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ABSTRACT ARTICLE HISTORY
Aims: Interventions to support function and quality of life among Received 30 May 2024
pediatric patients undergoing hematopoietic cell transplant (HCT) are Accepted 31 March 2025
a priority. The purpose of this study was to evaluate the feasibility of
a structured, individualized yoga intervention for children/adolescents
undergoing H,CT' L - transplant; occupational
Methods: Patients ages 8-17 years hospitalized for HCT participated therapy; pediatrics; physical
in either phase one (standard of care [SOC] group) or phase two therapy; yoga

(yoga group) of the study. Feasibility outcomes included recruitment

rates, number/intensity of yoga sessions completed, and patient sat-

isfaction. Participants in both groups completed functional outcome

and quality of life (QOL) measures.

Results: All participants approached for the study agreed to partici-

pate, with 22 in the SOC group and 8 in the yoga group. On aver-

age, yoga participants completed 5.3 +2.8 sessions, the majority of

moderate intensity. Most yoga participants reported the overall pro-

gram, breathing, and relaxation strategies as helpful (83.3%) and

supported their ability to move (66.7%). There were functional gain

trends noted from baseline to time point 3 among the yoga group

not observed in the SOC group.

Conclusions: Yoga is feasible as a therapeutic intervention for hospi-

talized pediatric patients undergoing HCT. Functional assessment

data, if streamlined, may be a relevant outcome for future yoga

interventions.

KEYWORDS
Hematopoietic cell

The use of hematopoietic cell transplant (HCT) to treat pediatric cancer and nonmalig-
nant conditions has increased over the last decade and has shown improved survival
rates as high as 65-74% (Cusatis et al., 2024; West et al., 2014). HCT is the infusion of
hematopoietic stem cells from a donor (allogenic) or from the patient themselves
(autologous). HCT is a multistep process that rescues patients after high dose chemo-
therapy and radiation treatment by replacing the destroyed stem cells with healthy stem
cells. The transplanted stem cells allow the bone marrow to begin producing blood cells
needed by the body (Balassa et al., 2019). As a result, there is a need to address the side
effects associated with pre- and post-HCT treatment courses. Children and adolescents
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undergoing HCT can experience reduced health related quality of life (QOL, Hacker
et al., 2017; Lago et al., 2021), decreased muscle strength (Cusatis et al., 2024; West
et al., 2014), musculoskeletal impairments (Dimeo et al., 1997; Lago et al., 2021), fatigue
(Diorio et al., 2016; Hacker et al., 2017), as well as physical, and psychosocial stress
which can be barriers to exercise (Buffart et al., 2012). Patients undergoing HCT also
experience pain for a variety of reasons including effects of the underlying disease and
effects of treatment (chemotherapy, surgery and/or radiation therapy). A frequently
underestimated factor contributing to musculoskeletal impairments in these patients is
the lack of muscular activity during in-hospital treatment (Dimeo et al, 1997).
Prolonged bedrest exacerbates muscle atrophy in children receiving HCT (Lucia et al.,
2005). Musculoskeletal impairments can be defined by limited functional mobility, flexi-
bility, range of motion, and physical activity (Wurz et al., 2014).

Physical exercise (e.g. walking, resistance training) has been found to be feasible and
safe with patients undergoing HCT (Chamorro-Vina et al, 2010; Lago et al., 2021;
Santa Mina et al,, 2020; Smith et al, 2022). In a recent study, occupational therapy
(OT) interventions such as play activities, therapeutic exercises, and fine motor activities
provided frequently during pediatric HCT admission demonstrated a positive impact on
upper extremity strength and independence in activities of daily living (ADL; Colman
et al,, 2020). Another randomized control trial showed gains in endurance, functional
mobility, and muscle strength during a physical therapist-led exercise intervention while
undergoing HCT (Smith et al., 2022). Physical exercise including balance and strength
training can also help prevent decreased bone density, which is a concern for cancer
patients after exposure to certain chemotherapies and radiation. Emphasis has been
placed on core strengthening and physical activity, such as yoga, to help improve the
child’s bone density by targeting balance and strength (Odame et al., 2006; Turner &
Robling, 2003).

Yoga as a therapeutic intervention has been shown to alleviate the side effects of can-
cer and treatments, while also promoting psychological well-being, which may be par-
ticularly relevant for patients undergoing HCT (Spector, 2021). There has been a rise in
randomized control trials investigating the therapeutic use of yoga interventions
(Spector, 2021). Yoga is an ancient Indian mind-body practice that has been in exist-
ence for 2000 years (Stephens, 2010). Patanjali, known as the father of yoga, describes
yoga as “chitta vritti nirodaha” meaning, “to calm the fluctuations of the mind”
(Stephens, 2010, pp. 47-54). Yoga can help calm fluctuations of the mind by being pre-
sent with our body, letting go of nervous tension while maintaining active muscle
engagement, using the breath to guide movements, and grounding our body through
lines of energy (Stephens, 2010).

Yoga is one of many complementary health approaches and integrated health that is
supported by the American Occupational Therapy Association (American Occupational
Therapy Association [AOTA], 2020, 2023). Complementary and integrative health inter-
ventions support the use of deep breathing, guided imagery, or yoga as preparatory
methods for occupational therapy (OT) activities of daily living (ADLs). Today, yoga is
often limited to yoga postures (asanas), breathwork, and sometimes meditation. Yoga is
a combination of meditation, mindfulness, self-exploration, breath control, and body
movement, designed to improve flexibility, focus, balance and strength and has been
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shown to increase flexibility (Amin & Goodman, 2014; Rachiwong et al., 2015). Hatha
yoga can be referred to as a psychophysical yoga which includes holding static postures
and stretching and has been shown to be beneficial for musculoskeletal problems
(Raub, 2002).

Yoga has been utilized in Eastern culture for thousands of years and over the past
few decades has been integrated as a complementary approach to the clinical care of
people with cancer and other diseases (Danaher et al., 2006, 2019; Hooke et al., 2016;
Van Puymbroeck et al., 2018). Yoga has been shown to be beneficial to cancer survivors
in managing symptoms affecting sleep quality, mood, stress, QOL, and fatigue
(Danhauer et al., 2019; DiStasio, 2008). Individualized yoga protocols have been shown
to be feasible for children and adolescents undergoing intensive chemotherapy and/or
HCT (Diorio et al., 2015). Studies report decreased anxiety (Thygeson et al., 2010) as
well as overall improvements in psychological well-being, for both patients and parents
(Orsey et al.,, 2017). Qualitative feedback from parents and patients with cancer have
found yoga feasible to help regain control over their physical and psychosocial health
(Diorio et al., 2015).

While yoga for pediatric cancer patients has been shown to be both feasible and asso-
ciated with positive outcomes, research remains limited for pediatric HCT patients
undergoing individualized yoga in an inpatient setting, particularly those with nonma-
lignant diagnoses. Prior studies have also been limited to an individualized specific yoga
intervention. Among studies of children, two provided group sessions based on Hatha
yoga principles (Danaher et al., 2006; Hooke et al., 2016), while others did not differen-
tiate the yoga type (Odame et al., 2006; Wurz et al., 2014). Group sessions can offer
many benefits. However, for individuals undergoing stem cell transplants, group ses-
sions were not appropriate due to the high risk of infection. For these patients, it was
crucial to prioritize their health and safety by limiting them to individualized versus
group sessions. In a literature review, Spector (2021) summarized eight nonrandomized
studies and identified minimal certification of yoga instructors and variations within
yoga protocols as limitations of research.

The purpose of this study was to evaluate the feasibility of an inpatient structured,
individualized yoga intervention for children and adolescents undergoing HCT.
Feasibility outcomes included recruitment and session completion rates and satisfaction
with the intervention. Additionally, functional and QOL outcomes were compared to a
standard of care group who did not receive the yoga intervention.

Methods
Participants

Patients were eligible to participate if they were 8-17 years of age, admitted for HCT
(autologous or allogeneic) treatment of an oncological, hematological, or immunological
disease, and were English-speaking. Patients were excluded if they had a cognitive dis-
ability preventing them from following directions to complete required assessments or if
they were not medically cleared to participate in OT, physical therapy (PT), or yoga.
This study was approved by the Children’s Healthcare of Atlanta Institutional Review
Board (IRB# 00000051:18-135). Written informed consent from parents and assent from
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the child/adolescent participant (written assent for participants 11-17 years of age and
verbal assent for participants 8-10years of age) were obtained prior to any study
activities.

Convenience sampling was used to identify patients who met eligibility criteria and
offer participation before admission or early in their admission for HCT. Our study was
designed in two phases to first evaluate the feasibility of completing the outcome assess-
ments prior to implementing the yoga intervention. Participants recruited during the
first phase of the study (8 May 2019-6 January 2020) completed functional outcome
and QOL measures while receiving standard of care (SOC) OT and PT intervention
(SOC group). During the second study phase (14 February 2020-7 September 2021),
participants completed the same measures and OT/PT interventions while also receiving
the yoga intervention during admission for HCT (yoga group).

All patients approached for the SOC group (N =22) and for the yoga group (N =10)
agreed to participate and provided informed consent. In the SOC group, one participant
was withdrawn due to cognitive dysfunction precluding their completion of study meas-
ures, therefore the final SOC group included N=21 participants. In the yoga group,
one participant became ineligible due to not proceeding with HCT and another was
withdrawn due to medical complications during HCT admission with the final yoga
group consisting of N=28. The study flow diagram is presented in Figure 1.

Demographic and clinical characteristics for both groups are presented in Table 1.
Among the 21 participants in the SOC group, 62.0% were male, 71.5% non-Hispanic
Black, and average age was 14.8 3.2 years. Nine (42.9%) of patients had a non-onco-
logical disease and 2 (9.1%) had a prior HCT. Of the 8 participants in the yoga group,
62.5% were male, 62.5% non-Hispanic Black, and average age was 11.3 £ 5.3 years (Table
1). The majority of patients (75%) were undergoing HCT for a non-oncological disease,
and for all patients in the yoga group, this was their first HCT. There were no

Phase |
Standard of Care Group

Eligible patients approached
for participation N=22

Phase Il
Yoga Group

Eligible patients approached
for participation N=10

® Did not undergo HCT (n=1)

Agreed to participate N=22 Agreed to participate N=9

Withdrawn due to Withdrawn due to medical
cognitive dysfunction N=1 complications N=1

Participated in study N=21 Participated in study N=8

Figure 1. Study recruitment flow diagram.
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Table 1. Demographic and clinical characteristics of participants in the standard of care and yoga
groups.

Standard of Care N=21 Yoga N=38 Statistical Test p value
Age, M (SD) 14.8 (3.2) 11.3 (5.3) .083
Sex 1.0
Male 13 (62.0%) 5 (62.5%)
Female 8 (38.0%) 3 (37.5%)
Race/Ethnicity .855
Non-Hispanic white 2 (9.5%) 2 (25.0%)
Non-Hispanic Black 15 (71.5%) 5 (62.5%)
Hispanic 3 (14.2%) 1 (12.5%)
Asian 1 (4.8%) 0 (0.0%)
Diagnosis 215
Oncology 12 (57.1%) 2 (25.0%)
Non-Oncology 9 (42.9%) 6 (75.0%)
First HCT —
Yes 20 (90.9%) 8 (100%)
No 2 (9.1%) 0
HCT Type
Allogeneic 14 (66.7%) 7 (33.3%)
Autologous 7 (87.5%) 1 (12.5%) .381

statistically significant differences in demographic and clinical characteristics between
groups (Table 1).

Measures

Clinical data were abstracted from participant’s medical record, including sex, race, eth-
nicity, age at admission, diagnosis, and prior receipt of HCT. Characteristics of the yoga
intervention were also documented including the number of visits offered, number of
visits completed, and duration of each session (minutes).

Yoga group participants reported their satisfaction with, and perceived helpfulness of,
the yoga intervention using an investigator-developed tool. The tool was developed by
team members with expertise in yoga and HCT. Participants completed five items which
were scored using a 5-point Likert scale (1-not at all helpful to 5-very helpful). Given
the small number of participants, response categories were collapsed to not helpful
(scored 1 and 2), neutral (scores 3), and helpful (scores 4 and 5).

Functional outcome measures and QOL measures were completed by participants in
both the SOC and yoga groups at baseline (before HCT), follow-up 1 (7-10days after
HCT infusion), and follow-up 2 (21-28 days after HCT infusion). Functional assess-
ments were administered by OT or PT clinical staff, and in some cases, due to availabil-
ity, were administered by the same therapist who delivered the yoga intervention. All
OT/PT clinical staff have training and expertise in administered functional outcome
measures as part of their clinical roles. Functional assessments included the Bruininks-
Oseretsky Test of Motor Proficiency-Second Edition (BOT-2) (Bruininks & Bruininks,
2005), Jaymar Dynamometer Protocol (Ashford et al., 1996), Timed Up and Go (TUG)
(Itzkowitz et al., 2016), and the Back Saver Sit and Reach Test (Patterson et al., 1996);
scoring and measure descriptions are presented in Table 2. QOL was assessed using the
EuroQOL Five Dimensional Questionnaire: Youth (EQ-5D-Y) that measures the child/
adolescent’s self-reported overall perception of health on a scale of 0 (worst health
imaginable) to 100 (best health imaginable) (Wille et al., 2010).
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Table 2. Summary of functional measures.

Scale Name Name Scoring Scale Description
BOT-2 Bruninks-Oseretsky Test of Conversion of raw scores Administered individually to
Motor Proficiency, 2nd to point scores. The children and adolescence
Edition (BOT-2) short total score is a sum of aged 4 years through 21
form all the point scores years to measure gross and
fine motor skills. Subsections
include precision, integration,
manual dexterity, bilateral
coordination, balance, speed
and agility, one legged hop
test, upper extremity
coordination and strength
Jaymar Jaymar Dynamometer Dual scale readout A precise instrument used to
Protocol measures isometric grip measure grip strength.
force in both pounds Testing is the average of 3
and kilograms, up to trials done in the standard
200 Ibs. or 90 kgs. position on the
dynamometer. Adjustable
handle allows user to
quantify grip strength for
different sized objects,
accommodates small and
large hands, with five grip
positions from 1. 375" to
3.375"
TUG Timed Up and Go (TUG) The recorded time on the A simple test that measures

Back Saver Sit and
Reach Test

Quality of Life

Back Saver Sit and Reach
Test

EuroQol Five Dimensional
Questionnaire: Youth
(EQ-5D-Y)

stopwatch is your TUG
score. The average
recorded time of two
tests is your final score.

The test is measured in
inches and the score is
calculated by the
average of 3 trials.

Scores range from 0 (worst
health imaginable) to
100 (best health
imaginable)

functional mobility, in
seconds, the time taken by
an individual to stand from a
standard chair and walk the
distance of 3 meters, turn,
walk back to the chair, and
sit back down.

A measurement of hamstring
flexibility that measures one
side at a time. By testing one
leg at a time a determination
can be made of any
asymmetry in hamstring
flexibility, and hyper-
extension of both knees is
avoided.

Item measuring the child’s
overall perception of their
health.

Standard OT/PT Interventions

Participants in both the SOC and yoga groups received OT/PT interventions as part of
usual care during HCT admission which are tailored to the individual’s functional level
and generally include 2-4 sessions/week. Individualized OT interventions are intended to
promote physical and mental health and well-being (AOTA, 2020) focusing on fine motor
skills, upper extremity strengthening, trunk/core stability, and endurance to promote
appropriate independence with ADL’s. Individualized PT interventions focused on main-
taining gross functional strength, aerobic endurance, and overall age-appropriate func-
tional mobility. Additionally, patients, if ambulatory, were instructed to walk ten laps
around the unit daily and participate in a minimum of 30 min of out of bed activity.
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Yoga Intervention

The yoga intervention was designed and directed by the first author (TE) who is the
institute’s rehabilitation manager and an occupational therapist. She is a registered yoga
teacher, registered children’s yoga teacher, and has completed Trauma Sensitive Yoga
Training that includes instruction in yoga techniques, safety, and how to structure a
class. The yoga intervention was delivered by four oncology staff members (2 OT and
2PT) who underwent 22 h of Grounded Kids Step One yoga training, 8 additional hours
led by the Grounded Kids owner with training specific to our study team, and 12h of
onsite training by the study director (TE) who reviewed poses, adaptation, body align-
ment, and breathing. Ongoing mentorship from the study director was available as
needed throughout the study.

The study utilized Grounded Kids Yoga which incorporates the principles and practi-
ces found in Hatha Yoga (Grounded Kids, 2023). Grounded Kids was founded in 2007
by registered yoga instructors with extensive experience and background in child and
adolescent education. Grounded Kids’ purpose is to “teach children through yoga how
to skillfully navigate real life with an understanding and ultimate appreciation for both
the light (joy, love, laughter, success, peace) and the shadow (sadness, fear, anger, loneli-
ness, anxiety) that make us whole” (Grounded Kids, 2023). Grounded Kids provides 84
poses which served as the foundation for the yoga intervention sessions. Each
Grounded Kids yoga pose offers modifications, enhancements and benefits for each
pose, which were reviewed with the four therapists during training. The therapists used
clinical judgment to determine which poses, if any, need to be modified or removed
from the program flow. For instance, if the patient wasn’t able to stand, sitting adapta-
tions were taught. Additionally, poses were adapted to avoid pulling or dislodging the
patient’s central venous catheter and any other lines/drains. The goal was for all patients
to achieve a higher level of intensity as they approached hospital discharge. Yoga was
offered individually in the patient’s hospital room, with the goal of completing 3 ses-
sions per week. As part of the intervention, participants were also encouraged to prac-
tice yoga independently outside of the sessions if they were interested.

The yoga session was based on a five-step sequence, (1) opening pose designed to
center and ground the patient, (2) warmup to link breath work to gentle movements,
(3) strengthening and/or balancing asanas, (4) cool down, reconnecting with the breath,
and (5) final relaxation or savasana with resting pose, body scan, and/or guided
imagery. Length of session was used to categorize intensity levels as low (1-15min),
moderate (15-30min), or high (>30min). Participants were encouraged to use the
breathing and relaxation strategies learned to help ease pain or discomfort throughout
their hospitalization. Each patient who enrolled in the study received one eye pillow,
two yoga mats, a poster and yoga cards with the Grounded Kids poses, as well as a
handbook with yoga strategies and mindfulness activities. Caregivers were encouraged,
but not required, to participate in yoga sessions.

Data Analysis

Feasibility outcomes related to the yoga intervention included recruitment rate, number
of yoga sessions completed, duration of yoga session, and patient satisfaction with the
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yoga intervention. Descriptive statistics were used to summarize participant characteris-
tics, physical assessment, and QOL measures. Due to the small sample sizes, nonpara-
metric tests were used to explore differences between and within groups. Clinical and
demographic factors were compared between the SOC and yoga group using Fisher’s
exact test and Wilcoxon rank sum tests. Differences between the groups’ functional and
QOL scores were explored at each timepoint (baseline, Time point 2 and Time point 3)
using Wilcoxon rank sum tests. Finally, changes in function and QOL scores across
timepoints within the Yoga group and within the SOC group were explored using the
nonparametric repeated measures ANOVA (Friedman test); Kendall's W was calculated
to determine effect size (<0.3 small, 0.4-0.7 moderate, >0.7 large effect size). The alpha
level for all analyses was p < .05.

Results
Yoga Feasibility Outcomes

Figure 2 depicts the number of yoga sessions offered, completed, and the duration of the
sessions for each individual participant. The number of yoga sessions offered ranged from
6 to 18 and the rate of completion ranged from 7.1% to 66.7%. On average, participants
completed 5.3 +2.8 yoga sessions over the course of admission for HCT. Most (65.2%) ses-
sions lasted 16-30 min, which is considered moderate in terms of intensity and stamina.
Six of the eight (75%) participants completed the satisfaction survey (Figure 3). Most
participants (83.3%) reported that the overall program and the ability to use breathing
and relaxation strategies to cope were helpful. Four (66.7%) participants reported the
intervention was helpful in supporting their ability to move better. Three (50%)

Session Duration 10

>30 minutes 9
16-30 minutes 3
0-15 minutes

7

Number of Sessions
.

2

1

0

PT22 PT23 PT24 PT25 PT27 PT28 PT29 PT30

Number of sessions
e ' 17 6 11 9 9 14 18 14
offered
Proportion of sessions 7 4 4 4 4 9 9
completed (41.2%) (66.7%) (36.4%) (44.4%) (44.4%) (64.3%) (50.0%) (7.1%)

Figure 2. Proportion of yoga sessions completed and duration of session by participant (n = 8).
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Satisfaction with aspects of yoga program

Number of Responses
O R, N W D U O

Overall program Ability to use Ability to move better Ability to doyoga  Increasing strength
breathing/relaxation outside of the times and flexibility
strategies to help with therapist
cope

B Helpful Neutral ® Not Helpful

Figure 3. Satisfaction with yoga program (n=6).

participants practiced yoga outside of the study sessions and three (50%) found yoga to
be helpful in increasing their strength and flexibility.

Functional and QOL Assessments

Prior to HCT, all participants completed the functional and QOL assessments, which
are presented in Table 3. The assessments were completed by 19 (90.5%) and 17
(81.0%) of participants in the SOC group at follow-up 1 and follow-up 2, respectively.
Five (62.5%) of participants in the yoga group completed assessments at both follow-up
1 and follow-up 2.

While the functional assessment differences between groups were not statistically signifi-
cant, there were clinically meaningful improvements noted within groups from baseline to
point 3 (Table 3). Measures of gross and fine motor (BOT total mean score) were similar
at baseline and time point 3 for the SOC group (49.8 +7.7 and 47.3 £ 8.4, respectively) but
showed some improvement for the yoga group (36.0+13.7 and 45.0+£7.9, W=.11 small
effect), although this improvement was not statistically significant (p > .05). Grip strength
(Jaymar, average right arm measure) in the SOC group remained relatively the same from
baseline to time point 3 (55.9+20.1 and 55.2+31.1) while grip strength in the yoga group
increased (37.3+15.3 and 58.6 £36.8), but not significantly (p > .05, W=.11 small effect).
Results were similar for grip strength measures of the left arm. The TUG assessed balance
and walking ability; the results were similar across time points in both groups.

Within the yoga group, hamstring flexibility (Back Saver average) improved significantly
from baseline (4.1+5.4) to time point 3 (11.7+34, p = .01, W=.50 moderate effect).
Significant improvements in QOL occurred in the yoga group from baseline (65.7 £32.0) to
time point 3 (74.0£5.6, p = .046, W=.25 small effect). Although given the small numbers in
the yoga group across timepoints (n=15), these findings should be interpreted with caution.

Discussion

Individualized yoga sessions for patients admitted to a pediatric HCT unit appear to be
feasible, while also potentially improving the patient’s physical function and QOL.
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All eligible participants approached for the study agreed to participate, suggesting yoga
may be of interest to children/adolescents undergoing HCT. While the number of yoga
sessions completed varied, on average participants completed 5 sessions, most of moder-
ate intensity, during their hospitalization. Most participants reported our yoga protocol
was helpful and the ability to carry over breathing and relaxation strategies was
beneficial.

This study compared functional outcomes and QOL of hospitalized pediatric HCT
patients receiving a yoga intervention or standard OT/PT interventions. Other published
studies conducted during a pediatric inpatient admission have not focused on patients
undergoing HCT and implemented shorter or less structured yoga interventions (Diorio
et al., 2015; Fukuhara et al., 2020; Geyer et al., 2011; Orsey et al., 2017; Thygeson et al.,
2010). For example, Fukuhara et al. (2020) provided a single individualized session to
hospitalized patients focused on breathing and meditation, which demonstrated some
improvement in patient pain following the session. Other settings for yoga interventions
have included the outpatient clinic (Hooke et al., 2016), the patient’s home (Orsey
et al.,, 2017), or through virtual sessions (Stein et al., 2019), which are not applicable to
children/adolescents in the acute phase of HCT. In our yoga protocol, we utilized
Grounded Kids Yoga as a foundation which provided consistency across sessions, while
tailoring sessions to the needs and abilities of the participant. We also offered sessions
within the patient’s hospital room and had availability for sessions to be rescheduled if
needed due to medical procedures or health reasons, which happened frequently, given
that on average participants rescheduled/deferred 44% of sessions offered.

Patients were encouraged to help select the pose cards to build a yoga sequence,
which increased engagement in the session. By offering individualized yoga sessions, the
OT or PT leading the yoga was able to offer modifications for the pose based on the
patient’s ability, with yoga being offered in bed, on a chair, or on the yoga mat.
Previous studies of yoga within the pediatric oncology setting have integrated outside
certified yoga instructors who may not be familiar with the clinical needs of children/
adolescents undergoing HCT (Diorio et al., 2015; Fukuhara et al., 2020; Jacobs et al.,
2021; Orsey et al., 2017). In our study, therapists experienced in serving children/adoles-
cents receiving HCT were provided extensive yoga training which helped to ensure
safety with central venous access devices, monitoring vitals, and adapting poses based
on the patient’s physical well-being.

The study collected data at three time points and utilized standardized assessments to
measure physical function. As expected with the HCT clinical trajectory, participants
experienced variations in physical function across time points. However, despite small
numbers, the yoga group appeared to have improvements in functional outcomes and
QOL from baseline (pre-HCT) to time point 3 (21 days after HCT), with small to moder-
ate effect sizes. While the assessments were comprehensive, the length of time required to
complete them was challenging for some patients, as completion rates declined at time
point 2 and 3. Assessments were not always feasible as patients were unable to tolerate
the intensity of certain measures due to symptoms (e.g. nausea, vomiting, pain). Future
studies may benefit from focusing only on a subset of function assessments, for example
the BOT as an overall assessment or the TUG given its short assessment time or reducing
the frequency of assessment to maximize completion of measures.



12 (&) T.EASLEY ET AL

A recent systematic review and meta-analysis concluded supervised exercise programs
that include aerobic, strength, and/or flexibility exercises are safe, viable, and beneficial
in terms of cardiopulmonary and musculoskeletal function for children and adolescents
undergoing HCT (Lago et al., 2021). Findings also support offering exercise 3-5 times a
week during hospitalization and weekly post discharge (Lago et al, 2021). Another
study concluded patients that participated in OT interventions 4-5 times a week had
overall improvements in upper extremity strength and ADL function (Colman et al,
2020). While we had hoped to engage participants in yoga sessions 3 times per week,
on average participants completed 1-2 sessions per week. Ensuring patients received OT
and PT interventions in addition to yoga will be important for confirming patients
meet exercise goals during admission for HCT, while offering a variety in activities to
support overall function and QOL.

Limitations

There were several limitations to this study. The study took place in one pediatric hos-
pital’s HCT unit with a small sample size. Recruitment of participants was limited due
to COVID-19 restrictions, which limited the sample size for the yoga group, which took
place as the pandemic emerged. Oftentimes, HCT patients deferred yoga sessions due to
medical acuity and general complications, which required the therapist to return at
another time. Another limitation was the amount of time it took to complete all the
functional assessments, as collecting the data at three time points was time consuming
for both the therapist and the patient, which may have impacted the proportion of par-
ticipants completing outcomes across all time points. At times, therapists who delivered
the yoga intervention also administered the functional assessments which introduces the
potential for bias. Future studies should include blinded outcome assessments. While
the intervention therapists underwent substantial training, we did not formally measure
fidelity, therefore variations in implementation of the yoga intervention could exist. The
small sample size of the yoga group as compared to the SOC group makes it difficult to
draw conclusions on functional outcomes. However, the data overall supports the feasi-
bility of yoga as an intervention in an inpatient pediatric setting.

Conclusion

Given the potential for decreased mobility and poorer function after HCT, developing
engaging exercise programs is a priority for hospitalized pediatric patients. We found
that a structured, individualized yoga intervention was feasible during admission for
HCT and patients were overall satisfied with the program. Compared with participants
receiving standard of care, yoga participants demonstrated clinical improvements in
functional and QOL outcomes. Future research to further explore outcomes in a larger
sample is warranted and may benefit from streamlined assessment measures to enhance
completion.
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