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Abstract Mechanical circulatory support in the form of

ventricular assist devices (VADs) in children has under-

gone rapid growth in the last decade. With expansion of

device options available for larger children and adoles-

cents, the field of outpatient VAD support has flourished,

with many programs unprepared for the clinical, pro-

grammatic, and administrative responsibilities. From

preimplantation VAD evaluation and patient education to

postimplant VAD management, the VAD program, staffed

with an interdisciplinary team, is essential to providing

safe, effective, and sustainable care for a new technology in

an exceedingly complex patient population. Herein, this

paper describes the Boston Children’s Hospital VAD

experience over a decade and important lessons learned

from developing a pediatric program focusing on a high-

risk but low-volume population. We highlight the para-

mount role of the VAD coordinator, clinical infrastructure

requirements, as well as innovation in care spanning

inpatient and outpatient VAD supports at Boston Chil-

dren’s Hospital.

Keywords Pediatric VAD � Ventricular assist device �
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Introduction

The last decade has seen a tremendous growth and evolu-

tion in the use of ventricular assist devices (VADs) for the

management of heart failure in children. With advance-

ments in VAD technology and expanding clinical experi-

ence with pediatric implantation, the indications for VAD

implantation in children have broadened from merely a

life-sustaining device, to a therapy directed at improving

patients’ overall health and happiness. Mirroring the field

of adult VAD support, pediatric VADs are now being

utilized not only as a bridge-to-transplantation, but also for

the purpose of promoting myocardial recovery (bridge-to-

recovery, BTR), allowing time for further delineation of

care strategies (bridge-to-decision, BTD) and as a perma-

nent therapeutic option (destination therapy, DT) [1–3].

The field of pediatric VAD support has followed stea-

dily on the heels of that of adults. The first adult VADs

developed in 1960s targeted patients with end-stage heart

failure refractory to maximal medical management. The

ultimate and original goal of VAD therapy was to solve

donor scarcity by providing a technological alternative to

heart transplantation. However, it became increasingly

evident that early VAD designs were not going to easily

supplant heart transplant due to substantial morbidity and

mortality associated with implantation and long-term sup-

port. In the last five decades, there has been dramatic

innovation in VAD’s design with the development of

newer generation intracorporeal continuous flow VADs

that have overtaken the older generation paracorporeal
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pulsatile flow devices [4–6]. These newer devices have

higher survival and substantially lower rate of adverse

events such as bleeding, stroke, and infection [4].

Children have benefited from the technological surge

and clinical experience garnered in the field of adult VAD

support by the increased attention focused on the under-

served population of pediatric heart failure patients.

Extracorporeal membrane oxygenation (ECMO) has been

the mainstay of pediatric mechanical circulatory support

due to its applicability to patients of all sizes from infancy

to adulthood. However, ECMO has been plagued by the

inability for long-term support beyond weeks without

accruing significant morbidity and mortality and the

inability to easily mobilize and rehabilitate patients [7].

The Berlin Heart EXCOR� was the first pediatric specific

device that gained widespread usage due to its higher

survival to transplantation and lower adverse event profile

compared with ECMO [8]. With the EXCOR�, children

could be extubated, fed, ambulated, mobilized, and reha-

bilitated while awaiting transplantation [9–11]. Children

could be supported for weeks, months, and even years

while awaiting transplantation, all the while remaining,

however, in hospital for the duration of their support. The

expanding use of the Berlin Heart� highlighted the sig-

nificant care needs required for these patients and their

families—care that extended beyond day-to-day medical

management—but also to finding innovative ways of

rehabilitating, feeding, mobilizing, and supporting this new

expanding cohort and their families [12]. And thus, the

pediatric VAD programs began to emerge with a new

appreciation for dedicated personnel who had a unique set

of skills. One, who could coordinate complex care, was

knowledgeable about technical aspect of devices, could

educate staff and patients alike, and advocate for these

patients within a complex health care system that was

unfamiliar to the nuances of VAD care. At our institution,

as well as many others, a nurse VAD coordinator was

ideally suited for this role.

By 2010, many centers that performed pediatric VAD

implantations started using newer generation, intracorpo-

real devices that were intended for use in adults. Most of

these centers were closely integrated with adult VAD

programs that facilitated their access to these devices. Most

notably was the early experience with intracorporeal axial

flow VAD—the HeartMate II� in older children and ado-

lescents [13–15]. In 2012, another type of intracorporeal

continuous flow VAD—the HeartWare HVAD system�—

gained Food and Drug Administration approval for use in

adults with heart failure. Its smaller size opened the door

for application to the wider pediatric population, and

changed the landscape of pediatric VAD support. [16, 17]

The HVAD has been utilized in children and adolescents as

small as 15 kg for the purpose of bridge-to-transplantation,

bridge-to-recovery, and destination therapy [17–20]. The

significant advantage of the HeartWare� device over the

EXCOR� has been its ability for hospital discharge, per-

mitting patients to return home and resume activities of

daily living: extracurricular activities, play, and school

[16, 21, 22]. However, this opportunity for outpatient

management has highlighted the complexity of supports

required to accomplish and sustain this goal. Questions that

we faced included: How do we get these children and their

families home? What staffing and programmatic infras-

tructure is required to care for these patients while in

hospital and follow them as outpatients in clinic? Who

teaches them about their equipment and their day-to-day

care? Who is medically responsible for them in the com-

munity? Who manages their anticoagulation? Who man-

ages their other medications? How do we provide

psychological support to both the patients and their fami-

lies? How do we get these children’s back to school? Is

there an opportunity to participate in a cardiac rehabilita-

tion program? And the questions go on…
The rapid growth of pediatric VAD support has out-

paced the infrastructure and personnel required to sustain

it. Many centers are now realizing the tremendous care

needs of this unique and high-risk population for whom

meticulous attention to detail and continuity of care is

paramount to ensure optimal outcomes with this fledging

technology.

Herein, we describe our center’s experience developing

a pediatric VAD program. We highlight the challenges and

opportunities that come from providing comprehensive

support to inpatient and outpatient pediatric VAD recipi-

ents and their families. We discuss the interdisciplinary

approach across the continuum of their care and review the

literature related to the development of pediatric VAD

programs.

Methods

Origins of a Pediatric VAD Program: Boston

Children’s Hospital

Boston Children’s Hospital’s (BCH) Advanced Cardiac

Therapies Program evaluates and manages children with

systolic and diastolic heart failure due to acquired or con-

genital heart disease. Since its inception in 1986, Boston

Children’s has performed more than 300 heart transplants,

making it one of the largest pediatric heart transplant

programs in the country. Specialists from Boston Chil-

dren’s cardiovascular program provide pre- and postoper-

ative care for patients and their families. Current ‘‘bridges’’

to transplant include: the use of continuous vasoactive
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drugs, extracorporeal membrane oxygenation (ECMO),

and ventricular assist devices (VAD).

Pediatric VAD implantation at Boston Children’s

Hospital spans the past 10 years. Since the first VAD

implant in 2005 to December 2016, surgeons at Boston

Children’s Hospital have implanted a total of 63 devices in

55 patients (aged 18 days–23 years). This group is com-

posed of 30 patients supported with the Berlin Heart

EXCOR�, seven patients supported with the Abiomed�

5000, four patients supported with the Impella� 2.5, nine

patients supported with the RotaFlow Maquet�, and 16

patients supported with the HeartWare� VADs (Table 1).

The formative years of pediatric VAD support consisted

of the inpatient management of the Berlin Heart EXCOR�.

Clinical care of this device was challenging with a steep

learning curve for surgical implantation, management of

anticoagulation, and monitoring of the device. In addition,

care of these patients was emotionally taxing due to ever

present risk of devastating adverse events such as stroke

and bleeding. Patients had always been evaluated for

possible VAD implantation as a bridge-to-transplantation

by the multidisciplinary Heart Failure and Heart Transplant

team. The purpose of the evaluation was to identify

absolute or relative contraindications to VAD placement

and mitigate patient- and device-specific risk factors. Sur-

gical considerations were given special attention, and rel-

evant cardiac imaging studies were reviewed. Following

implantation, patients were managed in the cardiac inten-

sive care unit (CICU) by intensivists with the Heart

Transplant and Heart Failure team acting as a consultant

service providing guidance on anticoagulation initiation,

titration, and management. Many of the early EXCOR�

patients were participants in the North American Berlin

Heart Investigational Device Exemption (IDE) trial [8, 11],

using a standardized protocol for their postoperative anti-

coagulation and VAD care. Anticoagulation decisions were

made in consultation with one primary attending physician

from the Heart Transplant Team, to ensure consistency and

continuity of care. At this time, there was no dedicated

VAD nursing staff apart from the Heart Transplant nurse

practitioners and a specialized team of CICU nurse com-

petencies for the CICU nursing staff.

Expansion and Redefinition of the VAD Program

The first HeartWare implantation at Boston Children’s

Hospital in 2012 compelled restructuring and expansion of

the program to accommodate the increase in volume of

patients and clinical demands associated with transition to

outpatient care. Around the same time, the rapid expansion

of adult VAD programs across North America spurred the

Joint Commission to formalize credentialing requirements

for adult VAD centers (Table 2). While these requirements

were not designed for the pediatric population, the Heart

Center at Boston Children’s Hospital acknowledged the

need to stay ahead of programmatic development by allo-

cating resources to fund device acquisition and dedicated

VAD staff.

It Takes a Village: VAD Program Staffing

The VAD Program is staffed by an interdisciplinary team

composed of a Medical Director (cardiology attending with

specialized training in VAD pre-, peri-, and postimplanta-

tion management), Surgical Director (cardiovascular sur-

geon who primarily implants all VADs and is credentialed

for heart transplantation), VAD trained cardiologist, full-

time VAD Coordinator, part-time administrative assistant,

and dedicated support from social work, palliative care,

and inpatient clinical nurse specialists.

The reasons for having a dedicated team of clinicians for

this small but complex population included: standardizing

clinical care, minimizingmedical errors, ensuring continuity

of care, fostering therapeutic alliances with patients and their

families, enriching our local knowledge, and developing

research that can be shared with the community.

Table 1 Boston Children’s Hospital VAD patients from 2005 to

December 2016

Median (Range)

Age 4.95 years (18 days–23 years)

Weight (in kilograms) 15.7 (3.0–100.0)

Frequency (%)

Year of implantation

2005 2 (3.6)

2006 1 (1.8)

2007 5 (9.0)

2008 6 (10.9)

2009 5 (9.0)

2010 1 (1.8)

2011 7 (12.7)

2012 4 (7.2)

2013 3 (5.4)

2014 10 (18.1)

2015 7 (12.7)

2016 (January–November) 4 (7.2)

Type of devicea

Berlin Heart Excor� 30 (47.6)

Abiomed� 5000 7 (11.1)

HeartWare HVAD� 16 (25.3)

Marquet Rotaflow� 9 (14.2)

Thoratec� PVAD 1 (1.5)

a Four patients were implanted with more than one device
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Staffing the program with full-time nurse coordinator

was paramount to the success of the program, however was

no easy feat. Justifying the need of a nurse or nurse prac-

titioner for a program that was in its infancy with a small

number of resource intense patients relative to other pro-

grams was a significant challenge. To gain support to fund

a VAD coordinator position, we referred to the experience

garnered by adult VAD programs and the newly emerging

Joint Commission requirements for adult VAD programs’

certification. Prominently highlighted throughout the Joint

Commission expectation for ‘‘Program Management’’ and

‘‘Delivery and Facilitating Clinical Care’’ was a VAD

coordinator (Table 2). Beyond clinical care, the VAD

coordinator would also play an important role of managing

data entry for the pediatric VAD registry, PediMACS,

which at the time was new pediatric arm of the Interagency

Registry for Mechanically Assisted Circulation Support

(INTERMACS). [2].

The Role of VAD Coordinator

With the support of the on-service VAD attending (two

attending physicians with special training in pediatric heart

failure and VAD care), the VAD Coordinator assumes

primary responsibility for day-to-day clinical management

of VAD patients both in the inpatient and outpatient set-

ting. These responsibilities include but are not limited to:

daily communication with all outpatient VAD patients,

daily inpatient rounds with multidisciplinary team, docu-

menting VAD management recommendations in the elec-

tronic medical record (EMR) for inpatients, teaching

patients, families, trainees, and staff about device man-

agement, data entry into PediMACS on all supported

patients, and facilitating evaluations for VAD candidacy.

VAD Evaluation

The VAD team is consulted to evaluate mechanical cir-

culatory support options for patients managed at Boston

Children’s Hospital with decompensated heart failure.

Referrals are made by their primary cardiologist, cardiac

intensive care physician, or cardiovascular surgeon. An

order was created in the EMR that allows providers to

order a ‘‘VAD consult.’’ Once ordered, the VAD coordi-

nator and the VAD physician utilize an evaluation order set

to individualize preoperative assessments while ensuring

that all patients receive a minimum set of standard inves-

tigations and assessments prior to VAD implantation. The

evaluation process for VAD includes the following: (1)

educating the potential patient and caregivers on device

specifics, risk and benefits of support, and anticipated

quality of life on support; (2) laboratory testing and diag-

nostic imaging to identify medical or anatomic risks or

contraindications to VAD; (3) collaboration with Heart

Transplant team to determine candidacy; and (4) consul-

tation with social work, psychology, and palliative care

team for all patients. Once the evaluation is complete, the

VAD Coordinator synthesizes the information and presents

the evaluation with the patient’s primary VAD attending to

the multidisciplinary VAD team meeting. In addition, the

VAD team presents their recommendations at the weekly

inpatient Heart Transplant/Heart Failure service meeting. A

clear indication for VAD placement is established from the

following choices: (1) bridge-to-heart transplantation, (2)

bridge to decision, (3) bridge to recovery, or (4) destination

therapy.

Table 2 Joint Commission Requirements for Advanced Certification

for VAD (Adult)

Program management

(1) Program leader(s) identifies in writing the composition of the

interdisciplinary team

a. The Interdisciplinary VAD team is composed of the

following:

i. One or more cardiologist with advanced heart failure

ii. One or more cardiac surgeon

iii VAD coordinator (registered nurse, perfusionist)

iv Social worker

v. Palliative care representative

b. Based on patient and family needs:

i. Nutrition

ii. Psychological services

iii. Rehabilitative services

iv. Financial support

Delivering or facilitating clinical care

(2) Practitioners have education, experience, training, and/or

certification consistent with program’s scope of service, goals,

and objective

a. Requirements specific for destination VAD program

i. One or more cardiologist trained with advanced heart failure

therapies, who has recent experience with VAD and heart

transplant, and sufficient competency in evaluating patients

for transplant

ii. One or more cardiac surgeon who has placed 10 VADs in

last 36 months

iii. VAD coordinator who has experience and expertise in

complete course of treatment of VAD patient

iv. Social worker with experience in assessment of VAD

patient

Performance measurement

(3) Program collects data related to its target population to

identify opportunities for performance improvement

(4) Program evaluated variances that affect program

performance and outcomes

Adapted from Joint Commission Perspectives�, February 2014,

Volume 34, Issue 2

Intermacs is currently the only nationally audited registry for VAD
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VAD Implantation Planning

Once a patient is accepted for a VAD implantation, the

VAD Coordinator coordinates all the logistics surrounding

the implant operation. This includes: collaborating with the

device clinical specialists to ensure equipment is available

and not close to expiration, ensuring insurance preapproval

for device implant has been obtained, setting up device

equipment for the OR, completing regulatory paperwork

for device implant and managing the patient in the OR

under the guidance of the VAD surgeon and attending. The

VAD attending remains in the OR for the duration of the

implant, adjusting the device parameters based on the

patient’s hemodynamics and echocardiogram.

VAD Postoperative Management

The VAD coordinator and the attending physician

accompany the patient from the operating room to the

CICU, where they provide VAD sign out to the CICU

team, outlining the events in the operating room, the set-

tings of the VAD, and the VAD management plan. A

postoperative device-specific VAD order set is completed

by the VAD coordinator in conjunction with CICU provi-

ders. This order set clearly defines the device settings,

alarm parameters, hemodynamic parameters, laboratory

investigations, antimicrobial plan, and anticoagulation

plan. At this time, the VAD coordinator will also provide

refresher education to the nursing team, while the VAD

attending physician does the same for the CICU-attending

physicians and trainees. The CICU team is instructed to

call the VAD pager with any changes in device perfor-

mance, alarms, or increase in bleeding or clotting. The

VAD pager is covered 24 hours a day, and answered

immediately.

The VAD coordinator takes rounds daily with the

interdisciplinary team and writes a daily progress note

summarizing the patient’s clinical course, device settings

and parameters, device alarms, and plan of care. The VAD

team is exclusively responsible for initiation and titration

of all anticoagulation and antiplatelet therapy which is vital

to reducing variability in anticoagulation levels, as other

centers have demonstrated improved outcomes with a

select group managing antithrombosis regimes for the

pediatric VAD population [23]. As the patient recovers, the

VAD coordinator bridges the gap of communication from

the CICU to the inpatient step-down cardiac floor by pro-

viding updates to nursing administration to assure staffing

is adequate to accept the VAD patient on the anticipated

transfer date. Once the patient is ready for transfer to the

step-down cardiac floor, the VAD Coordinator serves as a

clinical resource to the house staff and the nursing staff.

Scheduled education sessions are provided in addition to as

needed educational offerings to maintain provider comfort

in managing the device and competencies. The VAD

coordinator takes rounds daily and coordinates long-term

care plans. For patients supported on devices that preclude

discharge (paracorporeal devices), the VAD coordinator

helps implement the long-term goals of care and serves as

the fulcrum of the interdisciplinary care team which

includes occupational therapy, physiotherapy, speech lan-

guage pathology, nutrition, feeding team, neurocognitive/

neurodevelopment, and palliative care team. An individu-

alized health plan is created with patient-specific goals

outlined by providers and family.

Preparing VAD Patients and Families for Discharge

The preparation for outpatient care begins in the preimplant

period. During the VAD evaluation, the VAD coordinator

identifies obstacles to discharge including medical comor-

bidities, psychosocial issues, family issues, and financial

burdens. We try to address as many of these obstacles early

in the VAD course, so that the postoperative VAD period

focuses most on patient, family, and community education.

The VAD coordinator begins discharge device education

with the family when the patient is still in the CICU. This is

a good time to initiate discussions regarding parental

expectations for discharge and outpatient management.

This provides an opportunity to reconcile any discordant

views between the family and the VAD team regarding

care needs and expectations. Social work spends time with

the family identifying social, emotional, and financial

obstacles to establishing seamless outpatient care. A

checklist has been developed that outlines all the necessary

steps prior to discharge (Table 3). First and foremost on

that list are patient and family competencies for managing

the device and driveline dressing changes. Families uni-

versally express anxiety around learning a new technology

that is life sustaining for their child. Families find it

overwhelming to learn all the didactic material in a short

period of time. To alleviate part of their anxiety, fear, and

concern, we initiate training early in the postoperative

perioperative period and gradually introduce complexity.

Utilizing OPENPediatrics� (https://www.openpediatrics.

org), we specifically created educational videos for our

pediatric population that they can reference from home.

The videos review everything from VAD implantation to

day-to-day outpatient care. We supply the family with

pediatric tailored written material as a reference. We

complete hands on teaching with sample devices and bat-

teries for families to gain familiarity and comfort with

manipulating the controller and exchanging batteries. We

complete training with specifically developed VAD simu-

lation scenarios that are carried out at the Boston Chil-

dren’s Hospital Simulation Center (http://simpeds.org/)
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allowing families an opportunity to practice what they have

learned in a controlled environment. Based on their per-

formance in the simulation sessions, we then focus addi-

tional training to areas that warrant more attention.

Boston Children’s Hospital Outpatient VAD

Experience

From November 1st 2012 to December 1st 2016, a total of

sixteen patients (aged 6–23 years, median 16 years old)

have undergone implantation of a HeartWare LVAD�

(Table 4). The majority of these patients were adolescents,

with the youngest being 6 years of age. The smallest child

implanted was 18 kg, with a body surface area of 0.7 m2,

and the median weight was 59 kg (range 18–90 kg). All

patients had two ventricle circulations with dilated car-

diomyopathy being the most common underlying diagno-

sis. Among the 16 patients, 14 were successfully

discharged home and returned to school. Two patients died

shortly after implantation in the CICU of multisystem

organ failure and did not achieve discharge. The median

time to discharge was 31 days (range 17–62 days) with an

overall time of support of 114 days (range of

25–656 days). Of the 13 patients discharged, five patients

required at least one rehospitalization. All 13 patients

resumed school with the youngest attending grade 4 and

the oldest attending college and living in residence on

campus for over 2 years.

Our 82% rate of discharge home and return to school

exceeds what is currently published in the literature

[16, 21, 22]. Rossano et al. reported the first Pedimacs

Table 3 VAD discharge checklist for patients at Boston Children’s

Hospital

(1) Discharge teaching

Doppler MAPs

Sterile dressing changes

Daily monitoring

CPR

Unsupervised excursions

Coumadin/lovenox teaching

Packing ‘‘Go Bag’’ with proper backup equipment and

emergency contact information

(2) Obtain release of information forms from parents (School,

EMS, Fire, Local ER, etc.)

(3) Complete home assessment form

(4) Review and sign VAD home care contract

(5) Notify electric company

(6) Notify case management

Request dressing change supplies

Request home supplies (Doppler, Manual BP Cuff, Scale)

request home nursing

(7) Notify: local emergency response team, fire, police, and local

ER

(8) Notify: local cardiologist/pediatrician

(9) Order scripts

Create med list

Fill pill box

Have pharmacy review with parents

Prescribe oral Vitamin K if patient[2 h away to reverse

Coumadin in setting of OHT

(10) Discharge equipment

Doppler and manual Cuff

Back up controller

Six batteries

Shower bag

AC/DC adapter

Scale

Home INR monitor

Home HeartWare monitor if[ 2 h away

Medical alert bracelet

(11) Arrange outpatient clinic appointments

Provide family with calendar and put calendar in patient’s chart

(12) Notify school

Set up tutoring

Set up training for school RN/administration

(13) Prescribe home PT/OT

(14) Prescribe outpatient counseling

Table 4 Demographics of HeartWare Patients Supported at Boston

Children’s Hospital (N = 16)

Median (Range)

Frequency (%)

Age (in years) 16 (6–23)

Weight (in kilograms) 58.8 (18.0–89.5)

Gender

Female 6 (37.5)

Male 10 (62.5)

Diagnosis

Arrythmogenic dilated cardiomyopathy 1 (6.7)

Dilated cardiomyopathy 11 (68.7)

Hypertrophic cardiomyopathy 1 (6.7)

Congenital heart disease 2 (13.3)

Status post heart transplantation 1 (6.7)

Discharge location/disposition

Home 10 (66.7)

Rehabilitation 3 (20.0)

Death 2 (13.3)

Ongoing 1

Returned to school 13 (81.3)

Number of days from implantation to discharge 31 (17–62)

Number of days from implantation to

transplantation

114 (25–656)
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registry report on the outcomes of children implanted with

durable (long term) continuous flow devices—both

HeartWare� VAD and HeartMate II� VAD [22]. Of the

109 children included in the analysis from 35 contributing

centers, only 49 (45%) were discharged home. Conditional

upon discharge, 30 (61%) patients were rehospitalized at

least once. The median duration of support in the Pedimacs

was 2.3 months (range 1 day–28 months) which was

shorter than our median duration of support of 3.6 months

(range 1–21 months). Local expectations for transplant

waitlist time are likely to be an important factor that

influences pediatric VAD discharge rates. Due to the long

waitlist times for pediatric patients in the New England

region, we have made it a priority to work toward dis-

charge for all eligible VAD patients, as we expect most

waitlist times to fall in the 3–12 months’ range. In addition,

we feel that planning for discharge has a positive psycho-

logical effect on the patients and their families by focusing

their attention on attainable goals of getting home rather

than simply waiting for a heart to become available.

Since Rossano et al. publication, other papers have

highlighted similar rates of discharge for pediatric patients

supported on continuous flow devices [16, 20]. Conway

et al. reported the worldwide experience of HeartWare� in

205 children from 34 centers and 12 countries. In this

study, 54% of patients were discharged home after VAD

implantation after a median duration of hospital stay of

40 days (range 28–71 days) and with a total median

duration of support of 86 days (range 24–215 days). We

hypothesize that our center has been able to achieve a high

discharge rate because longer than average waitlist times

allowed for programmatic learning and development of a

VAD discharge pathway.

Using Innovative Communication Technology

for Managing Technology

Effective communication is one of the major pillars of

outpatient VAD management. This includes establishing a

simple yet comprehensive way for patients and providers to

correspond daily about overall health, VAD parameters,

medication changes, future appointments, dressing chan-

ges, and new problems. After trialing a home monitoring

system (VADWatch�; AlereTM Standing Stone) with six

patients, we created our own home monitoring applica-

tion—Boston VADKids� app—that can be used through

smartphone, tablet, or computer access (Fig. 1). The

application has three purposes: (1) provide a device

specific educational resource for the patient/family that is

accessible and available in both urgent and non-urgent

settings, (2) allow VAD parameters, weight, blood pres-

sure, and temperature for the patient to be entered daily,

and (3) facilitate communication between the VAD team

and the patient by secure texting. We viewed secure texting

Fig. 1 Boston VADKids� home

monitoring application
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as a lynchpin of the application; as many of our patients are

adolescents whose primary mode of communication is

texting. Benefits of texting include delivery of a secure

record of communication to the patient (example: Your INR

today was 2.5, please take 5 mg of Coumadin tonight and

retest in 1 week). In addition, the secure text feature has

been integrated with the smartphone camera allowing the

patient/family to send photos of equipment, driveline exit

sites, and patients enjoying their life on VAD. We ensure

that the secure texts would be answered by a member of the

VAD team 24/7. The secure texts can expand to include

social work, the cardiovascular surgeon, or members of the

Heart Transplant team. In addition, patients have the option

to include or exclude their parents on the communications

to respect confidentiality and their autonomy. The infor-

mation input into the application is reviewed daily by the

VAD coordinator or the on call VAD attending, and alarms

were created to notify the team by email of out of range

parameters. Information input into the application is linked

to the EMR and can be trended over time. We are currently

evaluating the ability of the application to facilitate out-

patient management, improve patient and family comfort

with the VAD, and augment quality of life. We are hopeful

that the application will increase communication and has

the potential to decrease rehospitalization and/or adverse

events through early identification of problems.

Expanding Indications for Pediatric VAD Support:

Laying the Foundation for Destination Therapy

VAD

The new generation of intracorporeal continuous flow

VADs, such as the HeartWare� and HeartMate II�, have

opened the door to the possibility of outpatient VAD

management, and with that, expanded the indications for

VAD implantation. In the era of paracorporeal VADs such

as the Berlin Heart EXCOR�, support could only be con-

sidered for the purpose of bridge-to-transplant or recovery

as patients had to remain in hospital for the duration of

their support. Now with the ability to discharge patients

home, destination therapy VAD support could be a con-

sideration for select patients not deemed heart transplan-

tation candidates. The field of DT VAD in adults had

already flourished, with a majority of adult VAD implants

now being performed for DT rather than as a bridge-to-

transplantation [4, 24, 25]. The landmark Randomized

Evaluation of Mechanical Assistance in the Treatment of

Congestive Heart Failure (REMATCH) trial in adults

demonstrated that the implantation of LVADs for DT was

superior to standard medical therapy in patients with end-

stage heart failure who were not eligible for transplantation

[26]. Therefore it is not surprising that consideration of

children and adolescents for long-term (permanent) VAD

implantation began to progress from a theoretical discus-

sion to a reality. Acknowledging the possibility for many

anticipated and unanticipated medical, social, and ethical

challenges, a working group at BCH was created in 2013 to

begin the discussion surrounding pediatric DT support.

This working group consists of VAD surgeons, VAD car-

diologists, VAD coordinators, social worker, heart failure

cardiologists, cardiac intensivists, cardiac nursing, medical

ethicists, palliative care specialists, child life, and com-

munity representatives. Over the last three years, a col-

laborative and multidisciplinary framework for evaluating

and consenting/assenting patients and families has been

created. The group has also created a framework for

withdrawal of care for DT pediatric patients has been

created. Many unresolved issues remain; including choice

of the best long-term destination therapy device as adult

clinical trials of destination therapy using the HeartWare

device in the adult population have demonstrated a 30%

stroke rate at 2 years follow up, which is much higher than

originally anticipated. [27].

Conclusion

VAD management in children requires a well-integrated

network of care in the inpatient and outpatient settings. The

support of a VAD coordinator has been pivotal to program

development and achievement of excellent clinical out-

comes. While the field of pediatric VAD support is still in

its infancy, we foresee continued evolution of pediatric

VAD care in both device utilization and programmatic

requirements. We were committed to create a program that

in its inception would meet the rigorous expectations of the

Joint Commission and were fortunate to have administra-

tive support to make this a realization. However, there are

multiple programs nationwide that have smaller surgical

volumes, and may have limited resources to validate allo-

cation to a highly specialized but low-volume program. We

advocated strongly for a full-time position VAD coordi-

nator, and in doing so have improved patient outcomes by

facilitating patient discharge on intracorporeal VADs. This

in turn has substantially decreased hospital costs related to

long-term VAD therapy and improved inpatient bed uti-

lization. We have also combined the VAD coordinator

position with that of the Cardiac Antithrombosis Manage-

ment Program (CAMP), who oversees standardized anti-

coagulation and antiplatelet of all patients with acquired or

congenital heart disease followed at Boston Children’s

Hospital [28]. By doing this, the VAD coordinator’s

function covers a wider role of care in the cardiac program,

and gains valuable expertise in anticoagulation manage-

ment which is at the crux of VAD care.
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Provision of centralized care to this complex patient

population has resulted in institution-specific guidelines for

management of the VAD patient, education of providers,

patients, and families, and development of VAD-specific

quality metrics. We feel that all programs—be it small or

large—can expand and improve care if we choose to col-

laborate and share our clinical expertise on this complex

and small-volume population. This extends beyond

reporting clinical outcome data to also sharing program-

matic guidelines, protocols, and educational material. By

doing this, we can collectively save time, resources, and

improve standardization of care models across centers.

Reviewing our program over the past 10 years shows

favorable clinical outcomes for patients and a high rate of

discharge home, as 82% of patients supported on durable

devices were discharged home. Future challenges include

the need to develop a multicenter standardization of

device-specific care—from a standardized approach to

antimicrobial, driveline, and anticoagulation management.

These endeavors are currently underway through the efforts

of pediatric VAD coordinator online consortia that aim to

share center‘s experiences and protocols to evaluate care

metrics and improve outcomes.

Beyond the goal of ensuring long-term patient survival

and freedom from adverse events, a key priority was

achieving the highest quality of life for patients and their

families. With advancements in our program and techno-

logical utilization; our institution has been able to drive our

practice beyond improving the quantity of days of support

and focusing on the quality of those days. Ozbaran et al.

expressed that the new target for VAD support has been

identified in that ‘‘nothing less than normal’’ is expected for

these children [29].When faced with a patient who wishes to

do something that has never been done before our center, our

VAD Program has developed the mindset of finding solu-

tions rather than implementing restrictions. It is not if each

obstaclewill be overcome butwhen.With a singular focus on

each individual obstacle that will be overcome, we strive to

help our VAD patients and their families achieve all of their

goals—whatever they might be.
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