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Abstract

Aim: This concept analysis aims to analyze the concept of sleep disturbance (SD) in the context
of heart failure (HF) to guide the development of a clearly defined definition.

Background: The term “sleep disturbance” has been used in the literature to describe sleep
problems and sleep disorders among individuals with HF. Environmental, physical, psychological,
behavioral, and developmental factors complicate the phenomenon of SD in HF.

Design: Walker and Avant’s method was used for this concept analysis.

Data Source: Published literature from 2000 to 2020 was identified from electronic health
profession-related databases. The current definition and usages of SD were abstracted from
empirical work and electronic databases.

Review Methods: A focused review of abstracts and full text relating to SD in HF was
performed. Studies featuring original data and peer-reviewed articles written in English were
included to investigate the multifactorial contextual meaning of the concept.

Results: SD in HF can be described as a condition in which individuals experience difficulty
initiating and maintaining sleep, and difficulty continuing or resuming sleep due to frequent
nocturnal arousals due to HF symptoms, sleep-disordered breathing, insomnia, and psychological
burdens.

Conclusions: To evaluate SD in HF, clinicians must examine the underlying causes to provide
the contextual meaning of the concept. A clearly defined and distinguishable concept of SD in HF
provides a possibility for accurate measurements of sleep quality, exploring interventions, and
evaluating outcomes.
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1| INTRODUCTION

Heart failure (HF) is a chronic disabling irreversible condition affecting an estimated 6.0
million Americans. The number of people diagnosed with HF is projected to increase by
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46% (more than 8 million) by 2030.1 Approximately 75% of individuals with HF
experienced sleep disturbances (SDs),2~# which are affected by demands of daily activities,
the disease itself, and HF-related symptoms, such as nocturnal dyspnea, cough, and
palpitation.® Sleep-disordered breathing (SDB), comprised of obstructive sleep apnea
(OSA), and central sleep apnea (CSA), contributes to respiratory SD,® is highly prevalent
(51%-71%) in HF and negatively impacts clinical outcomes.”-8 Hypoxia and partial
neurological arousals resulting from SDB lead to disruption to the sleep architecture,®
fragmented sleep, sleep deprivation, and daytime sleepiness.10 Further, SDB contributes to
poor sleep quality, accelerates the progress of HF,11 and worsens morbidity and mortality.
12,13 Sleep-related daytime symptoms and poor sleep quality are associated with poor
medication adherence,14-16 and inadequate self-care.17-19

The eight steps in Walker and Avant’s concept analysis framework include: select a concept,
establish aims of the analysis, identify uses of the concept, determine defining attributes,
identify a model case, identify borderline and illegitimate cases, identify antecedents and
consequences, and define empirical referents.29 The purpose of this paper is to present a
concept analysis of SD in the context of HF using Walker and Avant’s framework to guide
evaluation and intervention development to address health-related issues associated with SD
in individuals living with HF.

CONCEPT SELECTION AND AIM

Concept analysis is a process of deconstructing a term to assess the fundamental elements
within the concept, allowing for the development of an in-depth understanding, a sound
definition, and precise measurements of the concept.20 In the general population, SD was
traditionally described as disorders of initiating and maintaining sleep, excessive
somnolence and sleep-wake schedule, and dysfunctions associated with sleep, sleep stages,
or partial arousals (parasomnias).2! The term “sleep disturbance” has been used in the
literature to describe sleep problems and sleep disorders among individuals with HF, but it
lacks consistency, specificity, and clarity in definition and causes. The concept of SD is
chosen to provide a deeper understanding of the SD phenomenon in HF.

Insomnia, defined as repeated SD despite adequate time and opportunity for sleep, resulting
in daytime distress or impairment,22 is characterized by three primary symptoms: difficulty
falling asleep, difficulty staying asleep, and early morning awakening.2® Many of the
essential characteristics of SD in HF in the current literature are identical with these
commonly reported insomnia symptoms.24 While these terms may represent the complexity
of SD, none of these terms provide the contextual multifactorial meaning of SD in
individuals with HF. Environmental, physical, psychological, behavioral, and developmental
factors complicate the phenomenon of SD.2° This analysis aims to provide a clearly defined
and distinguishable concept of SD, offer operationalizable components of the concept, and
opens possibilities for accurate measurements, exploring interventions, and evaluating
outcomes.

To find the usage of SD in the context of HF in the scientific literature, a focused systematic
search of scientific databases (CINAHL, PubMed, Medline, and PsyInfo) from 2000 to 2020
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was conducted using the following key terms and Boolean operators (“AND,” “OR”):
“sleep,” “sleep disturbance,” “disturbed sleep,” “disrupt sleep,” “sleep awake,” “insomnia,”
“sleep disordered breathing,” “sleep-disordered breathing,” “sleep fragmentation,”
“fragmented sleep” AND “heart failure” OR “cardiac failure”. Last, reference lists of the
peer-reviewed articles were used to identify seminal works. Studies featuring original data
and peer-reviewed articles written in English were included to investigate the contextual

meaning of the concept.

USE OF THE CONCEPT

Prior studies and other published peer-reviewed literature use the terms “sleep disturbance,”
“disturbed sleep,” and “disrupted sleep” interchangeably. “Sleep disruption,” “sleep
dysfunction,” “fragmented sleep,” “sleep fragmentation,” and “sleep quality” are used to
describe different aspects of sleep problems and disorders in both the general population and
HF. Sleep fragmentation and fragmented sleep, characterized by frequent arousals, are two
terms used interchangeably with SD in some literature.?> To analyze the concept of SD
among individuals with HF, the defining attributes, antecedents, and consequences (Figure
1) were identified.

DEFINING ATTRIBUTES

Many forms of HF occur in individuals with advanced age! and some changes in sleep are
associated with normal aging,2® such as changes in sleep duration, fragmentation, and depth.
In HF, individuals experience SDs, such as shorter sleep duration, frequent arousals, and
altered stages of deep and rapid eye movement sleep.2” One significant physiologic factor
contributing to SD in HF is SDB, a consequence of and a contributor to the severity of HF.
The cause of SD in patients with HF can be physical, psychological, and situational.®> The
defining attributes of SD include difficulty initiating sleep and difficulty maintaining sleep
due to frequent nocturnal arousals.

Difficulty initiating sleep

Difficulty initiating sleep is one significant complaint in individuals with HF. In one study,
46.3% of male participants and 46.7% of female participants with HF reported moderate to
major difficulty initiating sleep.2 In a separate study, over 50% of individuals with HF
reported difficulty initiating sleep due to dyspnea and orthopnea.2® Further, hemodynamic
deterioration during sleep and SDB may exacerbate respiratory and HF-related symptoms
leading to difficulty in initiating sleep and compromised sleep quality.28:29 Anxiety and
thoughts about the possibility of cardiac events (e.g., defibrillator shocks) occurring during
sleep,6 activities in daily life, prognosis, and symptoms of the disease itself, induce
difficulties for individuals with HF to initiate sleep.2’

Difficulty maintaining sleep/frequent nocturnal arousals

Difficulty in maintaining sleep is a common component of SD, present in 20% of female
participants and 23% of male participants with HF.2 Difficulty maintaining sleep is a result
of frequent nocturnal arousals, commonly reported in HF26:27:30.30.31 rejated to nighttime

Nurs Forum. Author manuscript; available in PMC 2021 August 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zheng

5|

5.1]

52|

Page 4

cardiopulmonary symptoms (e.g., dyspnea and palpitations),>32-34 pain,26:34.35 nocturnal
polyuria.,2732:35.36 and periodic limb movement.3” SDB, as in OSA and CSA with or
without Cheyne-Stokes respiration, also contributes to nocturnal arousals.30:38

ANTECEDENTS

Antecedents are factors, events, or situations that must arise before the occurrence or
manifestation of the concept of interest but are not the same as defining attributes.2%:39 |n
HF, SD results from poorly controlled HF,*0 SDB,38 and psychological burdens.® The
antecedents of SD can be measured objectively and subjectively, including HF symptoms,
SDB, insomnia, and psychological burdens.

HF symptoms

Poorly controlled HF symptoms commaonly disturb sleep, including nighttime
cardiopulmonary symptoms (e.g., dyspnea and palpitations),>32-34 pain,>26:34.35 ang
nocturnal polyuria.27:32:35.36 Dyspnea during sleep is related to pulmonary congestion
caused by postural changes related to alternation of bodily fluid distribution.33 Fluid volume
overload leads to a greater volume of fluid entering the vascular space,*! elevated left atrial
pressure, and subsequent pulmonary congestion, resulting in arousals from sleep due to a
need to breathe.33 Pain is a common cause of SD in individuals with HF.24:26.27.34 pain js
associated with early morning awakening,26:34 self-reported difficulty initiating and/or
maintaining sleep,2” nonrestorative sleep.24 Nocturnal polyuria (due to diuretics) causes
frequent arousals leading to difficulty in maintaining restorative sleep,32:35.36

Sleep-disordered breathing

SDB (OSA and CSA) activates the sympathetic nervous system, which initiates a vicious
cycle of disturbances in initiating sleep and maintaining sleep, with increased wakefulness
and persistent thoughts about the next day.*2 Individuals with HF may experience either
OSA or CSA or mixed apnea.38 Nocturnal arousal is one common characteristic of SD
among OSA and CSA. However, these two types of sleep apnea have differing underlying
pathophysiologic mechanisms.26:27:30.3043 5ome literature indicates that CSA could
contribute to the development of OSA due to pharyngeal narrowing or occlusion in healthy
individuals.3! Arousals due to CSA can be measured objectively by polysomnography
(PSG), and arousals can occur during hyperventilation or in the presence of congested lungs
and a stiff respiratory system.#4 In contrast, OSA is characterized by intermittent narrowing
and collapse of the pharyngeal airway during sleep. The collapsed airway leads to increased
respiratory effort, resulting in arousals that disrupt sleep continuity.

Cheyne-Stokes respiration is a common abnormal breathing pattern observed in individuals
with HF and can cooccur with CSA.30 Cheyne-Stokes breathing pattern is characterized as
periodic waxing and waning of the depth of respiration on the polysomnographic recording
with regularly recurring periods of apnea.4> Cheyne-Stokes respiration leads to a shorter
total duration of sleep, disturbed sleep structure with frequent arousals, and sleep stage
changes.46
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5.3|] Insomnia

More than half of individuals with HF report at least one insomnia symptom, 2747 and
insomnia is associated with worse New York Heart Association (NYHA) functional class,
448 older age,*? and female gender.#? Individuals with insomnia present with difficulty
initiating sleep resulting in an increased amount of time in bed to secure more opportunities
to sleep. Moreover, spending more time in bed leads to increased wakefulness, fragmented
sleep, and variability in sleep timing.22

5.4 | Psychological burdens

Self-reported psychological factors contribute to SD in HF. Stressful life events, chronic
iliness, and stress significantly impair sleep due to the difficulty in initiating sleep.30 Stress
induces the release of glucose, increased cardiovascular tone, and sharpened senses, all of
which make initiating sleep a challenge.?® Activities and problems in individuals’ daily lives
lead to thoughts and anxiety resulting in SD. Furthermore, the HF disease condition, and the
perceived effects of symptom burden and negative effects of the disease (e.g., deterioration
from the disease), disturb individuals’ sleep.®

6| CONSEQUENCES

As previously identified, many underlying factors contribute to SD in HF. It is also
important to understand how SD leads to adverse health consequences, including decreased
health-related quality of life (HRQOL), cognitive impairment, and emotional and social
burdens.

6.1| Decreased health-related quality of life

HRQOL is used to describe areas of life that are more likely to be influenced by a health
condition, including physiological, psychological, and sociological domains.>! Daytime
sleepiness, a physiological symptom and a result of Cheyne—Stokes respiration cooccurring
with CSA in HF,27 leads to social, economic, and medical impairment that negatively
impacts the quality of life.43:5253 SD and depressive symptoms have a bidirectional
relationship, affecting the quality of life of individuals living with HF. Depressive symptoms
mediate the effects of SD on HRQOL. Conversely, SD increases the risk for depressive
symptoms,*24 particularly in those with poor health perceptions, alcohol abuse, and
economic burden associated with medical care and living alone.?4

6.2 | Cognitive impairment
SD adversely affects cognitive function, such as a loss of concentration.® Cognitive
impairment is common in HF, including decreased attention and concentration, memory
loss, diminished psychomotor speed and perception, and decreased executive function.>*
Overnight uninterrupted sleep plays an important role in consolidating spatial navigation
memory. This process is lost when the rapid eye movement sleep stage is interrupted as a
result of OSA.%> OSA not only shortens and fragments rapid eye movement sleep but also
induces intermittent hypoxia,®® that negatively impacts cognition.?8 Furthermore, OSA was
found to be associated with neurocognitive impairment due to intermittent and sustained
nocturnal cerebral tissue deoxygenation and a degree of cerebral dysfunction.>’
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Psychological and social burdens

SD negatively affects individuals with HF psychologically and socially. Some individuals
reported feeling listless with decreased motivation and energy to do things; others reported
that SD has led to a short temper, anger, and irritation.® Fatigue resulting from SD induced a
desire for seclusion to get more rest.% Individuals experiencing SD are at a two- to threefold
increased risk of developing depressive symptoms.# Moreover, depressive symptoms
exacerbate the effects of SD on HRQOL.8

MODEL CASE

Mr. Davidson is a 62-year-old veteran with advanced HF (NYHA functional Class IV). He is
waiting to receive a Left Ventricular Assist Device (LVAD) due to ineligibility for a cardiac
transplant. Mr. Davidson reports that his sleep quality is progressively getting worse. He
sleeps in the same room as his spouse and wakes up five to six times a night due to shortness
of breath. He says, “I am worried about my condition and how my life would change after
getting the device. When | wake up in the middle of the night, it is hard for me to fall back to
sleep, even if | try. | feel like I am in the cycle of not getting back to sleep and worrying
about how I would feel in the morning without a goodnight’s sleep. | sleep only about 5
hours most nights. | feel sleepy during the day, and sometimes | doze off while watching the
news in the morning. It is nice having my grandchildren visit, but | am often tired and unable
to do much with them because | need some space to rest. | do not remember if | have taken
my pills sometimes or if | have checked the mail. My wife is now helping me with these
tasks. I might need to ask my doctor for some sleeping pills, but I am not sure if | can take
more medications now since | am very sick.”

BORDERLINE CASE

Mrs. Shah is a 60-year-old LVAD recipient due to advanced HF and ineligibility for a
cardiac transplant. It has been 6 months since she received her LVAD. Mrs. Shah has trouble
falling asleep sometimes. However, she sleeps through the night. She has about 7 hours of
sleep each night. Occasionally, Mrs. Shah feels a lack of energy and motivation, but she
continues her volunteer work at the community center.

ILLEGITIMATE CASE

Mr. Smith is a 45-year-old engineer with advanced HF. He received an LVAD as a bridge to
transplant. He reports that he sleeps better after the L\VAD implant, even though he has to
sleep with a new device. He sometimes has trouble falling asleep if he has coffee after lunch.
Mr. Smith wakes up a couple of times at night because his cat tries to jump into bed. During
the day, Mr. Smith is able to perform LVAD related tasks (e.g., dressing change and
controller check) and manage his HF medications independently. Mr. Smith is able to go to
the office to work 2 days a week and feels that having this new device has improved his
quality of life.

Nurs Forum. Author manuscript; available in PMC 2021 August 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zheng Page 7

10| EMPIRICAL REFERENTS

Empirical referents are what make the concept of SD measurable, including subjective and
objective measurements. Subjective measures focus on self-reported SD. The Pittsburgh
Sleep Quality Index (PSQI) is the most widely used instrument for SD. The PSQI measures
subjective sleep quality and quantity over a 1-month interval. PSQI assesses seven domains
of sleep quality.>® The Patient-Reported Outcomes Measurement Information System
(PROMIS™) SD is another instrument for measuring SD. The PROMISE SD instrument
assesses the qualitative aspect of sleep and wake function and gauges the severity of sleep-
wake problems across a range of conditions.59

Obijective measures of SD provide information on the mechanism of underlying causes of
SD and compare self-reported sleep outcomes with objective data. PSG and actigraphy are
two traditional objective measures of SD in both HF and the general population. PSG is a
gold standard physiologic measure for sleep. PSG collects brain waves, the oxygen level in
the blood, heart rate, breathing, and eye and leg movements.61 Actigraphy assesses sleep
duration and continuity and is noninvasive. Actigraphy records arm movement used to
estimate sleep parameters with specialized algorithms using computer software programs.
62,63 A new device, the WatchPAT®, integrating advanced actigraphy to differentiate wake
and sleep periods, Peripheral Arterial Tone (PAT) signal, heart rate, and oximetry, is able to
calculate a true sleep time to prevent underestimation of respiratory events and arousals.4
The PAT signal amplitude is used to measure the pulsatile volume changes in the fingertip,
reflecting the variations in sympathetic tones caused by respiratory disturbances during
sleep.55 Analyzing the PAT signal amplitude, heart rate, and oxygen saturation
simultaneously using the automatic algorithm detects breathing problems and respiratory-
related arousals, uncovering the physiologic changes of sleep and quantifying SD.

11| POTENTIAL CONTRIBUTION TO NURSING SCIENCE

The clarification of SD in individuals with HF has implications for clinical nursing practice
and research. SD affects a significant number of individuals with HF, and individuals
experiencing SD are at risk for developing adverse health consequences. A clear
understanding of SD characteristics in individuals with HF will allow nurses and clinicians
to assess and determine the causes of poor sleep quality. In-depth knowledge of contributing
factors will lead to the development, implementation, and evaluation of interventions to
assist individuals with sleep self-management. Healthy sleep may enable better participation
in self-care and long-term management of HF and augment HRQOL. Last, a succinct
understanding of SD will help researchers differentiate SD from other related concepts.

12| FURTHER NEEDED DEVELOPMENT

Riegel and Weaver developed a conceptual framework of how sleep may contribute to self-
care and outcomes in persons with HF in 2019.36 Since then, sleep-related daytime
symptoms and poor sleep quality are found to be associated with poor medication
adherence,14-16 and inadequate self-care.1’~19 One important relationship of this framework,
sleep and cognition, is understudied, particularly in individuals with advanced HF living
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with mechanical circulatory support devices, such as LVAD. Current literature indicates that
cognition declines with increased severity of HF. However, the underlying causes of
cognitive impairment are not well understood. Symptoms of SD, cognitive impairment, and
psychological symptoms, such as anxiety and depression, adversely affect the overall
HRQOL in individuals with HF. While HF-related symptoms may be improved by novel
advanced HF therapy, the root causes of these symptoms are multifactorial, and relationships
among these symptoms are multidirectional, likely complicated by individual comorbidities.
Future studies can investigate the highly relevant physiologic linkages among these HF-
related symptoms.

CONCLUSION

SD is a commonly used term when describing sleep problems and sleep disorders in both the
general population and individuals with HF. To evaluate SD in individuals with HF, we must
examine the underlying causes to provide the contextual multifactorial meaning of the
concept. Defining SD as a condition in which individuals experience difficulty initiating and
maintaining sleep, and difficulty continuing or resuming sleep due to frequent nocturnal
arousals creates the possibility for accurate measurements of SD, exploring interventions,
and evaluating outcomes.
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« Difficulty Initiating Sleep
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FIGURE 1.
Antecedents, attributes, and consequence of sleep disturbance in heart failure
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