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Bioimpedance Spectroscopy for the Health Care Professional

Abstract
Purpose: The capstone project aimed to develop a continuing education module to educate
health care providers and staff on the purpose and use of the bioimpedance spectroscopy (BIS)
unit. The researcher also conducted a one-month clinical utility survey with the outpatient wound
care team to determine if using the BIS measurement tool changed patient intervention plans.
Methods: The researcher developed a continuing education training module with pre-and post-
testing to assess the participants learning. A course evaluation was developed to evaluate the
effectiveness of the learning module. A mixed-methods clinical utility survey was performed
with the outpatient wound care center where participants completed a systems usability scale
(SUS) questionnaire and participated in a one—month follow-up interview.
Results: Seven subjects participated in education and demonstration training during the clinical
utility survey. Four of seven participants completed the SUS questionnaire. The data revealed an
above average SUS score and good learnability and usability scores.
Conclusions: The module and clinical survey confirmed that health care providers found the unit
easy to operate and could potentially implement BIS into their daily workload. Reported barriers
to using the device include unit location, short staffing, infection control, and patient load.
Despite these barriers, the wound care staff have been trained on the device's use and found BIS
beneficial for lymphedema patients, chronic venous insufficiency, congestive heart failure,

kidney failure, peripheral vascular disease, and post-operative wound care needs.



Introduction

Bioimpedance spectroscopy (BIS) is a low-cost, non-invasive method for measuring
body composition and fluid analysis (Khalil et al., 2014). Knowledge of body composition and
fluid status aids in diagnosing and treating multiple disease processes (Khalil et al., 2014).
Maintaining fluid balance is essential to maintain health and ensure all systems function properly
(Khalil et al., 2014). Fluid analysis also gives a better understanding of hydration, nutrition
status, and disease mechanisms (Pierson, 2003, cited in Buendia et al., 2015). BIS is a growing
method for monitoring body fluid fluctuations, body composition, nutrition status, and hydration
rate. However, there is little understanding of BIS's operation, use, and application with
rehabilitation and wound care staff (Khalil et al., 2014). Evaluation of edema and body
composition coincides with the principles of the biomechanical frame of reference (FOR). The
biomechanical FoR applies to the principles of physics and the biomechanics of the human body
(Cole & Tufano, 2020). Using the biomechanical FOR, therapists can choose appropriate
evaluation tools to assess edema and body composition accurately.

Increasing demands for health promotion and wellness programs have accelerated the
need for training of new technologies to improve the occupational therapist's ability to evaluate
and treat many health conditions (Khalil et al., 2014). Body composition, fluid measurement, and
edema management are critical areas in many therapy diagnoses, but these areas of practice in
occupational therapy are highly specialized. The disruption of fluid balance occurs because of
cancer, surgical procedures, critical illness, heart failure, and kidney failure (ImpediMed, 2020a).
Body composition monitoring will promote wellness, which can help prevent a problem before it
develops. BIS can measure body composition, which can contain valuable information about a

patient's well-being (Asklof et al., 2018). Using BIS monitoring for occupational therapy



evaluations is congruent with the American Occupational Therapy Association's Vision 2025 to
use cost-effective, evidence-based interventions to promote health and wellness for people,
populations, and communities (American Occupational Therapy Association [AOTA], 2020a).

Lymphedema is a condition that results from fluid overload in the lymphatic system,
where the fluid volume is greater than the lymphatic system's transport capacity (Koelmeyer et
al., 2020). Because of this overload, an abnormal accumulation of protein-rich fluid occurs in the
interstitial space resulting in swelling in the extremities or other parts of the body (Koelmeyer et
al., 2020). An accumulation of fluid in the interstitial space increases the extracellular fluid
causing swelling (Koelmeyer et al., 2020). The evaluator can assess the extracellular fluid
increase by measuring an electric signal's resistance as it passes through an extremity (Warren et
al., 2007). If there is a reduced impedance measurement, this indicates the presence of
extracellular fluid, which is a quantitative measurement of lymphedema called the lymphedema
index (L-Dex) score (Koelmeyer et al., 2020; Warren et al., 2007). Through BIS, early detection
of lymphedema through surveillance programs can help identify subclinical lymphedema,
reducing the incidence of clinical lymphedema, thus reducing health care costs (Koelmeyer et al.,
2020).

The newest BIS unit is a stand-on device where electrodes are stainless-steel foot and
hand plates (Koelmeyer et al., 2020). The researcher's employer purchased this device for the
lymphedema clinic for developing a surveillance program for subclinical lymphedema. Because
this device measures fluid status and body composition, in addition to L-Dex scores, this device
has the potential to provide valuable information to improve patient outcomes for more than
subclinical lymphedema patients (ImpediMed, 2020b). Currently, there is one lymphedema

clinician at the local hospital using the BIS unit. No other staff uses the equipment because staff



members do not know or understand the BIS assessment. A crucial need exists to educate
therapy staff on the BIS unit's use, the fundamental aspects, the application, and the
interpretation of BIS measurements for patient diagnosis and monitoring (Khalil et al., 2014).
Therefore, this capstone project aimed to develop a continuing education module to educate
health care providers and staff on the purpose and use of the BIS unit to represent a health
promotion attitude. The researcher conducted a one-month clinical utility survey with the wound
care team to determine if the BIS measurement tool has changed their patient evaluations and
interventions.
Background

The continuing education training module will occur at a local hospital licensed for 540
acute care beds with a specialized outpatient rehabilitation center, an inpatient rehabilitation
hospital, and an outpatient wound care center. The leading researcher is employed in the
outpatient wound care center. The outpatient wound care center treats various patient diagnoses,
including lymphedema, chronic venous insufficiency, congestive heart failure, trauma, cancer,
obesity, diabetes, renal failure, peripheral artery disease, coronary artery disease, human
immunodeficiency virus, and substance abuse. The inpatient and outpatient adult rehabilitation
centers treat various patient diagnoses, including but not limited to stroke, spinal cord injuries,
neurological disorders, orthopedic injuries or surgeries, and cumulative trauma. The outpatient
wound center, inpatient hospital, or outpatient rehabilitation center staff do not use the BIS
equipment. Training is recommended to educate staff members on the use, application,
interpretation of the BIS measurements, and how to use BIS information to formulate treatment

interventions.



Research Questions
This study aims to educate staff members at a local hospital in the BIS unit's use and
applications to promote health and wellness. Through the development of this training module,
the researcher will evaluate the following:

1. Will health professionals who participate in the BIS training module have a better
understanding of body composition and its effect on the wellness of the patient?

2. Can health professionals gain insight into a patient's health by using BIS measurements to
assess body composition in outpatient wound care and outpatient rehabilitation
evaluations?

3. Do health professionals change their clinical interventions when using BIS measurements
as a guide for treatment and progression?

Methods

Literature Review

The acquisition of the new BIS equipment for one specialized clinic, with one employee
available to use the equipment, resulted in a question of whether other employees could use the
device to improve overall patient outcomes. Because of this question, the researcher conducted a
needs assessment and literature review. The literature review included articles from 2005 to
April 2020 using the following databases: Ovid, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Clinical Key, PubMed, Cochrane Library, and Google Scholar. The search
was limited to the English language articles using the following terms combined with Boolean
operators: 'bioimpedance spectroscopy,’ ‘theory," ‘phase angle," '‘body composition,' 'diagnosis,’'
‘fat mass," 'skeletal muscle mass,' 'total body water," 'sarcopenia,’ ‘congestive heart failure,’

'lymphedema,’ and 'fluid composition." Inclusion criteria consisted of randomized controlled



trials, meta-analyses, systematic reviews, cohort studies, and narrative reviews, if the content
discussed BIS. The search strategy excluded studies with animals.

Through the literature review, the researcher discovered several other diagnoses
appropriate for BIS measurement using BIS with adhesive electrodes. BIS can be used to reduce
complications associated with post-injury or post-surgical procedures, and researchers use BIS
for both diagnostic and disease management purposes (Pichonnaz et al., 2015; Qin et al., 2017).
Seoane et al. (2015) report using a type of BIS to assess brain damage following acute unilateral
stroke. A detailed evaluation of body composition using BIS can help identify sarcopenia and
osteopenia/osteoporosis (dos Santos et al., 2016; Peppa et al., 2017). Evidence also indicates that
BIS helps with fluid monitoring for chronic kidney disease (CKD), pulmonary edema, and
congestive heart failure (CHF) (Khalil et al., 2014; Khan et al., 2016; Weyer et al., 2014). Also,
fluid management is essential for critically ill patients because fluid overload is associated with
increased mortality rates (Dewitte et al., 2016). BIS monitors progress with athletes and helps
with modifying training modules by monitoring athletes' fat mass, fat-free mass, and total body
water (Tinsley et al., 2018). Several studies indicated BIS's use to monitor cancer-related
lymphedema (Asklof et al., 2018; Kilgore et al.,2018; Qin et al., 2018; Ridner et al., 2019).

Continuing Education Module
Course Description

Following an appraisal of the evidence, the researcher determined significant value in
using BIS measurements in a clinical setting. The researcher conducted a needs assessment to
determine if health professionals can benefit from a BIS continuing education module to gain
more insight into outpatient rehabilitation and wound care evaluations. The project aimed to

provide health care professionals with the knowledge of appropriate diagnoses to be assessed
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with BIS and to allow the professionals to demonstrate proficiency with the BIS unit use and
application. The course will be presented in a one — hour session and will consist of a slide show
lecture with learning activities, BIS unit demonstration, and hands-on practice time. To assess
the participants learning, there will be a pre-and post-test. At the completion of the course, each
participant will be asked to complete a course evaluation to determine the learning module's
effectiveness. The learning objectives for the continuing education module are stated below.
Health Professionals will:
1. Define and explain bioimpedance spectroscopy (BIS) and the purpose of its use during
rehabilitation evaluations.
2. ldentify the BIS measurements and compare the measurements to previously used edema
assessments.
3. Select and identify the appropriate patient diagnoses that would benefit from the BIS
assessment.
4. Analyze and examine the relationship between fluid status monitoring, disease prevention,
and how the use of BIS can improve rehabilitation outcomes.
5. Measure and interpret the BIS assessment results using a simulated rehabilitation
evaluation.
Subjects
The sample population for the continuing education module is a convenience sampling of
100 therapists and health professionals who work with patients where measurement of body
composition is beneficial for improved patient outcomes. Staff, including occupational

therapists, physical therapists, wound therapists, wound care certified nurses, the medical
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director and department managers, all employed by a local hospital, will participate in the
training module.
Ethical Consideration

The researcher will have safety measures in place to protect the data and confidentiality
of all participants.
Preparations

The training module was written and prepared using a stand-on device
(SOZO ®; ImpediMed Limited), a multifrequency BIS unit that provides detailed fluid and tissue
analysis measurements (ImpediMed, 2020b). The company offers other fluid analysis options,
but this is the only unit that measures the L-Dex score (ImpediMed, 2020b). The L-Dex score is
the quantitative measurement used to identify the early onset of lymphedema in extremities. The
L-Dex measurement is necessary for lymphedema patient care, which led the hospital to
purchase the unit for the lymphedema clinic.
Protocol Design

The continuing education training module is a quantitative study designed for one-group
with pre-and post-testing to assess the participants learning. The researcher hypothesized that
through the involvement in the continuing education module, the participants would learn how to
utilize the BIS unit, transfer this knowledge into the development of specific intervention
programs, and perform additional research on various patient populations, promoting evidence-
based practice throughout the practice setting.

Subjects will participate in the continuing education training module entitled
"Bioimpedance Spectroscopy for the Healthcare Professional.” The formal education module

will take place in a one-hour session. Training methods will include a slide show presentation
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with handouts, a demonstration of the unit, and hands-on practice training. See appendix A for
course description and slide show presentation. The researcher will administer a pre-and post-test
to assess the participants learning (Appendix L). Following the course, each participant will
submit a course evaluation (Appendix M). A written manual will be provided to the staff,
including evidence-based research using the BIS unit and the training module materials. Training
topics will include BIS definition, BIS appropriate patient diagnoses, and operation of the unit.
The participants will demonstrate their ability to utilize the BIS unit with knowledge
documentation on the demonstration check-off sheet (Appendix B). The specific measurements
assessed using the BIS unit are L-Dex scores, extracellular fluid, intracellular fluid, fat mass, fat-
free mass, total body water, skeletal muscle mass, hydration status, basal metabolic rate, and
phase angle. The researcher will also educate participants on how the BIS data interpretation can
direct treatment intervention through demonstration and clinical examples. Clinical case
examples include lymphedema (Appendix D), sarcopenia (Appendix F), CHF (Appendix H),
CKD (Appendix J), and general wound care population (Appendix K).
Measurement and Calculations

Participants of the training module will complete a multiple-choice pre-test to assess BIS
knowledge before training. Following the pre-test administration, subjects will participate in the
BIS training module. When the training module is complete, the researcher will ask the subjects
to complete the same multiple-choice post-test to assess BIS follow up knowledge. The
participants will be asked to complete a course evaluation to assess the effectiveness of the

learning module.
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Data Analysis

The researcher will use SPSS statistical software to analyze the data from the continuing
education training module using a paired samples t-test to compare the means from the pre-and
post-test data. Course evaluation means for each question will be tabulated for analysis.
Results

The purpose of this capstone project is to develop a 1.0-hour continuing education (CE)
course to instruct health care providers and staff on the purpose and use of BIS for rehabilitation
evaluations. The CE course will recruit 100 participants via cite sponsored education
opportunity. Participants will complete a pre-and post-test and a post-course evaluation to
evaluate the course instruction. The researcher will use SPSS statistical software to analyze the
data from the continuing education training module using a paired samples t-test to compare the
means from the pre-and post-test data. Course evaluation means for each question will be
tabulated for analysis.

Clinical Utility Survey

Survey Description

In addition to the continuing education module, the researcher aims to determine the
clinical utility of the BIS unit in the outpatient wound care center. The clinical utility survey's
learning objectives are to determine if the wound care team uses the BIS machine and if they
have altered their treatment interventions based on data received from the BIS assessment.
Subjects

The sample population for the clinical utility assessment is a convenience sampling of

seven wound care team members, including two physical therapists, two nurses, one technician,
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the department manager, and the medical director. The BIS unit is located in the outpatient
wound care center.
Ethical Considerations

The researcher had safety measures in place to protect the data and confidentiality of
all participants.
Clinical Survey Design

The researcher conducted a mixed-methods clinical utility survey with the wound care
staff. The wound care team participated in the continuing education training module as described
(Appendix A). Following the educational session, the staff completed a clinical utility survey
with a system usability scale (SUS) questionnaire (Appendix N). At the one-month interval, the
researcher conducted interviews with the staff to determine how the staff utilized the unit,
whether they altered their treatment interventions, barriers to using the device, and
recommendations to increase the BIS unit's usability. The interview questions are provided in
Appendix O.
Measurements and Calculations

The SUS questionnaire consisted of ten, five-point, Likert scale questions ranging from
strongly disagree to strongly agree. The questionnaire was developed via the

website https://www.usabilitest.com/pro/ to determine the team's usability of the unit. At the one-

month interval, the team participated in an interview discussion with open-ended questions to
assess how the team utilized the BIS unit within the department and if the use of treatment

interventions changed since using the device.
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Data Analysis

The clinical utility survey data analysis was performed via www.usabiliTEST.com.

Statistics for usability and learnability are calculated based on data received from the SUS
questionnaire. Qualitative data was collected from interview discussions to establish themes
related to the device's use, patient diagnoses, and barriers to using the device.

Results

The SUS questionnaire was administered to the wound care team following the BIS unit's
education and demonstration. The SUS data provides quantitative measurements on usability and
learnability. The SUS is a 10-item questionnaire that asks participants to rank their agreement
related to the BIS unit usability in a Likert scale format. Seven subjects participated in education
and demonstration training. Four of seven participants completed the SUS questionnaire.
Statistical results of data are included in Table 3. The SUS mean score was 83.8 (SD 11.6). The
data revealed a learnability mean score of 84.4 and a usability mean score of 83.6. The SUS
questionnaire is highly reliable (10 items; a. = 0.855). Table 4 shows the individual answers to
each question, and Table 5 shows the individual participant's SUS score, usability rating, and
learnability scores.

Interview Results

One month following the education training module, the researcher conducted an
interview discussion with the participants. The participants’ answers to interview questions are
located on Table 6. As indicated by the participant responses, no one in the outpatient wound
care center used the BIS device for patient assessments. Because the participants did not utilize
the device, they could not gain insight into the patient's health or alter their treatment
interventions. Critical barriers to using the device that emerged during the discussion included

the device's location, impaired mobility of the patient to walk to the area, patient wounds with
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drainage from legs, infection control, short staffing, and no scheduled time to measure the

patient. Some recommendations made by staff and management to increase the usability of the

device include changing the location of the device, more discussion of its use, reminding staff,

and schedule time to measure patients on a color-coded computerized scheduling system.
Discussion

In this study, the goal was to educate health professionals in BIS to measure body
composition, understand appropriate diagnoses to be assessed with BIS, demonstrate an
understanding of the measurements assessed, and demonstrate proficiency in BIS unit
application. The feedback was positive for the SUS score, usability, and learnability being above
average scores through the SUS questionnaire's clinical utility assessment. Usability refers to the
participant's perceived ease of use, and learnability refers to the participant's perceived need for
assistance when using the device (usabiliTEST, 2011). The overall SUS score can be translated
into letter grades, where the score of 83.8 correlates with a letter grade "B" (usabiliTEST,

2011). Based on these findings, we can affirm the answer to the first research question, "will
health professionals who participate in the BIS training module have a better understanding of
body composition and its effect on the wellness of the patient?"

Based on the clinical utility survey's positive results, the continuing education module's
expectation should also be positive, where significant learning would occur comparing the pre-
and post-test average scores. The course evaluation scores are also expected to be positive, based
on the SUS questionnaire's usability and learnability scores. However, a significant limitation to
this project was the onset of the COVID-19 pandemic, which resulted in the cancellation of large

group gatherings, which impeded the dissemination of the continuing education module.
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The clinical utility survey participants were recruited based on a convenience sampling of staff in
the outpatient wound care setting. Despite attendance to the education module, not all
participants completed the SUS survey. However, the SUS questionnaire is reliable with small
sample sizes (Sauro, 2013).

Another limitation noted in the clinical utility survey is no participant utilized the BIS
device for patient evaluations. Through follow up questions, staff reported several barriers to
using the device. One significant barrier reported by the staff is the location of the device. The
BIS unit is located in a storage closet, and patients with functional mobility issues or those
requiring assistive devices cannot make a safe transition to the scanning room.

Additionally, patients seen in the wound care department are often wrapped from the foot
to the knee. Patients would be unable to walk the distance to the BIS storage closet without
bandages on their feet due to severe wound drainage and decreased infection control for the
patients and the staff. Also, several patients are not candidates for the screening due to wound
vac placements, which could skew the results due to metal components associated with the vac.

Finally, the staff workload and short staffing limit the participants' ability to use the
device. Patients in the wound care department are seen for a maximum of 30-minute
appointments, including dressing removal, cleaning the wound bed and surrounding area,
physician consultation with the patient, physician consultation with the health care provider, and
reapplication of wound dressings/wrappings.

Despite the barriers that have impeded the device's use, the staff and manager recommend
that changing the device's location could increase the usability of the BIS unit. The wound care
manager reported that he could remind staff to use the device by scheduling the BIS screening on

the color-coded computerized scheduling system. The wound care staff have been trained on the
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device's use and find that using the device is beneficial for lymphedema patients, chronic venous
insufficiency, congestive heart failure, kidney failure, peripheral vascular disease, and post-
operative wound care needs. Due to the high patient census, another staff member will become
lymphedema certified, increasing the use of the BIS device.

The biomechanical FoR is necessary to understand the assessment process and
intervention with all clients with impaired occupational performance (McMillian, 2016). Health
care providers, including occupational therapists, can use assessment tools to gather objective
data and use these same assessments to evaluate the effectiveness of treatment interventions and
document treatment outcomes (McMillian, 2016). The biomechanical FoR is useful in assessing
deficits in range of motion (ROM), muscle strength, kinematics, torque, and endurance (Cole &
Tufano, 2020; McMillian, 2016). Fluid status and body composition monitoring contribute to
objective data findings and help identify client factors associated with various patient diagnoses.
Deficits in ROM, strength, and endurance can impact a person’s ability to achieve maximum
occupational performance (McMillian, 2016). Through the lens of the biomechanical FOR, using
the BIS device for patient evaluations, therapists can gain valuable information about fluid
status, skeletal muscle mass, and body composition that impact the patient's health and well-
being. Using the BIS tool for in-depth evaluations, occupational therapists can develop more
diagnosis-specific treatment interventions to maximize patient outcomes.

Occupational therapy is most understood when representing real-life situations (Dunn et
al., 1994). The Occupational Therapy Practice Framework, 4™ edition (AOTA, 2020b) has
adopted five specific intervention approaches from the Ecology of Human Performance (EHP)
model (Cole & Tufano, 2020). These intervention strategies help support the person, the context,

the task, or a combination of all three to help the person reach their goal (Cole & Tufano, 2020).
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The interventions that align with this project are prevent and create. The use of BIS for fluid
status monitoring can help prevent problems before they arise and create programs help to
improve the client's overall performance within their environment (Cole & Tufano, 2020).
Therapists can prevent disability by providing interventions that can change a patient's diagnosis
trajectory to improve the overall functional outcome (Dunn et al., 1994). An example of
a prevent intervention is BIS's use for subclinical lymphedema surveillance programs (Ridner et
al., 2019). Also, BIS helps monitor fluid accumulations for congestive heart failure patients to
reduce hospitalizations and improve patient outcomes (Weyer et al., 2014). Create interventions
do not assume disability is present or occurs, but therapists can provide interventions to promote
improved performance within any given context (Dunn et al., 1994). Through the
intervention create, occupational therapists can develop programs to measure fluid status and
skeletal muscle mass during resistive training exercises for monitoring changes with osteoporosis
and sarcopenia (dos Santos et al., 2016; Ellegard et al., 2016; Kuchnia et al., 2018; Peppa et al.,
2017).
Implication for Occupational Therapy Practice

The occupational therapy profession promotes scholarly activities to gain new
information, apply knowledge into practice, and engage therapists to broaden their professional
development (AOTA, 2009). Through this continuing education module, the participant will
learn how to utilize the BIS unit, obtain skills for implementing thorough patient evaluations, and
transfer this knowledge into the development of specific intervention programs. The goal of
intervention programs is to prevent exacerbations of diseases and promote overall health and
wellness. Education and training are necessary to understand evaluation and treatment

interventions for body composition and fluid analysis. The promotion of evidence-based practice
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and program development in the occupational therapy profession will answer the commitment to
further developing occupational therapy foundational knowledge (AOTA, 2009). Occupational
therapy supports the idea that participation in occupation promotes clients' health and well-being
(AQOTA, 2020b). With the guidance of combining the biomechanical FoR and the EHP model,
this capstone project can contribute to health promotion and wellness for multiple disease
processes through interdisciplinary approaches (AOTA, 2020a). The capstone project also
supports the American Occupational Therapy Association's Vision 2025 by promoting an
evidence-based and effective evaluation tool that will maximize the health and well-being of
people, populations, and communities (AOTA, 2020a).
Lymphedema Treatment Intervention
An example of a preventative treatment intervention using the BIS is the Lymphedema

Subclinical Lymphedema Surveillance Program. The program is appropriate for all patients with
cancers associated with lymph node biopsy, trauma, or removal (Kilgore et al., 2018; Ridner et
al., 2019; Shah et al., 2016). The stages of the program are:
Primary Prevention

e Baseline lymphedema measurement with BIS before cancer treatment.
Secondary Prevention

e Post-surgical lymphedema assessment every three months during the first three years.

e Post-surgical lymphedema assessment every six months during the fourth and fifth years.

e Post-surgical lymphedema assessment annually after six years.
Tertiary Prevention

e During the testing procedures, if the L-Dex score shows an increase of 6.5 over the

baseline score, this indicates the presence of subclinical lymphedema, which would
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require the initiation of the lymphedema treatment program (Kilgore et al., 2018; Ridner
et al., 2019; Shah et al., 2016).
e The lymphedema treatment program includes compression garment wear for twelve

hours per day and patient-directed self-massage for four to six weeks (Kilgore et al.,

2018; Ridner et al., 2019).
Ridner et al. (2019) report that subclinical lymphedema surveillance with BIS reduced the
incidence of breast cancer-related lymphedema requiring costly treatment interventions.

Sarcopenia Treatment Intervention

Sarcopenia is the loss of muscle mass, which negatively impacts finances, mobility,
function, quality of life, and mortality (Kuchnia et al., 2018). The elderly population will
increase to three times what it is today; thus, sarcopenia is a significant health concern for the
aging population (Kuchnia et al., 2018). Evaluation tools to aid in diagnosing sarcopenia are
limited; therefore, it is imperative to identify the appropriate tools to measure muscle function
and monitor therapy treatments (Kuchnia et al., 2018). A detailed evaluation of body
composition, including fat, skeletal muscle mass, phase angle, and hydration, can help identify
sarcopenia and osteopenia/osteoporosis (dos Santos et al., 2016; Peppa et al., 2017). Researchers
have used BIS to measure fat mass, skeletal muscle mass, fat-free mass, phase angle, and
ECF/ICF radios to identify sarcopenia. See Appendix E for specific BIS measurements used for
the early identification of sarcopenia.

Congestive Heart Failure Treatment Intervention

Patients with CHF experience frequent hospitalizations due to fluid accumulations

(Weyer et al., 2014). CHF treatment will be a challenge for health care companies and payers

due to the large aging population (Accardi et al., 2019). Physical signs and symptoms are low
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indicators of cardiac decompensation or the possible need for medication management (Weyer et
al., 2014). Early detection of decompensation may reduce mortality and the number of
hospitalizations, therefore reducing health care costs (Weyer et al., 2014). Many tools exist to
detect fluid accumulation, but there is a need for a non-invasive method for recognizing cardiac
decompensation (Weyer et al., 2014). BIS is a tool used to measure fluid volume and
extracellular fluid (Accardi et al., 2019; Weyer et al., 2014). Using BIS trends to monitor total
body water and extracellular fluid, therapists can monitor fluid imbalances more accurately
(Accardi et al., 2019). See Appendix G for specifics in CHF treatment monitoring.
Chronic Kidney Disease Treatment Intervention

The aging population is growing, and along with it, the number of associated chronic
diseases, including CKD. Patients experience caloric metabolism changes in various CKD
stages, decreasing muscle mass and fat mass (Arias-Guillén et al., 2018). Also, patients with
CKD experience fluid overload resulting in increased hypertension in hemodialysis patients
(Khan et al., 2019). Fluid overload is associated with increased cardiovascular risk and increased
mortality among CKD patients (Khan et al., 2019). Monitoring fluid status is vital for CKD
undergoing hemodialysis (HD) due to the absence of renal function (van der Sande et al., 2019).
Patients undergoing HD can experience extreme differences between fluid overload and fluid
decreases (van der Sande et al., 2019). Fluid overload leads to hypertension, while fluid
depletion can lead to hypotension, tissue ischemia, and potential loss of residual renal function
(van der Sande et al., 2019). See appendix | for using BIS measurements for CKD monitoring.

Conclusion
In conclusion, through the BIS continuing education module and clinical utility survey,

health professionals can gain insight into the patient's health by using BIS analyses. The module
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and clinical survey demonstrated high usability and learnability that confirmed health care
providers found the unit easy to operate and could potentially implement BIS into their daily
workload. However, through the interview, we determined that the unit's location, patient
mobility, infection control, and short staffing were factors that limited the device's use. The
department could incorporate recommended location changes to facilitate increased BIS
utilization for wound care assessments. Using BIS for lymphedema surveillance is important
because the incidence of lymphedema varies with each type of cancer. Therefore, early detection
of cancer-related lymphedema is the most common diagnosis assessed with the BIS unit in the
outpatient wound care center. The project results suggest that further research is recommended to
develop other treatment interventions for sarcopenia, CHF, and CKD. Through BIS research,
interpretation of BIS information, and application of BIS measurements, therapists can develop
other treatment interventions for future research in body composition and fluid analysis.
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Table 1: Needs Assessment for Bioimpedance for the Health Care Professional
Completed 03/20/2020

Clinical Question of Concern under Investigation:
1. Will health professionals who participate in the bioimpedance spectroscopy (BIS) training module have a better

understanding of body composition and its effect on the wellness of the patient?

2. Can health professionals gain insight into a patient’s health by using BIS measurements to assess body composition in
outpatient wound care and outpatient rehabilitation evaluations?
3. Do health professionals change their clinical interventions when using BIS measurements as a guide for treatment and

progression?

Current
Outcomes: How
things are...

The Health
Professionals
at Hendrick
Medical
Center do not
measure body
composition
or fluid status.
Health Care
professionals
at Hendrick
Medical
Center are not
informed on
the use,
indicators, or
the
justification of
using the
bioimpedance

Desired Outcomes:
How things
should be...

The knowledge
of body
composition
and fluid status
aids in the
diagnosis and
treatment of
multiple
disease
processes and
improves
wound healing
(Kenworthy et
al., 2018).
Maintaining
fluid balance is
essential to
maintain health
and ensure all
systems

Needs: What is the

source of the

problem?

Increased
demand for
health
promotion and
wellness
programs
exists (Fazio,
2017).

Need for the
training of new
technologies to
improve the
health
professional’s
ability to
evaluate and
treat many
health
conditions
(Khalil et al.,

Evidence: What does the

best available evidence
tell us?

The disruption of fluid

balance occurs
because of cancer,
surgical procedures,
critical illness, heart
failure, and kidney
failure (Impedimed,
2019).

BIS is a method for

monitoring body fluid

fluctuations, body

composition, nutrition
status, and hydration

rate (Khalil et al.,
2014).

Edema reduction is
critical in wound
healing and post-

surgical interventions

(Kenworthy et al.,

Project Steps:
What are we going
to do about it?

e Perform a
literature
review

e Perform needs
assessment

e Determine the
guiding frame
of reference
and practice
model.

e Write
background
and
introduction

e (reate course
outline,
objectives, and
syllabus

e Developa

Evaluation Items:

How do we

measure

indications of

project success?

e Course
evaluation

e Pretest/posttest

e Paired samples
t-test to
compare mean
scores of pre-
posttests to
demonstrate
improved
knowledge of
BIS
measurements.

e Clinical Utility
Survey to
determine the
effectiveness
of BIS
measurements



spectroscopy
(BIS) unit.
Health Care
Professionals
at the
Hendrick
Outpatient
wound care
center do not
evaluate fluid
status and
body
composition
and are also
not informed
of BIS
technology.
Currently,
BIS is used to
identify early
stages of
lymphedema
(Soran et al.,
2014).

BIS can detect
small changes
in
extracellular
fluid resulting
in early
detection of
lymphedema
(Soran et al.,
2014).

function
properly
(Khalil et al.,
2014).

BIS can help
improve the
overall
functional
outcome for
patients with
multiple
diagnoses and
decrease the
incidence of
lymphedema
(Impedimed,
2020).

BIS
monitoring
will promote
wellness,
which can help
prevent a
problem before
it develops
(Asklof et al.,
2018).

2014).
Research is
necessary to
understand
body
composition
and fluid
analysis
(Khalil et al.,
2014).

BIS is a new
technology for
Hendrick
Medical Center
Wound Center.
The staff has
not received
education on
BIS.

There is a
crucial need to
educate
therapy staff
on the use of
the BIS unit,
the
fundamental
aspects, and
the
applications of
BIS for patient
diagnosis and
monitoring
(Khalil et al.,
2014).

2018; Pichonnaz et al.,
2015).

Prolonged, standing
edema can impact
patients' function by
limiting the range of
motion, causing pain,
and decreasing wound
healing (Kenworthy et
al., 2017).

Body composition
contains valuable
information about
patients' well-being by
identifying changes in
total body volume,
body cell mass, fat
mass, fat-free mass,
extracellular fluid
volume, and
intracellular fluid
volume (Asklof et al.,
2018).

Any abnormal loss in
muscle or bone mass
and unbalanced fluids
are predictors of the
healthiness of the
human body (Khalil et
al., 2014).

BIS can help identify
certain disorders such
as sarcopenia and
osteopenia/osteoporos
is (dos Santos et al.,

training
module to
educate health
care
professionals
in the use of
BIS for
multiple
patient
populations.
Develop
pre/posttest for
participant
assessment of
knowledge.
Create a course
evaluation
Formulate
clinical utility
survey for
wound care
team with
Likert type
usability scale
Determine
methods for
analysis
Implement
program
Analyze results
Discuss the
conclusion
The proposed

for patient
treatment
interventions in
the outpatient
wound care
center.
Usability
Likert scale
Interview
participants for
qualitative data
Poster
presentation



2016; Peppa et al.,
2017).

Allows for appropriate
evaluation of progress
with athletes and helps
with the modification
of training modules
(Tinsley et al., 2018).

training
module will
serve the
occupational
therapy
community by
satisfying the
demand for a
valid,
affordable, and
user-friendly
method for
measuring
body
composition
and fluid
analysis.

Using BIS
promotes
wellness,
health
promotion, and
evidence-based
practice.



Table 2: Evidence Table

Authors,
Year,
Location

AsKklof,
Kjolhede,
Wodlin, &
Nilsson (2018)
Sweden
https://
doi.org/
10.1016/

j.ejogrb.2018.
06.024

Buendia,
Seoane,
Lindecrantz,
Bosaeus, Gil-
Pita,

Johannsson, . .

. Ward (2015)

Hypothesis or
Purpose

To summarize the
current knowledge
of non-invasive
bioelectrical
impedance analysis
(BIA) used with
gynecological
surgical patients.
Assessed post-
operative
development of
lymphedema and to
determine if a fluid
imbalance is a
factor in cancer
mortality and
predictor of
complications.

To review the
robustness and
validity of the
methods used with
Bioimpedance
spectroscopy (BIS)
when estimating

Study Design,
Intervention, Outcome
Measures and Level of

Evidence
Study design: Systematic
review
Intervention: Pub Med,
MEDLINE, Scopus Web
of Science, Cochrane
Library
Outcomes: Post-operative
development of lower
limb lymphedema,
perioperative hydration
measuring, BIA
parameter phase angle as
a prognostic factor in
cancer survival, and
predictive for post-
operative complications.
Evidence Level: I

Study design: A cohort
study comparing the
accuracy of existing BIS
approaches and the newly
proposed approaches to
isotope dilution methods,
which are considered the

Study Populations or
Groups

Thirty-seven articles
were evaluated. 16
studies on BIA relating to
gynecological surgical
patients. These were
divided into three groups:
BIA and lower limb
lymphedema (n=7), BIA
and perioperative
hydration measuring
(n=3), and phase angle as
a prognostic factor in
cancer survival and as a
predictive for post-
operative complications
(n=6).

Five different BIS
methods were compared
on a database of patients
receiving growth
hormone replacement
therapy containing
isotope dilution methods.

Results

BIA was found to detect
lymphedema with a
sensitivity of 73% and
specificity of 84%. Studies
indicate that BIA could
detect lower limb
lymphedema at an early
stage before it was
clinically detectable. An
increase in extracellular
fluid volume related to
total body fluid volume
and a decrease in phase
angle was associated with
a higher occurrence of
post-operative
complications. Low phase
angle values were also
associated with increased
mortality in cancer
patients.

New methods performed
best overall for predicting
all fluid compartment
volumes; the difference
between methods is small.

Significance of these
findings to OT

The use of BIA is a
useful tool in the
clinical setting for the
detection of
lymphedema.

BIS can be used in
several fields for
prevention to include
nutrition, renal failure,
cancer, lymphedema.

Study Limitations

Cut off-limits within study
populations.

Reference values for the
general population need to
be defined.

There are few studies on
the gynecological study
population.

There is a need for further
research on gynecological
surgery on lower limb
lymphedema,
perioperative fluid
balance, and post-
operative complications.

The source of
improvement in prediction
for each method is unclear.



France

https://

doi.org/
10.1088/0967-

3334/36/10/21
71

Sweden

Caytak, Boyle,
Adler, & Bolic
(2019)

https://
doi.org/
10.1016/b978-
0-12-801238-
3.10884-0

Ottawa, ON,
Canada
Dewitte,
Carles,
Joannes-
Boyau,
Fleureau,
Roze, Combe,
& Quattara
(2015)

https://doi.org
/10.1007/s1087

7-015-9706-7

France

fluid volume.

Aim to provide an

overview and
framework for
processing raw
impedance

measurements and
describe factors that

affect processing
methods.

Evaluate the
feasibility and

reproducibility of
BIS in critically ill

patients and

compared to fluid
balance and daily

changes in total
body water

measured by BIS.

cold standard in body
fluid estimation.
Intervention: none
Outcomes: BIS
measurements were
compared to isotope
dilution methods
Evidence Level: I
Study design:
Descriptive study
Intervention: none
Outcomes: Sources of
inaccuracy, modeling,
data classification
Evidence Level: V

Study design:
observational study

Intervention: BIS
measurements
Outcomes: weight and
height measurements,
calculation of fluid
balance, bioimpedance
measurements to include
quality index, total body
water, extracellular
water, intracellular water,
fluid overload, lean tissue
index, and fat tissue
index.

Evidence Level: I1I

BIS data, total body
water, intracellular water,
and extracellular water
measurements were
obtained for 339 subjects
measured.

Types of systemic and
random measurement
errors were discussed.
BIS processing steps,
types of errors, modeling,
denoising, data
classification sequence

Overview of processing
steps for BIS data was
discussed.

Non-invasive
determination of body
water composition using
BIS is feasible in critically
ill patients but requires
knowledge of patients'
weight.

During a 12-month
period, all patients
admitted to the ICU and
required mechanical
ventilation were
prospectively enrolled.
Twenty-five patients
were included in the
study. Fluid balance and
BIS measurements were
taken on three
consecutive days.

Correlation between fluid
balance and daily
changes in body weight
and BIS measurements.

BIS can be used in the
clinical setting for
human body
composition
monitoring and with
other diagnosis
classifications for
various pathologies.

Correct assessment of
fluid status in
critically ill patients
and reducing the fluid
is essential in the
resuscitation of
patients and has been
proven to reduce
sepsis mortality.

Larger studies will allow
for applying advanced
learning techniques with
increase available data.

The study is observational

Fluid balance and body
weight changes are crude
determinates of body
water and inadequate
evaluation criteria in
critically ill patients, but
these methods are used
daily for ICU patients.

The study did not evaluate
the insensible fluid loss.

Patients were not weighed
in an electronic bed.

The accuracy of the BIS
could have been
minimized due to the



Dos Santos,
L., Cyrino,
Antunes,
Santos, D.A.,
& Sardinha
(2016)
https://
doi.org/
10.1038/

ejen.2016.124

Portugal

Du, Wan,
Chen, Pu, &
Wang (2019)
https://

doi.org/
10.1097/

md.000000000
0005970

China

Ellegard,
Bertz,
Winkvist,
Bosaeus, &
Brekke (2016)
https://
doi.org/
10.1038/

ejen.2016.50

To describe the
effect of resistance
training (RT) in
training, retraining,
and detraining on
body composition,
including phase
angle (PhA) in
older women.

To investigate the
diagnostic value of
BIS in breast
tumors.

To evaluate if BIS
or eight electrode
multifrequency
impedance
(MFBIA) can
estimate body
composition
expressed as fat
mass (FM), fat-free

Study design:
longitudinal study

Intervention: 44 weeks of

total: 12 weeks of RT, 12
weeks of detraining, 12
weeks of retraining, and
eight weeks of
measurements.
Outcomes: muscular
strength, dietary intake,
BMI, body composition,
BIS for PhA.

Evidence Level: 11

Study design: diagnostic
accuracy study

Intervention: BIS
measurements
Outcomes: The resistance
under direct current, the
resistance under
alternating current with
max frequency, the
frequency at highest
resistance, and the
dispersion coefficient.
Evidence Level: 111
Study design: cross-
sectional and longitudinal
Intervention: BIS,
MFBIA

Outcomes: paired #-test
and Bland Altman plots
for systematic bias
Evidence Level: III

33 older women age > 60
years volunteered to
participate in the study.

Collected and measured
976 breast tissues,
including 581 breast
cancers, 190 benign
tumors, and 205 normal
mammary gland tissues.

72 lactating women who
were overweight or obese
were recruited for a
randomized control trial
for weight loss. This
study reported body
composition
measurements at
baseline, 12 weeks, and

In untrained older women,
RT is associated with
increases in PhA whereas
detraining decreases PhA.

The results of the study
indicate BIS can

discriminate breast tumors.

According to the study,
applying the diagnostic
criteria, almost no benign
tumor would go
misdiagnosed, and nearly
70% of cancer patients
would undergo a second
operation, but % of cancer
patients would still require
frozen section diagnosis.
BIS underestimates mean
FM compared to DXA but
can detect mean changes
in body composition, with
large agreement levels.
BIS both accurately and
precisely estimates muscle
mass in overweight and
obese women postpartum.

IT is recommended

that women engage in
RT regime to achieve

a healthier body and

avoid long periods of

inactivity.

PhA has been set as a

predictive indicator

for sarcopenia, muscle
function, fragility, and
mortality risk. It is an
indicator of hydration
and nutritional status.

Can BIS be used for

special testing for the

breast patient
population?

Feedback from
measurements can
help reinforce
changes in diet and
physical activity
during therapy.

inclusion criteria of the
patient population.

More accurate criteria
require more specimens.

A verification test should
be designed to judge the
diagnostic power of the
measurements.

The number of MFBIA
assessments were lower
than BIS assessments, thus
reducing the power to
detect differences in
MFBIA compared with
DXA and DLW.

BIS was measured in
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mass (FFM), and
skeletal muscle
mass (SMM).
Comparing
measurements to
dual-energy x-ray
absorptiometry
(DXA) Also, BIS
estimations will be
validated against
doubly labeled
water (DLW).
Provide the best
evidence regarding
which measurement
instruments are
most appropriate
for measuring
lymphedema in its
different stages.

This study aims to
determine where
alternate electrode
placement was
suitable for
standardized
positions in
moderate to large
size burns to
measure BIS
resistance and fluid
changes.

Study design: Systematic
Review

Intervention: Pub Med
and Web Science.
PRISMA guidelines
Outcomes: reliability,
concurrent reliability,
convergent validity,
sensitivity, specificity,
applicability.
Evidence Level: |

Study design:
longitudinal, prospective,
single service study.
Intervention: BIS
measurements with no
dressing or open wound
and with new Acticoat
dressing.

Outcomes: Electrode
placement included
whole-body standard
(WBS), whole-body
alternative (WBA), upper
limb standard (ULS),
upper limb alternative

one year. With this
information, the writers
of this study compared
bioimpedance, DXA,
MFBIA, and DLW

631 studies were
identified, of which 103
were eligible for full-text
assessment. Of these
studies, 51 were excluded
due to inclusion criteria.
Therefore 54 articles
were assessed.

21 patients were recruited
for this study. Patients
were admitted with an
acute burn requiring fluid
resuscitation within 48
hours of injury.

MFBIA underestimates
FM and overestimates
TBW by propriety
equations compared with
DXA and DLW.

Measurements with
evidence for good
reliability and validity
were BIS, volumetry, tape
measurement, and

perometry.

BIS was able to detect
changes in extracellular
fluid in stage one
lymphedema.

Moderate to larger burn
injuries clinicians can use
whole body or upper limb
segmental BIS variables to
monitor fluid shifts with
alternate electrode
placements where wounds
preclude standardized
placement within specified
dressing conditions.

Impacts OT as
prevention and early
detection of
lymphedema because
early detection can
lessen the burden of
long-term care for the
patient.

Edema reduction in
burn patients is
imperative to
counteract long term
impairments that can
result from major
burns.
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supine, and MFBIA was
measured in an upright
position. Both per
manufacturer instructions.
Introduces systematic bias
as the impedance will
increase after 30 minutes
in supine.

No uniform definition of
lymphedema.

No gold standard
comparison test.

Primary lymphedema
measurements were poorly
described.

The study is limited for
being generalized to
clinical populations and
older or younger subjects.

Subjects were allowed to
ingest water for 30
minutes before
measurement, which could
not have been distributed
throughout the body.
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To examine BIS's
reliability and
validity in the
measurement of
localized burn
wound edema
across different
dressings and with
three potential
electrode
placements.

The BIS resistance
was hypothesized
to be inversely
proportional to fluid
volume.

The purpose of this
article is to review
the main concepts
of bioimpedance
measurements. The
paper also
contributes to the
deliberations of
BIA assessment of
abnormal loss in
lean body mass and
unbalanced shift in
body fluids and the
summary of
diagnostic usage in
cardiac, pulmonary,
renal, neural, and
infectious diseases.

(ULA), lower limb
standard (LLS), and
lower limb alternative
(LLA)

Evidence Level: 1T

Study design:
longitudinal, prospective

study

Intervention:

Outcomes: BIS
measurements of wound
edema across different
dressings and three-
electrode placements.
Evidence Level: 11T

Study design: Narrative
report

Intervention: none
Outcomes: narrative
review

Evidence Level: V

30 patients included in
the study were over 18
y/o with a minor burn
less than 5% total body
surface area (TBSA) with
the injury less than four
days old and involved
only the limbs. Patients
with a BMI of 15-40
kg/m2.

Section one: main
bioimpedance
measurement approaches
including single, multiple
frequencies, broadband.
Applied bioimpedance
measurements across the
whole body, through
body segments and other
alternative analysis
Section two: body
composition parameters,
lean mass, and fluid
volumes estimation.
Section three: Basic
factors, including
anthropometric
measurements, age, race,

Localized BIS is a reliable
and non-invasive
technique for assessing
edema after minor burns
with and without dressings
in the area. BIS is more
sensitive to edema volume
changes compared to
traditional edema
measurement techniques.
BIS can help limit the
impact of poor outcomes
associated with burn
wound edema.

There is a demand for
accurate, cost-effective,
and non-invasive systems
for clinical status
monitoring and diagnosis
of diseases in healthcare.
BIA is a growing method
for body compartment
estimations in nutrition
studies, sports medicine,
and evaluation rate of
hydration rate, fat mass,
and fat-free mass between
healthy and unhealthy
populations.

Edema contributes to
wound progression,
slows healing, and
increases the risk of
infection.

Edema reduction and
wound healing time
are related to scar
outcome.

Edema reduction is
integral in
maximizing the
patient’s recovery.

The use of
bioimpedance
analysis contributes to
estimating body
compartments to
assess the regular
change in nutrition in
inpatients and to
monitor nutritional
risk in outpatients.

11

Further investigation is
needed to determine the
effect of dressing age
while using BIS.

Further studies are needed
to evaluate the correlations
between variations in
bioimpedance parameters
and the relationship
between health to disease.
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This study aimed to
find the relationship
between fluid
overload and
hypertension, along
with prescribed
diuretic therapy
using BIS.

The study aimed to
determine if BIS
derived estimates of
body water
components can be
used in conjunction
with dual-energy x-
ray absorptiometry
(DXA) measures to
aid in predicting
function and
improving the

Study design: a
prospective observational

study

Intervention: BIS
measurements.
Outcomes: absolute
hydration (OH),
intracellular water (ICW),
extracellular water
(ECW), and total body
water (TBW) were
calculated

Evidence Level: 11T

Study design: a cross-
sectional study.

Intervention: BIS and
DXA measurements
Qutcomes: physical and
muscle function test,
jump mechanography,
BIS measurements, and
DXA scan completed.
Evidence Level: III

protocols, postures,
shape, and electrode
placement.

Section four:
bioimpedance
applications in diagnosis
prognosis and clinical
monitoring.

312 chronic kidney
disease (CKD) patients
were enrolled in the
study. Following
overnight fasting, S5ml of
blood was withdrawn to
measure blood count.
Estimated globular
filtration rate (GFR) was
calculated, and a renal
function test was
performed. BIS
measurement was taken.
The patient and the
physicians were unaware
of the fluid status
measurements.
Physicians prescribed
diuretics via a hospital
database.

112 ambulatory,
cognitively intact men
and women > 70 years of
age with the ability to
stand without assistance
and have no history of
recent falls.

BIS can help clinicians
categorize CKD patients
based on their fluid status
and provide individualized
pharmacotherapy to

manage hypertensive CKD

patients.

The study demonstrates
that the best measure for
explaining jump power
was a new variable that
combines DXA and body
mass index corrected BIS
measurements

BIS has the potential
to improve patient
care by aiding in the
assessment of fluid
overload.

Sarcopenia is an age-
related loss of muscle
mass and function
which can impair
function and quality
of life. Early detection
can improve quality
of life and therapeutic
interventions.
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Fluid status was only
measured once.

The body composition
monitor (BCM) had not
been validated for CKD
patients.

Dietary intake and salt
consumption were not
recorded in this study.

Narrow age range of older
adults.

A small sample of male
subjects.

Lifestyle, nutritional
status, and physical
activity status were not
collected in this study.

Other variables, such as
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diagnosis of
sarcopenia.

Aimed to evaluate
the efficiency of a
newly developed
bioimpedance
analysis (BIA-
ACC) device as a
screening tool for
determining the
degree of obesity
and osteosarcopenia
in post-menopausal
women with normal
or decreased bone
density determined
by DXA

To explore the
validity, reliability,
and responsiveness
of BIS for
measuring edema
after total knee
arthroplasty (TKA).

To determine the

Study design: a single
gate reproducibility study

Intervention: BIA-ACC
and DXA measurements
Outcomes: Height,
weight, BMI, DXA
derived indices, BIA
derived indices, BIA-
ACC measures
Evidence Level: 11T

Study design: a
prospective validation

study

Intervention: Swelling
was assessed following
TKA using BIS, knee
circumference, and
volume measurements.
Outcomes: BIS and
volume measurements
were taken the day before
surgery, two days after
surgery, and eight days
after surgery. Limb
volume was determined
by using tape
measurements at 4cm
intervals using the
truncated cone volume
formula.

Evidence Level: 11T

Study design: a

84 post-menopausal
women aged 39-83 years.
BMI ranging from 20.8
to 38. Among them, 22
females had a normal
bone density, 38 were
diagnosed with
osteopenia, 24 with
osteoporosis

25 patients undergoing
TKA were measured with
BIS, knee
circumferences, and limb
volume.

112 patients were

BIA-CC is a rapid,
bloodless, and useful
screening tool for
determining body
composition, adiposity,
and sarcopenic features in
post-menopausal women.

BIS is an effective method
for the evaluation of
swelling following TKA.

58 patients had positive

The use of the BIA-
ACC device offers
clinicians a quick and
easy way to expedite
clinical decisions,
thus improving
patient outcomes and
overall public health.

BIS measurements
can improve
therapists' ability to
reproduce
measurements
because it is
straightforward and
can be performed
despite post-surgical
dressings. Reduction
in post-surgical

swelling is imperative

to improve patient
outcomes and
optimize recovery
following TKA.
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central nervous system
limitations, may impede
function and strength.
DXA scans underestimate
fat-free mass.

The researchers found
intramuscular adipose
tissue mass, suggesting
muscular degeneration in
the more obese
participants.

There was no
psychometric
questionnaire for stress,
anxiety, or depression.

Gold standard validity was
not tested.

Comparison with
advanced images could
have provided more
precise measurements, but
advanced images would
have been much more
expensive.

If there is suspicion of = Diagnostic accuracy of
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validity of BIS in
diagnosing
lymphedema by
comparing results
with indocyanine
green (ICG)
lymphography

To compare
lymphedema
progression rates
using volume
measurements
calculated from
tape measurements
(TM) or BIS
measurements.

The article presents
clinical
observations that
suggest that stroke
causes changes in
cerebral BIS in the

retrospective cohort
analysis

Intervention: BIS
measurements and ICG
lymphography
Outcomes: history and
physical exam,
lymphedema specific
quality of life assessment
(LYMQOL),
circumference-based
index, BIS, ICG
lymphography
Evidence Level: Il

Study design: a
randomized controlled

trial

Intervention: BIS and
TM. Patients received
compression sleeves and
gauntlets when
lymphedema was noted
to be triggered in either
group.

Outcomes: BIS vs.
volume with TM.
Evidence Level: I

Study design:
observational study,

cohort study
Intervention: BIS
measurements with 4
electrode placements.

suspected, but 62 patients
were included in the data
analysis after the
exclusion criteria.

508 newly diagnosed
female patients
participated in the study.
Inclusion criteria: > 18
y/o with a breast cancer
diagnosis with planned
surgery, stage I-I1I
invasive cancer or ductal
carcinoma in situ (DCIS)
with mastectomy,
axillary treatment, and
taxane-based chemo.
Randomized placement
into BIS group and TM
group. Measurements
took place 3, 6, 12, 18,
24, 36 months

Healthy population:
Three male subjects
between ages 29 — 59.

Stroke population: 10
patients, five male, and

ICG lymphography results
confirming lymphedema,
which these results also
correlated with clinical
exam, LYMQOL, and
circumferential
measurements. BIS
demonstrated a 36% rate
of false negative. 21 out of
58 patients had normal
BIS readings, but positive
ICG lymphography
results.

Interim results
demonstrated that the post-
treatment surveillance
with BIS reduced the
progression rates of breast
cancer-related
lymphedema (BCRL)
requiring therapy by
approximately 10%. The
results support the post-
surgical surveillance with
BIS to detect BCRL and to
Initiate treatment.

7 out of 10 in side-by-side
group and 8 out of 10 in
the central/lateral group
comparisons present with
values outside the normal
range of the healthy

lymphedema with a
negative BIS result,
further testing should
be performed.

Early detection of
lymphedema can
reduce the need for
therapy and reduce
the cost of long-term
care for lymphedema
patients.

Time is an important
factor when dealing
with potential brain
damage from stroke.
Early detection and
differentiating the
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BIS using the data is
limited due to the accuracy
of the medical record.
Patients seeking surgical
management for
lymphedema may have
resulted in selection bias
regarding patient
demographics and disease
severity. Also, precise
electrode placement could
have affected the result of
the BIS assessment. Also,
patient anatomy variances
could affect the
measurement.

The p-value was not met,
which may be due to only
109 patients triggered
early intervention, and
only 12 of the 109
progressed to BCRL.

Small sample size.
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early phases of
stroke onset.

To analyze the
advantages,
disadvantages, and
results of studies
utilizing BIS to
establish an
unbiased
conclusion about
BIS's evidence base
as a clinical
diagnostic tool for
breast cancer-
related
lymphedema
(BCRL).

The writers
hypothesize that
comparison to
reference values
would reveal that
physique athletes
possess lower
density fat-free
mass, mineral
(DFFM) content of

Outcomes: BIS data
analysis, symmetries, and
differences. Side by side
comparisons,
central/lateral
comparisons.

Evidence Level: II

Study design: Systematic
review.

Intervention: none
Outcomes: Single
frequency bioimpedance
analysis (SFBIA),
multiple frequency
bioimpedance analysis
(MFBIA), bioimpedance
as a diagnostic tool for
BCRL

Evidence Level: |

Study design: a cohort
study

Intervention: DXA, BIS,
SFBIA, MFBIAA, FFM
was calculated, FFM
Outcomes: total body
water (TBW) estimates,
FFM estimates, FFM
characteristics.
Evidence Level: 11

five females.

Measurements obtained
within the first 24 hours
of stroke onset.

Twenty consecutive
measurements were
recorded from each
healthy and stroke
patient, and the average
was taken from each
patient.

The literary search began
in July of 2015, including
articles on BIS from 1992
to 2015. Literature
included if it involved
direct analysis of BIS as
it relates to detection and
diagnosis of BCRL.

26 athletes completed
duplicate assessments of
DXA, BIS, SFBIA,
MFBIAA, FEM was
calculated, FFM
characteristics were
determined.
Measurements were
compared between sexes
and between sample and

control group. Initial
results indicate that BIS
could be used as an
emerging non-invasive
monitoring technology for
brain damage, leading to a
paradigm shift in the
treatment of brain damage
and traumatic brain injury.

Bioimpedance is an
accurate diagnostic tool
for pre-existent
lymphedema, but at that
time, it had not been
validated for early
detection.

The FFM characteristics
differed between males
and females.

type of stroke is
imperative in
maximizing the
patient’s functional
outcome.

Evidence-based
practice is necessary
for occupational
therapy practice.

Accurate assessment
of body composition
allows for appropriate
treatment protocols
and decision making
on nutrition and
exercise.
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The studies do not provide
long-term follow-up or
clinical diagnosis to prove
early detection or a false-
positive result. Several
studies had high rates of
false negatives for BIS.

TBW assessments were
not conducted using the
true criterion method.

Partial body DXA scans
were used.

The unique population of
the study, the results
should not be extrapolated
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fat-free mass
(FFM), and FFM
protein content
while exhibiting
greater hydration.
To calibrate
impedance
measurements of
the arm to enable
results to be
reported in units of
volume.

To demonstrate the
feasibility of using
BIS to assess hand
volume, particularly
extracellular fluid.

Study design: Cohort
study

Intervention: BIS
measurements
Outcomes: DXA
measurements, arm
length measurements,
perometry, age, weight,
height, BMI, limb
dominance,

Evidence Level: II

Study design: cohort
study.

Intervention: BIS
measurements for volume
Outcomes: age, weight,
height, perometry
measurements for hand
volume.

Evidence Level: 11

reference values.

Two groups of women.
Control group: 13 women
with no history of
lymphedema or breast
cancer

Second group: 23
clinically diagnosed with
lymphedema from breast
cancer.

20 males and 30 females
were recruited from staff
and students at the
University of Sydney. All
participants were right
hand dominant.

Impedances were
measured, and volumes
calculated. These were
compared to volumes
from perometry.

BIS was not significantly
different than that of
perometry. BIS predicted
that the increase in volume
in women with
lymphedema was
predominantly due to
increased extracellular
fluid. BIS is capable of
quantifying the volume
increase in limb size seen
in lymphedema.

The region of the hand
where volume was
calculated was described
as the palmar volume. The
impedance measurements
correlated with the
perometry measurements
but were on average 8%
larger. The impedance
technique was sensitive to
changes in hand volume
from positioning and
elevation.

Lymphedema is a
chronic problem that
can progress
inevitably at a
variable rate from
person to person.
Accurate assessment
can improve treatment
options and improve
functional outcomes.

Hand volume is
typically evaluated
with Volumeter, but
this method is time-
consuming and has a
larger associated
margin of errors due
to multiple steps
required. Also, water
displacement is not
possible when
wounds or dressings
are present.
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to the general population.

It was not possible to
assess the absolute
accuracy of the BIS
derived fluid volumes.

Perometer and BIS
measurements do not
assess the identical arm
segments.

Uncertainties in the
assumptions of
calculations of volume
from BIS measurements.
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Appendix A: Syllabus
BIOIMPEDANCE FOR THE HEALTH CARE PROFESSIONAL

Instructor: Melinda A. Underwood, OTR, CLT-LANA
University of Texas Medical Branch

Email: maunderw(@utmb.edu

Phone: 325-260-5523

Course Description: The purpose of the continuing education module is to educate health care
professionals on the purpose and use of bioimpedance spectroscopy in the rehabilitation and
wound care settings.

Course Credit: 1 CEU

Course Readings:

Khalil, S., Mohktar, M., & Ibrahim, F. (2014). The theory and fundamentals of bioimpedance
analysis in clinical status monitoring and diagnosis of diseases. Sensors, 14(6), 10895—
10928. https://doi.org/10.3390/s140610895

Discussion Topics:

Definition of BIS

How it relates to Edema measurement
BIS Measurements

Discussion of appropriate Diagnoses
Discussion of Contraindications
Simulations

Closing Statements

Schedule
e 5 minutes:
o Introduction
o Learning objectives
e 10 minutes:
o Assessment tools
o Video
e 10 minutes:
o BIS measurements
e 10 minutes
o What diagnoses are appropriate
o Contraindications
¢ 20 minutes
o Simulated Activity
o Demonstration
e 5 minutes
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o Conclusion
Course Objectives:

Health Professionals will:

1. Define and explain bioimpedance spectroscopy (BIS) and the purpose of its use during
rehabilitation evaluations.

2. Identify the BIS measurements and compare the measurements to previously used edema
assessments.

3. Select and identify the appropriate patient diagnoses that would benefit from BIS
assessment.

4. Analyze and examine the relationship between fluid status monitoring, disease prevention,
and how the use of BIS can improve rehabilitation outcomes.

5. Measure and interpret the BIS assessment results using a simulated rehabilitation
evaluation.

Presentation slide show:

I | = [ = [— | — - et i WHAT STEPS DID YOU
] SEE IN THE VIDEO?
. =

https://liveutmb-my.sharepoint.com/:p:/r/personal/maunderw_utmb_edu/Documents/
Bioimpedance%20Spectroscopy%20for%20the%20Health%20Care%20Professional/
MUeducationmodule.pptx?

d=wddef519323be4067ba69db2ca9e0f16c& csf=1&web=1&e=TTubcb
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Appendix B: Demonstration Check-Off Sheet

10.

11.

12.

13.

Hendrick Medical Center
Bioimpedance Spectroscopy for the Health Care Professional

Prepare the patient: Discuss contraindications, empty bladder, remove jewelry, cell phone,
keys, shoes, and socks.

Confirm the tablet and device connection — perform Self-test.
Select patient or input new patient information.

Weigh the patient.

Educate the patient on the purpose of BIS measurements.
Dampen the patient’s feet and hands with baby wipe.

Position the patient on the unit.

Perform the measurement.

Unit counts down 5 seconds before beginning the measurement.
Remind the patient to stand still.

Accept or reject the measurement and repeat if necessary.

After measurement is complete, assist the patient back to the chair.

Clean unit with 70% isopropyl alcohol wipes.
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Appendix C: Lymphedema Treatment Intervention
An example of a preventative treatment intervention using the BIS is the Lymphedema Subclinical
Lymphedema Surveillance Program. The program is appropriate for all patients with cancers
associated with lymph node biopsy, trauma, or removal (Kilgore et al., 2018; Ridner et al., 2019;
Shah et al., 2016). The stages of the program are:
Primary Prevention
e Baseline lymphedema measurement with BIS before cancer treatment.
Secondary Prevention
e Post-surgical lymphedema assessment every three months during the first three years.
e Post-surgical lymphedema assessment every six months during the fourth and fifth years.
e Post-surgical lymphedema assessment annually after six years.
Tertiary Prevention
e During the testing procedures, if the L-Dex score shows an increase of 6.5 over the baseline
score, this indicates the presence of subclinical lymphedema, which would require the
initiation of the lymphedema treatment program (Kilgore et al., 2018; Ridner et al., 2019;
Shah et al., 2016). The lymphedema treatment program includes compression garment
wear for twelve hours per day and patient-directed self-massage for four to six weeks
(Kilgore et al., 2018; Ridner et al., 2019). Ridner et al. (2019) report that subclinical
lymphedema surveillance with BIS reduced the incidence of breast cancer-related

lymphedema requiring advanced lymphedema treatment.
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Appendix D: Lymphedema Clinical Case Example

46 y/o female referred to the lymphedema clinic with a breast cancer diagnosis. Patient seen for
pre-surgical consult and follow-up screens for lymphedema. The patient participated in the
primary, secondary, and tertiary prevention programs with the lymphedema treatment protocol.

L-DEX Baseline: -5.9 L-DEX Trigger: 1.0 (increase 6.9) L-DEX post treatment: -7.4

Fluid Analysis

Total Body Water (TBW): 38.8 liters 50.3 % of weight
Extracellular Fluid: 17.4 liters 44.8 % of TBW (low)
Intracellular Fluid: 21.4 liters (high) 55.2 % of TBW (high)

Tissue Analysis

Fat Free Mass: 116.8 1bs. 68.7 % of weight
Fat Mass: 53.2 Ibs. 31.3 % of weight
Skeletal Muscle Mass: 48.8 1bs. 28.7 % of weight
Weight

Total Body Water: 38.8 liters 50.3 % of weight
Proteins & Minerals: 31.3 Ibs. 18.4 % of weight

Fat Mass: 53.2 Ibs. 31.3 % of weight
Other

Basal Metabolic Rate 1448.7 calories/day
Phase Angle 49°(6.8to8.4)
Body Mass Index 26.6 kg/m?

Weight 170.0 Ibs.
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Hy-dex Analysis 14.2
Appendix E: Sarcopenia Treatment Intervention

Sarcopenia is the loss of muscle mass, which negatively impacts finances, mobility,
function, quality of life, and mortality (Kuchnia et al., 2018). The elderly population will increase
to three times what it is today; thus, sarcopenia is a significant health concern for the aging
population (Kuchnia et al., 2018). Evaluation tools to aid in diagnosing sarcopenia are limited,
therefore, it is imperative to identify the appropriate tools to measure muscle function and monitor
therapy treatments (Kuchnia et al., 2018). A detailed evaluation of body composition, including fat,
skeletal muscle mass, phase angle, and hydration, can help identify sarcopenia and
osteopenia/osteoporosis (dos Santos et al., 2016; Peppa et al., 2017).

Muscle quality describes changes to age-related decline in muscle mass and function; therefore, it
is essential to assess muscle quality and muscle mass when identifying sarcopenia (Kuchnia et al.,
2018). Tools used to assess muscle mass include "computed tomography (CT), magnetic resonance
(MR), dual-energy X-ray absorptiometry (DXA), and bioimpedance" (Kuchnia et al., 2018, p. 2).
Fluid distribution is one method to assess muscle quality, specifically the ratio between
extracellular fluid (ECF) and intracellular fluid (ICF) (Kuchnia et al., 2018).

A study by dos Santos et al. (2016) discussed using phase angle (PhA) to predict
sarcopenia and muscle function. Body composition, hydration, and PhA are predictors of the
average aging process (dos Santos et al., 2016). Through resistance training with older women,
PhA increased, resulting in improved cellular health; conversely, the absence of resistance training
resulted in a decrease in PhA (dos Santos et al., 2016).

Peppa et al. (2017) compared the DXA machine with bioimpedance analysis to evaluate

obesity and osteosarcopenia in post-menopausal women. The researchers used a bioimpedance
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device to measure fat mass, skeletal muscle mass (SMM), and fat-free mass (FFM) (Peppa et al.,

2017). The study results found higher SMM and FFM in non-osteopenic women compared to the

osteopenic group (Peppa et al., 2017). Therefore, bioimpedance is a useful tool in identifying

obesity, declines in SMM, and FFM (Peppa et al., 2017). Bioimpedance devices are rapid and non-

invasive screening tools that do not require radiation as in the DXA assessments (Peppa et al.,

2017).

The review of the literature indicates that BIS monitoring is beneficial for the early

identification of sarcopenia. Therefore, monitoring the following criteria will aid in the overall care

of the aging population.

SMM: all the muscle that causes the bone to move; does not include cardiac or smooth
muscle

FM: the amount of mass a person has made up of fat.

FFM: The amount of mass that does not contain fat, including bone, muscle, connective
tissue, organs, and body water (Impedimed, 2018).

PhA: the reactivity of a person's cells at a specific frequency; indicates the health of the
cell. The higher the degree, the healthier the cell.

ECF/ICF ratio: Ratio between ECF and ICF. Higher ratios indicate low muscle quality.
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Appendix F: Sarcopenia Clinical Case Example

56 y/o female referred to the lymphedema clinic with right breast cancer. Patient with severe right
upper extremity lymphedema and significant weight loss.

L-DEX score initial score: 44.7 (out of normal limits)

One-month later analysis: 102.1 (out of normal limits)

Fluid Analysis

Total Body Water (TBW): 33.8 liters 70.0 % of weight (high)
Extracellular Fluid: 16.5 liters 48.8 % of TBW

Intracellular Fluid: 17.3 liters 51.2 % of TBW

Tissue Analysis

Fat Free Mass: 101.7 Ibs. 95.4 % of weight (high)
Fat Mass: 4.7 Ibs. (low) 4.6 % of weight (low)
Skeletal Muscle Mass: 51.2 Ibs. 48.0 % of wt.
Weight

Total Body Water: 33.8 liters 70.0 % of weight
Proteins & Minerals: 27.2 lbs. 25.4 % of weight
Fat Mass: 4.7 1bs. 4.6 % of weight
Other

Basal Metabolic Rate 1105.2 calories/day (Low)
Phase Angle 2.5 ° (low)

Body Mass Index 16.7 kg/m?
Weight 106.4 1bs. (low)

Hy-dex Analysis

52.1
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Appendix G: Congestive Heart Failure Treatment Intervention

Congestive heart failure (CHF) is a chronic condition where the heart has decreased ability
to pump fluids through the body (Weyer et al., 2014). There is a substantial impact on the
occupational performance of those persons affected by CHF (Norberg et al., 2014). Lower
extremity edema, shortness of breath, fatigue are a few physical symptoms that impede a person’s
independent living (Norberg et al., 2014). In addition to physical symptoms, there are distressing
symptoms such as feelings of hopelessness and powerlessness because of role changes (Norberg et
al., 2014).

Patients with CHF experience frequent hospitalizations due to fluid accumulations (Weyer
et al., 2014). CHF treatment will be a challenge for health care companies and payers due to the
large aging population (Accardi et al., 2019). Physical signs and symptoms are low indicators of
cardiac decompensation or the possible need for medication management (Weyer et al., 2014).
Early detection of decompensation may reduce mortality and the number of hospitalizations,
therefore reducing health care costs (Weyer et al., 2014). Many tools exist to detect fluid
accumulation, but there is a need for a non-invasive method for recognizing cardiac
decompensation (Weyer et al., 2014). Bioimpedance spectroscopy (BIS) is a tool used to measure
fluid volume and extracellular fluid (Accardi et al., 2019; Weyer et al., 2014). Using BIS trends to
monitor total body water and extracellular fluid, therapists can monitor fluid imbalances more
accurately (Accardi et al., 2019). A study by Accardi et al. (2019) compared the use of BIS to
measurements with echocardiographic parameters to assess fluid overload. The study results
indicate that BIS measurements correlate with echocardiographic parameters indicating that BIS is

a possible tool to detect fluid overload (Accardi et al., 2019).



The review of the literature indicates that BIS monitoring is beneficial for the early
identification of cardiac decompensation. Therefore, monitoring the following criteria will aid in
the overall care of the CHF patient.

e Total Body Water (TBW): All the fluid in a person’s body, including ECF and
ICF.

e ECF: The fluid outside the cell membrane.
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Appendix H: Congestive Heart Failure Clinical Case Example (still need to measure)

70 y/o male referred to the wound care clinic for evaluation of lower extremity edema. Past

medical history includes: CHF, coronary artery disease, thoracic aortic aneurysm.

Bioimpedance Spectroscopy Screening

Fluid Analysis

Total Body Water (TBW): 61.5 liters (high)
Extracellular Fluid: 29.4 liters (high)
Intracellular Fluid: 32.1 liters (high)
Tissue Analysis

Fat Free Mass: 185.2 1bs. (high)

Fat Mass: 89.8 Ibs. (high)

Skeletal Muscle Mass: 79.8 lbs.
Weight

Total Body Water: 61.5 liters
Proteins & Minerals: 49.6 lbs.

Fat Mass: 89.8 Ibs.

Other

Basal Metabolic Rate

Phase Angle

Body Mass Index

Weight

Hy-dex Analysis

49.3% of weight (low)
47.8% of TBW (low)

52.2% of TBW (low)

67.4% of weight (low)

32.6% of weight (high)

29.0% of weight

49.3% of weight

18.1% of weight

32.6% of weight

2029.5 calories/day
4.6 ° (low)

38.4 kg/m? (high)
275 1bs. (high)

14.2

27
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Appendix I: Chronic Kidney Disease Treatment Intervention

There is a growing number of chronic diseases with the aging population, including chronic
kidney disease (CKD). In various CKD stages, patients experience caloric metabolism changes,
which decreases muscle mass and fat mass (Arias-Guillén et al., 2018). Also, patients with CKD
experience fluid overload resulting in increased hypertension in hemodialysis patients (Khan et al.,
2019). Fluid overload is associated with increased cardiovascular risk and increased mortality
among CKD patients (Khan et al., 2019). Monitoring fluid status is vital for CKD undergoing
hemodialysis (HD) due to the absence of renal function (van der Sande et al., 2019). Patients
undergoing HD can experience extreme differences between fluid overload and fluid decreases
(van der Sande et al., 2019). Fluid overload leads to hypertension, while fluid depletion can lead to
hypotension, tissue ischemia, and potential loss of residual renal function (van der Sande et al.,
2019).

Chronic diseases associated with malnutrition can lead to poor outcomes (Han et al., 2018).
Low albumin levels can be related to malnutrition and are connected to increased mortality rates
(Han et al., 2018). In addition to fluid overload, fluid depletion, and hypoalbuminemia, PhA has
been used to assess nutrition with several other chronic conditions, including CKD (Han et al.,
2018).

Many tools exist to measure fluid status for CKD patients, including clinical examination,
which is inaccurate and does not provide all the details to the patient's health (van der Sande et al.,
2019). Because of the delicate factors associated with the CKD patient's health, there is a need for

a non-invasive, accurate tool that can assess TBW, ECF, ICF, PhA, and protein levels.
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The literature review indicates that BIS monitoring is beneficial in fluid overload and body
composition monitoring for the CKD patient. Therefore, monitoring the following criteria will aid
in the overall care of the CKD patient.

e TBW: All the fluid in a person’s body, including ECF and ICF.

e ECF: The fluid outside the cell

e ICF: The fluid inside the cell wall.

e PhA: the reactivity of a person's cells at a specific frequency; indicates the health of

the cell. The higher the degree, the healthier the cell.
e Protein: Building blocks of the human body. Low protein levels can be associated

with malnutrition.
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Appendix J: Chronic Kidney Disease Clinical Case Example
62 y/o female referred to the wound care clinic following wound abscess with irrigation and

debridement to the left buttock. Past medical history includes: diabetes mellitus, hypertension, and

stage IV kidney disease.

Bioimpedance Spectroscopy Screening
Fluid Analysis
Total Body Water (TBW): 36.0 liters 40.5% of weight (low)
Extracellular Fluid: 17.7 liters 49.3% of TBW (low)
Intracellular Fluid: 18.3 liters 50.7% of TBW

Tissue Analysis

Fat Free Mass: 108.5 1bs. 55.3% of weight
Fat Mass: 87.5 Ibs. 44.7% of weight
Skeletal Muscle Mass: 42 Ibs. 21.4% of weight
Weight

Total Body Water: 36 liters 40.5% of weight
Proteins & Minerals: 29.1 Ibs. 14.8 % of weight

Fat Mass: 87.5 Ibs. 44.7% of weight
Other

Basal Metabolic Rate 1402.3 calories/day
Phase Angle 3.1° (low)

Body Mass Index 35.8 kg/m? (high)
Weight 196.0 Ibs. (high)

Hy-dex Analysis 8.0



Appendix K: Wound Care Clinical Case Example
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53 y/o male referred to the wound care clinic following an injury where the patient received burns

to the left calf and abdomen. Past medical history includes: Hepatitis C, Cirrhosis of the liver,

vision impairment, and diverticulitis.

Bioimpedance Spectroscopy Screening

Fluid Analysis

Total Body Water (TBW): 57.4 liters (high)

Extracellular Fluid: 26.9 liters (high)
Intracellular Fluid: 30.5 liters (high)
Tissue Analysis

Fat Free Mass: 172.9 1bs. (high)

Fat Mass: 63.1 Ibs.

Skeletal Muscle Mass: 79.3 lbs.
Weight

Total Body Water: 57.4 liters
Proteins & Minerals: 46.3 lbs.

Fat Mass: 63.1 Ibs.

Other

Basal Metabolic Rate

Phase Angle

Body Mass Index

Weight

Hy-dex Analysis

53.6 % of weight
46.9 % of TBW (high)

53.1 % of TBW (low)

73.3 % of weight
26.7 % of weight

33.6 % of weight

53.6 % of weight
19.7 % of weight

26.7 % of weight

1858.2 calories/day
5.7 ° (low)

38.1 kg/m? (high)
236.0 Ibs. (high)

13.1
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Appendix L: Pre/post test

1.

Bioimpedance Spectroscopy (BIS) is:

a.
b.
C.

d.
e.

A tool to detect late-stage lymphedema

A device that can monitor trunk girth and monitor circumference of the waist.

is a method for monitoring body fluid fluctuations, body composition, nutrition status,
and hydration rate.

Special electrical current that can be used with any patient.

A tool that uses an electrical current to measure a patient’s heart rhythm.

Edema is most commonly measured by using:

a.

opo o

Volumeter
Perometer

Tape measurement
Weight

Visual inspection

Early detection of lymphedema

a.

o a0 o

Can be done with visual aid education.

Is appropriate only for breast cancer patients.

Can reduce the onset of clinical lymphedema, which will decrease health care costs.
Occurs only in the first 6 months.

Happens only for patients with node dissection

How does SOZO BIS work?

a.

b.

C.

d.

.

By using 2-6 different frequencies to measure the resistance of the current and body
fluids.

By weighing the patient and converting this to Body Mass Index and Fat mass
variables.

A painless current is passed through the body and measures the body’s resistance and
reactance to the current.

The unit measures the impedance at 246 different frequencies to measure weight, BMI,
and body composition.

C&D

Knowledge of total body water for therapy patients is important to:

o po o

Help monitor fluid burden for heart failure patients

Facilitate mobility following surgery.

Determine if deep breathing exercises are effective for lymphatic movement.
Monitor the patient’s risk of diabetic ulcer

All of the above

BIS can measure skeletal muscle mass to help detect

a.
b.
C.

Sarcopenia
Critically ill patient mortality
Weight loss



d.
e.
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Kidney Dysfunction
Heart Failure

7. The use of BIS monitoring can help to promote?

a. Diet

b. Exercise

c. Wellness

d. Heart health

e. Cancer detection

8. What information is needed prior to measuring a patient with the BIS unit?

o poos

Work history

Stage of Lymphedema
BMI

Waist circumference
Extremity dominance

9. Phase angle is

a.

An indicator of cellular health and integrity.

b. High, which represents the cell's inability to store energy.

o a0

Represents the ratio between body cell mass and fat mass.
Low, which represents a large quantity of intact cell membranes and body cell mass.
Represented by a range between 1 to 30 degrees.

10. Which diagnoses does NOT benefit from BIS measurement?

a.

opo o

Congestive heart failure
Sarcopenia

Kidney Failure

Cancer

Lymphostatic Elephantiasis
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Appendix M: COURSE EVALUATION FORM

Bioimpedance Spectroscopy for the Health Care
Professional

1. How likely is it that you would recommend this session to a friend or colleague?

NOT AT ALL LIKELY EXTREMELY LIKELY

|1 |2 E |4 E |6 K E 19 (10 |

2. How relevant is the material to your role?

o Extremely relevant
o Very relevant

o Somewhat relevant
o No so relevant

o Not at all relevant

3. How clear was the presentation of information?

o Extremely clear
o Very clear

o Somewhat clear
o Not so clear

o Not at all clear

4. How do you feel about the amount of information presented?

o Much too little information

o Somewhat too little information

o About the right amount of information
o Somewhat too much information

o Much too much information

5. How engaging was your instructor?



o Extremely engaging
o Very engaging

o Somewhat engaging
o Not so engaging

o Not at all engaging

6. How would you rate your instructor's knowledge of the material?

o Excellent
o Very good
o Good

o Fair

o Poor

7. How clear are you on the takeaways from the session?

o Extremely clear
o Very clear

o Somewhat clear
o Not so clear

o Not at all clear

8. Do you have any other comments, questions, or concerns?

35




36

Appendix N: System Usability Scale (SUS)

For each of the following statements, please mark one box that best describes your reactions to
Bioimpedance Spectroscopy today. 1 = strongly disagree, 5 = strongly agree

1. I think that I would like to use Bioimpedance Spectroscopy frequently.

Lt 2 [ 3 | 4 [ 5 |

2. 1 found Bioimpedance Spectroscopy unnecessarily complex.

1 [ 2 [ 3 | 4 [ 5 |

3. I thought Bioimpedance Spectroscopy was easy to use.

1 [ 2 [ 3 | 4 [ 5 ]

4.1 think that I would need the support of a technical person to be able to use Bioimpedance
Spectroscopy.

1 T 2 T 3 T 4 T 5 ]

5. 1 found the various functions in Bioimpedance Spectroscopy were well integrated.

1 T 2 T 3 T 4 T 5 ]

6. I thought there was too much inconsistency in Bioimpedance Spectroscopy.

1 T 2 T 3 T 4 T 5 ]

7. 1 would imagine that most people would learn to use Bioimpedance Spectroscopy very quickly.

L1 | 2 [ 3 | 4 | 5 |

8. I found Bioimpedance Spectroscopy very cumbersome (awkward) to use.

L1 | 2 [ 3 | 4 | 5 |

9. I felt very confident using Bioimpedance Spectroscopy.

L1 | 2 [ 3 | 4 | 5 |

10. I needed to learn a lot of things before I could get going with Bioimpedance Spectroscopy.

L1 | 2 [ 3 | 4 | 5 |




Table 3: Statistical Analysis
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System Usability Scale (SUS) 83.8
Learnability 84.4
Usability 83.6
Standard deviation 11.6
Cronbach's alpha 0.855
Table 4: Clinical Utility Survey Results
Clinical Utility Usability Scale
E
QQ: | felt very confident using Bioimpedance Spectroscopy. T ————
-_—
Q7: 1 would imagine that most people would learn to use Bioimpedance
Spectroscopy very quickly. —
E
Q5: | found the various functions in Bioimpedance Spectroscopy were well
integrated. —_—————————
———
Q3: | thought Bioimpedance Spectroscopy was easy to use. T ————
_—
Q1: | think that | would like to use Bioimpedance Spectroscopy frequently. ———
0 1 2 3 4 5 6

Series4 W Series3 M Series2 M Seriesl
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Table 5: Individual Participant Scores

Individual Participant Scores

120

100

8
6
2
0
1 2 3 4

W SUS m Usability m Learnability

o

o

N
o

o

usabiliTEST. (2011). Usability testing and information architecture tools for everyone.

Www.Usabilitest.Com. https://www.usabilitest.com/pro/?

ux=BI4ONgAQFRI7TIdFRVSURB8RVhYX{3YPVI1IBBgEQNIwHRmcHFhczXEdMXk

NACgAVSgIcEISCUIAKBjo3NDZmMWIiINQ%3D%3D



Appendix O: Interview Questions
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Debriefing questions with the Wound care Team for a one-month clinical utility survey: Planned
for 10/13/2020. Formal write up of this section to follow.

1. Were you able to use the BIS unit for patient evaluations?

. If so, how did you incorporate that information into your patients' goals or interventions?
3. Describe what insights you gained into the health of your patient through the use of the BIS

measurements.

4. How did you alter your treatment interventions through the use of the BIS measurement

data?

Lo

measurements?

What are the patient diagnoses that you have seen that would benefit from the BIS device?
If you were not able to use the unit, what barriers prevented you from using the device?
What could the department do to help facilitate the usability of the BIS device?

How can we make the BIS more user friendly and applicable to your patient population?
As a staff member, is there anything you can do to encourage others to participate in BIS

10. What is the most significant value that the BIS device adds to the department?

Table 6: Interview Question Answers

QUESTIONS

PARTICIPANT
#1

PARTICIPANT
#2

PARTICIPANT
#3

PARTICIPANT
#4

1. Were you able to use
the BIS unit for patient
evaluations?

2. If'so, how did you
incorporate that
information into your
patients' goals or
interventions?

3. Describe what insights
you gained into the

health of your patient
through the use of the

BIS measurements

4. How did you alter
your treatment
interventions through
the use of the BIS

measurement data?

NO

NO

NO

NO

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA




5.

What are the patient

diagnoses that you

have seen that would
benefit from the BIS

device?

6. Ifyou were not able to

use the unit, what

barriers prevented you
from using the device?

7. What could the

department do to help
facilitate the usability

of the BIS device?

8. How can we make the

BIS more user friendly
and applicable to your
patient population?

9. As a staff member, is
there anything you can

do to encourage

others to participate in
BIS measurements?

10. What is the most
significant value that
the BIS device adds to

the department?
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Venous stasis
ulcers,
Peripheral
vascular disease,
post-operative
wound surgeries

Patients with
Diabetic Foot
Ulcers, Venous
Stasis Ulcers,
and
Lymphedema

Kidney Failure,
Congestive
Heart Failure

Lymphedema
patients, venous
stasis ulcer
patients, diabetic
ulcer patients

Need time to set | There are no low staffing Location,

up in Apollo, barriers causing patient mobility,

time to test, most backlogging, patients cannot

people have infection control, | walk to small

gross feet wound vac, room without
mobility, dressings on feet
location, feet are | and legs,
wrapped drainage from

leg wounds.
Out of sight, out | I can do a better | Change the Just be more
of mind. If it job of reminding | location of the vigilant on who

were front and
center or we
discussed it
regularly, it
would be in the
forefront of my
mind to use it.

staff that it is
available to use
on new patient
evals.

unit.

to use the device
on and be more
proactive in its
use.

Unknown I’m not sure. It NA unsure yet, will
seems very user know more with
and patient use of the device
friendly.

Perhaps if there | As stated above, | NA NA

was a reward make sure the

program or staff remembers

incentive to that it is

patients. available to use.

It’s shiny and I think we need Unsure at this NA

new and looks
cool.

to use it to
actually identify
its value

time
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Appendix P: Theoretical Frame of Reference
BIOMECHANICAL FRAME OF REFERENCE
The Biomechanical Frame of Reference (FoR) applies to the principles of physics and the
biomechanics of movement of the human body (Cole & Tufano, 2020). The principles of this FoR
are considered a remediation approach because impairments noted in this area limit the individual's
occupational performance (Gillen & Nilsen, 2019). Examples of impairments focused on with this
FoR are range of motion, edema, pain, weakness, strength, coordination, and joint instability
(Gillen & Nilsen, 2019). The Biomechanical FoR guides the assessment where therapists choose
appropriate evaluation tools to form the baseline of occupational performance.
The assumptions of this model (Gillen & Nilsen, 2019)

1. Remediation can aid the impairment

2. Participating in occupations is a tool to help remediate disability

3. Improving the disability through the use of occupations will improve occupational

performance.

joint
instabil
ity
' Occupa
tional

Perform

‘ ance ,

4

Appendix Q: Theoretical Model
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Ecology of Human Performance Model

Context @ @
Modif
\ (Agapj!; @ @

Copyright @ 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins

The theoretical model guiding the project is one described by Dr. Winnie Dunn, and her
colleagues called the Ecology of Human Performance (EHP) model (Dunn et al., 1994). The EHP
model's focus is wellness and health promotion, which aligns with the goal of this project. EHP is a
model used for all persons regardless of age or time of life and can be used by other disciplines,
educators, and occupational therapists. EHP is used in various settings to include outpatient
therapy settings and wellness programs because it emphasizes a preventative and health promotion
attitude (Cole & Tufano, 2008). The EHP model explains the relationship between the person, their
environment, and the tasks performed in the environment (Turpin & Iwama, 2011). Through the
lens of the EHP model, the occupational therapist can use the BIS unit to help prevent diseases,
create programs to support wellness, and encourage health promotion purposes for all stages of life
(Qin et al., 2017).

EHP was designed to be used by other disciplines, educators, and occupational therapists

(Cole & Tufano, 2008). Also, EHP can be used in a variety of settings to include outpatient therapy
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settings and wellness programs (Cole & Tufano, 2008). According to Cole and Tufano (2008), “the
model emphasizes a preventative, health promotional, and rehabilitative attitude” (p.117). The
EHP model outlines five intervention areas to meet the needs of the person in their environment
(Turpin & Iwama, 2011). These intervention categories include create, establish, maintain,
modify, and prevent (Turpin & Iwama, 2011). Through the participation in this continuing
education module, the participant will learn how to utilize the BIS unit and gain insight into the
patient's health. The continuing education module's goal is to understand how health professionals
can provide appropriate interventions to identify and prevent exacerbations of diseases and
promote overall health and wellness.

Table 7: BIS measurement and associated diagnosis

Diagnosis Associated BIS Measurement

Lymphedema L-DEX (Lymphedema Index)

Sarcopenia Skeletal Muscle Mass, Phase Angle, Fat
Mass, Fat Free Mass

Cachexia Skeletal Muscle Mass, Fat Mass, Phase
Angle

Congestive Heart Failure Extracellular Fluid, Intracellular fluid,
Total Body Water

Renal Failure Extracellular Fluid, Intracellular fluid,
Phase Angle, Total Body Water, Protein

Eating Disorders Fat Mass, Fat Free Mass, Total Body
Water, Extracellular Fluid & Intracellular
Fluid ratio

Exercise Training Programs Fat Mass, Skeletal Muscle Mass

Oncology Total Body Water

Table 8: Norm data for BIS measurements



Eemale Reference Ranges (1 standard deviation from mean)

N

Age

Weight (Ib)
Phase Angle
TBW (liters)

TBW (%)

ICF (liters)

IGF (% of TBW)
ECF (liters)

ECF (% of TBW)
Fat Mass (Ib)

Fat Mass (%)

Fat Free Mass (Ib)
Fat Free Mass (%)
BMR (cal)

BMI

1448

1019

98.2 to 164.2
6.7108.3
25510345
45310579
14510183
5281057
10910 16.3
4310 47.2
204 to 642
22410388
Ta.610102.2
61210 77.6

1296.3 10 1591.1

17810282

1511

20-29

110.8 to 1B0.8
T8

26.9 to 36.5
43210 548
151 t019.1
5241056.2
11810174
43810476
28210 754
26410 41.8
80.1 e 107.9
58210 73.6
1308.7 10 1621.9
19510 31.1

1632

30-39

118.1 te 202.7
681085
28110391
41.2t053.4
15.610 202
51.51055.5
1241019
44.51048.5
32Bt0904
28.610 44.6
B30 1158
65.4t071.4
1295 to 1674.4
20.7 1o 35.1

Male Reference Ranges (1standard deviation from mean)

N

Age

Weight (Ib)
Phase Angle
TBW (liters)

TBW (%)

ICF (liters)

ICF (% of TEW)
ECF (liters)

ECF (% of TBW)
Fat Mass (Ib)

Fat Mass (%)

Fat Free Mass (Ib)
Fat Free Mass (%)
BMR (cal)

BMI

1379

1019

104.1 to 1795
Tlo9

3010 46.2
54.3 to 66.1
18810 27
5810 62.8
11310193
372042
1110 47.4
1210 26 8
88.6 to 136.6
732088

1427 910 1958.3

17.7te 271

1553

20-29
132.6to 2086
781096
36.3 10 50.9
5210 62.2
22110295
57910 60.9
14210 21.4
391 to 421
21,110 61.5
16810298
1073101513
70210 83.2
1580.6 to 2093.2
20.6 to 30.4

1383

30-39
142410 2176
761094
37910529
§1.4 to 61
22 91to 305
57.6to 60.4
1510224
396 to 424
26 to 64.4
292 to 306
112 ta 157.6
69.4t0 81.8
1580.2 to 2087 6
21610316

1248

4045
126410 203.8
68108.4
28410392
41.1t051.3
157t 201
51.31t0 55.1
12710191
44.9 10 48.7
38810904
31.21t0 44.8
843101159
55.2 to 68.8
12825 to 1631.5
2210352

1155

4045

147 6102212
721092
38610534
50.9 to 60.1
23.21030.6
67210 60.2
15410228
39Bto42.8
29.4 10 66.6
19610312
11410 158.8
68.8 to B0.4
1543.4 to 2045
22610324

07

50-59

126.7 to 206.7
628
28410392
40.6 10 51
15.6 10 20
50.8 to 54.8
1291019.3
45.21049.2
40310923
31.61t0 45.6
B84.210 115.6
54.4 to 68.4
1236.8 to 1589
22510 357

792

50-59
1495102215
671085
38.81053.4
50.7 to 59.9
23210304
66.7 to 59.9
15.610 23
40.1 1o 43.3
304 to 67
198t031.4
11510 158.6
68.6to B0.2
1486 to 1973.4
22810324

1031

60-69
123510 192,56
58te 1.6
27610 37.4
412t 51
151019.2
50910 54.9
125t018.3
451 to 491
39610848
31710 449
8l.5te 1101
556.1to 68.3
1172t 1482
22510343

1055

60-69
1471102133
62to8
37610 51.6
50410 59.6
22410294
56.61059.8
15110223
40210 43.4
31.2t0 65
20310319
1113101529
68.1to 79.7
1391.910 18471
23t031.8

87

T0-79

118ta 1828
52te 7.2
26.9 to 36.7
42.1 to 52.7
14.7to 18.7
50.7 to 54.7
122018
45.3 10 49.3
358to 78
29.9to 43.7
793101075
56.3 to 701
1098.4 10 1393.2
221033

T24

T0-79

139.7 to 202.1
54te 7.4
36.2 to 49.6
51.1 to 60.3
2141028
5610 59.8
14610 21.6
40.2 to 44
28.6 to 59.6
195t0 311
106.8 to 146.8
68.9 to 80.5
1275.6 to 17082
22210 30.6

*The ranges provided here are not intended to represent a “healthy” or “ideal” range. They are statistical averages of average Americans and are provided for reference only.
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