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End-stage care for children after
heart transplant
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Heart transplant is performed annually in over 600 children worldwide to treat life-
limiting cardiac disease. Conversations regarding waitlist mortality, post-transplant
morbidity and mortality, and goals of care are commonplace pre-transplant.
However, there is a void of information and resources for providers and families
when end-stage disease recurs in the long-term transplant recipient. The
purpose of this review is to discuss the care of the pediatric heart transplant
recipient with chronic cardiac dysfunction occurring years after a successful
transplant. This includes a need for transplant providers to have education and
training related both to palliative care and medical ethics to improve shared
decision making with patients and families.
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The number of pediatric heart transplants performed annually has steadily increased,
and transplant survival has also improved (1). Survival within 5 years conditional on
) (1). With more
children undergoing heart transplant and recipients surviving longer, the number of

1-year survival is 90% in the most recent era of transplant (

children living with a transplanted heart has grown exponentially. Thus, it is
important to be knowledgeable in the care of the long-term transplant recipient. This
includes evaluation and care of chronic graft dysfunction or other severe non-cardiac
morbidities.

Survival and chronic graft dysfunction

For those who survive at least 5 years post heart transplant, there is a steady decline
in survival over the ensuing 2 decades with estimated survival 73% at 15 years and 51%
survival at 25 years (2). The number of children alive but with the sequelae of chronic
graft dysfunction has not been described and may be more prevalent than expected. A
paper by Kindel et al. focusing on cardiac allograft vasculopathy (CAV) describes
features of cardiac dysfunction at the time of coronary assessments (3). In this
multi-institutional analysis of 8,000 hemodynamic assessments in 2,000 pediatric
heart transplant recipients, the left ventricular ejection fraction (LVEF) was
depressed (<45%) in 3.5%, right atrial pressure was elevated (>13 mmHg) in 4.4%,
and pulmonary capillary wedge pressure was elevated (>15mmHg) in 6.4% of
assessments. Graft survival was worse with any degree of graft dysfunction and CAV
compared to those with CAV but normal graft function (3). Unfortunately, this
study did not assess outcomes of chronic graft dysfunction in the absence of CAV,
but it is expected that these outcomes would also be poor.

01


http://crossmark.crossref.org/dialog/?doi=10.3389/frtra.2023.1221166&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/frtra.2023.1221166
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/frtra.2023.1221166/full
https://www.frontiersin.org/articles/10.3389/frtra.2023.1221166/full
https://www.frontiersin.org/journals/transplantation
https://doi.org/10.3389/frtra.2023.1221166
https://www.frontiersin.org/journals/transplantation
https://www.frontiersin.org/

Everitt

10.3389/frtra.2023.1221166

—1996-2001 (N=1,970)

—2002-2007 (N=2,424)

—2008-2013 (N=2,678)

100 —————

80

90 \

e

70

Survival (%)

60

50 T T

FIGURE 1

between 1996 and 2001 and 2002-2007 at p-value <0.05 (1).

Years

Kaplan-meier survival within 5 years conditional on survival to 1 year shown by era for pediatric heart transplant recipients in the International Society for
Heart and Lung Transplantation registry. Note the y-axis is truncated. Pairwise comparison between the recent era 2008-2013 is significantly different

Retransplantation

While some children with end-stage disease after heart
transplant are eligible for retransplant, others may choose not to
undergo retransplant or are not eligible related. Contraindications
to retransplant are like those put forth for primary transplant
candidacy (4). Multiple large registry studies have shown lower
survival after retransplant compared to primary transplant (5-7).
A recent found similar

study by Conway et al early

complications after heart transplant. However, retransplant
patients had a higher risk of early and late rejection, CAV, earlier
time to graft failure, and higher risk for late renal dysfunction
(6). In multivariate analysis, retransplant was a risk factor for
death at 1, 5, 10, and 15 years after second transplant compared
to primary transplant (6). These data should be considered when
discussing retransplant as an option for end stage care with

patients and families.

Medical therapy

Most commonly transplant graft dysfunction is due to cardiac
allograft vasculopathy and is a progressive and diffuse process
affecting multiple vessels. Systolic function is generally preserved
early in the disease course, and diastolic heart failure manifests
from restrictive physiology of both the right and left ventricles
( ). Transplant graft dysfunction is challenging to manage
due to the nature of the disease (heart failure with preserved
ejection fraction) and to cardiorenal syndrome concomitant with
kidney disease from long-term calcineurin use. There are few
studies to guide heart failure management in children with
cardiac disease of their native heart, and there are no studies to
guide heart failure management of the failing transplanted heart
with or without CAV. Like the approach taken
pretransplant management of pediatric heart failure, medications

in the
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FIGURE 2

The echocardiographic image illustrates the typical features of chronic
graft dysfunction in a child 16 years post heart transplant with CAV and
diastolic heart failure. There is marked dilation of the atria, dilation of the
pulmonary veins, and normal left ventricular size and function. This
patient is 7 years after severe CAV requiring stenting of a focal
narrowing of the left anterior descending artery. He remains alive with
oral anti-congestive therapies to treat symptoms of his chronic graft
dysfunction

to ameliorate symptoms followed by medications associated with
improved survival in adult nonischemic and ischemic heart
disease are the foundations of care (8).

The care of these patients becomes increasingly difficult as the
cardiac and renal disease progresses. Most pediatric cardiologists
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with
aldosterone blockade, beta blockade, and digoxin to treat

have experience using diuretics, renin-angiotensin-
pediatric heart failure. However, the end-stage transplant patient
may benefit from different or newer agents where experience in
children is less widespread. Tolvaptan, neprilysin inhibitors,
(SGLT2)

ivabradine have all been utilized at our center with varying

sodium-glucose  cotransporter-2 inhibitors, and
effects to treat refractory heart failure symptoms. In general, oral
medications were utilized to achieve patient-centered goals such
as limiting intravenous therapies and recurrent hospitalizations.
The effect on survival is not known. Without studies to guide
therapy or large series of pediatric heart transplant patients
receiving these treatments, specific recommendations cannot be
made. Suffice it to say, it is reasonable to consider newer or
alternative heart failure medications in children with chronic
graft dysfunction who have refractory symptoms, intolerance to
other anti-congestive therapies, or where benefit may be derived
from other effects of the treatment such as the potential for
SGLT2 inhibitors to improve serum glucose. The tenets of safe
prescribing include a review of drug-drug interactions, initiation
of the lowest dose possible with titration to effect, knowledge of
side effects, and monitoring for adverse effects including renal
impairment, liver injury, and infection.

An additional focus of end-stage care is an assessment of what
medications the patient is willing and able to take, including
modification of immune suppression in some cases. This
assessment of medication burden is different from a decision by
a patient to discontinue anti-rejection medication as a part of
end-of-life choices. On the contrary, the focus is increased
This
accomplished through review of the patient’s medical regimen to

adherence to therapies with acute benefit. can be
identify once-daily alternatives, emphasizing medications that
alleviate symptoms or have a proven benefit, and limiting
medications that are contributing to renal failure and further
exacerbates heart failure. To decrease pill burden or side effects
of immune suppression in end-stage patients, our center has
transitioned patients to either extended release tacrolimus or
monthly basiliximab. We have described our use with monthly
basiliximab in end stage patients to limit further calcineurin
inhibitor exposure in children and to decrease recurrent
admissions for renal failure or rejection. Ten recipients who were
a median of 10 vyears post-transplant and ineligible for
retransplant received basiliximab for a median of 5.5 monthly
doses. Mortality was high in this group of children with
end-stage disease (70%) and breakthrough rejections did occur in
3 patients (9). This therapy is costly and requires intravenous
infusion in a medical setting. The benefit of continuation should
be reassessed at regular intervals.

Shared decision making and the value of
palliative care

Shared decision making is an important component in the care

of adults with advanced heart failure, and many aspects of this are
relevant to pediatric heart transplant recipients with end-stage
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disease. Shared decision making involves fully informing
patients and families of the risks and benefits of multiple
reasonable therapeutic approaches and making patient-centered
choices related to their individual values, preferences, and the
likelihood of beneficence of an intervention. Enabling patients
to manage heart failure through self-care tools at home may
align with their goals of care. Since worsening heart failure
signs/symptoms can indicate either acute rejection or
progressive graft dysfunction without acute rejection, medical
teams can be reluctant to allow “self-care” and adjustment of
diuretics or fluid intake at home. However, if the patient’s goals
are to reduce the burden of urgent visits, invasive testing, and
unnecessary hospitalizations, then there may be a role for
individualized “self-care” of heart failure symptoms. Tools for
this can be modified from adult heart failure resources and
)- A

review of prognosis and treatment preferences at the time of

individualized to the patient’s age and clinical condition (

identifiable events that portend a worse prognosis is also
encouraged in advanced heart failure and can be adapted for
discussions after events in pediatric heart transplant that
portend a worse prognosis. Examples include a rejection
episode with severe hemodynamic compromise or the presence
of CAV and graft dysfunction (3, 11).

Studies examining end of life care for children after heart
transplant have found a high prevalence of intensive care
therapies and invasive life-supporting interventions prior to
death. In a Pediatric Heart Transplant Society analysis of end-of-
life care in pediatric heart transplant recipients, 22% of post-
transplant deaths occurred in the hospital setting. Of these, 74%
were in the intensive care unit, 52% receiving mechanical
ventilation, and 18% supported by mechanical circulatory devices
prior to death (12). The authors note the absence of information
pertaining to palliative care services, advanced directives, and
resuscitative limitations in this registry. In a single center study
by Hollander et al, end-of-life care was described in 23 pediatric
heart transplant recipients (13). Less than one-third of patients
had a palliative care consult performed prior to death despite
88% of children in the intensive care unit, 74% intubated, 30%
on mechanical circulatory support, and 22% receiving dialysis at
end-of-life. At the time of death, only 13% of children had
The
circumstance of death was compassionate extubation or ECMO

limitations to resuscitative care noted in their chart.
decannulation in over half of deaths (13). In a review of 26
deaths during a 10-year period at our center, there were 13
children whose death was not unexpected based on chronicity
and severity of illness. Of these, 12 had a palliative care consult
and half of these had transitioned to hospice with concurrent
care by the transplant team. These data highlight the challenging
circumstances surrounding end of life care of the transplant
recipient. While these discussions can be aided by palliative care
providers and medical ethics experts, the need for palliative
services often outpaces the resources available in the outpatient
and inpatient setting. Thus, it is imperative for pediatric
transplant professionals to gain knowledge and feel comfortable
engaging in these conversations with their patients and multi-
disciplinary teams.
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Multi-disciplinary transplant team as
primary palliative care provider

A recent American Heart Association Scientific Statement
provides a useful review of palliative care for children with heart
disease (14). The principles and strategies put forth are applicable
to end-stage care for children after heart transplant. The statement
distinguishes between the practice of palliative care by the child’s
primary team and that of specialized palliative care resources. This
distinction is important because specialized resources may not be
available or may be limited to inpatient needs. Additionally, it is
the primary transplant team who is at the forefront of delivering
care when events occur that change quality of life or alter life
expectancy of the transplant patient. When palliative care
specialists are consulted, their expertise augments, rather than
replaces, the care delivered by the primary transplant team.

The importance of a multi-disciplinary heart transplant team
in providing primary palliative care cannot be overstated. The
well-established integration of team members enables clear and
timely communication which is essential in guiding patients and
their families through difficult conversations. The role of the
long-term transplant provider is to openly discuss disease
prognosis and treatment and to identify gaps in the patient/
). Medical
team members can help the child/family understand if recovery

family’s understanding of the disease progression (

to the child’s prior state of well-being is expected after an
episode of severe rejection, post-transplant malignancy, stroke, or
life-threatening infection. Neuropsychologists play a role in
learning how best to present information that is difficult and
assessing the patient’s capacity for shared decision-making. Social
workers can gain insight and provide resources specific to end-
of-life care such as financial stressors related to parental time off
work, separation from home and local community, sibling
support, and coping strategies. Untreated mental illness in the
child can limit the medical team’s ability to discern or mitigate
symptoms of end-stage heart failure. Dyspnea, sleep disturbances,
palpitations, loss of appetite, and fatigue may be due to mental
health issues or declining physical health. Psychologists aid in
diagnosing and treating mood disturbances and mental illness in
the transplant patient. Lastly, the transplant pharmacist can
provide useful information related to symptom management and
drug interactions.

Not to be overlooked is how end-of-life care and patient death
impacts the transplant team members themselves. Multiple studies
of healthcare workers have identified lack of preparedness and
insufficient coping skills to deal with the negative feelings
associated with the death of a child. This lack of coping
contributes to lower work satisfaction, burn out, secondary stress
disorder, and compassion fatigue in medical providers (15-17).
While there are no studies specifically addressing this among
pediatric heart transplant team members, it is likely that
transplant teams can benefit from strategies utilized in other
of healthcare. These support
institutional protocols for dealing with death, and educational

areas include peer groups,

opportunities related to coping skills including recognizing the
difference between empathy vs. sympathy with respect to
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showing compassion without internalizing the family’s pain and
suffering (15, 18).

This review focuses on the recurrence of end stage heart failure
years after a successful transplant in childhood. It addresses the need
to understand the patient’s and family’s goals of care, including
whether retransplant is desirable. Palliative care specialists are
valuable for these discussions but are not always available to
patients due to limited resources and the timing of crucial
conversations. Heart transplant providers should be knowledgeable
and skilful in engaging in conversations related to end stage care.
Transplant providers may need to be open to alternative means of
managing patients with end stage heart failure after transplant
when the patient’s goal of care is to limit invasive testing,
hospitalizations, or urgent visits. Laying the foundation for these
conversations as early as possible and building upon pre-
transplant conversations are key to understanding the goals of care
as they change over the life of the transplant recipient. Patients,
families, and team members benefit when goals of care discussions
are woven throughout the continuum of care after transplant.
Team members further benefit from peer support and time to
share their feelings and thoughts after death of a patient.
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author.
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