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BACKGROUND: The HeartWare centrifugal-flow ventricular assist device system (HVAD) is a viable

option for treatment of advanced heart failure. There is a growing trend toward the use of less invasive

techniques in cardiac surgery, and the thoracotomy technique for HVAD implantation may provide

benefits not available with conventional approaches.

METHODS: The LATERAL trial is a multicenter, prospective, non-randomized, single-arm trial that uti-

lized data from 144 patients enrolled in the Interagency Registry for Mechanically Assisted Circulatory

Support (INTERMACS) database at 26 centers in the United States and Canada. The primary compos-

ite end-point was success at 180 days defined as alive on the originally implanted device and free from

disabling stroke (modified Rankin Scale score >3), transplanted or explanted for recovery. The key sec-
ondary end-point was mean length of initial hospital stay.

RESULTS: The primary end-point was successfully achieved in 88.1% of patients and was significantly

greater than the pre-defined performance goal of 77.5% set from historical sternotomy data

(p = 0.0012). The key secondary end-point—mean length of initial hospital stay —was 18 days and

was significantly shorter than the pre-defined performance goal of 26.1 days obtained from historical
KEY WORDS:
mechanical circulatory

support;

left ventricular assist

device;

minimally invasive;

congestive heart

failure;

bridge to transplant
ly to this work.

, Loyola University Medical Cen-

m 110, Room 6245, Maywood, IL

Fax: 708-327-2382.

.edu

ed by Elsevier Inc. on behalf of International Society for Heart and Lung Transplantation. All rights reserved.

002

mailto:edwin.mcgee@lumc.edu
https://doi.org/10.1016/j.healun.2019.02.002
http://www.jhltonline.org


E. McGee et al. Evaluation of a lateral thoracotomy implant approach for a centrifugal-flow left 345
sternotomy data (p < 0.0001). The adverse event profile further demonstrated the safety of the thoracot-

omy approach. The overall patient survival was good, and bleeding requiring reoperation was signifi-

cantly less frequent than that observed in previous studies using the sternotomy approach.

CONCLUSIONS: This prospective clinical trial provides validation that implantation of the HVAD sys-

tem via the thoracotomy approach used in the LATERAL study represents a safe and effective alterna-

tive to median sternotomy in selected patients intended for a bridge-to-transplant indication.

J Heart Lung Transplant 2019;38:344−351
� Published by Elsevier Inc. on behalf of International Society for Heart and Lung Transplantation. All

rights reserved.
There is a growing trend toward the use of less invasive,

non-sternotomy approaches in many cardiac surgical proce-

dures. The full median sternotomy and use of the ascending

aorta for outflow graft anastomoses has been the traditional

approach for implantation of left ventricular assist devices

(LVADs), including the HVAD system.1 Because the

HVAD system has a smaller profile and is specifically

designed for intrapericardial placement, alternative implant

procedures have been developed.2−5 Although a median

sternotomy may provide excellent exposure to the heart and

great vessels, it is possible to obtain equivalent exposure

for HVAD implantation using the thoracotomy implant

approach, which utilizes 2 smaller incisions. The option to

implant the HVAD system using the thoracotomy approach

has the potential to provide patients with better outcomes

while expanding the eligible HVAD patient population.2−5

In this study, we compared midterm results and com-

plications after LVAD implantation using the left anterior

thoracotomy with upper hemisternotomy or right anterior

thoracotomy (LATERAL) approach vs the U.S. Food and

Drug Administration (FDA)-approved conventional, median

sternotomy technique in bridge-to-transplant (BTT) patients.
Methods

Patients and study design

The LATERAL study was a prospective, single arm, multi-center

clinical trial in collaboration with the Interagency Registry for

Mechanically Assisted Circulatory Support (INTERMACS) to

evaluate the thoracotomy implant technique of the HVAD system

in patients with advanced heart failure. This study was conducted

as an Investigational Device Exemption study (IDE No. G130279)

and following Good Clinical Practices (GCP) to evaluate the

safety and effectiveness of implanting the HVAD system via a

thoracotomy in patients at risk of death from refractory end-stage

left ventricular heart failure, who received the device intended as

a bridge to cardiac transplantation. The study was sponsored by

Medtronic (formerly HeartWare, Inc.). A total of 158 patients

were enrolled between January 15, 2015 and April 26, 2016 at 26

investigational sites, of whom 144 were included in the study pop-

ulation. All subjects in the LATERAL study had to meet INTER-

MACS eligibility criteria. All enrolled INTERMACS sites had

institutional review board/clinical research ethics board (IRB/

CREB) approval as required by INTERMACS procedures, as well

as IRB/CREB approval of the HeartWare IDE protocol and

informed consent documentation. All subjects were consented

using the INTERMACS informed consent and health privacy

documents according to INTERMACS procedures and local IRB/
CREB policy and procedures. In addition, all subjects signed a

HeartWare informed consent form and health privacy document

before thoracotomy implantation of the HVAD.

Enrollment in the LATERAL study was limited to subjects

who met the following inclusion criteria: age >19 years; chronic,

advanced left ventricular failure; transplant-eligible at the time of

enrollment; and provision of informed consent. Subjects were not

permitted to enroll in the LATERAL study if they had a body sur-

face area <1.2 m2, had previous cardiac transplant or a mechanical

heart valve, had severe right heart failure, or required either biven-

tricular or right ventricular support. In addition, if subjects had a

planned concurrent procedure or known LV thrombus, the thora-

cotomy implant approach could not be undertaken. After implan-

tation, device performance, follow-up visits, and visitation

windows were dictated by the INTERMACS protocol.

Adverse events (AEs) were reported through INTERMACS,

according to INTERMACS AE definitions. An independent

data safety monitoring board monitored and reviewed study compli-

ance, AEs, and outcomes. All study assessments, including AEs,

were to be conducted according to approved INTERMACS protocol

and procedures. There were no other study-specific procedural

requirements, except the LATERAL trial informed consent form.
Training

All participating centers had to meet certain requirements for par-

ticipation, including experience in implantation of the HVAD via

a sternotomy approach in a minimum of 10 cases. Before enroll-

ment, investigators and sub-investigators had to complete didactic

surgical training by investigator meeting attendance or regional

training. If the surgical experience of the participating surgeon(s)

was limited to <2 HVAD implants via a thoracotomy approach, a

1:1 physician proctorship training led by an experienced, approved

LATERAL surgeon proctor was required.
Pre-operative assessments

Pre-operative assessments included echocardiography or com-

puted tomography for careful evaluation of the presence of left

ventricular thrombus. Intraoperative transesophageal echocardio-

gram (TEE) as the standard of care was utilized in this assessment.

This further helped to visualize any valvular abnormalities or the

presence of a patent foramen ovale (PFO), which would have

necessitated a concomitant procedure and would exclude the

patient from the trial.
Operative technique

The implant technique of the HVAD system has been described

previously.1 However, rather than exposing the heart through a



Figure 1 Implantation of the HVAD pump using a lateral tho-

racotomy approach.
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median sternotomy, a limited left anterolateral thoracotomy is per-

formed with an incision centered over the apex of the left ventricle

to accommodate placement of the HVAD (Figure 1). An upper

hemisternotomy or a right anterior thoracotomy is performed simi-

lar to the procedure used for a minimally invasive aortic valve

replacement.6 The choice of approach for the anastomosis of the

outflow graft was up to the implanting surgeon. After performing

the thoracic incisions and preparation of cardiopulmonary bypass,

the sewing ring is attached to ideal left ventricular location identi-

fied by either finger or needle localization under TEE guidance.

After the pump is inserted, the drive-line is routed through the

pericardium in the typical fashion, and the outflow graft is then

tunneled up to and anastomosed to the ascending aorta.
Figure 2 Summary of subjects enrolled in the LATERAL trial.
Data collection and statistical analysis

The primary end-point was a composite of 6-month survival free of

disabling stroke (i.e., modified Rankin Scale [mRS] score >3,
assessed at 12 weeks post-event), while alive on the originally

implanted device, transplanted, or explanted due to left ventricular

recovery. For study sample size calculation, a success rate of 86%

at 6 months was estimated compared with a performance goal of

77.5%. Success required that the lower bound of the one-sided 95%

confidence limit be >77.5%, as determined using a one-sided exact

binomial test. The target success estimate was based on

the primary end-point observed in the ADVANCE Bridge to Trans-

plantation Continued Access Protocol (BTT+CAP) trial, post-

approval data on HVAD outcomes from the INTERMACS registry

(through Q2 2014), and data from the INTERMACS report from

Q1 2014 indicating an 85% survival estimate with LVAD support.

The pre-specified secondary end-point in the LATERAL trial

included a decrease in the mean length of initial hospital stay as

compared with a performance goal for median sternotomy sub-

jects. The mean length of initial hospital stay was compared to

26.1 days, with a standard deviation of 22.8 days and a median of

20 days, based on sternotomy approach data from the BTT+CAP

population (N = 242).

Other secondary end-points included the incidence of major

adverse events (classified according to the INTERMACS defini-

tions) and overall survival. Assessments of these additional end-

points are scheduled every 6 months for up to 5 years, or until

transplant, device explant, or death. Quality-of-life improvement
at 6 months was measured by the Kansas City Cardiomyopathy

Questionnaire (KCCQ) and EuroQol (EQ-5D), and functional sta-

tus improvement was measured by New York Heart Association

(NYHA) functional class and 6-minute walk test.

Survival analysis was performed using Kaplan‒Meier meth-

ods. Patients were censored from analysis at the time of original

device explant. All statistical analyses were performed with SAS

version 9.4 software (SAS Institute, Inc., Cary, NC). The study

was conducted in compliance with FDA regulations for Good

Clinical Practice.
Use of the INTERMACS registry

As this was the first trial using INTERMACS data for submission to

the FDA for labeling approval, there were certain adaptations made

to accommodate the clinical trial. All participating centers were

required to submit INTERMACS protocol and supporting documen-

tation to their appropriately constituted REBs and IRBs for

approval. INTERMACS does not require informed consent because

it is a quality improvement registry and no data beyond those gath-

ered during the course of routine care are collected for the registry.

However, participating INTERMACS centers were required to fol-

low their local institutional policies. If a waiver of consent and

authorization was granted, a summary patient information sheet was

available, although it was not required to be provided to patients.
Results

Between January 2015 and April 2016, 144 subjects were

implanted via thoracotomy with the HVAD and were

included in the LATERAL trial (Figure 2). Eleven (44%) of

the participating centers enrolled at least 5 patients (median

enrollment of 4 patients), with no single center enrolling the

majority of patients and driving the results. An additional 11

subjects were enrolled but excluded due to the use of either

sternotomy or an alternative outflow graft site.

Subjects enrolled in the LATERAL study were compara-

ble to subject populations of other BTT trials, in particular

the HVAD clinical studies,7,8 with respect to age, sex,

INTERMACS profiles, and baseline demographics

(Table 1). The subjects in the trial had advanced heart fail-

ure with 82% of subjects classified as INTERMACS Pro-

files 1 to 3, 19% with chronic renal disease, and 61% with



Table 1 Baseline Characteristics of Subjects in the LATERAL
Trial (N = 144)

Baseline characteristics Mean § SD or %

Age (years) 54.2 § 11.5
Male sex (%) 77.1%
Race (%)
Caucasian 62.5%
Black/African American 20.8%
Other 16.7%

Body mass index (kg/m2) 27.1 § 5.1
Body surface area (m2) 2.0 § 0.26
INTERMACS
1 3.5%
2 31.3%
3 47.2%
4 15.3%
5+ 2.7%

Bridge to transplant 74%
Bridge to transplant possible/eligible 26%
Ischemic cause of heart failure 32.6%
Previous cardiac surgery 22.9%
Duration of heart failure >2 years 72.9%
History of atrial arrhythmia 30.6%
History of major stroke 4.9%
Chronic renal disease 18.8%
Mean arterial blood pressure (mm Hg) 79.5 § 10.5
Left ventricular ejection fraction <20% 61.1%
Creatinine (mg/dl) 1.3 § 0.7
Central venous pressure (mm Hg) 10.4 § 5.6
Cardiac index (liters/min/m2) 2.1 § 0.54

INTERMACS, Interagency Registry for Mechanically Assisted Circula-

tory Support.
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ejection fraction <20%. A total of 9 patients (6%) had a

concurrent procedure (typically valve procedures) per-

formed via a less invasive approach at the time of implant.
Figure 3 Analysis of composite primary end-point. Alive on the orig

(mRS score >3), transplanted, or explanted for recovery is presented as

binomial test for non-inferiority against a performance success estimate o
Primary end-point success, defined as alive on original

device, transplanted, or explanted for recovery without a

stroke with an mRS score of >3 (assessed ≥3 months after

the stroke event), was achieved in 88.1% (126 of 143) of

subjects, which was significantly greater than the 77.5%

performance goal (p = 0.0012; Figure 3). The results for the

primary end-point are based on post-hoc imputation of

mRS scores for subjects with missing data (n = 2) whenever

possible. One subject had missing data for this end-point,

which resulted in 143 evaluable subjects. According to the

pre-defined statistical analysis plan, any subject without at

least 182 days of documented follow-up or an end-point

triggering event would be excluded from our primary end-

point analysis. More specifically, 67.8% (97 of 143) sub-

jects were alive on their original device without experienc-

ing a stroke, with mRS score of >3, and 20.3% (29 of 143)

of subjects were transplanted. The most common reason for

primary end-point failure was death on the original device

in 7.7% (11 of 143) of subjects (Figure 3). Both by the orig-

inally planned, pooled analysis (p = 0.0003), and by con-

trolling for prognostic factors and sites (p = 1.000), the

primary objective was met. Also, the results were similar in

both the per-protocol and all-enrolled subject populations,

where the primary end-point was achieved in 88.9% of the

all-enrolled population (n = 155), with p = 0.0003 and a

lower bound of the confidence interval of 83.9%.

The secondary end-point of decrease in length of initial

hospital stay was also achieved, with a mean length of stay

of 18 § 12.36 days as compared with the performance goal

of 26.1 days (p < 0.0001; Figure 4).

All implants per protocol were performed on cardiopul-

monary bypass (CPB), with a mean CPB time of 70 § 48.6

minutes, and a median of 59 minutes.

A total of 11 deaths were reported at 6 months (7.6%),

with an additional 3 deaths reported at 1 year post-implant

(10.4%). The most common cause of death was neurologic
inally implanted device at 6 months and free from disabling stroke

a Kaplan‒Meier survival analysis. The p-value describes the exact

f 86.0% compared with a performance goal of 77.5%.



Figure 5 Kaplan−Meier survival of patients on their original

HVAD device through 2 years.Figure 4 Analysis of the key secondary end-point of mean

length of initial hospital stay compared with 26.1 days for median

sternotomy patients based on the mean length of initial hospital

stay observed in the ADVANCE BTT+CAP cohort.
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(n = 3), followed by right heart failure and sudden unex-

plained death in 2 patients each. Overall Kaplan‒Meier sur-

vival was 89% at 1 year and 87% at 2 years (Figure 5).

There were no unanticipated adverse device effects

reported in the trial. The most commonly reported adverse

events were infection, bleeding, and cardiac arrhythmia

(Table 2). The reported incidence of major hemolysis

appeared greater than that seen in previous HVAD studies;

however, these events were not site-reported AEs but rather

event counts triggered at each patient visit by revision to

INTERMACS-defined criteria. It can be observed that the
Table 2 Summary of Adverse Events Occurring Through 12 Months

30 days

Bleeding
Requiring reoperation 3.5%a

Requiring transfusion 9.0%
Gastrointestinal 4.2%

Device malfunction/failure 6.3%
Major hemolysisb 2.8%
Drive-line infection 1.4%
Line sepsis 0.0%
Myocardial Infarction 0.0%
Stroke
HCVA 2.1%
ICVA 2.1%

TIA 0.7%
Hepatic dysfunction 0.7%
Renal dysfunction 5.6%
Severe right heart failure (requiring RVAD) 0.7%
Cardiac arrhythmia 22.2%
Ventricular arrhythmia 13.9%

At 1 year, data are also presented as events per patient-year. HCVA, hemorr

NA, not available; PY, patient-years; RVAD, right ventricular assist device; TIA, t
aStatistically significant reduction when compared with bleeding requiring reo

sents a post-hoc analysis).
bThe INTERMACS definition has changed, resulting in a wider definition, includ

rather as a triggered condition at each visit, so rates cannot be calculated.
cThis difference is not significant (p = 0.07) when compared post hoc with the
hemolysis events reported occurred early in the peri-opera-

tive period (within 1 week), and did not change substan-

tially thereafter, so the device-relatedness is questionable.

In addition, only 1 case of right heart failure requiring dura-

ble right ventricular assist device (RVAD) implant was

reported, and no severe right heart failure events were

reported after 3 months post-implant. Finally, the incidence

of moderate right heart failure decreased dramatically after

30 days and continued to remain low over the study period.

The rate of other AEs is reported in Table 2. Twelve of

144 subjects were reported to have had a stroke within

6 months post-implant, of whom 2 had a post-stroke mRS

score of >3 at 3 months post-stroke. Through 1 year, the

rate of disabling strokes (mRS score = 4, 5, or 6 at 3 months
Lateral (N = 144)

6 months 12 months (105.5 PY)

5.6%a 5.6%a (0.08)
18.8% 22.9%a (0.47)
11.1% 14.6% (0.34)
12.5% 22.2% (0.52)
6.3% 11.1% (NA)
5.6% 7.6% (0.14)
0.0% 0.7% (0.01)
0.0% 0.0% (0.00)

4.2% 5.6% (0.08)
4.2% 5.6% (0.08)
3.5% 6.3% (0.09)
0.7% 0.7% (0.01)
9.7% 10.4% (0.15)
0.7%c 0.7%c (0.01)
28.5% 30.6% (0.54)
18.1% 19.4% (0.36)

hagic cerebrovascular accident; ICVA, ischemic cerebrovascular accident;

ransient ischemic attack.

peration in the ADVANCE BTT+CAP trial over the same time period (repre-

ing mild hemolysis. Hemolysis is also no longer captured as an event, but

ADVANCE BTT+CAP trial results.



Figure 6 Freedom from any stroke (A) and freedom from disabling stroke (mRS score >3) (B) in subjects implanted with an HVAD

using a thoracotomy approach.
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post-stroke) was 2.1%. The freedom from any stroke event

was 91% at 6 months and 87% at 1 year, and the freedom

from disabling stroke (mRS score >3) was 98% at 6 months

and remained 98% at 1 year (Figure 6).

Eighteen subjects reported device malfunctions within

6 months post-implant, an additional 14 malfunctions

occurred from 6 months to 1 year, and 3 pump thrombus

events requiring exchanges were reported through 1 year.

Most of the device malfunctions were related to the control-

ler (37%, mostly the power connectors), although there

were no complete system failures. Peripherals (mostly

external batteries) accounted for another 34% of malfunc-

tion events, and the least common malfunctions were

related to the pump (including pump thrombus, drive-line,

inflow cannula, and outflow/bend relief). There were no

pump motor failures.

The incidence of bleeding requiring reoperation was

3.5% at 30 days, 5.6% at 6 months, and 5.6% at 1 year

(Table 2). The incidence of bleeding requiring transfusion

at 1 year was 22.9% (Table 2).

Patient self-reported quality of life assessment by KCCQ

summary score improved by an average of 27.2 points from

baseline through 6 months, and the EQ-5D visual analog

scale score improved by an average of 25.4 points over

6 months. In the assessments of functional capacity, the

total 6-minute walk distance increased from 76.7 meters at

baseline to 224.8 meters at 6 months. The percent of

patients in New York Heart Association (NYHA) Class I/II

increased from 0% at baseline to 66% by 6 months.

Discussion

The LATERAL trial was a multicenter, prospective, and

historical control study in a select BTT population with

advanced heart failure. The purpose was to evaluate the

safety and effectiveness of HVAD implantation via a thora-

cotomy approach. The analysis of the primary end-point,

defined as alive on original device without a stroke with an
mRS score of >3, transplanted, or explanted for recovery

yielded success of the HVAD system implanted via thora-

cotomy in 88.1% (126 of 143) of subjects, significantly

greater than the 77.5% performance goal.

The key secondary end-point of improvement in mean

length of initial hospital stay was also achieved, with a

mean length of stay of 18 § 12.36 days as compared to the

26.1-day performance goal. This significant reduction in

length of stay may consequently lead to a reduction in total

hospital costs related to HVAD implantation.

Mean CPB time was 70 § 48.6 minutes, and a median of

59 minutes. This compares favorably with data collected in

INTERMACS on the first 600 commercial BTT HVAD

sternotomy implants in 2012 to 2013, where the mean time

on CPB was 94 minutes, with a median of 85 minutes

(INTERMACS data reported to Medtronic as part of the

post-approval registry and reported to the FDA).

HVAD implantation via thoracotomy appears to be safe,

with AE rates comparable to previous HVAD studies utiliz-

ing a full median sternotomy, with the exception of hemo-

lysis, which is partially related to data collection and

reporting methods. Major hemolysis is no longer captured

by INTERMACS as an AE, but is reported by visit as a con-

dition triggered by other INTERMACS-defined datapoints.

The rate is similar to or better than current data captured in

INTERMACS with LVADs implanted via a sternotomy

approach. The most recent INTERMACS data (INTER-

MACS report to Medtronic, data cut-off October 31, 2017)

described a similar (or numerically higher) major hemolysis

rate for implants via a sternotomy approach (1-year inci-

dence of 17.7%); therefore, it is unlikely that the lateral tho-

racotomy approach leads to increased hemolysis.

The overall incidence of right heart failure was similar to

that of previous LVAD trials, although there were no severe

right heart failure events reported after 3 months, and the

incidence of moderate right heart failure decreased dramati-

cally by the first month of follow-up and remained low over

time. Twelve of 144 subjects were reported to have had a
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stroke at 6 months post-implant, of whom 2 had an mRS

score >3 at 3 months post-stroke. Two additional subjects

were considered failure of primary end-point as a disabling

stroke due to missing mRS scores at 3 months post-event.

However, those strokes were mild at presentation (mRS

score <1) and follow-up mRS assessments within 3 months

revealed mRS scores of 0 and 1. Both subjects were trans-

planted within 3 months of their stroke event, which is why

the site opted not to complete the 3-month mRS assess-

ments. Finally, although 23% of patients had previous

cardiac surgery, the incidence of bleeding requiring reoper-

ation was significantly lower at 30 days (3.5%), 6 months

(5.6%), and 1 year (5.6%) in patients undergoing implanta-

tion via a thoracotomy approach vs that observed in patients

implanted via a sternotomy approach in the HVAD BTT

+CAP trial (11.5%, 13.4%, and 13.6% at 30 days, 6 months,

and 1 year, respectively). Bleeding requiring transfusion

was initially similar to (numerically lower) in the LAT-

ERAL study subjects, but this value started increasing later

post-implant, reaching a value that was significantly higher

in the LATERAL subjects compared with the historical

BTT+CAP cohort. This is not likely related to the thoracot-

omy approach because the incidence did not begin to

increase compared with sternotomy until after 6 months

post-implant. However, considering the initially low rate

post-implant, this phenomenon is likely unrelated to the lat-

eral thoracotomy surgical approach, but rather may be

related to transfusions during transplant occurring later in

this population.

Overall survival observed in the trial was good, with

1- and 2-year survival rates of 89% and 87%, respec-

tively. This is similar to or better than survival reported

in other trials of LVADs using either a sternotomy or

thoracotomy approach.7−10 The most recent report from

INTERMACS noted 1-year mortality of continuous-flow

LVADs implanted during 2015 to 2016 as a bridge to

transplant of 12%,11 which is similar that observed in

the LATERAL trial at 9.7%.

The results of this trial were submitted to the FDA and

led to a label expansion for approval of this surgical

approach in July 2018 for implanting the HVAD system for

hemodynamic support in patients with advanced, refractory

left ventricular heart failure—either as a bridge to cardiac

transplantation, myocardial recovery, or as destination ther-

apy in patients for whom subsequent transplantation is not

planned. There have been other small case studies of

implants of other LVADs using a lateral thoracotomy

approach12−17; however, no multicenter trial has been suc-

cessfully completed using this approach with any of these

commercially available LVADs. In addition, a recent retro-

spective analysis from the registry of the Mechanical Circu-

latory Support Research Network compared HVADs

implanted using a thoracotomy approach (n = 53) vs those

implanted via a standard sternotomy (n = 230).18 The mini-

mally invasive left lateral thoracotomy approach was found

to be safe, with excellent survival confirmed with the

approach. The authors also noted a significant reduction in

the total length of hospital stay, similar to what was

achieved in this trial.18
LVAD implantation via a thoracotomy approach has

potential advantages. In patients in whom subsequent car-

diac transplantation or additional cardiothoracic surgical

procedures are planned, preservation of the sternum

reduces the later risks due to adhesions and bleeding in

later redo operations. In addition, preservation of the ster-

num may reduce surgical trauma and peri- and post-opera-

tive bleeding, especially for LVAD patients in whom anti-

coagulation and anti-platelet therapy is required. The

direct approach to the apex via a lateral thoracotomy may

also allow for improved inflow cannula placement. There

have been suggestions that keeping the pericardium intact

in the lateral approach may lead to additional long-term

benefits in right heart function, although data are not

available to support this hypothesis. Finally, some patients

find the cosmetic benefits of the thoracotomy approach

more appealing.

This trial has some notable limitations. Our study was

designed as a single-arm trial using a performance goal for

success; a more robust design would have been a random-

ized trial against prospective implants via standard median

sternotomy. The trial population was limited to a BTT pop-

ulation, which is typically a younger and sometimes less-

sick patient cohort. Thus, the surgical approach should not

be dependent on transplant eligibility, but rather surgical

selection as appropriate for the lateral thoracotomy

approach, and this is reflected in the FDA approval of the

approach in the broader population of the advanced heart

failure patient population. The lateral thoracotomy

approach may not be the right approach in all patients, as

reflected in the exclusion criteria of presence of ventricular

thrombus or need for a concurrent procedure such as a PFO

closure. Finally, the thoracotomy approach does require

some specialized training in both the implant approach and

the immediate post-operative management of patients.

In conclusion, in this prospective clinical study, we have

demonstrated that implantation of the HVAD system via

a thoracotomy (the LATERAL trial approach) is a safe

and effective alternative to median sternotomy in selected

patients with an intended goal of BTT indication. Overall

quality of life and functional capacity were meaningfully

improved in these patients with advanced heart failure sup-

ported with the left ventricular assist system implanted

through this surgical thoracotomy technique.
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