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Abstract

Introduction: Home pulse oximeters prescribed for infants with cardiorespiratory conditions generate many false alarms, which
create caregiver stress and sleep disturbance and can lead to unsafe practices. Additionally, relationships among oximeters, alarms,
and everyday living demands are not well understood. Therefore, we aimed to gather parent perspectives on home pulse oximetry
monitoring during the problem analysis phase of a quality improvement (Ql) initiative. Methods: We purposively sampled and inter-
viewed parents of infants prescribed home pulse oximeters and receiving local home care company services. We based questions
on systems engineering frameworks previously used in healthcare. Data were coded iteratively and analyzed deductively (theoretical
frameworks) and inductively (emerging themes). Results: Generally, themes aligned with theoretical frameworks. Parents expressed
dissatisfaction with the number of false alarms home pulse oximeters generate, which parents primarily attributed to poor probe
adhesiveness and the inability of oximeters to account for infant movement. Interviews highlighted the burden associated with poor
device tones and portability. Device-related issues had negative repercussions for the entire family related to sleep quality, mobility,
and social interactions. Universally, parents developed workarounds, including cessation of monitoring. Conclusions: Parents of
infants monitored at home using pulse oximetry face many challenges, resulting in compromises in safety. Continuing to instruct
parents to comply with prescribed monitoring recommendations may be unrealistic. Instead, we suggest re-engineering the home
monitoring system with the needs and goals of children and their families at the center. Our description of adapting qualitative
research and systems engineering methods may benefit others developing QI work. (Pediatr Qual Saf 2022;7:€538; doi: 10.1097/
£g9.0000000000000538; Published online March 30, 2022.)
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INTRODUCTION

Clinicians prescribe home pulse oximetry
monitoring for infants with various car-
diorespiratory conditions.'> One of the
most common conditions is broncho-
pulmonary dysplasia (BPD), a chronic
lung condition resulting from premature
birth.* Providers use oximeters to detect a
range of clinically significant events, from

those requiring immediate intervention to
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others requiring only documentation to inform
long-term care decisions, such as titration of supplemen-
tal oxygen therapy.’” Caregivers at home are alerted
frequently, even for mild events that may not require
intervention.!” The result is a system estimated to gener-
ate a median of 10 alarms per night,' a burden that can
create anxiety, sleep disruption, and/or alarm fatigue and
lead families to miss actual events or stop using monitors
altogether.?

Methodic problem analysis' is necessary to design effec-
tive improvement interventions for such complex systems,
as choosing the wrong problem to address is common in
healthcare improvement work.!*!! Human factors-related
frameworks, such as the systems engineering initiative for
patient safety (SEIPS) model'>!3 and dual-process theory
(DPT),** can augment traditional improvement models for
safe redesign across a wide range of healthcare settings.!>!$
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These frameworks focus on system components, compo-
nent interactions, and resulting processes (eg, decisions
and adaptations) that shape outcomes.'”* Qualitative
methods, which provide naturalistic approaches to study
experiences by allowing interpretation of peoples’ feelings,
actions, and perspectives in the local context, promote a
broader understanding of systems.!%2°

Previous qualitative studies of parental experiences
of infant home monitoring are decades old and reflect
when monitoring was prescribed for sudden infant death
syndrome concerns.>?!'?> More recent qualitative work
around home monitoring systems has focused on med-
ically complex children.?> To devise a meaningful qual-
ity improvement (QI) initiative for home pulse oximetry
monitoring for infants, we aimed to better describe par-
ents’ experiences in a local population via semistructured
interviews based on combined theoretical models of

behavior (ie, SEIPS and DPT).

METHODS

Setting

This effort was part of a portfolio of systems improve-
ment projects by the Patient Safety Learning Lab (PSLL)
at a quaternary-care children’s hospital. The PSLL is a
transdisciplinary team that includes clinicians, research-
ers, informaticists, and human factors engineers, who aim
to improve systems of monitoring children. Children’s
Home Care?* is the hospital’s affiliated home care pro-
gram that provides specialized pediatric services within
a 75-mile radius. The Institutional Review Board deter-
mined the work was consistent with QI activities and did
not meet human subjects’ research criteria.

Participants and Recruitment

We conducted interviews August-December 2019 with
English-speaking parents of children younger than 12
months of age dispensed a home pulse oximeter and/or
pulse oximetry probes during the previous 6 months by
Children’s Home Care (ie, a purposive sample).'”** We
excluded infants whose caregivers were instructed only
to perform spot checks of oxygen saturation and those
on continuous home ventilators, as the latter are nearly
always supported by in-home nurses or other staff. We
partnered with researcher specialists (W.E. and M.N.) at
the University of Pennsylvania Mixed Methods Research
Laboratory (MMRL),?® experts in qualitative method-
ology, who contacted families to schedule and conduct
interviews via telephone.

Interview Structure and Content

The interview guide was based on (1) a hybrid of two
conceptual frameworks: SEIPS'?> and DPT'* and (2) reflex-
ivity exercises by clinical members of PSLL.?° Generally,
the frameworks suggest examining home resources, tasks,
environment, and their interactions (ie, the work system)
because they influence subjective parental state and shape

Pediatric Quality and Safety

parent responses (ie, the work process) (Fig. 1). In addi-
tion, reflexivity exercises attenuated potential biases of
the PSLL team, with further bias mitigation facilitated
by the MMRL independently refining the interview guide
(see Appendix, Supplemental Digital Content 1, hitp://
links.lww.com/PQ9/A361).

Data Collection

MMRL researchers, who had no clinical connections to
families, conducted interviews. Before engaging in audio-
recorded phone interviews, interviewers obtained verbal
consent. Audio recordings were transcribed, de-identified,
and uploaded to NVivo 12 Plus?’ for data management.

Data Analysis

MMRL researchers initially reviewed representative tran-
scripts to highlight recurring themes. Codes that emerged
from the data (inductive analysis) were merged with
overarching themes from the SEIPS and DPT frameworks
(deductive analysis), then reviewed and iterated on per
qualitative methods best practices.'”?%2%-30 The resulting
codebook was applied to all transcripts; interrater reli-
ability was periodically assessed to assure agreement
among the two coders.

RESULTS

MMRL conducted 13 interviews with parents (12 moth-
ers and 1 father) of infants who ranged in age at the time
of interview from 3 to 11 months and had primary diag-
noses of bronchopulmonary dysplasia (n = 10), obstruc-
tive sleep apnea, (n = 1), cardiac anomaly (n = 1), and
brief resolved unexplained event (n = 1) (Table 1). The
interviews lasted approximately 30 minutes. Thematic
saturation was achieved.?>!

Analysis revealed six themes related to work system
components of our home pulse oximetry monitoring
conceptual framework (ie, persons, tools and technology,
tasks, organization, external environment, and their inter-
actions; Fig. 1): (1) the family unit; (2) home life with mon-
itoring devices and alarms; (3) assessing if alarms represent
emergencies; (4) goal setting; (5) communicating data with
providers; and (6) logistics and mobility. Table 2 displays
themes and subthemes alongside illustrative quotations.
Three themes emerged related to work process components
of our conceptual framework: (1) adjustments to the home
environment; (2) alterations to tools and technology; and
(3) decisions about time away from monitors. We collec-
tively summarized these as adaptations and workarounds
with illustrative quotations in Table 3. The following
describes themes and parents’ advice to other families and
suggestions for improvements in more detail:

Work System Themes

The Family Unit

Nearly all parents identified themselves as the primary
caretaker responding to alarms. Typically, infants require
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Fig. 1. Theoretical framework combining principles of SEIPS (not italicized) and DPT (italicized). The sociotechnical work system (left
box) produces work processes (middle box), which shapes outcomes (right box). The work system consists of interacting compo-
nents: Persons, Tasks, Tools & Technologies, Organization, Environment. During the work process, adaptations arise as behaviors
that serve to “work around” problems in the work system and may be beneficial or harmful.'® Adaptations may result in shifts between
type 1 and type 2 reasoning. Type 1 reasoning leverages intuition and mental shortcuts (heuristics), making it faster but more error
prone. Type 2 reasoning is deliberate and analytical, so it is less vulnerable to error but requires more cognitive resources. '

more than a single caretaker. Parents reported that second-
ary caretakers and other family members involved in the
infant’s care had difficulties monitoring and responding
to alarms, which often led to the infant not being moni-
tored when primary caretakers were away. In addition,
care priorities of other family members, especially other
children, had to be balanced with those of the monitored
infant. In some instances, older children were involved
with assessing alarms, while younger children’s actions
could present distractions and difficulties.

Home Life with Monitoring Devices and Alarms

Few parents reported additional medical devices involved
in-home monitoring outside of pulse oximeters. These
included continuous positive airway pressure (CPAP)
machines used while asleep, feeding pumps, and nebulizers,

Table 1. Demographics

Parents n=13 %o*
Sex
Female 12 92
Male 1 8
Race
Black 6 46
White 7 54
Hispanic/Latino
Yes 1 8
No 12 92
Infants
Sex
Female 5 38
Male 8 62
Chronologic age (mo)
<6 3 23
6to <9 8 62
9-12 2 15
Diagnosis
Bronchopulmonary dysplasia 10 77
Obstructive sleep apnea 1 8
Cardiac anomaly 1 8
Brief resolved unexplained event 1 8

*% may add to >100% due to rounding.

which added complexity to the home monitoring system
and processes. Nevertheless, parents overwhelmingly
reported that oximeters brought them peace of mind at
home—a sense of reassurance that the infant’s condition
was stable and a sense of progress and improvement over
time. However, for many parents, the benefit came at the
cost of navigating cumbersome devices and overly sen-
sitive alarms, which often resulted in heightened stress
and anxiety at constantly being alerted. This duality of
emotions was persistent across day and night, with some
parents reporting little perceived difference between day
and night in their experiences with monitoring devices.
Others maintained the most significant difference cen-
tered on managing cumbersome devices during the day
and overly sensitive alarms at night that led to interfer-
ence with adequate parental, infant, and other household
members’ sleep.

Assessing if Alarms Represent Emergencies

Most parents reported they did not experience any alarm
indicating a medical emergency requiring intervention.
Parents described developing their strategies over time
to assess if an alarm represented an emergency through
combining previous experience with the monitor, infor-
mation gleaned from the monitor in the moment, and
a quick physical assessment of the infant. Some par-
ents developed reasoning around alarms based on the
context that allowed them to intuit when an alarm was
actionable or if a physical intervention would resolve
the alarm (eg, changing a foot probe). Over time, parents
learned that crying, excessive movement, or unrelated
minor illnesses like upper respiratory tract infections
could increase the prevalence of false alarms. Physical
indicators that led parents to believe the accuracy of
the alarm ranged from objective—when an infant’s lips
turned blue—to subjective—parents who described their
infant as looking “off.”
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False alarms were a significant source of stress, and
most parents expressed some degree of irritation about
their frequency. However, a minority of parents described
instances in which they were so frustrated by the preva-
lence of false alarms that they chose to ignore them rather
than assess their accuracy. Instead, most parents described
times when their frustration with the alarms led them to
disconnect or turn off the monitor.

.. PO7

it’s good enough to have the
So that way we’re kind of like limit the

.50 he’s a sound asleep in his crib,

Goal Setting

Most participants could not report a specific goal given
to them by the medical team regarding their infant’s mon-
itoring, sometimes due to the uncertain trajectory of the
child’s physical development. However, other parents spe-
cifically mentioned they were on a weaning plan in which
they were to monitor their infant’s progress while incre-
mentally lessening oxygen use as their child improved.

Communicating Data with Providers

Parents’ level of involvement varied when tracking alarm
events at home. Most parents reported they did not have
a standard process for recording or reporting events at
home. Rarely, parents kept detailed logs of each alarm
event and what may have caused it. Others chose to make
notes only of events that caused them concern. A small
number of parents reported they did not track events
whatsoever. There was also variability in parent under-
standing of if and/or what data monitors communicated
to providers. Generally, parents described relying most
often on verbal reports of the infant’s condition and prog-
ress generated from parental recall.

. it’s okay without the alarm and like just ...

Smart Sock on, then, | put that on, and then, | won’t have to hear the alarm. It will just only go off like when it’s really going low and he’s laying still

“What | did was their limit was — the lowest that they can go, when the oxygen was, .

..l think it was 90, | put it to like 80....

Quotation

...and he startles from that sound.” P02
“Having to get up because the only way you can silence the alarm is going over and hitting the silence button. And then it only still gives you a 15 second delay when

Logistics and Mobility

Parents’ abilities to navigate life outside the home with
their monitored infant differed. Most made every effort to
monitor their child continuously, and others shared that
they would cease monitoring during outings. Although
few caregivers had access to fully portable devices, most
parents described extensive planning to bring their infant
out of the house. Parents had to account for many details,
including leaving the house with fully charged batteries
and ensuring access to electrical outlets in transit or at
the final destination. These parents also described rely-
ing on teamwork with other caregivers to execute out-
ings without incident. Car rides posed at least two unique
challenges to parents: (1) inability to power the monitor
without a special power adapter and (2) trying to silence
false alarms safely while driving.

single tone. It would be nice to have different tones for the different numbers. If your baby drops to the parameters are set to start going off at 80, if it just hits 80,

have a different sounding alarms than if it's at 75.” P04
“I will say when | go to turn the monitor on, it makes a one single beep and it’s loud beeps when it’'s turned on, he will jump to that..

you do that. [Our coordinator] adjusted the alarm for us and made it so that it’s a 15 second delay for sensor not picking up or movement. And that really helps a
lot with the fatigue of the monitor like | could still see he was moving. | could look over at the monitor. See it wasn't picking up, but it wasn’t alarming yet. And it

gave us a little more time to calm him down before the loud alarm would go off.” P02
...Like it’s driving me crazy like | don’t — that’s the only thing that really bothers me about it is when he moves but it's — the reading goes down and sort of shuts off.

for every little thing. | felt like | was bugging them probably, but feel free to ask any questions because at the end of the day they are there to help us and make

things better for us.” P15
“Well, in the NICU, when she started to alarm, it was a slower, quieter alarm, and then as her numbers dropped and it became more intense... At home it’s just one

alarms if they just moving and stuff, so like if it went anything below 80, then | would really look at- I'm like what’s going on. But that’s just was to try to cut down

the alarm going off from movement.” PO8
“Making sure the tape sticks and they have a sock on so it won’t go [off] as often.” P11

There should be a little, like a sensor in it that could tell when something’s moving, you know?” PO7

. I went out and bought the Owlet Smart Sock, so, | alternate between the two like when .

“I would tell them not to be afraid to ask or to call the company to see what’s going on. Because some people -- | know at first when | first got it, | didn’t want to call
and | go to turn the monitor on, and it's a very loud beep,

“Sometimes if he continues to kick it off, | just turn it off and just watch how he breathes and everything.” P12

“| just lower the volume.” P15

“«
«

Work Process Themes

Adaptations and Workarounds

Parents described a myriad of alterations to their home
environment, tools and technology, and decision-making
due to challenges they faced with the current system for
home monitoring. Home adjustments to simplify mon-
itoring revolved around physical changes like moving
furniture, ensuring enough grounded electrical outlets,

Table 3. Work Process Themes and Representative Quotations

Adaptations and workarounds
Advice to parents
Improvement suggestions

Theme
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and arranging devices to be easily accessed. There was
a high prevalence of discussion related to probe connec-
tivity, the probe’s poor adhesive tape, types of clothing
most conducive to ease of probe attachment, and spe-
cial socks to ensure the probe’s connectivity. An addi-
tional example included investing in a consumer infant
physiologic monitor (eg, Owlet?>*), without an explicit
recommendation from the healthcare team, which
helped reduce the number of alarms parents experienced
because it “only go(es) off like when it’s really going low
and (the infant is) laying still.”

Parents developed adaptations and routines to decide
when to remove their infant from their monitors or turn
off the device. Parents most often base the decisions on
assessing their child’s condition, an attempt to reduce
false alarms due to a particular activity, or out of logisti-
cal necessity. Instances of monitor cessation occurred for
simple daily activities, such as diaper changes and bath
time. Other times parents removed their child from mon-
itoring to bring the child out of the house on errands or
to doctor’s visits unencumbered by the devices and cords.
Some parents elected to watch the infant sleep during the
day without the monitor, even though it was prescribed
for sleeping, to reduce alarms, relying on their observa-
tion skills to assess danger. Regardless of their reasoning
for time away from the monitors, most parents reported
feeling uneasy when not monitoring their infant.

Advice for Other Parents and Suggestions for
System Improvements

Advice for other parents focused on patience, communi-
cation, and not becoming fixated on monitor readings.
Additionally, parents stressed that trusting both the
device and their parental expertise regarding their infant’s
condition were key to avoiding panicked reactions. They
also emphasized communicating and coordinating with
the medical team and other caregivers involved in the
infant’s daily life.

Parents had many suggestions for improvement, which
revolved around reducing false alarms and improving
probe connectivity. For example, many parents expressed
a desire for the oximeter to better interpret when the
infant was moving. Parents also wanted better adhesive
probes, noting that they would not stick to the infant’s
skin even when opening new probes.

Other suggestions included aspects of machine design
that would increase user-friendliness, such as eliminating
the loud beeping sound when turned on, different sounds
and volume levels to indicate severity, including remote
control, which could silence false alarms from a distance,
and increasing portability so that parents could be more
mobile with their infants while continuously monitoring
them.

One parent raised an opportunity for easing informa-
tion exchange between parents and providers by sug-
gesting parents keep a collaborative document detailing
causes of alarm instances that they could upload to the
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patient portal. This parent used this method with their
child’s care team and felt it eliminated confusion about
causes and resolutions of alarms.

DISCUSSION

Interviews of parents with infants monitored at home
using pulse oximetry revealed challenges and strategies
used by families to incorporate medically prescribed
monitoring into their everyday lives. Unfortunately, the
strategies sometimes introduced potential compromises
to infant safety, such as turning off monitors or switching
to a non-FDA cleared consumer pulse oximetry monitor-
ing device. Nevertheless, parents generally expressed reas-
surance from monitors.

Salient ideas for improving monitoring technology and
supporting infrastructures emerged from this work. For
example, for device manufacturers, our results support
the importance of reducing false alarms due to motion
artifact, improving probe adherence to the skin, explor-
ing wireless probe options to reduce cable hazards, and
investigating opportunities for remote alarm silencing.
For medical teams, opportunities include modifications
to monitor prescriptions that might safely reduce alarm
burden (eg, parameter limits), more transparent commu-
nication about what data, if any, is transmitted to the clin-
ical team, and development of written strategies to help
parents in rapid evaluation to determine if an alarm rep-
resents a true emergency so that these do not have to be
developed by each family over time.

Our findings support previous work suggesting that
motivated parents struggle to adhere to home monitor-
ing as prescribed.>** Consistent with older studies on the
parental experience of home monitoring, these parental
efforts come at the cost of personal and familial stress.>?"->?
Additionally, parents in our interviews described simulta-
neous yet conflicting emotions of frustration and reassur-
ance related to devices, similar to parents prescribed infant
home monitoring for other indications.?’*> Through our
systems engineering approach, we now understand the
factors influencing parent experience of home monitor-
ing. Our combined framework based on the SEIPS model
and DPT captured factors and their interactions (ie, work
system components) that parents are weighing related to
monitoring in the non-hospital environment (eg, needs of
other family members, physical home environment, bur-
dens of the current technology, parents’ own emotions).
It supported our understanding of how those factors lead
to parents’ decisions (ie, the work processes), ultimately
affecting outcomes, like patient safety. For example, par-
ents described analytical type 2 reasoning of DPT when
they shared how initially they kept detailed reports about
their infant’s alarms. However, over time, they developed
shortcuts, or heuristic-based type 1 reasoning of DPT
that saved them time (eg, quick look if child is “off”).'*
All together, the outputs provide rich descriptions of root
causes of problems and change ideas directly from people
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experiencing them, which can be integrated into more
specific key driver diagrams as we narrow our focus in the
next phase of our QI work (Fig. 2). More generally, our
process supports using qualitative methods as an effective
means of engaging parents in QI initiatives.

These findings need to be interpreted within the con-
text of limitations to our approach. First, we modified
research methods for QI purposes, which may have
created gaps in specific areas (eg, 30-minute interviews
did not further explore how and why monitors were
reassuring to parents despite also causing frustration).
These gaps may be future opportunities for investiga-
tion. Second, we interviewed a small sample of parents
from a single home care organization, and most infants
had a diagnosis of bronchopulmonary dysplasia (BPD).
Almost all interviewees were mothers, and we did not
collect detailed sociodemographic data for stratification.
Although this means our findings will be directly applica-
ble to our local population, it may come at the potential
cost of generalizability of the findings to other contexts.

Aim (general)

Primary drivers

WWW.pQS.Com

However, many workarounds, including cessation of the
device, have been reported in other pediatric home care
settings.”® Otherwise, very little has been published about
parents’ perspectives, so these insights into the problems
families face and our methodologic approach may be
helpful to others trying to improve local systems for home
monitoring using pulse oximetry.

CONCLUSIONS

Parents of infants monitored with home pulse oximeters
experience high rates of false alarms and face a wide range
of device-related challenges, resulting in compromises to
infant safety. Our findings suggest rather than continuing
to instruct parents to comply with prescribed monitoring
that may be unrealistic, we should promote understand-
ing of home monitoring technology within a more com-
plex system and engage parents in system changes given
their crucial role and unique insights. Our system engi-
neering approach was successful in the problem analysis

Secondary drivers
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Fig. 2. Hypothetical key driver diagram informed by parent interviews. Findings can enrich key driver diagrams. For example, in our
interviews, we identified concerns about safety, parent satisfaction, and overall value of home monitoring. Each could be an aim for
a more specific Ql project. The themes and examples that emerged from interviews can be incorporated into primary and secondary
drivers. Furthermore, parent suggestions for improvement might be added to list of change ideas (not pictured) and/or be used to aid
in effort versus impact prioritization (not pictured). Arrows can be challenging to follow since many drivers interact with one another.
Drivers in a single column may influence one another but are not denoted with arrows).
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phase of QI project design and complemented traditional
QI methods. Our results immediately inform local QI
interventions and may serve others as the foundation for
additional investigations.
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