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Abstract
Background: Legacy making has been the focus of recent literature; however, few studies examine how legacy
making affects bereaved parents.
Objective: To better understand legacy making’s effect on bereaved parents, this study examined (1) the
presentation of legacy making to parents, (2) parent satisfaction, and (3) parent utilization of the project.
Design: Eko CORE (Eko Devices, Inc., Berkeley, CA), a digital stethoscope that generates a phonocardiogram, a
graphical representation of S1 and S2 heart sounds, was used to record children’s heartbeats as they approached
end of life. The heartbeat was then overlaid to a song or voice recording or kept as a stand-alone file. An artistic
embellishment of the phonocardiogram was also created. Parents were surveyed about their experience with
the Music Therapy Heart Sounds (MTHS) program. Twelve parents completed the survey.
Setting/subjects: Tertiary care children’s hospital. The subjects were bereaved parents.
Measurements: Five-question survey. Institutional Review Board review exempt.
Results: All respondents would recommend the MTHS program to other families experiencing end-of-life
decision making. Forty-two percent (N = 5) heard about the program from pediatric palliative physicians, and
50% (N = 6) heard about it from therapists such as music or child life. The respondents varied in how often
they utilized their child’s heartbeat recordings: 25% (N = 3) viewed or listened monthly, 33% (N = 4) not at all,
17% (N = 2) almost weekly, 17% less than monthly, and 8% (N = 1) daily.
Conclusion: The MTHS program is an easy-to-implement and cost-effective way to perform legacy making that
bereaved parents recommend for other families.
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Introduction
The death of a loved one forever changes one’s life, and
the emotional toll that the loss can take on families is im-
mense. Multiple sources have asserted that the grief re-
lated to the loss of a child is more severe than that of a
spouse or other family member.1–7 Several studies have
reported that between 12% to 63% of bereaved parents
experience prolonged grief,8–10 defined as intense sorrow

and yearning lasting longer than six months or a year
that leads to functional impairment in one’s life.11,12

Given the severity of bereaved parent grief, the need
for a multidisciplinary approach to aid parents and
families in the grieving process is of paramount impor-
tance. In end-of-life care, the multidisciplinary team
often includes the primary and subspecialty physicians,
palliative care physicians, nursing staff, pastoral care,
and the child life team. Recent research has explored
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the efficacy of adding music therapy to this multidisci-
plinary team. Music therapy has been shown to decrease
negative psychological outcomes such as depression and
anxiety that palliative care seeks to address.13–15

Another focus of recent literature is legacy making.
Legacy making is the act of creating or doing some-
thing with the intention of remembrance. Pediatric
health care facilities typically offer a wide variety of
legacy-making activities such as patient hand molds,
saving locks of hair, memory books, photography, writ-
ing (e.g., letters, poetry, and songs), and videos.16–18

These mementos have been well received by both pa-
tients and their families.19

Legacy making may be beneficial to both patients and
their loved ones in a variety of ways from facilitating con-
versations about remembrance to helping family mem-
bers come to terms with a loved one’s mortality.4,19,20 A
study by Chochinov et al. explored the effect of a writing
intervention for adult patients near the end of their lives
in which patients were asked about what mattered most
to them, and the written transcript was given to an im-
portant relative. The act of writing about their circum-
stances reduced the patients’ depressive symptoms.19

Schaefer et al. examined the effect of a legacy artwork
project on caregivers’ psychological well-being. Com-
pared with the control, parents that participated in the
artwork project reported fewer symptoms of prolonged
grief and a greater sense of support from the hospital.3,4

Recent pediatric research has focused on the effect of
legacy making on children and its effect on the family
as a whole.20–22 In addition, the rise of technology has
allowed for the creation of new and innovative ways to
create legacy items. This study examined how legacy
making was presented to parents of dying children
and their perceptions of the activity.

Methods
Device/procedure
The Eko CORE (Eko Devices, Inc., Berkeley, CA, USA)
is a digital stethoscope that has the ability to augment
auscultated heart sounds up to 40 · , save recorded
heart sounds in .wav files, live stream heart sounds to
a remote examiner for telemedicine use, and create a
phonocardiogram, a graphic representation of S1 and
S2 sounds as well as various murmurs. For this study,
the Eko CORE was used in a novel way to help create
a digital keepsake for surviving family members by re-
cording the heart sounds of dying children.

For patients approaching the end of life, Music Ther-
apy was consulted to record the child’s heartbeat and

edit ambient noise to isolate the heartbeat. The heart-
beat was overlaid to a song or voice recording of the
family or child or kept as a stand-alone file. Child life
specialists and art therapists also created an artistic em-
bellishment of the phonocardiogram (Figs. 1 and 2).
The process was dubbed ‘‘the Music Therapy Heart
Sounds (MTHS) program.’’ A survey to query parents
about their experience was created with special interest
in how they used the heartbeat recordings and how
they were meaningful to them and their thoughts on
making this a standard offering to families facing similar
end-of-life circumstances. The survey was developed in
conjunction with experts in the field, including palliative
care and pediatric intensive care physicians, a music
therapist, and a child life specialist. Our study was
reviewed by our hospital’s Institutional Review Board
and was deemed exempt from further review.

Participants
Eligible participants included parents of children who
participated in the MTHS program between March
2018 and April 2019. The children were treated at our
hospital for a variety of medical conditions. Exclusion
criteria consisted of non-English-speaking families, fam-
ilies whose child was still living, families whose child
passed away less than four months before the study pe-
riod, those who had yet to receive a copy of their child’s
heart sounds, and anyone under investigation for nonac-
cidental trauma at the time of the child’s death.

Sixteen families met the inclusion criteria. The par-
ents and their contact information were identified
through the electronic medical record. An e-mail that
included an introduction letter to the study along
with the five survey questions (Table 1) was sent to
the eligible families. An online surveying platform
was used to administer the survey. The survey included
four multiple-choice and one open-text format ques-
tions. The multiple-choice questions had an ‘‘other’’
option in the event respondents could not find a choice
that fit their desired response. Follow-up calls were
made two weeks after the initial phone call. Three fam-
ilies were not able to be reached. Quantitative counting
was used for the analysis of the four multiple-choice
questions.

Results
Eighty-five percent (N = 11) of the families who were
able to be reached through telephone or e-mail com-
pleted the survey. Table 2 describes the demographics
of the 12 parents who completed the survey. Most
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FIG. 2. Sample artistic embellishment of a phonocardiogram.

FIG. 1. Sample artwork surrounding sample cardiac phonocardiogram.
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respondents were the mothers of the children (83%,
N = 10). One family had both the mother and father
of the child respond. Caucasian was the most common
ethnicity (50%, N = 6), and a Christian denomination
was the most common religion identified (58.3%,
N = 7). The children were an average of seven years
old at the time of death (range 8 days to 16 years).
The families were contacted an average of 228 days
after their child’s death (range 105–411 days).

Forty-two percent (N = 5) of the families learned
about the MTHS program through the pediatric palli-
ative care physicians. Another 50% (N = 6) of the fam-
ilies learned about the program from music, physical,
occupational, speech, or child life specialists. One fam-

ily discovered the MTHS program after a conversation
with their bedside nurse (Fig. 3).

The families varied in how often they looked at or
listened to their child’s heartbeat recording (Fig. 4).
Twenty-five percent (N = 3) viewed or listened to the
heartbeat recording monthly, 33% (N = 4) not at all,
17% (N = 2) almost weekly, 17% less than monthly,
and 8% (N = 1) daily.

In addition to keeping the song and artwork created
by the music therapists and child life specialists, four
families either had used or planned to use the phono-
gram of their child’s heartbeat as a model for perma-
nent body artwork.

All of the families indicated that they would recom-
mend the MTHS program to other families facing end-
of-life decision making. In response to the free-text

Table 1. Survey Questions

How did you hear about the MTHS program?
Do you think the MTHS program should be a standard offering to all

patients who are experiencing end-of-life decision making?
Do you listen to or look at your child’s heartbeat recording? Please

understand that there is no correct answer for any individual family; as
part of this survey we are simply trying to gather data.

In what other ways have you used your child’s heartbeat recording?
In what ways has the MTHS recording program been most meaningful to

you?

MTHS, Music Therapy Heart Sounds.

Table 2. Demographics of Respondents
and Their Deceased Children

Relationship to child
Mother 83% (N = 10)
Father 17% (N = 2)

Ethnicity
Caucasian 50% (N = 6)
African American 17% (N = 2)
Hispanic 33% (N = 4)

Marital status
Married 50% (N = 6)
Not married 50% (N = 6)

Religion
Christian 58.3% (N = 7)
No religion listed 41.7% (N = 5)

Average amount of time since
child’s death (days)

228 (range 105–411)

Average age of child at time of death 7 Years (range
8 days–16 years)

Proposed cause of death
Hypoxic ischemic encephalopathy 9% (N = 1)
Sepsis 18% (N = 2)
Status asthmaticus 9% (N = 1)
Status epilepticus 9% (N = 1)
Leptomeningeal glioneuronal tumor 9% (N = 1)
Acute lymphoblastic leukemia 9% (N = 1)
Graft versus host disease (IPEX

syndrome underlying disease)
9% (N = 1)

Hypoplastic left heart syndrome 18% (N = 2)
Epidermolysis bullosa 9% (N = 1)

FIG. 3. Graph showing how families heard
about the heartbeat recording program.

FIG. 4. Graph showing how often families
either listen to or look at their child’s heartbeat
recording.
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option at the end of the survey, some families elabo-
rated on how the heartbeat recordings were meaningful
to them. Most focused on preservation of memories
with their child.

[My daughter] was my center and we would lay and hold her
close to me. The heartbeat recording allows me to live in that
memory whenever I want to. Thank you for that endless gift.

I love having my son’s heartbeat in a song we always sang
together.

Do anything we can to preserve the short time we had with
him. Thank you all.

I will still be able to hear my son’s heartbeat even though he
has passed.

It keeps her here with me.

I love having his heartbeat recording to remind me of the tiny
heart that changed my life forever. Even though I don’t have
my sweet [son], I will forever be able to listen to his heart beat.

Hearing my son’s heartbeat helps in my healing.

Discussion
The MTHS program was a simple and cost-effective
way to perform legacy making. Implementation was
also straightforward and could be completed in a single
session. Families who wished to take an active role in
the activity were able to contribute with messages
from family members or pointing out a meaningful
song that could later be added to the recording. For
the canvas printed version of the phonocardiogram,
they also were able to express themselves by helping
to choose color patterns and themes. Creative additions
of birth dates, handprints, and family photos helped
round out the decoration and bring individual meaning
for each bereaved parent. Follow-up sessions were
offered for families who wanted to create original
music or who wanted to design their own personal art-
work to embellish the heartbeat recording.

Consideration for implementation of an MTHS pro-
gram should focus on several key elements, first being
ease of operation. Although this study had access to a
music therapist, any member of the medical staff
could record the heart sound of the child using the dig-
ital stethoscope. One of the benefits of the Eko CORE
system is its familiarity to medical practitioners. The
system is added to the practitioner’s own native stetho-
scope, and through simple Bluetooth compatibility the
.wav and .pdf files are immediately available online
when the recording is saved. Heartbeats are able to
be printed out minutes after the recording is com-
pleted. A second consideration should be given to

cost, especially for large health systems who see many
patients per year. As a reference point, our hospital pe-
diatric intensive care unit admits roughly 1700 patients
per year. Pediatric mortality is considerably lower than
in adults; thus, this study was able to function with only
one Eko CORE unit priced at less than 200 dollars.
Finally, the music therapy team used prepackaged edit-
ing software (GarageBand, Apple Inc., Cupertino, CA)
to edit the recordings as well as add in family song
requests to the background, and the art therapy depart-
ment supplied canvas and color to create phonocardio-
gram wall art.

The program was well received by all bereaved par-
ents who said they would recommend it to other fam-
ilies, which is consistent with previous literature. This
study also provided a unique opportunity to allow
parents to express the impact of the program in
their own words. It was similar to the parental re-
sponse seen in a study of 3D-printed hand molds by
Weaver et al., in which the parent involved noted,
‘‘This lets us touch a piece of that memory of her in
a very real way. Knowing part of her memory is
there will feel like a very comforting feeling for our
family.’’23 As the end of life approaches, families
often look at the heart monitors to hear or see their
child’s heart beat for the last few times. Preservation
of these intimate sounds and sights provided a unique
way for bereaved families to maintain an ongoing
connection to their child.

This study also addresses several gaps in the litera-
ture. Many studies have looked at legacy making specif-
ically in pediatric oncology patients.3,19,22,24 However,
this study involves patients who died from both onco-
logic and nononcologic conditions allowing for more
generalizability of the positive effect of legacy making
to all patients undergoing end-of-life care.

The current literature also lacks evidence about how
legacy making is presented to parents.3 In this study,
most bereaved parents heard about the MTHS program
from a physician or therapist. However, given the time
spent and bond formed between patients and their bed-
side nurses, this study suggests education of nurses
about legacy making and the MTHS program may
allow more families to benefit from it.

Finally, several studies have looked at the immediate
effect of legacy making.19,20 In this study, the average
amount of time elapsed from the child’s death to survey
completion was seven months and suggests that legacy
making can be part of a continuum of the grief process.
Given the evolution of grief over time and the support
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provided to families by the MTHS program as a re-
source they can refer back to whenever they need it,
there is the potential that the institution of an MTHS
program could provide lasting impact at multiple
stages of the bereavement process.

There are limitations to this study. First, the small
sample size may affect the generalizability to the pop-
ulation as a whole. In addition, our survey consisted of
five questions and did not directly ask its effect on be-
reavement. More direct questions may be needed to
fully understand how this intervention affects the be-
reavement process. The survey nature of the study
also relies on parents’ recollection of events, which in-
troduces the possibility for error in the form of recall
bias. In addition, exclusion of families whose child
passed away recently (less than four months ago)
may have affected the results. This amount of time
was chosen arbitrarily in fear that families who had re-
cently lost a loved one would experience too much
pain by being reminded of that loss by early contact
from the hospital in the form of a survey. However,
grief and the time needed to work through the stages
of loss may be different for each individual. For some
respondents, four months may not have provided
enough time, whereas others may wonder why they
were not eligible to be part of the study sooner.
Finally, most of the respondents in the survey were
the mothers of the children. This may not be general-
izable to male parents, and more work is required to
understand how the MTHS program may have been
of benefit to them.

Further research is needed to better understand how
this project affects the bereavement process. Investi-
gating how families use the MTHS program years
after the passing of their child and their perception
about its role in their bereavement process could an-
swer questions regarding its long-term effect in keep-
ing a deceased child’s memory alive. In addition,
more studies that investigate why certain families re-
fuse legacy-making activities are needed. As the loss
of a child affects the entire family, examining how
the MTHS program and the projects created affect sib-
lings may also be beneficial.

Conclusion
With this evidence from 12 parents, pediatric health
systems should consider implementing this low-cost
simple legacy-making intervention into the care of se-
riously ill children. Although the end of a child’s life
is devastating, offering legacy making has the potential

to provide bereaved parents a meaningful and lasting
way by which to remember their child.
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