 0.33 EPPY respectively in 
the first 30 days) suggests there may be some benefit 
in performing LVAD implant via a less invasive, thora-
cotomy approach.15 Furthermore, the overall bleeding 
events requiring rehospitalization were significantly less 
in thoracotomy-implanted patients as compared with the 
BTT+CAP sternotomy patients. A temporal review of 
overall bleeding events reveals that the greatest impact 
on event rates was in the first 30 days (1.53 versus 5.21 
EPPY, respectively).15

The reduction in the incidence of early RHF and over-
all bleeding following thoracotomy may be attributable to 
the thoracotomy approach. The lateral approach respects 
the geometry of the LV and even more so the RV as par-
tial opening of the pericardium may allow for less left-
ward interventricular septal shift, thereby preserving RV 
geometry24,25 and RV ejection and function. Additionally, 
the thoracotomy approach may result in less surgical 
trauma and less overall surgical bleeding, reducing the 
need for blood transfusions and consequential RV dys-
function. With echocardiography confirmation, the lateral 
approach may also facilitate more precise inflow cannula 
placement since the heart is not lifted out of the cavity. 
Proper pump placement may reduce suction events and 
allow proper LV unloading, which may also help reduce 
strokes and avoid RV failure.

The analysis of overall QoL and functional capac-
ity measures continues to reveal definite and sus-
tained improvements. The Kansas City Cardiomyopathy 
Questionnaire, EQ-5D, and 6-minute walk test were 
all improved significantly from baseline, with sustained 
improvements through 2-years. This is important when 
considering the extended times on support for LVAD 
patients, especially since the revised United Network for 
Organ Sharing changes will likely result in longer support 
durations for BTT patients.

Limitations
There are several limitations to this study. First, this was 
not a randomized trial comparing thoracotomy to median 
sternotomy. The original LATERAL trial was designed 
using a performance goal based on historical data to 
measure success. A more robust randomized trial might 
more clearly elucidate the differences and nuances in 
surgical approaches, including long-term AE profiles. 
Second, this trial was limited to a BTT population, which 
could be more representative of a younger patient cohort. 
Third, the surgeons participating in this study were expe-
rienced in the thoracotomy implant approach. For those 

Table 3. Overall Quality of Life and Functional Capacity 
Measured Over 24 mo of LVAD Support

Assessment Visit LATERAL (N=144)* P value†

KCCQ overall summary 
score

Baseline 38±21 N/A

6 mo 64±18 <0.001

12 mo 64±20 <0.001

24 mo 55±24 0.002

EQ-5D overall score Baseline 46±25 N/A

6 mo 71±20 <0.001

12 mo 71±23 <0.001

24 mo 72±20 <0.001

6MWT (meters walked) Baseline 77±136 N/A

6 mo 225±223 <0.001

12 mo‡ 210±209‡ <0.001

24 mo 152±206 0.02

6MWT indicates 6-minute walk test; KCCQ, Kansas City Cardiomyopathy 
Questionnaire; LVAD, left ventricular assist device; and N/A, not applicable.

*Data presented as mean±SD.
†Comparison to the baseline value using a paired t test >0 change.
‡Data from a single subject was excluded as an outlier (indicated >750 m, 

±4500 m walked in 6 min).
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with less experience with minimally invasive thoracotomy 
surgery, there may be a learning curve before perfecting 
the approach. Lateral thoracotomy may not be suitable 
for all patients, particularly concurrent valvular proce-
dures; therefore, it is crucial that there is a well-thought 
through surgical plan and appropriate patient selection 
before deciding whether thoracotomy is the best route 
for VAD implantation.

CONCLUSIONS
Long-term follow-up of patients in the LATERAL trial 
reveals encouraging rates of AEs through 2-years, in 
particular low DLI, RHF, and strokes. A temporal analysis 
confirmed that the greatest risk of AEs occurs in the first 
30 days through 6 months, with stabilizing or decreas-
ing rates thereafter throughout the 2-years of follow-up. 
These data establish that HVAD therapy can be used in 
patients for longer support, with improving AE profiles. 
Understanding the changing risk profiles may help to 
decrease AE rates through targeted surgical and patient 
management strategies, thus improving overall LVAD 
patient outcomes.

ARTICLE INFORMATION
Received January 15, 2020; accepted January 27, 2021.

Affiliations
Division of Cardiothoracic Surgery (G.M.W.) and Department of Medicine (L.K.), 
University of California San Francisco Medical Center, CA. Department of Sur-
gery, St. Paul’s Hospital, Vancouver, British Columbia (A.W.C.). Department of 
Cardiac Surgery, University of Kansas Medical Center (M.R.D.). Department of 
Cardiovascular and Thoracic Surgery, Baptist Heart Institute, Memphis, TN (M.S.). 
Division of Cardiology, University of Washington Medical Center, Seattle (C.M.). 
Division of Cardiac Surgery, Ohio State University Wexner Medical Center, Co-
lumbus (N.A.M.). Cardiac Surgery, Los Robles Regional Medical Center, Thousand 
Oaks, CA (S.M.). Department of Thoracic and CV Surgery, Loyola University Medi-
cal Center, Maywood, IL (E.C.M.).

Acknowledgments
We acknowledge assistance with article preparation and data analysis by Mary V. 
Jacoski and Kim Eleuteri of Medtronic. Statistical support was provided by Alexandra 
Dedrick of Medtronic. Although the study was sponsored by Medtronic, the authors 
had full access to the data and control over article development. Finally, we would 
like to thank Interagency Registry for Mechanically Assisted Circulatory Support for 
their support and collaboration on this trial. In particular, the authors acknowledge 
the data reporting assistance of John Pennington from the University of Alabama 
at Birmingham. This study was supported by Medtronic (formerly HeartWare, Inc).

Sources of Funding
Medtronic supported this clinical trial and analysis, and partnered with the Inter-
agency Registry for Mechanically Assisted Circulatory Support Registry organiza-
tion in the collection of the data.

Disclosures
Dr Wieselthaler reports support as medical advisor for Medtronic; Dr Klein reports 
support as consultant for Medtronic and Abbott; Dr Cheung reports support as 
consultant for Medtronic; Dr Danter reports support as consultant for Medtronic, 
Abbott, and Atricure; Dr Strueber reports travel support from Medtronic, Abbott 
and Abiomed; C. Mahr reports support as an investigator and consultant for 
Medtronic, Abbott, Syncardia, Carmat, and Abiomed; Dr Mokadam reports sup-
port as investigator and consultant for Medtronic, Abbott, Carmat, and Syncardia; 
Dr Maltais reports nonfinancial support from Medtronic; and Dr McGee reports 
support as surgical proctor for Medtronic.

Supplemental Materials
Supplemental Methods
Table I

REFERENCES
 1. Wieselthaler GM, O Driscoll G, Jansz P, Khaghani A, Strueber M; HVAD Clini-

cal Investigators. Initial clinical experience with a novel left ventricular assist 
device with a magnetically levitated rotor in a multi-institutional trial. J Heart 
Lung Transplant. 2010;29:1218–1225. doi: 10.1016/j.healun.2010.05.016

 2. Slaughter MS, Pagani FD, McGee EC, Birks EJ, Cotts WG, Gregoric I, 
Howard Frazier O, Icenogle T, Najjar SS, Boyce SW, et al; HeartWare Bridge 
to Transplant ADVANCE Trial Investigators. HeartWare ventricular assist 
system for bridge to transplant: combined results of the bridge to transplant 
and continued access protocol trial. J Heart Lung Transplant. 2013;32:675–
683. doi: 10.1016/j.healun.2013.04.004

 3. Schmitto JD, Molitoris U, Haverich A, Strueber M. Implantation of a centrifugal 
pump as a left ventricular assist device through a novel, minimized approach: 
upper hemisternotomy combined with anterolateral thoracotomy. J Thorac 
Cardiovasc Surg. 2012;143:511–513. doi: 10.1016/j.jtcvs.2011.07.046

 4. Meyer AL, Hahn J, von Samson-Himmelstjerna P, Garbade J, Barten M, 
Mohr FW, Strüber M. Minimal-invasive LVAD implantation, is it safe or even 
better? J Heart Lung Transplant. 2013;32:S58.

 5. Popov AF, Hosseini MT, Zych B, Simon AR, Bahrami T. HeartWare left ven-
tricular assist device implantation through bilateral anterior thoracotomy. Ann 
Thorac Surg. 2012;93:674–676. doi: 10.1016/j.athoracsur.2011.09.055

 6. Cheung A, Lamarche Y, Kaan A, Munt B, Doyle A, Bashir J, Janz P. Off-pump 
implantation of the HeartWare HVAD left ventricular assist device through 
minimally invasive incisions. Ann Thorac Surg. 2011;91:1294–1296. doi: 
10.1016/j.athoracsur.2010.08.031

 7. Sileshi B, O’Hara BK, Davis ME, Haglund NA, Meng X, Deegan R, Stulak JM, 
Kushwaha SS, Shaw A, Maltais S. Outcomes of patients implanted using 
a left thoracotomy technique for a miniaturized centrifugal contin-
uous-flow pump. ASAIO J. 2016;62:539–544. doi: 10.1097/MAT. 
0000000000000407

 8. McGee E Jr, Danter M, Strueber M, Mahr C, Mokadam NA, Wieselthaler G, 
Klein L, Lee S, Boeve T, Maltais S, et al. Evaluation of a lateral thoracotomy 
implant approach for a centrifugal-flow left ventricular assist device: the 
LATERAL clinical trial. J Heart Lung Transplant. 2019;38:344–351. doi: 
10.1016/j.healun.2019.02.002

 9. OPTN Thoracic Committee. Four-month monitoring of heart allocation pro-
posal to modify the Heart Allocation System. 2019. https://optn.transplant.
hrsa.gov/members/committees/thoracic-committee/. Accessed March 1, 
2021.

 10. Rao P, Smith R, Khalpey Z. Potential impact of the proposed revised 
UNOS thoracic organ allocation system. Semin Thorac Cardiovasc Surg. 
2018;30:129–133. doi: 10.1053/j.semtcvs.2018.01.001

 11. Aaronson KD, Slaughter MS, Miller LW, McGee EC, Cotts WG, Acker MA, 
Jessup ML, Gregoric ID, Loyalka P, Frazier OH, et al; HeartWare Ventricular 
Assist Device (HVAD) Bridge to Transplant ADVANCE Trial Investigators. 
Use of an intrapericardial, continuous-flow, centrifugal pump in patients 
awaiting heart transplantation. Circulation. 2012;125:3191–3200. doi: 
10.1161/CIRCULATIONAHA.111.058412

 12. Kormos RL, Cowger J, Pagani FD, Teuteberg JJ, Goldstein DJ, Jacobs JP, 
Higgins RS, Stevenson LW, Stehlik J, Atluri P, et al. The society of thoracic 
surgeons INTERMACS database annual report: evolving indications, out-
comes, and scientific partnerships. Ann Thorac Surg. 2019;107:341–353. 
doi: 10.1016/j.athoracsur.2018.11.011

 13. Kirklin JK, Pagani FD, Kormos RL, Stevenson LW, Blume ED, Myers SL, 
Miller MA, Baldwin JT, Young JB, Naftel DC. Eighth annual INTER-
MACS report: special focus on framing the impact of adverse events. 
J Heart Lung Transplant. 2017;36:1080–1086. doi: 10.1016/j. 
healun.2017.07.005

 14. Han JJ, Acker MA, Atluri P. Left ventricular assist devices: synergistic model 
between technology and medicine. Circulation. 2018;138:2841–2851. doi: 
10.1161/CIRCULATIONAHA.118.035566

 15. Maltais S, Aaronson KD, Teuteberg JJ, Slaughter MS, Najjar SS, 
Jeevanandam V, Pham DT, McGee EC Jr, Leadley K, Kormos RL. Adverse 
event rates change favorably over time for patients bridged with the 
HeartWare left ventricular assist device. ASAIO J. 2017;63:745–751. doi: 
10.1097/MAT.0000000000000585

 16. Rogers JG, Pagani FD, Tatooles AJ, Bhat G, Slaughter MS, Birks EJ, 
Boyce SW, Najjar SS, Jeevanandam V, Anderson AS, et al. Intrapericardial 



Wieselthaler et al LATERAL Trial Adverse Events: 2-Year Follow-UpWieselthaler et al LATERAL Trial Adverse Events: 2-Year Follow-Up

Circ Heart Fail. 2021;14:e006912. DOI: 10.1161/CIRCHEARTFAILURE.120.006912 April 2021 504

left ventricular assist device for advanced heart failure. N Engl J Med. 
2017;376:451–460. doi: 10.1056/NEJMoa1602954

 17. Samura T, Yoshioka D, Toda K, Sakaniwa R, Shimizu M, Miyagawa S, 
Yoshikawa Y, Hata H, Saito S, Sakata Y, et al. Risk of stroke early after 
implantation of a left ventricular assist device. J Thorac Cardiovasc Surg. 
2019;157:259–267.e1. doi: 10.1016/j.jtcvs.2018.06.031

 18. Cho SM, Moazami N, Katz S, Bhimraj A, Shrestha NK, Frontera JA. Stroke risk 
following infection in patients with continuous-flow left ventricular assist 
device. Neurocrit Care. 2019;31:72–80. doi: 10.1007/s12028-018-0662-1

 19. Frontera JA, Starling R, Cho SM, Nowacki AS, Uchino K, Hussain MS, 
Mountis M, Moazami N. Risk factors, mortality, and timing of ischemic and 
hemorrhagic stroke with left ventricular assist devices. J Heart Lung Trans-
plant. 2017;36:673–683. doi: 10.1016/j.healun.2016.12.010

 20. Willey JZ, Gavalas MV, Trinh PN, Yuzefpolskaya M, Reshad Garan A, 
Levin AP, Takeda K, Takayama H, Fried J, Naka Y, et al. Outcomes after 
stroke complicating left ventricular assist device. J Heart Lung Transplant. 
2016;35:1003–1009. doi: 10.1016/j.healun.2016.03.014

 21. Mahr C, Thinh Pham D, Mokadam NA, Silvestry SC, Cowger J,  
Kiernan MS, D’alessandro DA, Coglianese EE, Faraz Masood M, Kormos RL,  

et al. Interpreting neurologic outcomes in a changing trial design 
landscape: an analysis of HVAD using a hybrid intention to treat 
population. ASAIO J. 2019;65:293–296. doi: 10.1097/MAT. 
0000000000000931

 22. Schramm R, Morshuis M, Schoenbrodt M, Boergermann J, Hakim-Meibodi  
K, Hata M, Gummert JF. Current perspectives on mechanical circulatory sup-
port. Eur J Cardiothorac Surg. 2019;55(suppl 1):i31–i37. doi: 10.1093/ 
ejcts/ezy444

 23. Qu Y, McGiffin D, Kure C, Ozcelik B, Fraser J, Thissen H, Peleg AY. Biofilm 
formation and migration on ventricular assist device drivelines. J Thorac Car-
diovasc Surg. 2020;159:491–502.e2. doi: 10.1016/j.jtcvs.2019.02.088

 24. Shehab S, Allida SM, Davidson PM, Newton PJ, Robson D, Jansz PC, 
Hayward CS. Right ventricular failure post LVAD implantation corrected 
with biventricular support: an in vitro model. ASAIO J. 2017;63:41–47. doi: 
10.1097/MAT.0000000000000455

 25. Kapur NK, Esposito ML, Bader Y, Morine KJ, Kiernan MS, Pham  
DT, Burkhoff D. Mechanical circulatory support devices for acute right 
ventricular failure. Circulation. 2017;136:314–326. doi: 10.1161/ 
CIRCULATIONAHA.116.025290




