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Abstract
Dysphagia may become a threatening condition if not diagnosed and treated at an early stage.
Healthcare professionals require simple, rapid, and reliable tools for the immediate evaluation
of dysphagia in their daily clinical practice. The aim of the present study was the translation
and validation of the “Brief Bedside Dysphagia Screening Test-Revised (BBDST-R)” tool in the
Greek language in a sample of patients with neurological disorders. The present study was
designed as a cross-sectional study conducted with a convenience sample of 80 patients. The
BBDST-R tool contains eight items, and a positive response to an item implies that the patient
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.
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might have dysphagia. The bedside assessment using the BBDST-R tool was conducted by a
researcher previously trained for the tool usage. The translation and validation were
conducted by following the relevant international standards. The researcher’s final
assessment concerning the presence or absence of dysphagia was compared to the medical
diagnosis as determined by a physician, which was set as a benchmark. The evaluation of
BBDST-R was conducted by researching its diagnostic accuracy according to the guidelines for
measures of diagnostic accuracy. Internal consistency was determined through Cronbach’s
Alpha. The English version of the BBDST-R tool has been reliably translated into the Greek
language. The prevalence of dysphagia in our sample was 62.5% (95% CI: 50%-72%). The
observed high sensitivity [Sen = 98%/87%-99% (95% CI)] and high negative predictive value
[NPV = 89%/77%-95% (95% CI)] indicated high validity of the screening tool at the acceptable
levels of > 75% even for 95% CI. Cronbach’s Alpha internal consistency index for the 8 items
of this tool presented an almost excellent value of 0.859. The results of the present study
indicated that BBDST-R is a reliable and valid tool for application in the assessment of
dysphagia in patients admitted in Greek hospitals and community-based individuals.
Keywords
Dysphagia; dysphagia screening; brief bedside dysphagia screening test-revised; validation;
translation; neurological disorders

1. Introduction
Nurses have to frequently treat and care for patients in the community or institutional settings
who might develop or already have life-threatening conditions such as dysphagia. Simple, although
reliable tools are required to conduct the first assessment and subsequent further investigation of
the situation.
The term “dysphagia ”, which is constituted of the prefix “dys” and the root “fag" having origins
in the ancient Greek language, refers to a disorder involving difficulty in swallowing.
Dysphagia is quite common, with several studies reporting a prevalence of dysphagia in nursing
homes to be in the range of 12.8%- 52.7% [1-3]. In the community, the prevalence of swallowing
difficulties is 20.1% among healthy elderly [4] and 5%-72% among the elderly [5]. A systematic
review by Takizawa et al. (2016) reported that dysphagia was diagnosed in 8.1%-80% of stroke
patients, 27%-30% of brain injury patients, 11%-81% of Parkinson’s disease patients, and 91.7% of
older persons with community-acquired pneumonia due to impaired breathing mechanisms and
swallowing [6]. Dysphagia is usually attributed to advanced age, clinical diseases, and frailty that
leads to self-care deficits [5].
Dysphagia is attributed to various causes, such as mechanical, neurological, and psychogenic
conditions [7]. Moreover, dysphagia is often under-diagnosed and under-treated [7] and is,
therefore, associated with an increased risk of malnutrition, dehydration, pneumonia [8], and
mortality [2]. Interdisciplinary collaboration and appropriate tools are required for the diagnosis,
management, and prevention of dysphagia-associated complications. Nurses play an essential role
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as the member of the interdisciplinary team and, therefore, should have access to all the necessary
tools [9, 10].
Dysphagia is commonly assessed using imaging methods, particularly in acute care settings. A
variety of non-imaging methods [11] based on questionnaires and swallowing assessment using
semi-solid or liquid food are also available for clinical bedside assessment of dysphagia by health
care professionals [12]. The non-imaging methods are convenient for use in acute, community, or
nursing home settings where routine reassessment is vital for maintaining the health and safety of
the patient.
Unlike the situation in other countries, it is not common for the nurses in Greece to be involved
in the assessment of dysphagia, which is usually conducted by a physician or a speech therapist
using clinical bedside assessment tools and imaging methods. However, the involvement of nurses
in this evaluation is important owing to their frequent contact with the patient, the role and
responsibility they have in patient feeding, the holistic evaluation they perform, and the care they
deliver to the patients. The fact that there is a nursing diagnosis of “impaired swallowing ” reported
by NANDA International [13, 14] further supports the requirement of nurses’ involvement in
dysphagia assessment. Ideally, dysphagia assessment requires a multidisciplinary approach, and
since nurses are the first line of members in the health care team to interact with the patients, they
could perform the basic dysphagia screening for the patients, based on the results of which, a
further detailed clinical assessment by the physician and/or speech therapist could be completed.
The validity and reliability of the swallowing screening tools for dysphagia used by nurses is a
research topic that has gained great attention in healthcare systems [11].
The Brief Bedside Dysphagia Screening Test-Revised (BBDST-R) is a convenient-to-use tool for
healthcare professionals to perform the first assessment of dysphagia. BBDST-R is a previously
validated screening tool [15], with high sensitivity [Sen = 95.5%/84.9%-98.7% (95% CI)] and high
negative predictive value [NPV = 88.9%/67.2%-99.9% (95% CI)]. However, the results obtained using
the tool vary among different nurses who perform the tests [16]. The researchers have concluded
that such differences are expected, and with proper training in the use of the tool, these differences
would not exert a negative impact on the reliability of the tool.
The aim of the present study was the translation and validation of the Brief Bedside Dysphagia
Screening Test-Revised (BBDST-R) in the Greek language in a sample of patients with neurological
disorders.
2. Materials and Methods
2.1 Design
The present study was designed as a cross-sectional study conducted with a convenience sample
of 80 patients having neurological health conditions who were treated in the Neurological Clinic of
a large hospital in Athens and those who were treated in a private rehabilitation center. The study
duration was from March 2016 to August 2016.
2.2 Research Tools
The research tools employed in the present study were: a) a questionnaire containing items
regarding the patients’ demographic and clinical characteristics, such as gender, age, marital status,
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educational level, occupation, place of residence, neurological diseases, and comorbidities, and b)
the BBDST-R which was originally developed and validated for the Czech population. The tool was
used in a patient sample with various neurological conditions, with the stroke patients constituting
the largest subgroup [15, 17].
The BBDST-R comprises the following eight items: BBDST-R_1 presence of voluntary cough,
BBDST-R_2 ability to clench the teeth, BBDST-R_3 symmetry and strength of the tongue, BBDST-R_4
symmetry and strength of the facial muscles, BBDST-R_5 symmetry and strength of shoulder shrug,
BBDST-R_6 dysarthria, BBDST-R_7 aphasia, and BBDST-R_8 cough after consumption of a thick liquid.
The screening test was simple and could be performed by a healthcare professional. The
response to the evaluation in each item of the questionnaire could be either YES or NO, i.e., the
patient may or may not be displaying what each parameter indicated. The items that were normal
received a score of 0, while the items that were abnormal received a score of 1. If the total score
was 0, the test was negative ( i.e., the patient was un likely to have dysphagia), while in the case of
the final score being ≥1, the test was considered positive ( i.e., the patient might be having
dysphagia).
The researchers [15] indicated that it is a short and reliable tool that could be used by all health
professionals who are properly trained for its use.
Mrs. Petra Mandysova, who developed the BBDST-R tool originally, was contacted, and relevant
permission for using the tool in the present study was obtained [15, 16]. The translation of the
English version of BBDST-R was conducted in accordance with the international standards [18], such
that the accuracy of the parameters concerned with the diagnostic purpose was not altered.
The basic principles of BBDST-R were presented by its developer in the Greek Postgraduate
Program “Neurological Disorders - Evidence- Based Practice ” of the Technological Educational
Institute (TEI) of Athens, and the evaluation of the tool and the role of nurses in the diagnosis of
dysphagia were, meanwhile, performed by Greek postgraduate nursing students [14].
2.3 Data Collection
The principal researcher performed the bedside assessment using the BBDST-R tool on the 80
patients with neurological disorders included in the present study.
The inclusion criteria used were: a) diagnosis of a neurological disorder [stroke, dementia,
multiple sclerosis (MS), Parkinson’s, myasthenia, myopathy, Guillain Barre], b) adequate level of
consciousness and the ability to respond to simple commands, c) over two days of hospital stay, and
d) informed consent provided for participation in the present study (by patients or their caregivers).
The exclusion criteria were: a) patients with severe mental disability, b) patients with changes in
the anatomy of the mouth, pharynx, and larynx, resulting from an accident or surgery, c) patients
who did not speak the Greek language, and d) patients with difficulty in eating due to anorexia or
any other psychological problem.
Particular emphasis was placed on preparing the patient for the BBDST-R evaluation. All patients
were subject to the participation criteria for the present study, and if the patient fulfilled the criteria,
he/she was informed regarding the research and asked to provide consent for participation.
Subsequently, all the necessary materials were placed on the bedside table of the patient. The
patient and/or his/her caregiver were then informed regarding the procedure to be followed. Oral

Page 4/127

OBM Geriatrics 2021; 5(2), doi:10.21926/obm.geriatr.2102165

hygiene was performed, and the patient was asked to be in a sitting position (90 degrees) for the
evaluation.
A crucial parameter was the preparation of the viscous liquid, for which the thick and convenient
instant coagulation factors were considered. The consistency of the prepared liquid was puddinglike, which would fall- off the spoon in chunks. The liquid preparation was followed by the evaluation
of the patient for each parameter. The researcher screened each patient and prepared the viscous
fluid according to the instructions provided in a previously-conducted training program led by the
original developer of the tool [14].
The evaluation process included the patient’s assessment for each of the eight items in the tool.
If, at any stage of the screening, an abnormal finding was detected, then the test result was
considered to be positive, implying that the patient, according to the test, was likely to be having
dysphagia, and the evaluation process was considered to be complete by itself.
The test result was then compared to the physician’s diagnosis regarding the presence or
absence of dysphagia in each patient (obtained from the medical records of the patients). The
physician’s diagnosis was based on endoscopic examination, clinical examination, and/or an
appropriate diagnostic tool, and the assessment was regarded as the benchmark against which the
principal researcher’s assessment was compared.
2.4 Translation
The translation of BBDST-R was performed according to “The minimal Translation criteria” [18].
Two independent native English speakers translated the original English tool into the Greek
language, which was followed by the comparison of these two translations by a third individual who
arrived at the final consensus. Consequently, this version of the tool was reverse- translated into
the English language. Next, the original and the reverse-translated versions of the tool were
compared by the research team, and the final translation was sent to the original developer of the
tool for approval.
2.5 Ethics Statement
The study was conducted in accordance with the Declaration of Helsinki and was approved by
the ethics committee of two institutions. In addition, permission for using the tool in the present
study was obtained from the original developer of the tool. All participants were informed regarding
the purpose of the study, and written consent for participation was obtained from all of them.
2.6 Statistical Analysis
The value of any diagnostic test is quantifiable through the evaluation of the diagnostic accuracy
of that test, i.e., the ability of the test to distinguish between the disease and non-disease (healthy
patient) conditions.
The basic measures for diagnostic tests, such as sensitivity (Sen) and specificity (Spe), were
utilized as described by Altman & Bland [19], Glas et al. [20], and Šimundić [21]. These measures are
derived from the four possible outcomes of any diagnostic test, which are then formulated in a 2 ×
2 contingency table. The following outcomes are possible: FN-false negative; FP-false positive; TN-
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true negative; and TP-true positive. With these outcomes, multiple parameters could be formulated,
as presented in Table 1, along with the ROC curve, Diagnostic odds ratio (DOR), and others [20, 21].
Table 1 Basic measures of diagnostic accuracy (adapted from Molina [22]).
Healthy

Sick

Positive

TP

FP

Negative

FN

TN

TP =True Positive, FP =False Positive, FN =False Negative, TN =True Negative, Sen =Sensitivity
=TP/(TP+FN), Spe =Specificity =TN/(TN+FP), PPV =Positive Predictive Value =TP/(TP+FP), NPV =
Negative Predictive Value =TN/(TN+FN), PLR =Positive Likelihood Ratio =Se/(1-Sp), NLR
=Negative Likelihood Ratio =(1-Se)/Sp, Al =Accuracy Index =(TP+TN)/(TP+TN+FP+NF), Yi
=Youden’s Index =Se+Sp-1

A simple dysphagia test, such as that conducted using BBDST-R, should have high Sen and a high
negative predictive value (NPV) to be considered highly valid [19].
The expected Sen value was set at 95%, with the lower confidence limit for CI = 95% at 0.75. The
minimum acceptable sample size, as reported by Flahault et al. [23] and corrected by Chu and Cole
[24], was Ν = 70-80 patients, for a disease prevalence of <50%.
Finally, each item was tested against the patient’s medical diagnosis using the association
coefficient φ, while x2 was used for testing the final BBDST-R result against the diagnosis, and the
test’s internal consistency was measured in terms of Cronbach’s Alpha.
IBM SPSS Ver 19.0, Microsoft Excel, and Clinical Calculator 1 (available at vassarstats.net) were
employed for conducting the statistical analysis.
3. Results
A total of 103 patients were invited to participate in the present study, among which 14 patients
refused to participate, nine patients did not complete the procedure for various reasons, such as
withdrawal from the study, discharge, transfer to another clinic, or death, and the remaining 80
patients completed the test.
The majority of the patients (53.8%) belonged to the age range of 81-90 years, and 53.8% of all
the participants were women. The main neurological disease (65% of patients) was stroke, while
the most common (23.8%) coexisting condition was cervical spine disorder. Among all participants,
41.3% were widowed, 58.8% were retired, and 31.3% had a non-paid individual as their main
caregiver. The demographic and clinical data of the sample are presented in Table 2.
Table 2 Demographic and clinical characteristics of the sample.

Gender
Age

Male
Female
40-50

N
37
43
2

%
46.3
53.8
2.5
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Neurological disease

Education

Comorbidity

51-60
61-70
71-80
81-90
Stroke
Parkinson disease
Multiple sclerosis
Myopathy
Dementia
Other
Primary school
High school
Higher education
Msc/Phd
No
Cervical spine disorders
Brain injury
Chronic dysphagia due to aging
Depression
Anorexia nervosa
Gastroesophageal reflux
Cancer
Respiratory diseases
Cardiovascular diseases
Other

5
13
17
43
52
5
1
1
15
6
24
33
17
6
6
19
8
2
7
1
5
7
8
9
8

6.3
16.3
21.3
53.8
65.0
6.3
1.3
1.3
18.8
7.5
30.0
41.3
21.3
7.5
7.5
23.8
10.0
2.5
8.8
1.3
6.3
8.8
10.0
11.3
10.0

Correlations of the patients’ sex and age with the diagnosis for dysphagia were not statistically
significant (p > 0.05).
The BBDST-R results and the physicians’ diagnosis are presented in Table 3. The prevalence of
dysphagia in our sample was 62.5% (95% CI: 50%-72%), which was a considerably high percentage
based on the data from the previous use of BBDST-R.
Table 3 Results of dysphagia based on the BBDST-R assessment in the present study
and the physician’s diagnosis.
BBDST-R results

Physician’s diagnosis

N

%

N

%

Negative

25

31.3

30

37.5

Positive

55

68.8

50

62.5

Total

80

100.0

80

100.0

All the BBDST-R items (1-8) presented statistically significant φ correlations (Table 4) with the
diagnosis of the presence or absence of dysphagia.
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Table 4 Correlations of the BBDST-R items with the physician’s diagnosis of dysphagia.
Association coefficient
BBDSTR_1
Physician’s
Phi
0.649**
diagnosis of Sig. 0.000
dysphagia
N
80

BBDSTR_2
0.477**
0.000
80

BBDSTR_3
0.467**
0.000
80

BBDSTR_4
0.507**
0.000
80

BBDSTR_5
0.507**
0.000
80

BBDSTR_6
0.511**
0.000
80

BBDSTR_7
0.306**
0.003
80

BBDSTR_8
0.323**
0.002
80

**. Correlation is significant at the 0.01 level (1-tailed).

The x2 test and the φ (Phi) correlation between the results from the BBDST-R tool assessment
are presented in Table 5 and Table 6, respectively. A statistical significance of the x2 test and a
considerably high value of φ (Phi) with statistical significance were observed, which demonstrated
a strong statistical correlation between the results of the BBDST-R assessment and the physician’s
diagnosis regarding the presence or absence of dysphagia. Therefore, it could be inferred from Table
5 and Table 6 that the test result was consistent with the medical diagnosis, and the parameters
were connected, which is a requisite for a valid test as well as for a proper medical assessment.
Table 5 Chi-Squared test results between the results of the BBDST-R tool assessment.
Chi-Squared Tests

Pearson Chi-Square
Continuity
Correctionb
Likelihood Ratio
Fisher’s Exact Test
Linear-by-Linear
Association
N of Valid Cases

Value

Df

53.097a
49.528

1
1

Asymp. Sig. (2- Exact Sig. (2- Exact Sig. (1sided)
sided)
sided)
0.000
0.000

59.546

1

0.000
0.000

52.433

1

0.000

0.000

80

a.

0 cells (0.0%) have expected count less than 5. The minimum expected count is 9.38.
Computed only for a 2 × 2 table.

b.

Table 6 The φ correlation test results.
Symmetric Measures
Nominal by Nominal
N of Valid Cases

Phi
Cramer's V

Value
0.815
0.815
80

Approx. Sig.
0.000
0.000

Finally, for the assessment of the diagnostic parameters of the tool, the Sen and Spe indices and
the NPV and PPV values were calculated based on the research data presented in Table 7 and Table
8.
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Table 7 Values of the diagnostic accuracy indices.
Physician’s diagnosis for dysphagia * final result
Crosstabulation
BBST-R result
Negative positive
Physician’s diagnosis for
No
24 (TN)
6 (FP)
dysphagia
Yes
1 (FN)
49 (TP)
Total
25
55

Total
30
50
80

Table 8 Overall results for the diagnostic accuracy indices.
95% Confidence Interval
Estimated value
Lower limit
Upper limit
Prevalence
0.625
0.509203
0.728684
Sensitivity
0.98
0.879892
0.998955
Specificity
0.8
0.608693
0.915952
For any particular test, the probability that will be:
Positive
0.6875
0.572854
0.783935
Negative
0.3125
0.216065
0.427176
For any particular positive test result, the probability that it is:
True positive
0.890909
0.770723
0.954865
False positive
0.109091
0.045135
0.229277
For any particular negative test result, the probability that it is:
True negative
0.96
0.77677
0.997908
False negative
0.04
0.002092
0.22323
Likelihood Ratios: [C]= conventional, [W]=Weighted by prevalence
Positive [C]
4.9
2.3928
10.034268
Negative [C]
0.025
0.003533
0.17688
Positive [W]
8.166667
3.815891
17.478089
Negative [W]
0.041667
0.006087
0.285239
• Among the 80 cases assessed using the tool, the test was negative for 24 cases, as was the
physician’s diagnosis for the presence of dysphagia (TN).
• In 6 cases, the test was positive for the presence of dysphagia in contrast to the physician’s
diagnosis that was negative (FP). Since the physician’s diagnosis was considered the benchmark, this
finding was considered a false-positive result.
• In just one case, the test result was negative in contrast to the physician’s diagnosis of a
positive result (FN). False-negative results negatively impact the validity of the tool.
• Finally, for 49 cases, the test result was positive and consistent with the physician’s diagnosis
for the presence of dysphagia (TP). The tool accurately identified the patients with the concerned
condition, which is a desired feature.
In summary, the results were as follows:
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Sen = 98%/87%-99% (95% CI)
Spe = 80%/60%-91% (95% CI)
NPV = 89%/77%-95% (95% CI)
PPV = 96%/77%-99%(95% CI)
The observed high sensitivity and a high negative predictive value indicated the high validity of
the diagnostic tool at the acceptable levels of >75% even for CI 95%. The validity of the tool was
evaluated in terms of Cronbach’s Alpha internal consistency index for its 8 items, which presented
an almost excellent value of 0.859.
In addition, as observed in our results, BBDST-R exhibits a robust performance, as evidenced by
the high Sen and NPV for the cut-off score of 1, implying that 1 abnormal item is sufficient to
consider the entire screening result abnormal. Therefore, it was deemed unnecessary to perform
tests for other cut-off values. This was consistent with the study reported by Mandysová et al. [15].
4. Discussion
The present study is the first complete study that investigated the possibility of using the short
version of the BBDST-R tool for the screening of dysphagia in a Greek sample of neurological patients.
Specifically, BBDST-R was utilized to assess 80 patients with neurological diseases for the presence
or absence of dysphagia followed by a comparison of the results with the corresponding diagnosis
provided by a physician.
The literature review revealed the availability of several bedside tools for dysphagia screening, a
few of which could be administered by nurses without prior training, a few others require a brief
training, while others require further elaborate training to ensure accurate administration. The
target groups, administration time, and psychometric properties varied in the different studies
reported [25]. In the planning phase of the present study, the literature review did not reveal any
existing questionnaire for the bedside screening of dysphagia that was validated in the Greek
language, so that the current tool could be validated against it. The researchers, therefore, decided
to rely on the physician’s diagnosis regarding the presence or absence of dysphagia as the
benchmark. The BBDST-R tool was selected for validation due to the advantages of conciseness, the
possibility of administration by nurses following brief training, and evidence in favor of its validity
and reliability in bedside screening.
The validation of a dysphagia screening tool is necessary because: a) dysphagia is a common
symptom of patients with neurological diseases, b) screening in dysphagia is the first step prior to
the detailed evaluation of the patient, and c) nurses are the first line of members in the healthcare
team to interact with the patients and could, therefore, screen for dysphagia and then refer the
patient to the relevant healthcare team member for further examination [25, 26].
The validation and the use of appropriate tools to screen for dysphagia that have already been
assessed and used in other countries are necessary [15]. In addition to ensuring the accuracy of the
assessment results, the validation allows for comparisons across cultures and aids in the
development of common tools for worldwide application. The involvement of nurses in the
assessment of dysphagia facilitates collaboration with the entire interdisciplinary team, ultimately
reducing the number of dysphagia patients who remain undiagnosed [9]. However, it is also
important to establish formal protocols for dysphagia assessment and train the nurses in their
application to minimize the time duration for which the patients remain undiagnosed [27].
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In the present study, the majority of the participants belonged to the age range of 81-90 years.
The prevalence of dysphagia in our sample was 62.5% (95% CI: 50%-72%). In another study
conducted in a Greek sample [28] with MS, the prevalence ranged between 25.9% and 44.4%
depending on the assessment tool used.
A strong statistical correlation was observed between the results obtained using BBDST-R and
the physician’s diagnosis for the presence or absence of dysphagia. The validation of the
questionnaires presented a near-perfect score for Cronbach’s Alpha (0.859), indicating the reliability
of this tool in the Greek setting.
In regard to the x2 test and the φ (Phi) correlations of the BBDST-R items with the physician’s
diagnosis of dysphagia, it should be noted that not all items appeared to be strongly correlated with
the physician’s diagnosis of dysphagia, as items 7 and 8 (Table 4) exhibited weaker correlations.
However, in general, the majority of the correlations were satisfactory, proving that the items of
the test were examined properly. This was consistent with the overall validity of the tool.
The Sen and the Negative Predictive Value (NPV) indices were calculated to assess the suitability
of the tool. High sensitivity (Sen) [Sen = 98%/87%-99% (95% CI)] and high negative predictive value
(NPV) [NPV = 89%/77%-95% (95% CI)] were obtained for this tool in the present study, which were
comparable to those reported in the original survey [15] [Sen = 95.5%/84.9%-98.7% (95% CI) and
NPV = 88.9%/67.2%-99.9% (95% CI)]. It is noteworthy that in the original research, the diagnosis was
compared with the Flexible Endoscopic Examination of swallowing, which is considered the “gold
standard” method , thereby further corroborating the accuracy, validity, and reliability of this tool.
However, PPV and NPV have the following disadvantages: a) they are affected by the prevalence
of the disease, b) they cannot be applied to or generalized for the other clinical populations with
different admission criteria, and c) they cannot be compared between different diagnostics trials.
On the other hand, the sensitivity (Sen) and specificity (Spe) parameters have the following
advantages: a) they are not affected by the prevalence of the disease, b) they can be applied to
different clinical populations, c) they can be compared between the studies with different inclusion
criteria, and d) they can be used for comparing the diagnostic accuracy between different tests [20,
21].
As with all research, the present study also has certain limitations. First, the present study was
designed as a cross-sectional study conducted with a convenience sample. Second, the physician’s
diagnosis was used as the benchmark for the diagnosis of dysphagia, and the fact that an imaging
method (such as the endoscopic examination) was not used as a “gold standard” test is a critical
barrier to the generalization of the results and their comparability.
The measured prevalence of dysphagia in our sample was greater than the value of 50%
anticipated during sample size calculation [P = 62.5% (95% CI: 50%-72%)]. However, this finding does
not affect the overall robustness of our statistics. Nonetheless, further studies utilizing the BBDSTR tool in other clinical conditions with a larger sample are recommended for corroborating and
generalizing the findings of the present study.
5. Conclusions
The present study revealed that BBDST-R is a short tool with high sensitivity and a high negative
prognostic value for patients with neurological diseases, which does not require extensive staff
training for application. Dysphagia screening, being the first step in the elaborate diagnostic
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evaluation of dysphagia, reduces the risk of undiagnosed cases and facilitates interdisciplinary
collaboration. BBDST-R could serve as an important tool in the toolkit of Greek nurses, who are
hereby advised to use this tool in their daily clinical practice of caring for patients, whether in
hospital wards or the community, for a timely and valid evaluation of dysphagia.
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Abstract
Fatigue is a term commonly used to describe patient performance and/or subjective
experience in the evaluation and management of swallowing disorders (known as dysphagia).
There is an association between fatigue and aging, as well as fatigue and many dysphagiacausing diseases/disorders. Therefore, speech-language pathologists (SLPs) are justifiably
aware of and concerned about the potential impact of fatigue on swallowing performance
and mealtime behavior. However, there is minimal agreement on and understanding of what
constitutes swallowing-related fatigue, how it is identified and measured, who is at risk, and
its impact on swallowing function, overall health, and quality of life. The purpose of this review
is to discuss the role of fatigue in swallowing and eating behavior in the context of aging, and
how fatigue may be measured and managed clinically. We review the concept of fatigue and
its clinical implications for swallowing function and mealtime behavior through the
dichotomous framework of self-perceived fatigue versus measurable fatigability. Quantitative
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
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fatigability and patient-reported fatigue are discussed. We conclude with implications for
future research.
Keywords
Dysphagia; aging; swallowing-related fatigue; fatigability

1. Introduction
1.1 Fatigue in Aging
Fatigue is frequently reported by older adults and is a common reason for seeking medical care
[1, 2]. Fatigue in older adults can be extremely debilitating as it may interfere with activities of daily
living (e.g. eating, dressing, hygiene [3] and quality of life [4, 5], and is associated with higher risk
for disability onset [6]. Associations between fatigue and many medical conditions have been well
established, including cancer [7], stroke [8], multiple sclerosis [9], chronic obstructive pulmonary
disease [10], and osteoarthritis [11], yet fatigue may also present in the absence of any definitive
cause [12]. The prevalence of fatigue is difficult to estimate, but has been reported to affect
between 20 and 55% of community-dwelling older adults [13], and as many as 98% of individuals
living in residential care facilities [14]. Together with unintentional weight loss, weakness, slow
walking speed, and low physical activity, fatigue is a key clinical indicator of frailty [15]. Importantly,
a diagnosis of frailty is most prevalent among older adults [16], and is associated with increased risk
for adverse health outcomes, mortality [15] and dysphagia, (i.e. swallowing impairment) [17, 18],
which is the focus of this review.
1.2 Introduction to Swallowing-Related Fatigue
Consuming a meal is generally considered an enjoyable, even relaxing, and often social
experience for healthy, non-dysphagic individuals. Yet, meal consumption involves a host of
complex motor, cognitive, homeostatic, psychosocial, and cultural factors that must interact to
result in a safe, efficient, and pleasurable experience [19-22]. Impairments in any part of this process
can lead to reduced mealtime safety [23], health (e.g. malnutrition and/or dehydration) [24, 25] and
quality of life [26, 27]. Impairments may also impact an individual’s eating behavior, which
collectively refers to food choices and motives, feeding practices, dieting, and eating related
problems such as eating and feeding disorders [28]. Swallowing is central to the act of meal
consumption, and encompasses the entire process from oral preparation of the food or liquid (e.g.
chewing), to transporting it from the oral cavity, through the pharynx, past a closed larynx, and into
the esophagus [29]. Continual swallowing over the course of a meal can be considered an endurance
task, given that, in addition to sustained attention, it requires sustained, repetitive and continuous
submaximal performance (i.e. requiring only a fraction of total force capacity) of a wide array of
muscles [30]. The muscles involved in safe and efficient swallowing include lingual, facial, palatal,
pharyngeal, laryngeal, and respiratory muscles (see Kent [31] for a detailed review of craniofacial
and laryngeal muscle structure and function). These muscles include both Type I, slow twitch,
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fatigue resistant and Type II, fast twitch, muscle fiber types, given their complex and important role
for breathing, swallowing, and communicating [32-35].
Because swallowing and eating require endurance, impaired endurance, or easy fatigability, has
the potential to negatively affect this vital human behavior. An individual’s ability to safely and
efficiently consume a complete meal could potentially be impacted by either declines in swallowing
performance increasing risk for aspiration (i.e. airway invasion) and/or the need to stop prematurely
due to fatigue, thus increasing the risk for malnutrition and impaired quality of life. These
considerable health risks may be amplified in older adults and dysphagic populations in whom
fatigue is common, including those with frailty, peripheral neurological disease (e.g. Myasthenia
Gravis), central neurological disease (e.g. stroke, Parkinson’s Disease), and cognitive impairment
(e.g. Alzheimer’s Disease, dementia). Individuals with psychological disorders (e.g. depression) are
also at risk for meal-related fatigue due to changes in motivation, mood, and appetite [36, 37].
Yet, the relevance of fatigue during swallowing may be underappreciated due to the nature of
how dysphagia is evaluated and diagnosed. Clinical and instrumental evaluations assess a brief
“snapshot” of swallowing performance during a few sips and bites of liquids and foods. Whether
this snapshot is representative of swallowing performance over the course of a full meal is a
frequent source of discussion and speculation among dysphagia researchers and speech-language
pathologists (SLPs), and represents a limitation in dysphagia evaluation and diagnosis [38]. Thus,
while considerable attention has been given to researching the impact of force and pressure
generation of lingual [e.g. 39-41] and pharyngeal [e.g. 39, 42, 43] swallowing musculature, as well
as skill-based physiological parameters [e.g. 44, 45] on dysphagia and dysphagia rehabilitation, the
potential role of fatigue in dysphagia is largely unknown and understudied.
Fundamental questions that need to be answered include how to define swallowing-related
fatigue, and how fatigue affects swallowing physiology and function. Further, it is important to
understand whether swallowing-related fatigue can be quantified to determine thresholds for risk,
and the nature of the relationship between the patient-reported fatigue and measurable fatigability
during swallowing are gaps in current knowledge.
1.3 Swallowing-Related Fatigue: Gaps in Knowledge
To understand the current state of the field of speech-language pathology regarding clinical
perspectives on swallowing-related fatigue, our lab recently conducted a survey of certified SLPs
who evaluate and treat adult dysphagia [46]. We found that 86% (n = 311) of SLPs consider fatigue
to be an important consideration in dysphagia assessment, and 45% reported explicitly evaluating
fatigue during clinical swallowing evaluations. Yet, there was wide variability in how clinicians
defined swallowing-related fatigue, indicating disagreement on fatigue definitions and clinical
markers. Further, the most common methods for evaluating swallowing-related fatigue were
through general, unspecified declines in performance, and via patient report. This lack of specificity
and variability in clinical practice reflect a similar lack of standardization for fatigue definitions and
measurement methods more broadly across clinical fields [47, 48]. Fatigue is difficult to define and
characterize, and its clinical presentations and patient-reported symptoms can vary widely [49].
In treating patients with dysphagia, clinicians may make recommendations such as consuming
smaller, more frequent meals to avoid fatigue, and will consider fatigue during dysphagia treatment
planning, with such modifications as scheduling sessions at times when patients are less likely to be
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tired, and shortening session durations to minimize fatigue effects [50, 51]. In the United States,
this practice is supported by the American Speech-Language-Hearing Association (ASHA), which
recommends assessing the impact of fatigue on swallowing across different assessment modalities
(clinical swallowing evaluations, videofluoroscopic swallow studies (VFSS), and fiberoptic
endoscopic evaluation of swallowing (FEES)), but does not specify guidelines or provide resources
for how SLPs should do so [52]. Clearly, there is a need to establish a common framework for
conceptualizing swallowing-related fatigue to facilitate more accurate identification and
measurement of fatigue in the clinical realm, and to guide future research on swallowing-related
fatigue and its implications for older and dysphagic individuals.
A framework that may be highly useful for defining and characterizing fatigue in the context of
swallowing is that proposed by Kluger, Krupp, and Enoka [53], who outline various factors related
and contributing to fatigue (Figure 1). This framework distinguishes between the subjective
experience of fatigue, or “perceived fatigue”, and measurable changes in performance, or
“performance fatigability” [53]. Factors contributing to perceived fatigue include homeostatic and
psychological factors, whereas performance fatigability may have peripheral or central nervous
system origins. Though presented as a dichotomy, the framework’s developers note that perceived
fatigue and performance fatigability interact with one another (to be discussed in detail later). This
framework will serve as a guide through the existing literature on swallowing-related fatigue, and
facilitate the identification of gaps in current knowledge.

Figure 1 Figure adapted from Kluger BM, Krupp LB, Enoka RM. Fatigue and fatigability in
neurologic illnesses: proposal for a unified taxonomy. Neurology. 2013; 80(4): 409-16,
p. 412. Letters in boxes refer to the following: a) known neuroanatomic sites mediating
this factor; b) normal function of this factor; c) pathologic states involving this factor.
CFS = chronic fatigue syndrome; CVA = cerebrovascular accident; EC = excitation/
contraction; GBS = Guillain-Barre Syndrome; GSD = glycogen storage diseases; MG =
myasthenia gravis; MS = multiple sclerosis; PD = Parkinson diseases; TBI = traumatic
brain injury.
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1.4 Current Study
Understanding perceived fatigue and performance fatigability during swallowing will advance
clinical management of patients with dysphagia by allowing SLPs to identify and properly manage
fatigue-associated risks to swallowing and swallowing-related quality of life. The purpose of this
review is to discuss the role of fatigue in swallowing function and eating behavior in the context of
aging, propose methods for how fatigue may be measured and managed clinically, and outline
implications for future research.
2. Performance Fatigability During Swallowing: Quantitative Changes in Performance
Performance fatigability describes the “magnitude or rate of change in a performance criterion
relative to a reference value over a given time of task performance or measure of mechanical output”
[53]. Both physical (i.e. motor) and cognitive fatigability can be measured, and both may be relevant
to swallowing performance and rehabilitation in elderly adults.
2.1 Effects of Motor Fatigability on Swallowing
Declines in muscle strength with aging have been well established, both in the limbs e.g., [54-56],
and in the swallowing musculature e.g., [57, 58]. This may be related to greater age-related atrophy
of fast-twitch (type II) fibers compared to slow twitch (type I) fibers in humans [59]. However, less
is known about changes in muscle fatigability with aging.
In limb muscle literature, some studies have shown that fatigue resistance is higher in older
adults compared to younger adults [60-62], while others demonstrate similar fatigability across ages
[63-65], or less resistance to fatigue with aging [66-69]. Conflicting findings may be related to
differences in the muscles studied, type of exercise performed (e.g. isometric versus isokinetic), and
varied methods of measuring fatigue [70]. Evidence from the limb muscles can be helpful for guiding
and informing research on swallowing-related fatigue because limb muscle fatigue has been more
heavily studied e.g., [71-73]. However, known differences in muscle composition, morphology, and
function limit generalization of these findings to the muscles used during swallowing [31, 74].
Literature on fatigability during swallowing is sparse, and again, the evidence is mixed [75-80].
To date, studies examining swallowing-related fatigability have primarily focused on changes in
tongue-to-palate strength and endurance of young and old healthy subjects, although fatigability of
suprahyoid musculature involved in upper esophageal sphincter opening has also been studied
during the head-lift exercise [81-83]. While this review focuses on swallowing, vocal fatigability is a
topic that receives significant attention within the field of speech-language pathology e.g., [84-86]
and is mentioned here given the overlapping musculature involved in swallowing and voicing. While
an in-depth review of vocal fatigability is beyond the scope of this article, it is interesting to note
that similar issues with standardization of definitions, terminology, and clinical identification exist
within the field of voice. We direct readers to Welham & Maclagan [87] and Hunter et al. [88] for in
depth reviews of vocal fatigue.
For the purposes of this review, we focus the following discussion on studies that have examined
lingual fatigability over the course of a meal, followed by studies examining lingual fatigability during
intentionally fatiguing exercise tasks.
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Given that swallowing is a sub-maximal task, and the orofacial and pharyngeal muscles used
during swallowing are predominated by slow-twitch, fatigue-resistant type I fiber types, it is
reasonable to expect minimal fatigability of healthy swallowing musculature during a meal. Yet, in
older adults, declines in anterior tongue strength over the course of a meal have been reported [76,
89]. Other studies, however, have found no effect of meal consumption on anterior tongue strength
in older participants [75], and even increases in tongue strength post-meal [79]. Interestingly, the
primary methodological difference between these studies was the type of meal consumed. Both
Kays et al. [76] and Brates & Molfenter [89] used a standardized meal consisting of half of a bagel
with peanut butter, eight baby carrots, and a thin liquid beverage. The food and liquid textures in
this standardized meal are likely more challenging as compared to the meals consumed in studies
finding no declines in anterior tongue strength [75, 79], which used meals consistent with
participants’ normal diets (i.e. less challenging). Across these studies, the only one to find significant
declines in posterior tongue strength or endurance after meal consumption was Kays et al. [76]. A
conclusion that may be drawn from the available evidence is that elderly, non-dysphagic adults are
not at risk for tongue fatigue when eating a meal consistent with their normal diet.
To understand the endurance capacity of the lingual musculature, Solomon et al. [77] had young
healthy participants (n = 8) perform anterior tongue-to-palate presses until they could no longer
sustain 50% of their baseline maximal tongue strength for three consecutive cycles. This fatigue
threshold was reached after an average of 31.5 minutes of performing the task. The goal of this
study was to explore fatigue-related changes in speech, and thus no swallowing parameters were
included as outcome measures. However, the authors found significant differences in perceptual
and acoustic speech parameters after the fatigue task.
Vanderwegen and Van Nuffelen [80] used a similar tongue-to-palate lingual fatigue protocol to
compare differences in anterior and posterior tongue fatigability in healthy adults across three age
groups (20-60 years old, n = 20 and 70+ years old, n = 20). In contrast to Solomon et al., no
participants ever fell below 50% of their baseline tongue pressures (exercise sessions were aborted
after 30 minutes).
In one of the few studies on lingual fatigue in a disordered population, Solomon & Robin [78]
compared endurance and perceived effort during tongue-to-palate exercises between people with
Parkinson’s disease (PD) (n = 16) and healthy adults (n = 16). Perceived effort was significantly higher
in the PD group, and the PD group reached task failure more quickly compared to the healthy group
[78]. Taken together, the results of these studies confirm that the tongue is highly resistant to
fatigue in healthy, non-dysphagic adults, and possibly less so in dysphagic populations.
Another muscle group that potentially plays a role in swallowing-related fatigue is the postural
muscles of the trunk (e.g. external obliques, iliocostalis lumborum pars thoracis, internal oblique,
lumbar multifidus, rectus abdominis, and thoracic erector spinae). In our clinician survey [46], some
SLP respondents (8%; 8/96) reported postural changes as a clinical indicator of fatigue during
swallowing assessments. Postural muscles are activated during upright seated position [90], which
is the conventional eating position and is recommended for optimal safety and ease during
mealtimes [91]. Fatigue of postural muscles has been demonstrated to negatively affect balance
and functional tasks in older people [92]. Yet, the impact of fatigue of postural muscles on
swallowing function is currently unknown and warrants further study.
2.2 Effects of Cognitive Fatigability on Swallowing
Page 20/127

OBM Geriatrics 2021; 5(2), doi:10.21926/obm.geriatr.2102166

A discussion about cognitive fatigability and swallowing/mealtime behavior with age is limited to
the theoretical and anecdotal realms, given that, to our knowledge, this topic has not been
empirically studied. However, the link between cognitive fatigue and swallowing warrants
discussion due to the strong theoretical basis for their association.
In addition to requiring muscular endurance, the act of sitting down to independently consume
a meal requires a minimum threshold of sustained attention and executive functioning if it is to be
performed safely and continuously [93, 94]. Eating a meal is much more than simply chewing and
swallowing. It represents an activity of daily living (ADL). ADLs are necessary, everyday behaviors
and activities that require adequate executive functioning skills to maintain attention, selfmonitoring, self-regulation, and sequencing [95] in relation to homeostatic [96], environmental [97],
and psychological factors [98]. Each of these factors represents a possible opportunity for disruption
to safe and adequate meal consumption.
The importance of cognitive skills for facilitating safe and efficient swallowing is supported by
evidence that dual-task paradigms (i.e. divided attention) can lead to changes in swallowing
performance in healthy older individuals [99] and those with Parkinson’s Disease [100, 101]. It is
also reflected in the common clinical recommendation for patients to avoid distractions (e.g.,
environmental noise, conversation, interruptions) during mealtimes e.g., [102-104].
Executive control has been shown to decrease with aging, as evidenced by structural and
functional neurochemical changes to the frontal lobe [105, 106], with attentional control being an
early and highly affected function [107]. Brain regions that are involved in food processing have
been found to be strongly modulated by attention focus, including the ventral striatum, premotor
cortex, anterior cingulate cortex, insula/frontal operculum, ventrolateral prefrontal cortex and
dorsolateral prefrontal cortex [108]. A comparison of swallowing-related brain activity on fMRI
between young and old healthy adults has demonstrated increased activity across large regions of
the superior and middle frontal lobes in older adults during swallowing, which are cortical areas
associated with tasks requiring attention [109].
Cognitive fatigue refers to the effects of prolonged periods of cognitively demanding activity
requiring sustained mental effort [110]. Cognitive fatigue can manifest as measurable increases in
mental effort, reduced alertness, impaired learning and performance, and stress [111], and also as
a lack of motivation and excitement to initiate or sustain task performance [112].
Cognitive fatigability in older adults has been demonstrated after prolonged attention on
cognitively taxing tasks [113]. In all humans, cognitive resources are limited and must be allocated
effectively and flexibly to adapt to varying cognitive demands. Thus, degraded performance occurs
with increasing task demands [114]. While more “automatic” motor tasks such as walking or
swallowing are considered to be immune to this type of dual-task deterioration in young and/or
healthy individuals [115], increased cognitive demands have been shown to degrade motor
performance in older adults [116] and those with neurological impairment/disease [117, 118], due
to reduced cognitive resources to begin with, and requirement for more cognitive resources on
tasks than would be used by young and/or neurologically healthy individuals. It is possible that the
cognitive demands of everyday life may induce fatigue that affects mealtime behavior and/or
swallowing performance in older adults and those with neurological disease, including individuals
who suffer depression or other psychological disorders [119]. Mental weariness could result in a
lack of motivation to complete a meal and could lead to declines in swallowing performance due to
fatigue-induced changes in cognitive functions required for the deglutition process. Risks of
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cognitive fatigue may be magnified in dysphagic populations who have cognitive impairment (e.g.
Alzheimer’s Disease, dementia, Parkinson’s Disease) and in those who practice recommended
feeding strategies and postural maneuvers during meals that may further tax the cognitive system
(e.g. performing a chin tuck with every swallow).
The potential relevance of cognitive fatigue further extends to the area of swallowing
rehabilitation since therapeutic swallowing exercise programs are often rigorous and require
multiple daily sets of varying swallowing exercises. Clinical recommendations often specify that
patients should not perform swallowing exercises before meals. In addition to physical fatigue, it is
possible that these exercises induce cognitive fatigue that further places patients at risk for impaired
swallowing performance. Cognitive fatigue has been demonstrated to degrade neuromuscular
performance in older adults [120, 121], therefore effects of cognitive fatigability on motor
fatigability of the swallowing mechanism may reduce exercise effectiveness in older patients.
3. Perceived Fatigue During Swallowing: Subjective Changes in Performance
Self-perceived fatigue refers to a person’s subjective experience of fatigue, and is best described
as a symptom [49, 53]. Fatigue is one of the most common symptoms reported by older adults [47],
and self-report is one of the most common methods used by SLPs to identify swallowing-related
fatigue, as we have found in a recent clinician survey [46].
There are many available scales and questionnaires that target generalized self-perceived fatigue
(e.g. Fatigue Questionnaire [122], Fatigue Severity Scale [123], Multidimensional Assessment of
Fatigue Scale [124]), though the operationalization of this symptom varies across scales [125].
Further, clinicians lack standardized methods for defining and identifying self-perceived fatigue [49].
The SWAL-QOL is a validated scale designed to assess dysphagia-related quality-of-life, and includes
questions related to fatigue and sleep [126]. However, the creators of this scale note that the
fatigue- and sleep-related items are not dysphagia-specific, and are rather designed to capture
general quality-of-life factors. Therefore, when patients complain of swallowing-related fatigue, the
specific and individualized characteristics of this symptom and how it impacts swallowing and eating
experience remains unknown. For example, it is unclear how a sensation of tired masticatory
muscles during chewing differentially impacts swallowing and eating compared to feelings of
weariness or lack of motivation to eat, and which populations are at heightened risk for each. In
order to better understand these factors, swallowing-related fatigue should be investigated with
respect to the various dimensions that are traditionally used to characterize clinical symptoms such
as pain (e.g. chronology, location, quality, quantity, setting, aggravating or alleviating factors, and
associated manifestations) [127].
4. Relationship between Performance fatigability and Perceived Fatigue During Swallowing
Measurable fatigue during performance has not been found to be consistently correlated with
the subjective experience of fatigue [128, 129]. In fact, some studies show that young adults, despite
having better resistance to fatigability, report higher levels of fatigue than older adults [130, 131].
This may be related to the way individuals self-regulate and control output to stay within a tolerable
range of self-perceived fatigue [128]. For example, an individual with a low fatigability threshold
(possibly due to functional impairment) may limit physical output and thus will not reach significant
levels of perceived fatigue, whereas an individual with high functional capacity may not restrict
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physical output and will reach higher levels of perceived fatigue. In the context of swallowing and
mealtime behaviors, this may be reflected in food texture and consistency choices, meal
preparation time and effort, meal size, and/or meal duration.
A lack of correlation between perceived fatigue and fatigability is also demonstrated in patient
populations including stroke [132], myasthenia gravis [133], muscular dystrophies [134], and
peripheral neuropathy [134], with patients experiencing fatigue symptoms in the absence of
significant measurable fatigue [132-134]. In patient populations, the relationship between these
two constructs is complicated by mood and/or psychological conditions related to disease and
disability [135], and patients may have difficulty distinguishing between muscle dysfunction due to
neurological impairment (e.g. hemiparesis following stroke) versus fatigue symptoms [136]. The lack
of correlation between fatigue and fatigability highlights the importance of normalizing measures
of self-perceived fatigue to the activity context in which fatigue is experienced and to the specific
population of interest.
The exercise physiology literature suggests that measures of self-perceived fatigue, or “sense-ofeffort” can be exploited for the purposes of maximizing muscle hypertrophy. Burd et al. [137]
compared rates of protein synthesis when healthy subjects performed a leg extension exercise at
varying loads (i.e. high load: 90% maximum capacity and low load: 30% maximum capacity) either
for a fixed number of repetitions (normalized to load) or until volitional failure (i.e. fatigue
threshold). They found that four hours post-exercise, myofibrillar protein synthesis showed a
significant and similar response across the two loading conditions when performed to volitional
failure, but at 24 hours post-exercise, the protein response was only sustained when the low load
(30% of maximum) was performed to volitional failure. A dose-dependent (repetitions x load) effect
was seen when repetition rate was fixed. These findings suggest that exercise performed to
perceived fatigue is effective for inducing muscle hypertrophy, and lower loads (which can be
performed for more repetitions before failure) may be superior to high loads for targeting increased
force generation.
The neurophysiological basis for these findings is that, as a muscle fatigues, smaller motor units
(innervating Type I slow-twitch, fatigue resistant fibers) cease firing, and larger motor units
(innervating Type II fast-twitch, less fatigue-resistant fibers) have to be recruited if the person is to
maintain force output [138]. It has been proposed that muscle adaptation is driven by maximum
motor unit recruitment and contractile failure [139]. This may be optimally achieved using low-tomoderate loads at high repetitions, to allow time for failure of fatigue-resistant Type I fibers and
subsequent recruitment of Type II fibers, which are more responsive to muscle hypertrophy [140].
The translation of this evidence to swallowing exercise protocols may be highly useful, given that
for many exercises targeting the oropharyngeal musculature, an estimation of load is not practical
or feasible in clinical settings, or in prescribed home-based regimens. This problem, and the
associated dearth of evidence on optimal dosage for swallowing exercises, likely contributes to the
high variability seen in swallowing exercise dosage recommendations [141]. Instead of prescribing
a fixed dosage, having patients perform swallowing exercise repetitions until they reach their
fatigue threshold (e.g. by using sense-of-effort scales) may improve standardization and tracking of
exercise progress, enhance individually-tailored exercise programs, and better facilitate muscle
hypertrophy to improve swallowing outcomes. However, much more evidence is needed to
understand the role of self-perceived fatigue thresholds in swallowing rehabilitation and treatment.
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5. Clinical Implications and Future Directions
Fatigue is a term that is commonly used to describe patient performance and/or subjective
experience in the evaluation and management of dysphagia. Given the established association
between fatigue and many dysphagia-causing diseases/disorders, SLPs and their professional
associations such as ASHA are justifiably aware of and concerned about the potential impact of
fatigue on swallowing performance and mealtime behavior. However, there is minimal agreement
on and understanding of what constitutes swallowing-related fatigue, how it is identified and
measured, who is at risk, and its impact on swallowing function, overall health, and quality of life.
In this review, we have proposed the application of a dichotomous framework [53] for
conceptualizing swallowing related fatigue: performance fatigability and self-perceived fatigue
symptoms. Given the broad scope of the term “fatigue” and the complexity of what it can describe,
we believe that approaching future study and conceptualization of swallowing-related fatigue
through this lens is optimal for clearly identifying gaps in current knowledge and designing
experimental approaches for resolving them. Figure 2 illustrates a modification of this framework
specifically for swallowing-related fatigue, which includes a subset of possible functional changes
associated with swallowing-related fatigue that require further study (b). The clinical implications
and future directions for each will be discussed in turn, beginning with performance fatigability of
the muscles used in swallowing.
Swallowing-Related Fatigue

Performance
Fatigability

Peripheral Factors
a.

Muscles, nerves, and
glycogen stores

b. Impaired
Loss of muscle
lingual,force
secondary to
energy
pharyngeal,
laryngeal
depletion
of EC
and/or
respiratory
coupling
muscle
contractility
and endurance
c. Myopathies, MG,
GSD, GBS

Central Factors
a.

Domain-specific
cortical and
subcortical networks
b. Deficits in central drive,
b. changes
Domain-specific
in motor
task-failure
cortex
excitability,
secondary
to
reduced
attentional
dysfunction
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resources,
increased
cognitive networks
(compensatory)
cortical activation
c. MS, TBI, CVA, PD,
other dementia

Perceptions of
Fatigue

Homeostatic Factors

Psychological Factors

a. Hypothalamus

a. Frontal lobes

b.b.Appetite
regulation,
Central regulation
sensation
muscle
of activityof
based
fatigue,
increased
on energetic,
sense
of effort,and
inflammatory,
circadian
rhythm
neural feedback
disruption
c. Unknown, possibly
PD, hypothalamic
lesions

b.b. Mood
Motivation
and to eat,
social mealtime
motivational
experienceon
and
influences
engagement,
arousal,
feelings
of fatigue
expectations,
familiarity
c. Depression, CFS,
possibly PD

Figure adapted from Kluger BM, Krupp LB, Enoka RM. Fatigue and fatigability in neurologic illnesses: proposal for a unified taxonomy.
Neurology. 2013;80(4):409-16, p. 412. Letters in boxes refer to the following: a) known neuroanatomic sites mediating this factor; b) possible
factors associated with swallowing-related fatigue; c) pathologic states involving this factor. CFS = chronic fatigue syndrome; CVA =
cerebrovascular accident; EC = excitation/ contraction; GBS = Guillain-Barré syndrome; GSD = glycogen storage diseases; MG = myasthenia
gravis; MS = multiple sclerosis; PD = Parkinson disease; TBI = traumatic brain injury.

Figure 2 Figure adapted from Kluger BM, Krupp LB, Enoka RM. Fatigue and fatigability in
neurologic illnesses: proposal for a unified taxonomy. Neurology. 2013; 80(4): 409-16,
p. 412. Letters in boxes refer to the following: a) known neuroanatomic sites mediating
this factor; b) possible factors associated with swallowing-related fatigue; c) pathologic
states involving this factor. CFS = chronic fatigue syndrome; CVA = cerebrovascular
accident; EC = excitation/ contraction; GBS = Guillain-Barre Syndrome; GSD = glycogen
storage diseases; MG = myasthenia gravis; MS = multiple sclerosis; PD = Parkinson
diseases; TBI = traumatic brain injury.
5.1 Performance Fatigability: Implications for Swallowing and Future Directions
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Though limited, the current evidence on swallowing muscle fatigability suggests that lingual
endurance is very high in non-dysphagic individuals, though the anterior tongue may be more
vulnerable to fatigue over the course of a meal in older adults. However, the scope of this conclusion
is narrow, and, until further study, its clinical significance is unclear. Some evidence exists to suggest
a limited association between anterior tongue strength and functional [142] or physiological
swallowing outcomes [143]. Further, it is possible that other muscle groups involved in swallowing
(i.e. respiratory, pharyngeal, and/or laryngeal muscles) fatigue before the tongue, resulting in very
different consequences to swallowing performance. Imaging studies (e.g. using videofluoroscopy)
are needed to investigate whether fatigue-induced changes are manifested as impaired swallowing
function (such as aspiration and/or residue) or physiological changes in the pharynx (such as
changes in measures of pharyngeal timing and/or extent of structural movement). Research on the
effects of respiratory muscle fatigue (i.e. diaphragm, intercostal, and abdominal muscles) on
respiratory-swallow patterning is also warranted. Fatigue could potentially disrupt the precise and
crucial coordination of swallowing and breathing that is needed for airway protection during
swallowing, particularly in populations that demonstrate aberrant respiratory-swallow coordination,
such as Parkinson’s Disease [144]. Logemann [145] recommended using a “stress test” involving
videofluoroscopic observation of pre- and post-meal swallowing performance if fatigue is suspected.
This method may be useful for identifying swallowing-related fatigue and its consequences, though
there is a need for specification and standardization of criteria for “suspected fatigue”, stress test
protocols for optimally inducing fatigue, and quantifiable measures for confirming its occurrence.
As illustrated in Figure 2, performance fatigability can be caused by central or peripheral nervous
system factors. It is important to distinguish between failures arising centrally versus peripherally
as these have different etiologies and implications for rehabilitation. Yet, behavioral tasks such as
stress-test protocols or maximal voluntary contractions (MVCs) during tongue-to-palate presses do
not allow for distinction between these mechanisms. Solomon [78] has proposed that increased
sense-of-effort ratings during tongue presses in adults with Parkinson’s Disease may reflect central
fatigue processes, given the central pathophysiology of this disease. Etiological information may
serve as a helpful starting point for understanding factors involved in swallowing-related muscle
fatigue, and muscle groups most at risk for fatigue during swallowing. Looking further,
understanding how effects of cognitive fatigability, such as declines in sustained attention, relate to
and interact with swallowing performance during a meal, may also help to tease apart central verses
peripheral fatigue mechanisms. More research is needed to test these relationships.
The need for quantitative evidence of swallowing-related performance fatigability presents a
scientific challenge due to the difficulty of directly measuring fatigue in the pharyngeal, laryngeal,
and respiratory musculature. Traditional direct assessment of external skeletal muscle fatigue (e.g.
by measuring force output on MVCs or using surface or intramuscular electrodes) is not feasible or
ethical for internal application in live human subjects. Use of animal models is a compelling
alternative, as is the application of indirect measures of fatigue (e.g. measurement of endurance
time or electroencephalogram (EEG) readings). High resolution pharyngeal manometry [146, 147]
could also be used to capture changes in pharyngeal pressures as a proxy for fatigue processes.
Lastly, quantitative changes in swallowing biomechanics may be compared to measures of selfperceived fatigue, as has been done previously to understand lingual fatigue in non-dysphagic
individuals and those with Parkinson’s Disease [78].
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Although surface electromyography (sEMG) has previously been used to measure swallowingrelated fatigue [75, 81, 83], we caution against this application for two reasons. First, as mentioned,
the external placement of sEMG electrodes may not fully capture muscle activity in all the
submental musculature used during swallowing (including mylohyoid, geniohyoid, anterior belly of
the digastric, and genioglossus), and activation patterns of these submental muscles may vary
across individuals [148]. Second, a causal relationship between sEMG output and muscle fatigue is
a subject of debate [73]. Studies that pool data across participants have shown that sEMG
amplitudes gradually increase across repeated or sustained submaximal contractions [149, 150].
This may be explained by a rise in excitation rates and recruitment of a greater number of muscle
fibers to maintain intensity as fatigue occurs [73]. Yet, within-subject data has shown that sEMG
amplitudes in limb muscles may rise, fall, or stay the same as a muscle fatigues [151, 152]. This
variable sEMG activity has also been observed in head and neck muscles (suprahyoid, infrahyoid,
and sternocleidomastoid) during a head-lift exercise [83], with one of five subjects demonstrating
large increases in mean frequency rates over the duration of the fatiguing task. This participant was
excluded from analyses in this study by White et al. [83] due to these unexpected findings. Because
sEMG amplitude represents neural activation (i.e. central fatigue processes), any mechanisms of
fatigue occurring within the muscle itself (i.e. peripheral fatigue), which occur after the electrical
activation that is registered on sEMG, will not be captured. Thus, between-person variability in
mechanisms for fatigue, and variable changes in rate of force changes or muscle length during a
given exercise task will result in variable fatigue-related sEMG readings. While this may prove useful
for understanding central fatigue mechanisms only (and should be explored further), sEMG may not
accurately reflect fatigue-induced changes in force output [73].
5.2 Perceived Fatigue: Implications for Swallowing and Future Directions
Our review of perceived fatigue has thus far focused on methods used to capture and assess
fatigue symptomology, and its relationship to performance fatigability. In figure 2, we propose
possible homeostatic and psychological factors that may contribute to the experience of swallowing
and mealtime fatigue that represent areas for future study. The need to understand these factors
highlights the complex and multidimensional nature of fatigue, which is represented in Figure 2 with
bidirectional arrows between each factor within performance fatigability and perceived fatigue
domains. Swallowing-related fatigue must be contextualized within the entire mealtime experience,
given the interaction of homeostatic (e.g. hunger) and psychological factors (e.g. mood, motivation)
to an experience of fatigue during swallowing. When a patient complains of fatigue during
swallowing, there is more to consider than, for example, localized endurance of the lingual
musculature. This complexity underscores the relevance of fatigue to the evaluation of dysphagia,
which must consider patients holistically, beyond their ability to take a few sips of liquid without
aspirating during a brief assessment.
There is a need to establish prevalence and characteristics of perceived swallowing-related
fatigue with aging and across different dysphagic populations. Additionally, it is critical to
understand the relationship between perceived swallowing-related fatigue and outcomes related
to health, nutrition status, frailty status, and quality of life. This information will be useful for the
development of much needed valid, swallowing-specific fatigue scales. Research into perceived
fatigue should consider the proposed homeostatic and psychological factors proposed in Figure 2,
Page 26/127

OBM Geriatrics 2021; 5(2), doi:10.21926/obm.geriatr.2102166

such as how the mealtime social environment, arousal, mood, and appetite, contribute to feelings
of fatigue reported by dysphagic patients. In addition to mealtime adequacy, safety, and health,
these are issues that impact quality of life, which is central to the clinical rehabilitation and
management of swallowing disorders.
Measures of perceived fatigue (e.g. sense-of-effort scales) should also be used to understand the
relationship between perceived swallowing-related fatigue and performance fatigability under
imaging, which may help to identify cut-off criteria in sense-of-effort for functional risk. The utility
of sense-of-effort scales in swallowing exercise should also be explored to understand whether this
can be used to standardize and optimize swallowing rehabilitation protocols.
6. Conclusions
SLPs who evaluate and treat swallowing disorders are trained to consider swallowing
performance (i.e. adequate strength, skill, and coordination of the swallowing system to result in
safe and efficient bolus passage), within the multidimensional, individualized, and nuanced context
in which swallowing occurs. This includes a patient’s overall health status and comorbidities, quality
of life, personal preferences, cultural norms, and the mealtime context (and associated social
context). Fatigue is only one aspect of this complex picture, but may play a role at every level of the
swallowing and eating process. As we have discussed in this review, performance fatigability (in
both motor and cognitive domains) and perceptions of fatigue are thus relevant to safe, effective,
and optimal dysphagia management and rehabilitation, yet need to be further clarified through
future study. More immediately and urgently, the establishment of a shared understanding and
definition of swallowing-related fatigue, that is recognized and supported by official guidelines, is
needed for dysphagia clinical care, both within the field of Speech Language Pathology and across
disciplines working with this population. This shared framework will improve awareness and
agreement on issues related to fatigue and its role in dysphagia evaluation and management, and
will provide a much-needed foundation for future study in this area.
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Abstract
The United Kingdom’s (UK) older population is higher than the global average. Over the next
20 years, England will see an increase in the number of older people who have higher levels
of dependency, dementia, and comorbidity many of whom may require 24-hour care.
Currently it is estimated that 70% of residents in nursing and residential care homes either
have dementia on admission or develop it whilst residing in the care home. The provision of
high-quality care for this population is a challenge with a lack of consistency in the provision
of primary care and specialist services and a known gap in knowledge and skills. The NHS Long
Term Plan aims to move care closer to home and improve out of hospital care which includes
people who live in care homes by introducing Enhanced Health in Care Homes (EHCH).
However, such services need to be equipped with the correct skill mix to meet the needs of
the care home population. Admiral Nurses are specialists in dementia care and are well placed
to support the delivery of EHCH and improve access to specialist support to care home
residents, their families, care home staff and the wider health and social care system. This
paper discusses current gaps in service provision and how both the EHCH framework, and the
inclusion of Admiral Nurses, might redress these and improve outcomes.
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1. Background
1.1 Ageing Population
People aged over 80 years old equate to 15% of the world’s total population [1]. This increase in
the proportion of older people has major health, social care and economic implications [1]. The
United Kingdom’s (UK) older population is higher than the global average, in 2017 approximately
18% of the UK population were aged 65 years or over and this figure is projected to grow to almost
21% by 2027 [2]. Projections suggest that in 50 years’ time there will be an expected additional 8.6
million people over 65 years old in the UK [2]. It is also predicted that the number of people aged
over 85 will increase to 3.5 million by 2043 equating to 5% of the total UK population. It is important
that health and care systems adapt and respond to meet this changing demographic to better
manage resources and consider interventions which both prevent and manage chronic conditions
that are inevitable in an ageing population [3].
Older people often have complex health and social care needs and have an increased risk of
developing dementia [4]. On average people living with dementia are likely to have 4.6 chronic
conditions besides dementia [5], other studies indicate that 61% of people with dementia have at
least three comorbid conditions [6, 7]. Comorbidities can include conditions such as chronic
obstructive pulmonary disease, chronic cardiac failure, hypertension, diabetes, sensory impairment,
vascular or heart disease and musculoskeletal disorders and depression [8-11]. Over the next 20
years, England will see an increase in the number of older people who have higher levels of
dependency, dementia, and comorbidity [12]. Whilst dementia is not a normal nor inevitable part
of ageing [13], age is the greatest risk factor of developing dementia therefore as the population
ages the number of people living with dementia is set to rise [4].
1.2 Dementia
It is estimated that there are 885,000 people in the UK living with dementia and numbers are
projected to increase by 80% to 1.6 million people by 2040 [14]. Dementia is an umbrella term used
to describe a syndrome with a group of symptoms that are characterised by memory loss,
behavioural changes, and loss of cognitive and social functioning caused by progressive neurological
disorders [15]. There are over 200 subtypes of dementia, but the most common are Alzheimer's
disease, vascular dementia, Lewy Body disease, mixed dementia (often a combination of
Alzheimer's and Vascular) and Frontotemporal dementia [16]. Although the majority of people with
dementia live in the community approximately one third of people with dementia live in care homes
[17]. It is estimated that 70% of residents in nursing and residential care homes either have
dementia on admission or develop it whilst residing in the care home [17, 18], which equates to an
estimated 311,730 people with dementia residing in UK care homes [17].
1.3 Care Homes
Page 38/127

OBM Geriatrics 2021; 5(2), doi:10.21926/obm.geriatr.2102167

Care homes in the UK are categorised as either nursing or residential care homes. Nursing homes
offer on-site 24-hour nursing care and support for activities of daily living (ADLs), whereas
residential care homes offer 24-hour care to support ADLs, with any nursing needs met by external
National Health Service (NHS) community nurses [19-21]. All care homes in the UK are monitored
by regulatory bodies within each of the devolved nations to ensure they meet the prescribed
standards of care [22].
The provision of high-quality care for the care home population is an international challenge for
the sector [23]. Older people admitted to all types of care homes are often frail and have complex
needs [24, 25], such as, higher levels of dependency, cognitive impairment, distressed behaviours,
multimorbidity, subject to polypharmacy and are frequent users of NHS resources [26]. As a result,
they are more likely to be approaching the end of their lives. A study by Kinley et al. [27] found that
56% of older people admitted to UK care homes died within the first year with the average life
expectancy being 24 months for residential care homes without nursing and 12 months for nursing
homes [28]. UK care homes, even those providing nursing care, are reliant on NHS primary care
services to review the medical and nursing needs of residents, and to access specialist services.
2. Enhanced Health in Care Homes
People living in care homes should expect the same level of support as if they were living in their
own home. In 2019 the NHS published its Long-Term Plan, which aims to deliver care closer to home
and improve out of hospital care [29] which included a framework to provide better support to care
home populations through one of the strands of work within the Ageing Well programme of the
Long-Term Plan. NHS England & NHS Improvement [30] propose that to achieve this requires
collaborative working between health and social care, third sector and care home partners and have
developed a model of Enhanced Health in Care Homes (EHCH). The EHCH model strives to move
away from traditional reactive models of care delivery towards proactive care which centres on the
needs of individual residents, their families and care home staff [30]. The EHCH model will be
delivered through Primary Care Networks (PCN), the key building blocks of the NHS Long-Term Plan
that bring together general practices to support integration of health and care systems [29]. The
EHCH framework aims to deliver healthcare across seven key areas (See table 1) which include;
enhanced primary care support; multi-disciplinary team (MDT) support; high quality palliative and
end-of-life care; dementia care and workforce development [30].
Table 1 Core elements and sub elements of refreshed EHCH model (adapted from [30]).
Care element

Sub-element

1. Enhanced primary care support

•

•
•
•
•

Each care home aligned to a named
PCN,
which
leads
a
weekly
multidisciplinary ‘home round’
Medicine reviews
Hydration and nutrition support
Oral health care
Access to out-of-hours/urgent care
when needed
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2. Multi-disciplinary team (MDT) support •
including coordinated health and social care
•
•
•
•

3.Falls prevention, Reablement,
rehabilitation including strength
balance

and •
and •
•

Expert advice and care for those with
the most complex needs
Continence
promotion
and
management
Flu prevention and management
Wound care – leg and foot ulcers
Helping professionals, carers, and
individuals with needs navigate the
health and care system
Rehabilitation/reablement services
Falls, strength, and balance
Developing community assets to
support resilience and independence

4. High quality palliative and end-of-life care, •
Mental health, and dementia care
•
•

Palliative and end-of-life care
Mental health care
Dementia care

5.
Joined-up
commissioning
and •
collaboration between health and social
care
•

Co-production with providers and
networked care homes
Shared contractual mechanisms to
promote
integration
(including
Continuing Healthcare)
Access to appropriate housing options
Training and development for social
care provider staff
Joint workforce planning across all
sectors
Linked health and social care data sets
Access to the care record and secure
email Better use of technology in care
homes

6. Workforce development

•
•
•

7. Data, IT and technology

•
•

This paper will now discuss how the model of Admiral Nurse case management can support PCNs
in achieving the ambition for EHCH.
3. Admiral Nurse Case Management
Admiral Nurses are specialist dementia nurses who, through a biopsychosocial case management
approach recognise the interactions between biological, psychological, and social factors that
influence wellness and disease [31]. Case management enables the Admiral Nurse to work across
health and social care systems to deliver clinical support to families affected by dementia who have
complex needs. The Admiral Nurse model aims to deliver case management across the life course
of dementia [32] from peri diagnosis to end-of-life and then through to post bereavement support
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of family members (Figure 1) and can be adapted to support people with dementia (and their
families and care staff) in which ever setting they may find themselves. Admiral Nurses adopt a
range of strategies, approaches and interventions to meet the holistic needs of families affected by
dementia. The person-centred approach to dementia care [33] is one of the cornerstones of their
practice whilst recognising and supporting the relationships that surround the person with
dementia. Family focused (relationship centred) interventions embrace shared decision-making,
while also maintaining and supporting autonomy in the person with dementia for as long as is
possible [34]. In more recent years the relationship-centred model of care has become more
prominent with the emergence of triadic perspectives of care that include the person with dementia,
their families and carers, and the professionals that care for them [35, 36]. Relationship-centred
care is a model advocated for the care home setting in which people receive care in an enriched
environment encompassing not only the relationships between residents, their families and carers
and care home staff, but extends to the relationships between the care home and wider health and
social care system [37].

Page 41/127

OBM Geriatrics 2021; 5(2), doi:10.21926/obm.geriatr.2102167

Figure 1 Admiral Nurse interventions across NHS England Dementia well pathway.
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Therefore, as well as working directly with families affected by dementia with complex needs,
Admiral Nurses provide consultancy and support to generalist colleagues through education,
supervision and mentorship to enable the best possible dementia care. Consultancy requires close
working and collaboration with all stakeholders and care providers to deliver comprehensive care
for the whole family. A case management approach ensures expertise from all areas is harnessed
and care delivered in a consistent, efficient and cost-effective way [38, 39]. The Admiral Nurse ABC
model of case management applied to MDT or PCN locality working seeks to integrate health and
social care services as well as those provided by the private and charity sectors to support families
affected by dementia, wherever the person with dementia may reside (see figure 2) [40].

Figure 2 ABC Model applied to MDT or PCN locality working [19].
Currently there is little consistency in the way care is delivered in to care homes due to
fragmented commissioning and so may often be driven by crisis management [41-43]. Care homes
are reliant on NHS primary care services to review the often-complex medical needs of residents,
and to access specialist services [29]. However, access to general practitioners (GP) and specialist
healthcare service varies considerably [44], with some GP practices offering regular ward rounds
alongside as required visits, whilst others only visit when requested [45]. Evidence suggests that for
many primary and secondary health services the provision of support to care homes has not been
seen as a priority [44]. The EHCH approach offers an opportunity to redress this inequity by offering
a model of best practice for commissioners, healthcare providers and stakeholders to follow and
reflects the proactive and integrated approach that is central to Admiral Nurse case management.
An adaptation of the Admiral Nurse ABC model integrated into EHCH could affect positive outcomes
against the EHCH framework [30] (see figure 3). This paper now highlights some of the expected
outcomes that Admiral Nursing within an EHCH framework could impact positively upon.
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Figure 3 The ABC Model of Admiral Nursing model applied to Enhanced Health in Care
Homes.
4. Identification and Diagnosis of Dementia
The National Institute of Health and Clinical Excellence (NICE) dementia guideline [46]
recommends people thought to have dementia should receive timely access to an assessment with
several benefits identified, such as, access to early interventions and management for comorbidities [47]. However, dementia diagnosis rates in care homes are known to be particularly
poor [18]. It is recognised that this may be in part due to skills and resource gap in primary care and
within care homes which can negatively impact the recognition of dementia symptoms, and
subsequent access to assessment and diagnosis [18]. Although, conversely, some professionals still
question whether there is actually any value in a diagnosis of dementia at all [18, 48]. Consequently,
Admiral Nurses can educate, advise and support care home staff and primary care colleagues to
identify symptoms, support screening and coordinate dementia assessments both within primary
care and through onward referral to specialist memory assessment services. As a consequence of
improving identification and diagnosis of dementia in care home residents, the person with
dementia, their families and care home staff can be enabled to consider pre-emptive decisionmaking and setting goals of care [49]. Similarly, the dementia diagnosis can inform the treatment
and management of other comorbid conditions which can reduce the risk of avoidable hospital
admissions and improve quality of life [50].
5. Preventable Hospital Admissions
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Dementia is a life-limiting, progressive condition for which there is no cure [51] and is now the
leading cause of death in England and Wales [52]. Historically, most people with dementia have died
in acute hospitals, however, this is changing with approximately 58 % of such deaths now being in
care homes [53]. Whilst this may be seen as a positive step forward and evidence to suggest people
are dying in their preferred place of death, there are still a high number of emergency hospital
admissions of people with dementia in their last year of life, rising significantly in the months before
death [54, 55]. This is due to a lack of direct preventative interventions in the care homes in
managing both multimorbidity and intercurrent conditions [51]. Multimorbidity, frailty and
dementia represents the most common ‘disease pattern’ found among the care home population,
characterised by a complex interaction of each [51]. People with dementia do not always have their
comorbid conditions managed as well as those without dementia, which often leads to a high
number of hospital admissions with longer lengths of stay and greater treatment costs [56]. They
are also less likely to have access to the usual primary care services and resources available to other
community dwelling older people [57]. Admiral Nurse case managers can support care home staff
and the primary care team to manage and monitor comorbid conditions or any intercurrent acute
condition superimposed on dementia to reduce any avoidable hospital admissions. This may involve
several interventions by the Admiral Nurse, for example, educating care home staff and the wider
MDT to understand the interplay of dementia with other physical conditions and support
differentiating between conditions, such as, dementia, delirium and depression, so enabling
speedier and more appropriate access to community based care and treatment and avoid escalation
[58].
Similarly, they can offer support and guidance on prognosis and the trajectory of dementia which
may reduce inappropriate and burdensome transitions to hospital which often result in poorer
quality end-of-life care [59]. There is evidence to suggest that people in the advanced “terminal”
stages of dementia are often exposed to overly aggressive, burdensome or futile treatments and
consequently there is a need for expertise in dementia care at end-of-life [60]. Such hospital
admissions may be reduced or prevented if swift action is taken when a resident deteriorates and
therefore enable access to timely treatment or symptom control in the care home setting [41, 51].
Therefore the inclusion of Admiral Nurse within EHCH may support pre-emptive discussions and
decision-making.
6. Advance and Anticipatory Care Planning for End-of-Life
NICE dementia guidelines [46] recommend a palliative care approach to dementia, commencing
at the point of diagnosis through to end-of-life [46]. A palliative care approach regards dying as a
normal process and aims to provide the best possible quality of life until death for the person with
the terminal condition [61, 62]. Essential to a palliative approach is pre-emptive care and a timely
recognition of the dying phase and avoiding unnecessarily burdensome treatments [63, 64].
The European Association of Palliative Care (EAPC) white paper proposed a series of domains
and recommendations for palliative care in relation to people with dementia [64] and one domain
centred on advance care planning (ACP). ACP is a process that supports adults at any age or stage
of health in understanding and sharing their personal values, life goals, and preferences regarding
future medical care. The goal of ACP is to help ensure that people receive care that is consistent
with their values, goals and preferences during serious and chronic illness [65]. However, supporting
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the development of an ACP directly with the person with dementia will depend upon their capacity
to do so.
The point in the life course of the disease ACP is offered is important and the sooner after
diagnosis, the better [51, 66]. There are several barriers to ACP for people with dementia [43] and
few have an ACP in place when they move into a care home when many are in the advanced stages
of in the disease and may have already lost capacity [67, 68]. Thus, ACP moves more to a shared
decision-making approach involving families and in supporting best interests’ decisions [66]. There
is often a reliance on substitute or proxy decision-makers, usually family members who participate
in decision-making on behalf of those who are no longer able to make decisions for themselves in
relation to their financial and/or health and care needs [69] whom play an important role in end-oflife decision-making [70].
Whilst there has been focus on the potential benefits of ACP for people with dementia [39, 7173], there has been limited focus on meeting the support needs of substitute or proxy decisionmakers [70, 72, 74]. Decision-making on behalf of a person with impaired capacity can be an
emotional and burdensome process [75], therefore to ameliorate some of these challenges for
families and care staff alike Admiral Nurses can offer skilled facilitation of ACP, anticipatory care
planning and support shared decision-making by adapting their communication and approach
according to each family’s needs [76] alongside supporting care home staff and other healthcare
professionals to determine the most appropriate options to consider.
7. Differential Diagnoses
As discussed earlier, when a person experiences memory loss or other features that might
indicate the development of dementia, this requires assessment. There are several other conditions
that can mimic symptoms of dementia, such as, vitamin deficiencies, infections, delirium,
depression and metabolic disorders-which may be reversible and should be ruled out at an early
stage [58, 77]. As well as ensuring any reversible causes of a person’s symptoms are identified, it is
also important to distinguish between the “3D’s”: dementia, delirium and depression which a
person may be experienced singularly or concurrently at any one time [58]. These are all serious
conditions that are common in older people and have similar presentations, which may lead to each
condition going undetected and untreated [78, 79]. Equally, these conditions occur more frequently
in the care home population [80-82]. Stewart et al. [82] report high levels of unmet need in respect
of these conditions with high levels of behavioural symptoms and psychotropic medication use. The
Admiral Nurse could not only support care home staff and primary care teams to enable a
differential diagnosis between dementia, depression and delirium and expedite treatment
pathways [56] for each but also support better assessment, treatment and management of
behavioural symptoms and thus avoid inappropriate use of antipsychotic medications [58].
8. Dementia and Comorbidities
Left untreated and unmanaged comorbid conditions can cause pain, distress and worsening
health [51]. Equally, dementia and comorbidities can interact with one another causing either
complication with treatment or an acceleration or exacerbation of one or more of the individual
diseases [10, 11, 77, 83]. For example, a person may have both dementia and diabetes; poorly
managed blood sugar levels can impact on cognition and cognition can impact upon a person ability
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to manage their diet and treatment regimens. However, it is suggested that the recognition of
symptoms and subsequent diagnosis of comorbidities experienced by people with dementia is
underestimated due to the difficulties people living with dementia may have in communicating any
new symptoms [83]. Similarly there is a propensity to attribute any symptoms to a known, existing
condition, an effect called “diagnostic overshadowing”, whereby symptoms are attributed to one
condition as opposed to being seen as an interaction with other comorbid conditions or indeed the
manifestation of a new condition [77, 84]. An example of such diagnostic overshadowing is often
seen when a person with dementia becomes distressed, and changes in behaviour being solely
attributed to a worsening or progression of dementia as opposed to considering other possible
causes such as for example pain, delirium or depression. Admiral Nurses are able to guide care home
staff and other health professionals to consider differential diagnoses and suggest assessments,
interventions and treatments that can reduce the negative effects that residents may be
experiencing and moreover improve their quality of life [85].
9. Communication and Resource Utility
As previously discussed, the overarching philosophical approaches to care in care homes are
those of relational [37] and person-centred models [33] which seek to meet the holistic needs of
both residents and embrace family members [86]. This differs from other areas of healthcare which
may be more readily sited within a biomedical model of care with the primary focus being on the
health needs of the ‘patient’ as opposed to the ‘resident’ [87]. There is evidence to suggest that
doctors are more likely to make decisions based on the functional status of the patient rather than
the expressed wishes of family or ACP [88]. Furthermore, despite the known complexities and
comorbidities of people with dementia, there remains a propensity to deliver care that focusses on
singular conditions and diseases, which increases the risk of burdensome treatments and
polypharmacy [5, 10, 77].
Whilst GPs have clinical authority, they may have limited knowledge of care home residents and
therefore rely on the input of family members and/or care staff to ascertain the normal presentation
of the person with dementia and to alert them to deterioration [89]. In using a biopsychosocial
model of case management Admiral Nurses consider the complex needs of the residents in totality
by incorporating relational, person-centred and biomedical models of care a when communicating
and coordinating care [40, 85]. Such an approach improves consistency across services to promote
clearly defined goals of care so that the person with dementia receives the right care at the right
time, whilst taking their wishes and preferences into account and ensuring they are not exposed to
futile treatments.
10. Confidence and Competence to Care
Care home staff often provide care for residents with complex needs as a result of a variety of
conditions, including dementia. The nature of dementia care can be demanding of their knowledge
and skills and also emotionally challenging [90]. Rivett and colleagues [90] also identified that a lack
of adequate support and limited training opportunities for care home staff may contribute to high
levels of staff turnover in this area. However, Goodman et al. [89] identified that when a care home
resident is approaching their end-of-life there is often uncertainty about the roles and
responsibilities of the care home staff, the families and primary care professionals. Despite the GP
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having clinical authority they may have limited knowledge of the resident and therefore rely upon
the input of family carers and/or the care home staff to inform decision-making [89]. Consequently,
given the high prevalence of people with dementia living in care homes there is an imperative for
the care home workforce to demonstrate their competence by meeting residents needs in a variety
of ways. Yet there is currently no consistent model of specialist support for care homes in the UK
and it has been identified that as a consequence of the increasing multimorbidity of the care home
population, the expertise that is required may be beyond that of some GPs [26]. Furthermore, such
complexity can result in people with dementia requiring different levels of care which may require
them to move to a different care setting if their needs cannot be met within their current care home,
the Admiral Nurse may offer support that minimises the need to move the person with dementia
or support a transition to a more appropriate setting should it be required [56].
Therefore, delivering the EHCH framework will require careful consideration of the skill mix
required to ensure the needs of care home residents are adequately served within this new model
of care [40]. Reconfiguration of the current workforce will not address the gaps in skills and
knowledge and there is an urgent need to consider dementia specialist roles, such as Admiral
Nursing, within PCN’s and integrated multi-disciplinary teams to address this current gap [40].
11. Conclusion
For too long care homes have been isolated from the wider health and social care system despite
their vital role in providing care for some of the most vulnerable members of society. With increased
rhetoric and political drivers to push forward the agenda of health and social care integration across
England there must be a recognition of the gaps that exist within the workforce and strategies to
redress these. There is growing momentum to address the inequalities faced by care home residents
through the implementation of the EHCH model to be delivered via PCN’s. Whilst this is to be
welcomed, there is an urgent requirement to consider the complex needs of the care home micro
population and ensure facilitation of EHCH uses appropriately skilled and knowledgeable
clinician(s). There is already a known gap in the knowledge and skills in dementia care within PCN’s.
The inclusion of Admiral Nursing within this new model of care offers an opportunity to embed the
specialist clinical knowledge and skills required to redress this and improve outcomes for people
with dementia, their families, care staff and the wider health and social care system.
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Abstract
TA-65 is a small molecule telomerase activator extracted from Astragalus species. A previous
observational study suggested that TA-65 decreased the number of immunosenescent cells in
healthy subjects. Here we examined the impact of TA-65 in a much larger randomized, doubleblind, and placebo-controlled study. This study aims to evaluate the effects of TA-65 on
senescent CD8+CD28- T cells in healthy subjects. This was a randomized, double-blind,
placebo-controlled, and multi-arm parallel trial in 500 healthy subjects. Subjects, clinical staff,
and primary outcome assessors were blinded until the database lock. A total of 500 healthy
volunteers were randomly allocated, 100 subjects each, into one of the five groups; placebo,
TA-65 (100 Units) qd, TA-65 (250 Units) qd, TA-65 (500 Units) qd, or TA-65 (250 Units) b.i.d.
Change in the immunosenescence biomarker after nine months was measured. The intentionto-treat analysis of the primary outcome measure included all the randomized subjects (n =
500). Per-protocol analysis of the primary outcome measured included 93% of the
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randomized subjects (n = 424). Multilevel analysis revealed a significant decrease in the
CD8+CD28- T cells with TA-65 intervention compared to the placebo group (p<0.05).
Intervention by 100 units and 250 units of TA-65 qd led to a decrement of CD8+CD28- T cells
by 28 cells/μl, while the intervention by 500 units of TA-65 led to a decrement of CD8+CD28T cells by 22 cells/μl; the placebo intake led to an increment of CD8+CD28- T cells by 4.38
cells/μl. None of the serious adverse events (9) were deemed related or were unlikely to be
related to the product. Adverse events (AEs), ranging from mild to moderate severity were,
observed in 34.6% of the subjects. Oral intake of TA-65 significantly decreased CD8+CD28- T
cells.
Keywords
Telomeres; CD8+CD28- T cells; TA-65; CMV

1. Introduction
Telomeres are a stretch of repetitive DNA sequences with telomere binding proteins, which
protect the ends of each chromosome. Telomeres form an unique higher order structure by
sequestering the 3’ overhang with the telomere DNA resulting in a telomere loop (T-loop) that
contributes to the capping of the chromosomal ends. Attrition of telomere length underpins the
aging process itself and the maladies associated with aging [1]. Telomerase is an enzyme that
counteracts the attrition of telomere length by adding telomere repeats to the ends of
chromosomes [2].
TA-65 is a single chemical entity purified from the Astragalus membranaceus species and
demonstrated to increase telomerase activity and lengthen telomeres in mice and humans [3-6].
The safety of TA-65 has been well documented [7], and TA-65 has been granted generally recognized
as safe (GRAS) status. No product-related toxicity was reported in three randomized placebocontrolled studies over a one-year duration [3, 8, 9].
A series of in vitro studies suggest that TA-65 increases telomerase activity, which in turn results
in the cell proliferative effects. Richardson et al. demonstrated the proliferative effect of TA-65 on
cultured splenocytes [10]. Fauce et al. showed that TA-65, which was previously named TAT2,
improved immune function by increasing the replicative capacity of CD8+ T lymphocytes [11]
through telomerase activation and increased telomere length. Another independent study also
demonstrates treatment with TA-65 leads to increased proliferation of T cells in vitro [12], implying
the ability of TA-65 to improve immune function.
Cytotoxic T cells (CD8+) play an important role in eliminating cells infected with intracellular
pathogens and cancer cells [13]. The effectiveness of the immune response by CD8+ T cells depends
on the presence or absence of its co-receptor, CD28. Downregulation of CD28 receptor is a hallmark
of T cell senescence and thus T cells expressing CD28 better proliferate upon antigen stimulation
compared to T cells that lack CD28 [14]. As a consequence of senescence the CD8+C28- T cells display
shorter telomeres compared to CD8+CD28+ T cells and their rate of telomere attrition is more
pronounced [15]. Accumulation of CD8+CD28- enescent T cells is associated with an age-associated
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decline of overall immune function [16]. A recent report shows that hyperbaric oxygen therapy
decreases senescent T cells [17].
Evidence suggests that CD8+CD28- T cells are associated with inflammatory diseases and chronic
viral infections; their number increase with age and are correlated with the declining immune
function in the elderly [16]. Recently the CD8+CD28- T cells were used as important prognosis
predictors in inflammatory disease and biomarkers for the antiviral response [18]. An important
characteristic of the CD8+CD28- T cells is replicative senescence—a phenomenon where the
telomeres undergo attrition due to repeated cell division. Due to replicative senescence, these
CD8+CD28-T cells display short telomeres. Accumulation of CD8+CD28-T cells is one of the hallmarks
of immunosenescence, and strategies to decrease their number are being actively investigated [19,
20].
A previous observational study indicated that oral intake of TA-65 and other dietary supplements
decreased CD8+CD28- T cell population by 20% in CMV+ subjects [5], which is associated with
improved immune function [11]. In a double-blind, placebo-controlled study, a net increase of
telomere length of 530 ± 180 bp/year was observed in the subjects who were on TA-65 for one
year[3].
Here we report the results of a placebo-controlled study on the effect of oral intake of TA-65 on
CD8+CD28- T cells in humans. We present intention-to-treat (ITT) analysis, as well as per-protocol
analysis of the data. Additionally, we present a sub-analysis of the CD8+CD28- T cells in the subjects
seropositive for human cytomegalovirus (CMV).
CMV is wide-spread, infecting 60% to 70% of adults in industrialized countries and up to 100% in
developing countries [21]. CMV-seropositivity is estimated to be prevalent among 50% of the United
States population [22]. CMV infection leads to multifarious clinical manifestations in
immunocompromised individuals [21], but in immunocompetent individuals, the infection is largely
asymptomatic. However, while asymptomatic, one of the significant hallmarks of CMV infection is
increased senescent T cells [23]. Given that more senescent T cells are present in CMV-positive
subjects [24], and the senescence of T cells is associated with shorter telomeres [15], we
hypothesized that TA-65, a telomerase activator [3], might offer benefits to CMV-positive subjects
by decreasing senescent T cells.
2. Materials and Methods
2.1 Trial design
This was a single-center, randomized, double-blind, and placebo-controlled study. Full details of
the trial protocol are available upon request. The study was conducted by a contract research
organization (CRO) in accordance with Good Clinical Practice (GCP) and approved by the
Institutional Review Board (IRB), Bio-Kinetic Clinical Applications, Springfield, MO. The study was
registered prior to subject recruitment on ClinicalTrials.gov (NCT02766790).
2.2 Participants
Healthy adults aged between 45-75 years whose BMI ranges from 18 to 40 kg/m2 were recruited
for this study. Subjects who consumed TA-65 within 30 days before screening visits were excluded
from participating. Subjects with a medical condition that might affect the safety or impact the
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validity of the study results in the opinion of the investigator were also excluded. Eligible subjects
were recruited from May 2016 to December 2016. All participants visited the study center at the
screening, baseline, and the end of the study (after nine months).
2.3 Intervention
A total of 500 healthy volunteers were equally and randomly allocated into one of the five groups:
placebo, TA-65 (100 Units) qd, TA-65 (250 Units) qd, TA-65 (500 Units) qd, or TA-65 (250 Units) b.i.d.
(bis in die or ‘twice a day’). All subjects took two capsules per day for nine months, one in the
morning and the other in the evening. The placebo group took two placebo capsules per day; the
TA-65 (100 Units) qd, TA-65 (250 Units) qd, and TA-65 (500 Units) qd groups took one placebo
capsule and one TA-65 capsule per day; the TA-65 (250 Units) b.i.d. group took two TA-65 (250 Units)
capsules per day. Nine months of treatment duration was chosen based on the previous randomized
study, at which the telomere length increase was significant [3]. Blood samples were collected at
baseline and the end of the study. The status of CMV seropositivity was examined at baseline.
2.4 Outcomes
The primary endpoint was to assess the changes in immunosenescent cells. Immune cells were
analysed by UCLA Immunogenetics Center, which is accredited by the American Society for
Histocompatibility and Immunogenetics (ASHI) and Clinical Laboratory Improvement Amendments
(CLIA). Secondary endpoints include safety markers.
2.5 Randomization, Allocation Concealment, and Blinding
The computer-generated sequence of numbers was used to randomly assign subjects to one of
five groups. The details of the series were unknown to participants of this study, the investigators
who recruited and monitored the study participants, and the investigators who measured or
analyzed the study outcome. Volunteers, investigators, UCLA Immunogenetics Center and T.A.
Sciences Inc. remained blind until CRO collected all the data. All doses of TA-65 capsules and placebo
capsules were identical in appearance and were given to subjects in blister packages.
2.6 Analysis of Senescent CD8+CD28- T Cells
UCLA Immune Assessment Core performed the analysis of immunosenescent cells. Total CD3+ T
cells, CD4+ T cells, CD8+ T cells, CD19+ B cells, and CD56+/CD16+ NK cells were enumerated in EDTA
whole blood with the BD Multitest 6-color TBNK reagent and BD Trucount tubes following the
manufacturer’s instructions, acquired on a BD FACSCanto II and analyzed with the BD FACSCanto
Software. CD8+ T cell sub setting was performed by staining 50 μl of EDTA whole blood with CD3
FITC, CD8 PerCP, CD28 PE, and CD95 APC (BD) for 10 minutes, followed by BD FACS Lysing used
according to the manufacturer’s instructions. At least 10,000 lymphocyte events per sample were
acquired and analyzed using DIVA 8.0 software on BD FACSCanto II. The gating strategy used in the
enumeration of CD8+CD28- is summarized in Figure S1.
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Figure 1 Flow chart of the progress through the phases of the study.
2.7 Statistical Methods
Intention-to-treat (ITT) analysis of data from all 500 subjects randomized in this study was
performed by Student’s t-test in spreadsheet. Missing data of the subjects (n = 44) who dropped
out from this study were filled in by imputation strategy described by Sainani [25] before performing
ITT analysis. Briefly, missing data of the subjects were filled in by the baseline values for ITT analysis.
We aimed to assess whether data provided evidence of superiority of TA-65 to placebo in per
protocol analysis using multilevel model. Additionally, a sub-analysis of CMV-positive subjects was
also performed using Student’s t-test and multilevel model. The multilevel model analysis was
performed to model any variation that might exist between groups. Controlling the variation
between groups would be essential to have a more reliable model result. The student’s t-test was
performed using spreadsheet. Multilevel model was performed using SAS software (version 9.0).
3. Results
3.1 Subjects
A total of 681 subjects were screened for eligibility to participate in this study. 500 of them met
the eligibility criteria and were randomized; 456 subjects completed the study; 44 subjects didn’t
complete the study due to either early exit or drop out from the study (Figure 1).
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All randomized subjects (n = 500) were included in the intention-to-treat (ITT) analysis of the
primary outcome measure (change in the % of CD8+CD28- T cells from baseline to the end of the
study). Of the total 456 subjects who completed the study, 93% of the subjects (n = 424) were
included in the per-protocol (PP) analysis of the primary outcome measure. The remaining 32
outliers did not meet the criteria of healthy volunteers based on the medical history and/or
deviations of their biomarkers’ values from the normal ranges. This report mainly focuses on the
CD8+CD28- T cells.
3.2 Baseline Characteristics
Table 1 summarizes baseline characteristics of subjects participated in this study.
Table 1 Baseline characteristics of subjects participated in the trial.
TA-65
Parameter
N
Age (mean ± SD)
Gender
Men (n)
Women (n)
BMI (kg/m2, mean ± SD)
CMV-positive (n)
Race
Caucasian (n)
African American (n)
American Indian or Alaska native
(n)
Asian (n)
Other (n)
Ethnicity
Hispanic or Latino (n)
Not Hispanic or Latino (n)

Placebo qd

100 Units
qd

250 Units
qd

500 Units
qd

250 Units
b.i.d.

100
57 ± 8

100
57 ± 8

100
57 ± 8

100
58 ± 8

100
58 ± 7

35
65
28 ± 5
63

35
65
29 ± 5
70

36
64
28 ± 4
59

36
64
29 ± 5
60

37
63
28 ± 4
59

96
2

92
5

94
3

94
5

93
5

1

2

2

1

0

1
0

1
0

0
1

0
0

0
2

5
95

3
97

5
95

1
99

1
99

3.3 CMV-Positive Subjects Have More CD8+CD28- T Cells at Baseline
Among the 500 subjects enrolled in this study, 62% were CMV-positive, and 38% were CMVnegative. The average number of CD8+CD28- T cells for CMV-positive subjects in this study was 221
± 165 cells/μl (mean ± SD). For CMV-negative subjects, the average was 66 ± 57 cells/μl (mean ± SD).
The difference between the two groups (155 cells/μl) is statistically significant (p <0.05), indicating
that CMV infection increases the number of senescent T cells in humans. This observation is
consistent with previous studies demonstrating that CMV infection increases senescent T cells [23,
24].
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3.4 Intention-To-Treat (ITT) Analysis of CD8+CD28- T Cells
Intention-to-treat analysis of senescent T cells at baseline and at the end of the study for the
group that took placebo or TA-65 for nine months was performed using a prespecified two-tailed,
paired t-test (Table S1). The change in the mean number of senescent cells was borderline-but not
statistically significant-in the placebo group (p = 0.05), indicating that placebo treatment does not
significantly influence the senescent T cells’ abundance. In contrast, most of the groups on TA-65
exhibited significant decrements in the abundance of senescent T cells. The mean number of
senescent cells decreased from 189 ± 15 cells/μl at baseline to 170 ± 14 cells/μl at the end of the
study in the group that took TA-65 (100 Units), and the resultant decrement (10%) was statistically
significant (p<0.001). Likewise, intake of 250 Units or 500 Units of TA-65 also led to a decrement of
the mean number of senescent T (11% and 9% respectively) cells in a statistically significant manner
(p values <0.001 and 0.01, respectively). The mean number of senescent T cells decreased from 167
± 8 cells/μl at baseline to 153 ± 8 cells/μl at the end of the study in the group that took any dose of
TA-65 [TA-65(all)], and the resultant decrement (8%) was statistically significant (p<0.05). Taken
together, ITT analysis indicates that 100, 250, or 500 Units of TA-65 significantly decreased
senescent T cells in humans.
3.5 Per Protocol Analysis of CD8+CD28- T Cells
Per-protocol analysis of senescent T cells at baseline and at the end of the study for the group
that took placebo or TA-65 for nine months was performed using prespecified two-tailed, paired ttest (Table S2). The change in the mean number of senescent cells was not statistically significant in
the placebo group (p = 0.62), indicating that placebo treatment does not significantly influence the
abundance of senescent T cells. In contrast, all groups on TA-65 exhibited highly significant
decrements in the abundance of senescent T cells. The mean number of senescent cells decreased
from 191 ± 17 cells/μl at baseline to 167 ± 15 cells/μl at the end of the study in the group that took
TA-65 (100 Units) qd, and the resultant decrement (13%) was statistically significant (p<0.05).
Likewise, groups that took 250 Units, 500 Units qd, and 250 Units b.i.d. of TA-65 also led to a
significant decrement of the mean number of senescent T cells (14%, 13%, and 13%, respectively)
in a statistically significant manner (p values p<0.05). Taken together, per-protocol analysis indicates
that 100, 250, or 500 Units of TA-65 can significantly decrease senescent T cells in humans. As fewer
senescent T cells reflect improved immune function [16], it follows that the intake of TA-65 improves
immune function in humans.
Table 2 Multilevel model analysis of senescent CD8+CD28- T cells change compared to
baseline in the indicated groups (n = 424) in the per protocol population.

CMV Status

Group

Placebo qd (Reference)
CMV-positive &
TA-65 (100 Units) qd
CMV-negative
TA-65 (250 Units) qd

N

Change
in
+
CD8 CD28 T cells SE*
(cells/μl)

p value†

72
86
94

4.38
-28.40
-28.18

0.52
<0.001
<0.001

6.93
9.39
9.20
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TA-65 (500 Units) qd
TA-65 (250 Units) b.i.d.
Placebo (Reference)
TA-65 (100 Units) qd
CMV-positive only TA-65 (250 Units) qd
TA-65 (500 Units) qd
TA-65 (250 Units) b.i.d.

92
80
42
59
54
55
43

-22.71
-21.40
11.24
-43.54
-46.64
-36.00
-33.25

9.25
9.58
11.04
14.44
14.72
14.66
15.52

0.01
0.02
0.30
<0.001
<0.001
0.01
0.03

† p values <0.05 are indicated in bold fonts; *Change in mean = End of study-baseline; SE =
Standard error of mean; N= number of subjects. Statistical analysis was performed using
multilevel model

3.6 Analysis of CD8+CD28- T Cells Using Multilevel Model
Table 2 shows the multilevel model estimate of CD8+CD28- T cells for the difference between the
end of the study and the baseline for subjects on TA-65 in compared to the placebo. In the pooled
data that includes both men and women, CMV-positive and CMV-negative subjects, the estimate of
change from baseline to the end of the study for the placebo group was an increase in the mean
(4.38 ± 6.93, SE), and this change is not statistically significant (p = 0.52). This result indicates that
placebo treatment does not significantly alter the number of circulating senescent T cells. In
contrast, the number of senescent T cells significantly decreased in subjects on 100 Units of TA-65
(mean ± SE, -28.40 ± 9.39; p<0.001; Table 2). Similarly, the estimate of change for senescent
CD8+CD28- T cells significantly decreased in subjects on other doses of TA-65 (Table 2) as well. Taken
together, these results indicate that TA-65, and not placebo, significantly decreased senescent
CD8+CD28- T cells in all TA-65 groups, regardless of their gender and CMV status.
3.7 Subgroup Multilevel Model Analysis of CD8+CD28- T Cells in CMV-Positive Subjects
Next, in the light of prior studies showing the influence of CMV status on circulating senescent T
cells [23, 24], and our observation in this study that CMV-positive subjects have significantly more
senescent T cells (see above), we sought to sub-analyse the number of senescent cells in CMV
positive subjects in this study.
As shown in the Table S2, the mean number of CD8+CD28- T cells did not change significantly
from baseline to end of the study in the placebo group (t test; p = 0.44). However, groups that took
TA-65 exhibited a significant reduction of CD8+CD28- T cells from baseline to end of the study (p
values <0.03). This result indicates that TA-65 significantly decreased CD8+CD28- senescent T cells
in CMV positive subjects.
The multilevel model also yielded a similar conclusion (Table 2). As shown in Table 2, the estimate
of the change from baseline to end of the study for CMV-positive subjects on placebo was not
statistically significant (mean ± SE, 11.24 ± 11.04; p = 0.30), whereas those on any dose of TA-65
were statistically significant. These results indicate that TA-65 - and not placebo-decreases the mean
number of CD8+CD28- T cells in CMV-positive subjects. Relatively fewer subjects enrolled in this
study were CMV-negative, rendering it difficult to understand the impact of TA-65 on CMV-negative
subjects.
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Furthermore, a comparison of combining all four TA-65 treatment groups with the placebo group
also revealed significant decrement in CD8+CD28- (13% reduction, p <0.001 as assessed by ANOVA)
in CMV-positive subjects.
Finally, independent analysis of senescent T cells using different gating strategies
(CD3+CD8+CD28- T cells) also yielded results like the one that used CD8+CD28- T cells (Table 3),
further validating the trustworthiness of the flow cytometry results obtained from this study.
Table 3 Multilevel model analysis of change from baseline to end of study in the number
of CD3+CD8+CD28- T cells in the indicated groups in the per-protocol population.

CMV Status

Group

-N

Placebo qd (Reference)
TA-65 (100 Units) qd
CMV-positive &
TA-65 (250 Units) qd
CMV-negative
TA-65 (500 Units) qd
TA-65 (250 Units) b.i.d.
Placebo qd (Reference)
TA-65 (100 Units) qd
CMV-positive only TA-65 (250 Units) qd
TA-65 (500 Units) qd
TA-65 (250 Units) b.i.d.

72
86
94
92
79
42
59
54
55
43

Change
in
+
+
CD3 CD8 CD28T cells (cells/μl)
-11.53
-46.59
-42.58
-7.08
-26.01
2.92
-43.02
-53.31
-37.72
-33.05

SE

p value†

12.87
16.66
16.66
16.75
17.48
12.23
16.00
16.30
16.24
17.19

0.37
<0.001
0.01
0.67
0.13
0.81
<0.001
<0.001
0.02
0.05

N = number of subjects; SE = Standard error; † p values <0.05 are indicated in bold fonts.
Statistical analysis was performed using multilevel model

3.8 Serious Adverse Events (SAE) and Adverse Events (AE)
No product related toxicity or serious adverse events (SAEs) were observed for this study.
Adverse events (AEs) ranging from mild to moderate severity were observed in 34.6 % of the
subjects, and these subjects are almost evenly distributed across TA-65 and the placebo group
(Table 4).
Table 4 Summary of Adverse Events (AEs) observed in this study.

Group
Placebo qd
TA-65 (100 Units) qd
TA-65 (250 Units) qd
TA-65 (500 Units) qd
TA-65 (250 Units) b.i.d

Causality with AEs N (%) †
Not related
Unlikely
14 (2.8%)
10 (2%)
20 (4%)
13 (2.6%)
13 (2.6%)
9 (1.8%)
13 (2.6%)
9 (1.8%)
11 (2.2%)
7 (1.4%)

Probable
8 (1.6%)
8 (1.6%)
5 (1%)
8 (1.6%)
9 (1.8%)

Possible
6 (1.2%)
2 (0.4%)
3 (0.6%)
0 (0%)
5 (1%)

Total
38 (7.6%)
43 (8.6%)
30 (6%)
30 (6%)
32 (6.4%)

Total

71 (14.2%)

38 (7.6%)

16 (3.2%)

173 (34.6%)

48 (9.6%)

† % corresponds to the total number of subjects randomized (n = 500) in this study
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4. Discussion
There is an increasing interest in telomerase therapies and pharmacological interventions that
can rescue the telomere dysfunction caused by attrition [26, 27]. Recently, hyperbaric oxygen
therapy (HBOT) has been reported to significantly increase telomere length in T cells, B cells, and
NK cells, along with a significant decrease in CD8+CD28- T cells in healthy volunteers [17]. In a
previous observational study with a one -year health maintenance program consisting of TA-65 and
other dietary ingredients senescent CD8+CD28-T cells dropped by about 3% at 12 months in the
overall population consisting of both CMV-positive and CMV-negative subjects [5]. However, a
prominent 20% drop in the number of CD8+CD28-T cells was observed in CMV-positive subjects at
12 months, demonstrating the positive remodelling of the immune system in CMV positive subjects
[5].
The current study reports that telomerase activator TA-65 significantly decreases the CD8+CD28T cells in CMV-positive subjects. The decrease in CD8+CD28- T cells by TA-65 is consistent with the
previous observational data indicating TA-65 as the primary driver in the telomere maintenance
thereby reducing the CD8+CD28- T cells [5]. However, the previous observational study enrolled a
small number of subjects (n = 114), preponderance of men (72%), and did not have a placebo group.
The current randomized, placebo-controlled study addressed those shortcomings by recruiting a
larger number (n = 500) of relatively more women (64%) subjects.
In the current study, there were more CMV positive subjects (62%) than CMV-negative subjects
(38%), which is consistent with the previous observation that CMV-seropositivity is more prevalent
among older people [28]. Likewise, we show that CMV-positive subjects harbour more senescent T
cells than CMV-negative subjects, consistent with previous reports [23, 24]. All doses of TA-65 (100
units, 250 units, and 500 units) significantly reduced the number of CD8+CD28- T cells (p
values<0.001) in the overall population. A more pronounced decrease was seen in lower doses
(28.48 cells/μl and 28.18 cells/μl for 100 units and 250 units, respectively) compared to the higher
dose (22 cells/μl 500 units). Although the reason for this is unclear, telomere length was shown to
be significantly increased in the low dose group (250 units), while higher dose (1000 units) did not
cause any significant increase in an earlier study [3]. The significant decrease in the CD8+CD28- T
cells is also demonstrated in CMV-positive subjects (p value<0.05).
Induction of telomerase by TA-65 in cells can compensate for telomere loss and restore the cells’
proliferative potential [10, 11]. A recent placebo-controlled clinical study demonstrated that TA-65
increases telomere length in lymphocytes in a one year period [3]. Based on the above findings, we
propose that TA-65, by increasing telomerase and lengthening telomeres, might mitigate T cells’
replicative senescence, thereby decreasing the CD8+CD28- T cells.
Since the study recruited both men and women of a broad age range (45 to 75) and included
both CMV-positive and CMV-negative subjects, the results from this study indicate that TA-65 may
benefit the general population by decreasing senescent T cells. Although TA-65 has been shown to
induce telomerase levels, lengthen telomeres, and reduce senescent cells, this study’s limitations
are the lack of the telomere length and telomerase activity assessments in the CD8+CD28-T cells to
directly correlate to the senescence phenotype.
5. Conclusion
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Oral intake of TA-65 for 9 months significantly decreased CD8+CD28- T cells in healthy male and
female volunteers with age ranging from 45 to 75 years. The majority of the AEs were determined
to be either not related or unlikely to be related to the test products used in this study.
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Abstract
The Reading Buddies Program was developed as a service-learning component of an
Occupational Therapy Practice with Older Adults course as a collaboration between Tufts
University and the VA Bedford Health Care System. The purpose of this service-learning
program was to challenge graduate students’ implicit biases and improve communication
skills when working with older adults with significant cognitive impairments. Through this
collaboration, occupational therapy students provided individualized, activity-based care to
Veterans with advanced dementia. In this qualitative study, a total of 55 guided reflection
papers submitted by students were analyzed using NVivo. Four major themes emerged: “I was
a fish out of water,” “I finally took a risk,” “And then I thought, maybe I should give myself a
little credit,” and, “I am still experimenting with how I feel,” illustrating student outcomes and
perceived benefits of participation in the Reading Buddies Program. Each theme reflected the
development of clinical reasoning which was the targeted impact. Outcomes confirm servicelearning as an effective tool and suggest further use for academic programs, emphasizing the
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potential of creative partnerships to meet educational goals while providing valuable
programming to vulnerable populations.
Keywords
Occupational therapy; education; professional development; dementia

1. Serving Clients with Dementia
An estimated 5 million Americans have dementia, a number which is projected to expand to 15
million by 2050 [1]. Dementia poses multiple challenges to the health care team, and occupational
therapy practitioners (OTs) are trained to assist clients and caregivers as they move through the
stages of dementia and experience changes in functional status [2-5]. As the disease progresses,
erosion of cognitive processes results in increasing dependence in activities of daily living (ADL’s)
while orientation to person, place, and time becomes limited. Coupled with decreased motor and
sensory functioning and loss of language, this complex array of symptoms requires specialty care,
particularly in the latter stages, when the range of impairments often necessitate
institutionalization [6]. Subsequently, there is a need for health care professionals who are prepared
to meet the complex medical and psychosocial needs of this population. Yet there is a dearth of
providers trained for the needs of older adults in general [7], a gap which is worse in dementia care
[8].
Though the majority of those living with dementia live at home, late-stage dementia often
necessitates long-term care. Long-term care settings typically require staff skills and abilities that
differ from acute or outpatient settings. Strong communication skills are paramount, given the
likelihood of frequent interaction with caregivers and necessary interprofessional team
collaborations. A quality of life approach is necessitated by residents’ medical frailty, functional
impairment, and cognitive decline [9]. Thus, in order to address quality of life needs, programs must
ensure that adequate meaningful activities are provided[10]. Further, clinical training must
adequately prepare health care professionals for this reality. However, many health care
professionals, including occupational therapy practitioners, have minimal exposure to patients with
progressive neurological conditions such as dementia [11] as part of their clinical affiliations.
2. Occupational Therapy Curriculum
Occupational therapy curriculum is structured to include didactic instruction and experiential
practice to support students’ development of core clinical reasoning skills. Academic programs
inherently tend to be classroom based and focus on more traditional, passive learning styles [12].
Students, therefore, exclusively depend on experiential learning opportunities to prepare them for
practice. Required clinical preceptorships may not provide students with enough opportunity to
fully develop entry-level competence in clinical reasoning [13], necessitating additional
opportunities for skill development. Service-learning provides hands-on application of knowledge
to bridge classroom learning with everyday practice in real-time.
3. Service-learning: A Prospective Solution
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Service-learning is a form of experiential learning which offers students opportunities to apply
course material while providing a form of community service to clients within actual clinical contexts
[14-16]. These direct experiences afford unique educational opportunities that are difficult to
replicate in the classroom, such as direct interaction with real clients, challenging interpersonal
situations, and employee role modeling [16]. Exposure to these types of situations allows for
development of knowledge and skills that are best honed in real-life practice contexts [13]. Servicelearning allows students to explore their ability to form therapeutic relationships. Service-learning
also reinforces didactic learning and increases students’ confidence and awareness of their own
strengths and weaknesses as practitioners. Service-learning provides specific opportunities for
students to explore their comfort and interest in working with certain populations. Simultaneously,
all students are provided an opportunity for personal growth by challenging their implicit biases in
a clinical context.
The approaching rise in the dementia population coupled with the intricacies of treating this
complicated diagnosis demands attention from our academic training programs. Part of the solution
may involve providing students with additional applied training while in school, particularly in realworld practice contexts [13]. Previous research has studied occupational therapy students’
experiences in service-learning with a wide variety of populations, including pediatrics [17],
community-dwelling elders [15, 18], and individuals with mental illness [16]. Regardless of setting,
students participating in service-learning demonstrated a growth in clinical reasoning. Specific
improvements were found in skills related to interactive reasoning, including therapeutic use of self
and the ability to form therapeutic relationships, and students reported that they had a better
understanding of course material following their participation. Students were also noted to have
increased self-confidence in their interactive reasoning skills, and a more realistic appreciation of
their strengths and weaknesses as communicators. These findings reinforce the benefits of servicelearning in occupational therapy academic programs. The growing need for a geriatrics workforce
to meet the needs of clients with dementia further underscores the relevance of service-learning
programs with this vulnerable population. Reading Buddies Program was created as a servicelearning opportunity for students to gain hands-on experience while working with clients with
dementia in a long-term care setting.
4. Reading Buddies Program
One of the challenges to providing activity programs in dementia special care units (DSCU) is the
range of functional capacity across residents. Programs are typically directed to the more
moderately functional, often not meeting the needs of the least and most functional. The
recognition that a significant cohort (approximately 20%) of residents were typically excluded from
group activities was of concern. This cohort came to be referred to as “VIPs” (Very Isolated Patients).
The reason for their isolation was the difficulty in tailoring activities to their limited function within
a group context. We speculated that individualized approaches would be more effective in one-toone interactions but with limited staffing were not always able to provide this necessary support.
Developing a structured intervention that could be deployed by students to this vulnerable
population seemed advantageous for all.
This paper describes the Reading Buddies Program (RBP). RBP is an intergenerational servicelearning opportunity at the VA Bedford Health Care System. RBP matched second year occupational
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therapy Masters-level students with Veteran residents of the dementia special care unit (DSCU).
Students spent about 45 minutes each week reading aloud to residents for eight to twelve weeks of
a fourteen-week semester. Providing cognitive stimulation and social interaction for residents with
dementia, this program also provided hands-on clinical practice experience for occupational
therapy students as the service-learning component of an older adult practice course. Outcomes
reflect student perspectives of this service-learning experience.
Assessment and documentation are important aspects of student participation in the RBP,
simulating actual practice demands. Students are matched with a resident to consistently read with
throughout the program, barring unforeseen medical or other barriers. Each student attends RBP
sessions with a partner who serves as observer during the session. With permission from the author,
the researchers were able to adapt the Observational Measure of Engagement (OME) [19] to use as
documentation during the reading sessions. Minor adaptations were made to ensure relevance to
the program. The observing partner documented using the adapted OME during the reading session.
The reading partner documented the session by writing a SOAP note. After a reading session, the
two students switched roles and read to a second resident.
5. Methods
The purpose of this exploratory study is to evaluate student perceptions of their professional
development achieved through service-learning. The research questions are:
⚫
⚫

What themes were present in student reflections on RBP?
What perceived benefits of service-learning did students identify?

After application to the Tufts University Institutional Review Board (IRB), this study was
determined exempt from IRB review because the research utilized commonly accepted educational
practices. The overall goal of this study is to examine assigned self-reflective work of graduate
students who have taken part in the Reading Buddies Program. As part of the older adult
occupational therapy practice course, students were assigned a cumulative reflection paper at the
end of the semester. The assignment for the reflection paper was to garner student perceptions on
how participation in RBP throughout the semester supported their development of an occupational
therapy practitioner lens. In an effort to guide this reflection, students were asked to read Thomas
Moore’s article, Body and Soul [20]. Questions1 were posed to prompt the students to consider the
holistic impact of their experience during Reading Buddies Program. This summative assignment
afforded students an opportunity to qualitatively assess their RBP experience, which had been
monitored and recorded throughout the semester in various ways, as described above.
1

Reflect on your service-learning experience. As discussed in class this portion of the assignment is specific to your
Reading Buddies experience. It should be a general description and reflection of your experience(s).
•
•
•
•
•

What do you consider your strengths as an occupational therapist? …weaknesses?
In the past few years, how has your personal understanding of occupational therapy changed?
How do you see yourself embodying the art and science of the profession?
What vulnerabilities do you bring to your work? How will these enhance or block your therapeutic stance?
How will you ensure that you maintain an appreciation of WHOLE people with whom you work? Do you
anticipate that this will change over time?
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6. Analysis
Using a qualitative descriptive approach, as outlined by Hsieh and Shannon [21], detailed content
analysis was performed using NVivo software. Fifty-five reflection papers from three semesters
were analyzed for this study. Saturation was reached after 34 papers, but all papers were coded.
Three reviewers met regularly in an iterative process to code the reflection papers, identify trends,
perform code analysis, and finally cluster and collapse codes into four thematic areas. The
researchers memoed throughout the process to record the evolution of the codes and kept an
additional observation log to document throughout the project. To enhance the rigor of the
methods, themes were compared to the course evaluation data, specifically, open text comments
related to the service-learning component of the course. Evaluations were anonymous and
submitted at the completion of the semester. By cross-verifying student perceptions of the RBP, the
researchers were able to substantiate the findings in the study by triangulating the reflection data
with course evaluation comments.
7. Results
After iterative analysis of the student reflection papers, four majors themes arose: “I was a fish
out of water,” “I finally took a risk,” “And then I thought, maybe I should give myself a little credit,”
and, “I am still experimenting with how I feel.” Highlighting the significance of the students’
experience in the Reading Buddies Program, themes describe an evolutionary process of gaining
continual confidence in clinical reasoning skills. Each major theme emerged from codes that were
organized into subthemes through the analysis process. The four themes are detailed below.
7.1 “I was a Fish out of Water”
The first major theme developed out of the codes was the novelty of working with a cognitively
impaired geriatric population, along with students’ misconceptions, implicit biases, and tendency
to favor work with pediatric populations. An initial trend the researchers noticed was for students
to comment on their perceived strengths with a pediatric population. Of these students who wrote
about their previously exclusive interest in pediatrics, many reflected that their participation in RBP
made them reconsider what populations they were and were not willing to work with:
This semester has been a time of growth for me in terms of my occupational therapy lens, clinical
reasoning and self-awareness…. I was a fish out of water. Put a child in front of me who is not yet
verbal, is limited in function and cannot express his interests or preferences, and I feel competent
and confident. However, interacting with an older adult with dementia illuminated new challenges
and insecurities for me, and I was not sure how to approach this experience initially except with
trepidation.
This is a powerful example of the importance of transferable skills to increase occupational
therapy’s impact across populations and the lifespan. This student’s words also reveal an unease
with dementia residents that she was able to problem-solve through during RBP, potentially
increasing her comfort. As Renwick et al found, after having opportunities to work with older adults
in a classroom setting, students reported more willingness and interest to work with older adults in
other contexts [22]. This research supports the notion that providing hands-on opportunities to
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engage with older adults may help to meet workforce enhancement goals by challenging implicit
biases and increasing competency with this growing population.
The majority of students started the RBP with some degree of uncertainty. The students were
“nervous and hesitant,” they “felt unprepared to communicate with a nonverbal adult,” and were
“anxious prior to starting.” Most students reported little experience with the population, with one
student writing, “I’ve had virtually no experience working with Veterans or clients with dementia”
and another noting, “I came into the Reading Buddies program with apprehension.” Many students
expressed that participation in the RBP was their first time working with a nonverbal client, a client
with dementia, a client who uses a wheelchair, or a client in a long-term care setting. The
preponderance of students reflected that this was their first exposure to nonverbal clients and
clients with dementia. Many students reported that during the semester, they recognized
misconceptions they either believed to be true about the population or that were specific to their
Veteran. This is consistent with Knecht-Sabres’ findings that “curricular renaissance” is needed in
experiential learning opportunities in occupational therapy programs to ensure students have the
preparation and confidence to transition into budding clinicians [15]. Learning opportunities such
as these provide students with the chance to reflect upon their own belief systems within a context
of self-directed learning.
7.2 “I Finally Took a Risk”
This theme developed from subthemes: book choice, therapeutic use of self, and clinical decision
making. As students detailed their experiences, they discussed the evolution of a clinical decisionmaking process. In doing so, students revealed their understanding of the dynamic nature of
occupational therapy practice and an increasing ability to be flexible during individual sessions:
I worried about gauging the level of difficulty in my efforts to find the “just right challenge” for
[my Veteran], and it wasn’t until the second to last session that I finally took a risk and chose a book
entitled Joyful Noise: Poems for Two Voices. I believe this experience laid the foundation for our
final Reading Buddies session. During this session, I re-introduced the book that we previously had
read entitled Poems For Us All by Lola Cooper. I turned to the section of poems that was about
“Family” and [my Veteran] and I began to read the first two lines in unison. He continued to read
aloud on his own for the remaining 42 minutes of the session. Every 1-2 minutes or so he would
stop reading, however after I pointed to the line or stanza that he was on he would continue.
As poignantly outlined above, this student’s exploration of a novel genre, poetry, led to a
meaningful and clinically significant session with her veteran whose behavior belied the oft-held
notion that individuals with dementia are unable to sustain engagement in meaningful activities
[23]. It is unclear if other factors contributed to the veteran’s positive response that day. However,
the student’s ability to re-introduce a stimulus that had previously demonstrated moderate success
and to successfully cue the Veteran to sustain engagement in reading, heightened his opportunity
for independent activity while bolstering her confidence in her burgeoning clinical reasoning skills.
In another reflection, a student revealed the importance of attending to biological needs in order
to facilitate performance, and an active grappling with the notion of engagement itself:
[My Veteran] seemed to respond best to rhythmic poetry readings with large and vibrant
illustrations, so I spent several sessions reading Dr. Seuss books to her. I soon realized that some of
[my Veteran’s] fidgeting stemmed from needing to have her undergarments changed, and I learned
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how to time our sessions around the bathroom rotation schedule that the nurses kept. I also learned
that [my Veteran] was not necessarily asleep when her eyes were closed, as reminded by [my
Veteran’s] occasional smile and chuckle that often preceded her opening her eyes.
As an example of a student moving away from solely procedural reasoning, this student begins
to consider the complexities of her Veteran’s unspoken needs and how they could be affecting
participation in the activity. Mitchell and Unsworth identified a key difference between expert and
novice occupational therapists as the ability of experts to fluidly employ different types of reasoning
throughout one session. Novices consistently relied on procedural reasoning and rigidly stuck to
that thinking [24]. Students in the Reading Buddies Program had the opportunity to be creative and
problem solve in a supported learning environment, which allowed them to demonstrate emerging
skills as practitioners.
Risk-taking was reflected not only in directed interactions with Veterans but also exploring the
role of occupational therapy on interprofessional teams. One student reflected,
It was helpful for me to communicate with the social worker about [my Veteran] to gain a better
sense of his occupational profile (including his strengths, limitations, interests, and values). She
explained that [my Veteran] used to have an interest in gardening but I learned that his hobby did
not translate to an enjoyment in reading about gardening.
Within the context of the clinical environment, the RBP afforded students multiple opportunities
(risks) to test their capacity to function clinically. In spite of the many opportunities for risk-taking,
students who were most willing to be vulnerable benefited most.
7.3 “And then I Thought, maybe I should Give Myself a Little Credit”
Student reflections also revealed burgeoning self-efficacy, which has been found to relate to
students’ perception of the meaningfulness of their clinical educational experience [25].
Sometimes I would catch myself thinking that maybe I was missing out on a particularly
“challenging experience” that I heard so many classmates discuss. Other times I would think that I
lucked out being assigned to [my Veteran], because she was, for the most part, pleasant throughout
all of our interactions and I grew attached to our relationship. And then I thought that maybe I
should give myself a little credit for my experience. I didn’t just go in blindly each week and hope
for the best with [my Veteran]. I thought about what worked and what didn’t work in our sessions
and I tried to build on that week by week. I learned to anticipate certain behaviors that I could
expect or certain comments that she would likely make. Through that, I believe I established a
genuine rapport with her, even though I wouldn’t expect her to remember me from week to week.
Providing students with the supported opportunity to take risks and grow as clinicians led to
universally talked about improvement in confidence and/or perceived efficacy. Experiential learning
in occupational therapy allows students to confirm their choice to pursue a career in the field as
they apply their newfound knowledge and allows them to deepen their understanding of the role
of the occupational therapist [17]. RBP offered a chance for students to integrate learning from their
various academic courses.
Throughout my time in school, I have often been told how to respond to tough questions, but
there is no way to anticipate the uncomfortableness that a tough question might bring up until
actually being in that situation. For me, whenever [my Veteran] talked about wanting to go home
or would perseverate on needing to find someone, I, in theory, sort of knew how I should respond,
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but in actuality, a response to such an emotionally provoking question or statement was not easy.
It didn’t become easier over the course of the RBP, but at least I know what feeling uncomfortable
in that context is like, and now I can think more critically about responding to tough questions with
sincerity in the heat of a clinical encounter.
There are some clinical situations that are impossible to simulate in the classroom. Students in
RBP experienced this as they learned to navigate in their sessions with their Veterans with advanced
dementia.
7.4 “I am Still Experimenting with How I Feel”
This theme emerged from students’ reflections about their performance during RBP sessions,
including emotional reactions. Students wrote of moments when they “felt silly” or were “hyper
aware,’” describing that sometimes they were “frustrated” with themselves or their Veterans and
found that rapport building can be a “slow process.” They wrote about sessions that left them with
more questions than answers, while describing their development of clinical reasoning skills:
I learned to appreciate the significance of small gestures, sustained eye contact, and flickers of
the hand. In attempts to engage her, we gradually become more frustrated at the predicament of
interacting with a resident who made erratic eye contact and offered unintelligible comments to us.
We remain curious about her personality and history, and accept that we will never really know the
“true” [Veteran].
Opportunities to explore “reflection-in-action,” a process which involves a focused examination
of particular situations and attempt in the moment to address it, is central to the clinical reasoning
process of occupational therapy practice [26], and a valuable component of the RBP service-learning
experience. The students did not leave the Reading Buddies Program as experts or feeling like
experts. Rather, they made progress in their journey towards becoming clinical experts. Experts
demonstrate confidence and are able to use conditional and interactive reasoning in sessions [24].
The growth from a novice to an expert requires ample experiential knowledge and for the students
in RBP, this was one of their first steps to achieve that.
Students were also afforded an opportunity to test their own perceptions and comfort with
certain aspects of client care, such as the often-intimate nature of practice. Reinforcing the benefit
of exposure to client experiences, one student’s reflection eloquently described an exploration of
therapeutic use of touch-an oft-cited but hard to operationalize construct within clinical practice:
I am still experimenting with how I feel about ‘romantic’ or ‘intimate’ touch with clients. It makes
me uncomfortable when I see it happen, but I understand it can also be positive or negative. I don’t
want to rebuke a client and I don’t want to shame them if they do show affection. It was nice to
have some positive modeling by my peers and staff at the VA. I can be playful with clients and still
limit-set what I feel comfortable with.
Sexuality and intimacy are often problematized amongst long-term care residents, particularly
those with cognitive impairment [27, 28]. Therefore, students’ ability to critically examine their own
notions of this aspect of client care by practicing-in-context demonstrates the value of this program
in supporting students’ development of their clinical boundaries.
8. Discussion
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The Reading Buddies Program targeted institutionalized Veterans with progressive dementia, a
challenging population for the most seasoned professionals. Focusing on engagement with the most
difficult to engage residents (VIPs) offered students rich opportunities to challenge and advance
their professional identities. Providing a nuanced and detailed look at students’ experiences within
a hands-on service-learning opportunity, these qualitative findings from the Reading Buddies
Program offer insight into the development of students’ clinical reasoning skills and how RBP
provided an opportunity to challenge implicit biases. Findings also reveal students’ increasing
comfort with a population with unique and complex care needs and their developing recognition
that engagement and promotion of quality of life are possible within this clinical context. Structured
provision of meaningful activity is critical in this population even if difficult to operationalize [29].
Service-learning opportunities like this may allow for structured one-to-one engagement that is not
feasible with existing staffing.
As an exemplar of a program designed to provide students with opportunities to problem-solve
challenging situations in the moment and to participate in self-directed learning, RBP is also an
educational model that may prove to be of particular relevance as we strive to meet the workforce
capacity needs of a growing aging population [30]. Research supports the use of service-learning in
academic programs [12]. It stands to reason more academic programs will integrate this as an
educational tool in the near future, necessitating a conversation about how there is a need to think
critically about what components to include when building these opportunities. Reading Buddies
Program paired students with one Veteran over the course of the semester, allowing them time to
develop important skills for after graduation as they: built rapport, gained exposure to long term
care settings, improved observation and documentation skills, and, practiced preparing for a session
only to change it in the moment. The professional development of students in RBP is noted across
themes in this analysis. Students were not gambling or blindly guessing, but instead this program
allowed them to apply their clinical instruction and begin to build their clinical skills which will serve
them in their years to come as evolving practitioners.
9. Conclusions
As the population with dementia continues to expand, so does the need to train health care
providers to address the complex and ever-changing needs of clients with dementia and their
caregivers. However, evidence shows a lack in health care providers trained to work with clients
with dementia and their caregivers [31]. While the presence of OT practitioners in long-term care
and skilled nursing facility settings has grown [32], many OT practitioners report a lack of knowledge
about interventions for dementia [33, 34], highlighting the need for more training and education in
this area. Further, according to findings by these authors, only a small portion of OTs report working
with clients with advanced dementia, a population with distinct needs, given the symptomology and
increased dependency and inability to initiate meaningful activities [9, 35]. Experienced
practitioners working with clients in the advanced stage also report a gap between interventions
and their perceived effectiveness, highlighting the need for more training in this area [9].
Regarding training of health care providers in dementia care, little evidence supports
programming for occupational therapy students to experience working with clients with dementia.
One study of an interprofessional education (IPE) program afforded occupational therapy graduate
students the chance to work with students from physical therapy and speech-language pathology,
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reporting student satisfaction with knowledge gained [36]. In a study of structured educational
programs that include exposure to clients with dementia, all but one program was for medical
students [11]. Opportunities like the Reading Buddies Program offer students an opportunity to
develop and explore clinical reasoning skills with a population that requires a holistic,
interdisciplinary approach to support quality of life. The Reading Buddies Program is an exemplar of
the clinical and educational benefits of such a learning opportunity.
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Abstract
Alzheimer’s Disease (AD) is the leading cause of dementia worldwide, and represents a
significant cause of cognitive decline, disability, and mortality. Ongoing clinical trials continue
to investigate β-amyloid targeted therapy with unclear benefit, and we are currently limited
to symptomatic treatment. Therefore, there is a salient need for the development of novel,
potentially disease-modifying therapeutic strategies such as deep brain stimulation. This
manuscript reviews Deep Brain Stimulation in Alzheimer’s Disease, describing the
pathophysiology of the disease in terms of disordered neural circuitry, and a detailed
discussion on trails of stimulation of the fornix, the nucleus basalis of Meynert and the ventral
striatum/ventral capsule for the treatment of this dementia.
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1. Introduction
Alzheimer’s disease (AD) is the leading cause of dementia worldwide, and represents a significant
cause of cognitive decline, disability, and mortality [1]. As the population continues to age, the
number of people living with dementia is expected to more than triple in the next 30 years [2].
Ongoing clinical trials continue to investigate β-amyloid targeted therapy as well various other
medications with anti-tau effects, neurotransmitter modification, anti-neuroinflammatory and
neuroprotective effects, however the community remains without effective or disease-modifying
drugs [3]. There is a salient need for the development of novel, potentially disease-modifying
therapeutic strategies.
Advances in neuroimaging and neurophysiology have informed our current understanding of AD
as a progressive, widespread disruption of neural networks – particularly the memory circuit – due
to synaptic loss, faulty neurotransmission, and neural atrophy. One of the more direct ways of
probing and manipulating neural circuits in a clinical setting is deep brain stimulation (DBS). The
specific mechanisms of DBS remain unclear. It has been initially suggested that high frequency
stimulation acts a reversible lesion, however it is increasingly apparent that the reality is more
complex, and that DBS exerts its effects through neuronal inhibition, disruption pathologic
oscillations within neural networks, stimulating neural network reorganization as well as with
possible neuroprotective effects [3]. Regardless of its specific mechanisms, DBS remains a highly
sophisticated means of probing and modulating neural circuits, and is being investigated as a
therapeutic intervention for AD.
Here, we review AD pathophysiology as primarily a disease of disordered circuitry, evolving
literature regarding the utility of DBS in patients with AD, and future directions for investigating this
therapeutic modality. We performed a MEDLINE search for “(Alzheimer's Disease) AND (Deep Brain
Stimulation)” with results filtered to human clinical trials, studies and randomized control studies.
The resulting 15 results were found to accounts of six separate trials of DBS for AD in humans, and
these are the trials which are reviewed below.
2. Pathophysiology
The Amyloid hypothesis remains the dominant theory of AD pathogenesis. Sequential cleavage
of amyloid precursor protein (APP) by β- and γ-secretase enzymes in the brain leads to the
accumulation of pathologic β-amyloid peptide (Aβ) in extracellular plaques [4]. Aβ accumulation
appears to be the driving force behind the activation of microglial and astrocytic inflammation,
oxidative injury, and the formation of intracellular neurofibrillary tangles (NFTs) composed of
hyperphosphorylated tau [4]. These downstream inflammatory and molecular changes contribute
to progressive neurodegeneration, hippocampal atrophy, cholinergic neuronal loss, and synaptic
dysfunction [1].
On a larger scale, research has uncovered multiple areas of dysfunction and degeneration in AD.
A lot of focus has been placed on the mesial temporal lobe (MTL) and the hippocampus. After all,
the MTL is the initial site of pathologic Aβ extracellular plaques in AD, and the first comprehensive
hierarchical staging of AD by neuropathological examination revealed that the accumulation of
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neurofibrillary tangles occurs initially in the entorhinal cortex (EC) and then spreads to all isocortical
association areas, including the hippocampal formation [5]. The hippocampus in particular seems
pivotal, since the first reported symptoms of AD are difficulty in remembering new information and
episodic memory loss [2, 3], which are hippocampus dependent [6]. Additionally, hippocampal
atrophy is widely observed in the majority of AD patients and is considered a characteristic
physiological feature associated with cognitive deficits [7].
However, though the MTL and hippocampus have been the focus so far, AD has a diffuse array
of effects which are sometimes hard to synthesize into one disease model. For example, though the
MTL is the first area with histopathologic change, it is the posterior corpus callosum which is the
most common site for early metabolic and perfusion abnormalities on functional imaging [8].
Disease progression is also often accompanied with the atrophy of the fornix and mammillary body
(MB) [9]. Post-mortem analysis also has strong evidence for cholinergic neuronal loss in the nucleus
basalis of Meynert (NBM) as well as the projection system between the vertical subdivision of the
diagonal band of Broca (VBM) and hippocampus [10, 11].
As more research highlights new areas affected by AD, a network approach to the disease can
help organize therapeutic targets. Based on the areas already identified, at least 3 principal
networks are at play in AD: the memory circuit of Papez, the cholinergic network of the basal
forebrain, and the default mode network.
First described in 1937, the Papez circuit, also known as the medial limbic circuit, is traditionally
described as the neural loop going from the hippocampal formation to the MB in the hypothalamus
through the fornix, to the anterior nucleus of the thalamus (ATN), the cingulate gyrus and finally
back to the hippocampus via the entorhinal cortex (EC) [12]. First suggested to be part of the
emotive circuitry of emotion, the circuit has since been shown to be more involved in the
consolidation of declarative memory [13]. Given the circuit’s role in memory, and the structural
changes seen in its components in AD, it is clear its dysfunction has a large role to play in AD
symptomatology [9].
Animal studies confirm the circuit’s role. In rodents, acute stimulation of the EC and ATN has
been shown to promote neurogenesis of seemingly functional dentate gyrus neurons in the
hippocampus, and EC stimulation reduced the plaque burden in an animal model of AD [14-17].
Stimulation of the fornix, EC, and ATN has also improved rodent performance on various memory
tasks, including spatial memory and delayed non-match to sample task testing [14, 15, 18]. In animal
models, the fornix has in particular presented itself as an important target. Stimulation of the fornix
has demonstrated increased hippocampal neurotrophic factor, synaptic protein expression, and
acetylcholine levels, in turn leading to hippocampal neurogenesis and improved memory function
in rodents [16, 19-22].
The cholinergic network of the basal forebrain (BF) is another neural network at the center of AD
pathophysiology, after all, the mainstay of symptomatic treatment for AD is the use of centrallyacting acetylcholinesterase inhibitors (AChEIs), which are thought to provide symptomatic relief by
potentiating cholinergic synaptic activity [1]. Most cholinergic neurons in the mammalian brain are
found in four regions: the brainstem nuclei, subset of thalamic nuclei, striatum, and BF nuclei. [2325] Among them, the nbM of the basal forebrain constitutes the single largest source of cholinergic
innervation to the entire cortical surface; whereas the VDB is the major source of cholinergic
innervation to the hippocampus from the basal cholinergic nuclei [26, 27]. This is a widely connected
area. In particular, nbM neurons also receive other cortical input from the orbitofrontal cortex,
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anterior insula, temporal pole, entorhinal cortex, and medial temporal cortex broad projections
involved in attention, arousal, learning and memory formation [28, 29]. Degeneration of the nbM
has been linked to neuropsychiatric symptoms in Parkinson’s disease, Dementia with Lewy Bodies,
and AD [26, 29, 30].
In animal models, stimulation of the nbM in rats increased cortical cholinergic activity, and
intermittent nbM stimulation in primates improved working memory, an effect which was inhibited
by cholinergic antagonists [31, 32]. Cholinergic activity has also been hypothesized to play a role in
the clearance of Aβ in the cerebral cortex [33]. DBS of the nbM may therefore provide
neuroprotective and functional benefits in patients with AD.
The default mode network (DMN) is the final network to be reviewed in this manuscript. It refers
to the functional co-activation of several regions during “resting-state” activities [34]. Using
functional MRI data, this putative network was demonstrated to include the PCC, bilateral inferior
parietal cortex, left inferolateral temporal cortex, and ventral anterior cingulate cortex [8]. This
network is connected to the memory circuit of Papez and is involved in successful memory retrieval
[35]. Additionally, changes within this network may facilitate the deposition of Aβ, providing an
important pathophysiologic link to AD [36, 37]. As metabolism in these areas begins to decline, it
may form a local environment favorable to amyloid deposition, cerebral atrophy, network
dysfunction, and eventually clinical signs of dementia [36]. Though a clear target for
neuromodulation has not been identified in the DMN, it remains an important network to monitor
as we delve into human clinical trials.
These findings highlight the clinical importance of studying the dynamic alterations in neural
networks implicated in AD.
3. Human Studies
3.1 Neuromodulation of the Fornix
Presently, DBS of the fornix (DBS-f) is the most extensively investigated neuromodulation target
in humans for AD. The target was discovered serendipitously – a patient undergoing an
investigational electrode implantation in the hypothalamus for treatment of refractory obesity
vividly recalled a personal experience during awake intraoperative testing [18]. With post-operative
imaging, the contacts which most reliably triggered recall were noted to be close to the patient’s
fornix. On neuropsychological evaluation after 3 weeks of stimulation, the patient was found to
have significant improvements on certain tests (e.g. the Wechsler Adult Intelligence Scale, the
California Verbal Learning Test, and the Spatial Associate Learning task), as well as a double blinded
associative memory task with the DBS “on” versus “off” [18]. Radiographic assessment of the
patient’s stimulation was limited, since the patient’s weight precluded an MRI or a PET scan.
However, with sLORETA (standardized low-resolution electromagnetic tomography, an imaging
modality based on multichannel surface EEG recordings), the activation of the hypothalamic
electrode led to a significant increase in the activity in the ipsilateral mesial temporal lobe structures,
including the hippocampus and the parahippocampal gyrus [18, 38].
Though the previously mentioned patient was relatively young with no evidence of AD, the
group’s experience with forniceal stimulation and memory augmentation led to a Phase 1 trial of
DBS-f in AD (Table 1) [39]. The study looked at continuous stimulation of the bilateral fornices in six
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patients on medical therapy with an AChEI with mild AD, as determined by the Clinical Dementia
Rating (CDR) and Mini-Mental State Examination (MMSE). The study’s main outcome measure was
the Alzheimer’s Disease Assessment Scale, Cognitive Subscale (ADAS-Cog); however they also
analyzed a variety of other neuropsychiatric tests, and imaging studies [40].
Though they did not have a non-interventional arm, the group compared the outcomes of their
study participants against expected evolution of these measures in larger population based studies
– namely that the ADAS-Cog would increase 6-7 points a year and the MMSE would decrease by
approximately 3 points a year [41, 42]. At the end of the 12 months, the patients’ ADAS-Cog scores
suggested better than expected cognitive function in two participants, expected decline in three
patients, and worse than expected decline in one patient, while MMSE was better than expected
for all patients [39]. On 12-month imaging follow up, MRI showed increased hippocampal volume
in the two patients with best cognitive outcome, and less hippocampal volume loss (−2.6%)
compared to 25 matched controls with AD (−9.5%) [43].
Functional imaging analyses confirmed the network effects of DBS. On sLORETA, the ipsilateral
MTL once again saw an increase in activity in response to bipolar DBS stimulation – first in the
hippocampus and parahippocampal gyrus, then the cingulate gyrus, and then the precuneus area
of the parietal lobe [39]. PET studies showed an even wider effect. The scans showed significantly
improved glucose utilization in the temporal and parietal lobes at 1 month, which was maintained
at 12 months [39]. This effect spanned multiple neural networks, with an increase in glucose
metabolism in a frontal-temporal-parietal-striatal-thalamic network and a frontal-temporalparietal-occipital-hippocampal network, as well as select nodes of the DMN [39, 44].
This study was a promising foray into DBS-f for AD. In spite of its small sample size, it did convey
some measure of benefit to patients with mild AD. Furthermore, imaging studies of these patients
confirmed the network nature of AD as a disease, and, more importantly, the DBS can have
widespread network effects in AD with bilateral forniceal stimulation. The DBS increased
metabolism in not only areas affected by AD, but also in cortical regions that are relatively spared
in the disease process. Importantly, since the procedure was safe and well tolerated, the results
prompted further investigation.
The next step in DBS-f was a multi-center, double-blind, randomized, controlled Phase II trial to
evaluate the safety of the intervention in patients with mild AD [45]. Setting it apart from its Phase
I counterpart, this study included a sham stimulation control arm whose participants were
implanted with electrodes but underwent no stimulation for the first 12 months. The results are
unimpressive at first glance, with the primary clinical outcome measures of ADAS-Cog and CDR
showing no significant differences between active vs. sham groups at 12 months. However, when
stratified by age, patients <65 years old (n=12) trended towards worse cognitive outcomes with
DBS-f, but those ≥65 years old (n=30) trended towards a benefit. This trend continued when the
study was unblended at 12 months, and all participants began to receive stimulation. Patients ≥65
years old receiving 24 months of active stimulation deteriorated less than patients ≥65 years old
with delayed active stimulation. Patients <65 years old deteriorated more than older patients
regardless of treatment arm [46]. Some have suggested that this difference in outcome may be
explained by a higher portion of the younger patients having early-onset autosomal dominant AD
[47].
Age was also significant when looking at cerebral glucose metabolism through PET scans. As a
whole, patients receiving stimulation did show increased metabolism at 6 months but that did not
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sustain at 12 months. However, with subgroup analysis, the researchers noted that cerebral glucose
metabolism decreased in all patients <65 years old, whereas those ≥65 years old in the active
stimulation arm showed increased metabolism by 14–20% at 12 months [45].
Of note, this study did report four acute serious device- or procedure-related safety events in
three patients for a rate of 7.1% of events/patient (95% CI 1.5-19.5). One event involved implantable
pulse generator (IPG) infection, one involved moving a DBS lead to the optimal position as defined
by imaging, and the others both involved post-op nausea. No new neurological deficits or mortalities
were caused by the surgical procedure [45]. These values are in line with the known risk profile of
DBS; therefore, this trial demonstrated safety, tolerability, and a possible clinical benefit of DBS-f in
patients ≥65 years old with mild AD.
These studies have notable limitations and blind spots. First, these studies did not address the
possible effects of stimulation parameters on treatment effect. Put in another way, it is unclear if
the DBS was not effective because of an inherent limitation of the technique, or if it was set at an
ineffective stimulation setting. Second, these studies raise the possibility that DBS-f may be an
effective treatment modality, but only for select patients. The Phase I study suggested that the
patients with milder AD showed a smaller decline in ADAS-cog scores, while the Phase II study
suggested that older patients benefit the most [39, 45, 46]. Furthermore, other variables were
noted but are harder to study, for example, patients with the strongest experiential memories on
awake intraoperative testing seemed to do best in the Phase I study, however that is anecdotal
without a more quantitative instrument [39].
Some of these questions will be addressed in an upcoming trial from the same research group.
A larger phase IIb/III multi-center, double-blind, randomized, controlled trial is recruiting patients
to assess safety and efficacy of DBS-f in patients ≥65 years old with mild AD. This study will measure
primary clinical outcomes with the integrated Alzheimer's Disease Rating Scale (iADRS), glucose PET
scanning at certain sites, and CSF biomarkers such as tau protein and Aß-amyloid. The investigators
will also randomize patients in the active stimulation arm to 130 Hz vs 40 Hz stimulation, and switch
patients to the more effective frequency after interim analysis [35].
3.2 Neuromodulation of the Cholinergic System
As previously discussed, atrophy of the basal forebrain cholinergic system, and particularly of the
NBM are considered central to the pathophysiology of AD [11, 30]. As such, just as symptomatic
pharmacologic therapy for AD currently targets the cholinergic system; neuromodulation of the
same offers another potential therapeutic target for DBS. In particular, Kuhn et al, chose to
stimulate the NBM or Ch4 division of the basal forebrain cholinergic system (DBS-nbM), given it
contains the largest group of cholinergic neurons, and it is significantly affected by AD [48]. To test
the intervention, Kuhn et al. organized a double-blind, sham-controlled, phase I clinical trial
investigating bilateral low-frequency (20Hz) DBS-nbM in 6 patients with mild to moderate AD taking
AChEIs ≥3 months (4 female, 2 male; age: 57-79; MMSE 18-26). Patients were randomized to receive
2 weeks of active vs. sham stimulation before crossing-over. This was followed by an 11-month open
label phase with active stimulation in all six patients. The primary clinical outcome was ADAS-Cog
score at 12 months, with several secondary outcome cognitive tests including the Mini-Mental State
Examination (MMSE), the Stroop task, subtests of the Wechlser Memory Scale and the Wechlser
Adult Intelligence Scale, as well as others [48].
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The results are optimistic on neuropsychiatric evaluation. In their patient group, ADAS-cog scores
worsened by an average of 3 points after 1 year of stimulation, while MMSE scores remained almost
stable [48]. As pointed out previously, this points to a rather slow progression of disease, since the
natural history of AD has ADAS-cog scores increasing 6-7 points per year, and MMSE scores
decreasing 3 points a year [41, 42]. On functional imaging, the researchers noted a 2-5% increase in
cortical glucose metabolism, focused in the amygdala, hippocampus and temporal regions [48].
As with DBS-f, it is still unclear how DBS-nbM exerts its effect on the physiology of AD patients.
Current hypotheses range from the possible excitation of the nucleus to increase acetylcholine
secretion, to the stabilization of oscillatory activity of the cholinergic circuits to induce synthesis of
neutrophic factors [48-50]. Further research is needed to elucidate the mechanism of action of DBSnbM as well as to aid in the selection of appropriate candidates for the treatment.
3.3 Neuromodulation of the Frontal Lobe
Instead of focusing on the neural networks involved in memory, Scharre et al. sought to use
neuromodulation to improve executive function in AD patients, arguing that though memory issues
are central to AD, it is the executive deficits which present a large care burden onto caretakers [51].
To specifically target those symptoms, the group chose the Ventral Striatum/Ventral Capsule (VS/VC)
as a target. Located at the base of the frontal lobes, the region encompassed by the VS/VC and the
nearby nucleus accumbens and septal nuclei serve important roles in executive and behavioural
self-regulatory functions [52]. While the VS/VC region has not been used for the neuromodulation
of AD, it had been used in other neurobehavioral conditions such as depression or obsessivecompulsive disorder [53-57].
Scharre et al. presented a non-randomized phase I prospective open label trial of three subjects
with bilateral VC/VS stimulation with matched comparison groups from the AD Neuroimaging
Initiative (ADNI) [51]. In contrast to the studies previously reviewed in this manuscript, they used
the Clinical Dementia Rating – Sum of Boxes (CDR-SB) as the primary endpoint. Based on their
analysis, both patient 2 and patient 3 seemed to have a less severe decline than predicted based on
a match cohort from the ADNI. Furthermore, the PET scans of the 2 responders showed increased
metabolism in both the ventromedial and dorsolateral prefrontal cortical region, and the
orbitofrontal regions. This is a drastically different metabolic pattern when compared to the results
of both the DBS-f and DBS-nbM studies, which speaks to the different physiologic goals of the
stimulation. Unfortunately, the Scharre et al. group did not provide neuropsychiatric assessments
specific to executive decision making, and therefore more research is needed to determine with the
functional PET imaging corresponds to executive improvements in AD patients
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Table 1 Comparison of DBS Efficacy in Alzheimer’s Disease in Current Human studies.

Citation

Laxton et al.,
2010

Lozano et al.,
2016

Sample
Size

Inclusion Criteria

n=6

- Men and women aged
40-80 years
- Diagnostic criteria for
mild probable AD
- diagnosis of AD w/in
past 2 years
- CDR: 0.5 or 1.0
- MMSE: 18-28
- AChEI ≥ 6 mo.

n=42

- Men and women aged
45-85 years
- Diagnostic criteria for
mild probable AD
- CDR-SB: 0.5 or 1
- ADAS-Cog-13: 12-24
(minimum score ≥4 on
item 1)
- Reliable caregiver/
informant
- AChEI ≥ 2 mo.

Treatment
Modalities

Study Arm(s)

DBS-fornix

- DBS-f “on” (12
mo.)
- Matched
Controls (for
glucose
metabolism )

DBS-fornix

- DBS-f “on” (12
mo.)
- DBS-f “off” (12
mo.)

Outcomes
ADAS-Cog mean increase: 4.2 points at 12 mos.
MMSE rate of decline: 2.8 points/year preprocedure vs. 0.8 points/year post-procedure
Fornix stimulation leads to localized changes in
the activity of ipsilateral mesial temporal lobe
structures (mainly hippocampus/
parahippocampal gyrus), cingulate gyrus, and
precuneus at longer latencies
Sustained improved glucose metabolism in
mesial temporal and parietal lobes at 12 mo.
Whole cohort: no difference in decline in ADASCog-13 or CDR-SB scores
Whole cohort glucose metabolism: "on" group
increased (7 to 13%) at 12 mo. vs. "off" group
decreased (-1 to -5%). Differences in "on" vs.
"off" at 6 mo. (p<0.03) not sustained at 12 mo.
ADAS-Cog-13 ≥65 y.: “on” mean increase was
4.1 points lower vs. “off” mean increase at 12
mos.
CDR-SB ≥65 y.: “on” 1.4 points lower vs. “off” at
12 mos.
Glucose metabolism ≥65 y.: “on” group
increased (14 to 20%) vs. “off” group decreased
(-2 to -15%)
ADAS-Cog-13 <65 y.: "on" mean increase = 18.7
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Leoutsakos et
al., 2018

Same as Lozano et al.,
2016

DBS-fornix

Kuhn et al., 2015 n=6

- Diagnostic criteria for
mild-to-moderate AD
according to DSM-IV, ICD10, and the NINCDSADRDA scale
- German-language
fluency
- AChEI ≥3 mo.
- MMSE 18-26
- AD-typical CSF (tau
protein and amyloid beta
level)

DBS-nbM

Hardenacke et
al., 2016

Same as Kuhn et al., 2015

DBS-nbM

n=42

n=8

vs. "off" mean increase = 8.3 at 12 mo.
CDR-SB <65 y.: "on" = 4.0 vs. "off" = 0.5 at 12
mo.
Glucose metabolism <65 y.: "on" and "off"
decreased
ADAS-Cog-13 ≥ 65 y.: trajectory from phase 1
not significantly different; “early on” fares
- DBS-f “early on” better
CDR-SB ≥ 65 y.: trajectory from phase 1 not
(24 mo.)
- DBS-f “delayed significantly different; "early on" fares better
on” (12 mo. "off" ADAS-Cog-13＜65 y.: no difference in decline
⇒12 mo. “on”
"early on" vs. "delayed on"
CDR-SB＜65 y.: non-significant worsening
decline in "early on" vs. "delayed on"
ADAS-Cog: nonsignificant increase of 3 points at
52 wk.
ADAS-Cog memory items: 1.8-point decrease at
- “on” 2 wk. ⇒ 1
52 wk.
d. washout ⇒
ADAS-Cog cognitive items: 4.6-point increase at
“off” 2 wk. ⇒
52 wk.
“on” 11 mo.
MMSE: 0.5-point decrease at 52 wk.
- “off” 2 wk. ⇒ 1
MMSE cross-over: improved at end of “on” vs.
d. washout ⇒
“off” by 0.8 (95% CI -3.1 to 1.3)
“on” 2 wk. ⇒
Quality of Life: 5.7 to 5.5 subjectively (1-bad to
“on” 11 mo.
10-excellent)
Cerebral glucose metabolism increased by 2-5%
in amygdala, hippocampus, and temporal lobes
Long-term follow up showed patients with
24-month followlower baseline ADAS-Cog scores had more
up of Kuhn et al.,
stable scores at 24 months follow-up than
2015
those with higher baseline scores
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Scharre et al.,
2018

n=3

- Men and women 45-85
years
- Probable AD dementia
- Evidence of AD
pathophysiological
process based on amyloid
PET, CSF
amyloid- 42 (A42) and tau
results
- AChEI ≥120 days
- MMSE 18-24

DBS-VC/VS

- DBS-VC/VS 18
mo
- Matched
Controls.

Less decline on CDR-SB than matched controls
(p<0.05 for two patients)
PET scans of 2 responders showed increased
metabolism in both the ventromedial and
dorsolateral prefrontal cortical region, and the
orbitofrontal regions
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4. Conclusion
In summary, these studies show DBS-f increases cortical glucose metabolism in patients ≥65
years, preserves or increases hippocampal volume, reduces synaptic neuronal loss, and increases
neural activity in the memory circuit and DMN [39, 43]. Despite these objective findings, primary
clinical outcomes provide conflicting data. The phase II cohort had no net improvements in ADASCog and CDR-SB at 12 months [45]. Sub-group analysis of the current evidence favors a potential
positive clinical benefit for patients with mild AD over the age of 65 years, however the magnitude
of this benefit is not yet entirely clear, and may be mild [46]. Currently, there is no information on
the effects of DBS-f on plaque burden, the functionality of neurons contributing to the increased
hippocampal size, or the mechanisms underlying these observed changes. More data is also needed
regarding long-term effects of continuous DBS-f on preserving cognitive function, memory, and
quality of life.
DBS-nbM is still in the early stages of testing, and current evidence favors a possible stabilizing
effect of ADAS-Cog scores when implicated early for patients with mild AD [48]. More data is needed
to determine optimal patient selection for this treatment modality, as current responses to DBSnbM are heterogeneous.
The inherently complex circuitry involved causes stimulation parameters to be another potential
area for future studies to address, given that the stimulation parameters are not titrated to an
observable clinical effect as they are during treatment of movement disorders. Additionally,
memory recall is partially an active function, and current stimulation modalities are limited by
continuous stimulation. Future modalities could be developed to attempt to engage memory
circuits more selectively to overcome this.
In addition to those mentioned above, there are a number of clinical trials around the world that
are currently recruiting and investigating DBS for treatment of AD. Trials in Madrid and Beijing are
recruiting patients to compare DBS-f to DBS-nbM (NCT03290274 and NCT03115814), and another
group in Taiwan is recruiting to investigate DBS-nbM in 10 more patients (NCT03959124). At UCLA,
a group is investigating the feasibility and efficacy of non-invasive DBS using Low Intensity Focused
Ultrasound Pulsation (LIFUP) for patients with mild cognitive impairment and mild AD
(NCT03347084). These trials are listed on clinicaltrials.gov, along with specific recruitment
information for the specific interventions.
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Abstract
Esophageal cancer is a disease with difficult clinical management, and palliative therapy is the
only predominant treatment. This retrospective study analyses the results of clinical
management of elderly patients (>75 years of age) who were treated with esophageal stenting
for malignant dysphagia due to primary esophageal cancer, including squamous cell
carcinoma (SCC), esophageal adenocarcinoma (EAC), as well as secondary esophageal
malignant strictures due to non-small cell lung cancer (NSCLC). Patients with esophagorespiratory fistula (ERF) were also included in the study. This study included 166 patients aged
75–88 (mean age, 78) years. Nine (5.4%) patients had upper malignant esophageal stenosis,
48 (28.1%) had the middle, 43 (25.9%) in the lower part of the esophagus, 49 (29.5%) patients
had EAC-related stenosis, and 17 (10.2%) patients reported lung cancer-related esophageal
stenosis. Dysphagia was rated at 2.8 (range, 2–3) before stenting and at 1.2 (range, 1–2) after
the stenting procedure. Seven (4%) patients experienced stenting migration, 12 (7.2%) had
granulation tissue overgrowth and prosthesis obstruction, two (1.2%) developed respiratory
© 2021 by the author. This is an open access article distributed under the
conditions of the Creative Commons by Attribution License, which permits
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failure, and one (0.6%) patient died. Twelve (7.2%) patients were treated for ERF with doublestenting, and three (1.8%) patients developed a secondary fistula after the stent implantation.
The mean survival of patients with esophageal cancer and ERF was 101.8 days and 62.5 days,
respectively. Esophageal stenting has proven a safe procedure in patients over 75 years of age.
It has a low rate of stenting obstruction and migration. Patients with ERF are a particularly
difficult group to treat, show very poor outcomes and short survival rates.
Keywords
Esophageal cancer; stenting; elderly; esophago-respiratory fistula; squamous cell carcinoma

1. Introduction
Squamous cell carcinoma (SCC) of the esophagus and adenocarcinoma of the gastroesophageal
junction (EAC) are tumors of the upper gastrointestinal tract with a poor prognosis. Over the last
three decades, the increase in the incidence of adenocarcinoma, considered an epidemic by some
authors, is of particular concern. A steady rise in the number of new cases with SCC was observed
[1-4]. Few studies showed that about 20% of patients underwent radical surgery and the remaining
ones received palliative treatment only [1-5]. Primary esophageal cancer is the predominant cause
of malignant dysphagia, but cancers such as lung cancer, thyroid cancer, or mediastinal cancer that
secondarily infiltrate the esophagus may also be the cause. No precise data on the percentage
accounting for secondary dysphagia are available in the medical literature [2, 5, 6].
Esophageal stenting represents one of the most effective ways of managing malignant dysphagia
because of the availability of technologically advanced stents, the variety of types, and the relatively
simple techniques of implantation. Esophageal stenting, though a simple method of implantation,
carries a risk of complications. In addition to stenting, endoscopic laser ablation techniques such as
photodynamic therapy (PDT), chemotherapy, or interventional radiotherapy are also used in clinical
management. Each procedure has its advantages that should be considered when considering
patients with inoperable esophageal cancer for palliative treatment.
This study evaluates the treatment of malignant dysphagia, its safety, and the potentially lifethreatening complications after the treatment. It examines the full range of patient management,
not only in terms of stenting but also in the management of ERF and postoperative complications.
Believably, this study may be a valuable contribution to the decision-making process of treatment
of patients and illustrates how to follow the proposed recommendations.
2. Patients and Methods
This study presents a retrospective analysis of the results of clinical management of patients
treated for malignant dysphagia in the Department of Thoracic Surgery, Jagiellonian University
Medical College, Poland, between 2008 and 2018.
Patients over 75 years of age disqualified from surgery for medically inoperable SCC, esophageal
adenocarcinoma (EAC), or secondary dysphagia in the setting of inoperable lung cancer (NSCLC)
underwent stenting. Patients with bronchoesophageal and esophagomediastinal fistulae were also
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included in the therapeutic management. Cancer staging was done on the criteria of Union for
International Cancer Control (UICC) classification, 7th edition [7].
3. Diagnostic Procedures
Chest radiography/chest X-ray (CXR), chest computed tomography (CT), esophagoscopy,
bronchoscopy, endobronchial ultrasound (EBUS), endoscopic ultrasound (EUS), abdominal
ultrasonography, and positron emission tomography-computed tomography (PET-CT) were
performed on patients qualified for the stenting. Patients with Karnofsky Performance Scale (KPS)
≤ 40 were excluded from the stenting. The assessment of patient comfort after treatment was based
on the KPS score [8].
Prior to planned treatment, dysphagia was classified according to a four-point scale, and
bronchoscopy was routinely performed.
The degree of dysphagia was assessed based on a four-point scale [9]:
0-no dysphagia;
1-swallowing of a semi-liquid diet;
2-swallowing of a liquid diet;
3-dysphagia to the liquids and saliva.
The clinical status of patients with an ERF was evaluated, and the classification was based on our
classification presented in a previous study [10].
Patients with dysphagia in the course of esophageal and lung cancer were routinely qualified for
unilateral stenting, and the patients with ERF or bronchial tree compression were qualified for
double or unilateral stenting.
4. Esophageal Stenting
4.1 Patients with Malignant Stenosis without Fistula to the airway
The esophageal prosthesis was performed under general anesthesia. Esophagoscopy was
performed in order to localize the stenosis. If tumor-related stenosis was <10 mm in diameter,
dilations to 10 mm were performed using the rigid Savary-Giliarde bougie. After dilation, endoscopic
evaluation, the length of tumor infiltration, and implantation of the prosthesis were performed
under endoscopic guidance. A self-expanding partially covered stent (SEPCS) (Boston Scientific
Corporation, Natick, MA, USA) was used for the stenting.
4.2 Patients with Esophago-Respiratory Fistula
Patients with ERF were evaluated based on the following classification [10]:
Type 1-Fistula to the mediastinum
Type 2- Fistula to the trachea
Type 3- Fistula to the bronchus
Type 4-Esophago-respiratory fistula after stenting
The patencies of the bronchial tree and esophagus were assessed in patients with confirmed ERF.
Patients with Type 2 and 3 fistulas qualified for the double-stenting.
The double-stenting procedure was performed under general anesthesia with a self-expanding
partially covered stents (SEPCS) (Boston Scientific Corporation, Natick, MA, USA), a bifurcated Y
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stent (Demed, Mikolow, Poland), or with self-expanding covered bronchial stents (SECBS) and selfexpanding tracheal stents (SETS) (Boston Scientific Corporation, Natick, MA, USA) (Figure 1).
Bronchial tree stenting was performed according to the previously described technique by Stephens
[11].

Figure 1 CT scans showing advanced esophageal cancer with left bronchial stricture
before (1A) and after double-stenting (1B).
On postoperative day 1, the patients underwent a chest radiograph and were given a liquid diet.
Patients did not routinely undergo endoscopy of the esophagus and bronchial tree after doublestenting.
4.3 Patients with Malignant Dysphagia in the Course of Lung Cancer
Patients’ diagnoses were performed as per the above-mentioned methods. Patients were
qualified for esophageal stenting, and in the case of ERF or bronchial tree stenosis, for the doublestenting procedure.
5. Postoperative Follow-up
On postoperative day 1, the patients were prescribed an oral diet, a chest radiograph was
performed, and the degree of dysphagia after stenting was determined. On postoperative day 30,
dysphagia, general status, comfort status of the patients according to the KPC score were reassessed.
Patients were monitored until death.
6. Statistical Analyses
Statistical analyses were carried out using STATISTICA 10 PL software (StatSoft Inc., Tulsa, OK,
USA). Differences between the causes of malignant dysphagia were assessed using GehanWilcoxon’s, Kruskal-Wallis, Mann-Whitney, and chi-squared or Fisher’s exact tests. Patients’ survival
rates were assessed using the Kaplan-Meier estimator. The Cox test was used to evaluate the risk
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factor in a group of patients undergoing chemo-radiotherapy after stenting. P-value < 0.05 was
considered statistically significant.
7. Results
The analysis included 166 patients aged 75–88 (mean 78) years.
7.1 Patients with Malignant Stenosis without Fistula to the Airway
In the study group, patients reported weight loss between 5 and 27 kg (mean 8.9 kg), moderate
dysphagia (mean 2.8, range 2–3), dyspnea, and cough in the group of patients with LC and ERF. The
mean length of the esophageal cancer infiltration was 4.8 cm (range, 4–12 cm)
Table 1 shows the distribution of the esophageal stenosis.
Table 1 Study group – clinical and demographic characteristics.
Study population
Sex (male/female)
Mean age (range), years
Histopathology
1. SCC
2. EAC
3. NSCLC
Location of the esophageal stricture
-upper esophagus
-middle esophagus
-lower esophagus
-gastroesophageal junction
Dysphagia score
-grade 1
-grade 2
-grade 3
Esophago-respiratory fistula (ERF)
type 1
type 2
type 3
type 4
Treatment after stenting
CTH
RTH
CTH/RTH

Number of patients (no/%)
119/47
79 (74–92)
100 (60.2%)
49 (29.5%)
17 (1.0%)
9 (5.4%)
65 (39.1%)
43 (25.9%)
49 (29.5%)
0
142 (85.5%)
24 (14.4%)
12 (7.2%)
3 (1.8%)
1 (0.6%)
5 (3.0%)
3 (1.8%)
23 (13.8%)
8 (4.8%)
5 (3.0%)
10 (6.0%)

Note: CTH – chemotherapy; RTH – radiotherapy; CTH/RTH – chemo-and radiotherapy; ERF –
esophago-respiratory fistula; SCC – squamous cell carcinoma, EAC – esophageal
adenocarcinoma, NSCLC – lung cancer. (ERF) esophago-respiratory fistula: type 1 (fistula to the
mediastinum), type 2 (fistula to the trachea), type 3 (fistula to the bronchus), type 4 (fistula after
stenting).
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The breakup distribution of esophageal stenosis in the patients was as under:
1. In 9 (5.4%) patients, the malignant stenosis was found between 18 and 25 cm from the
incisors (in 5 (4.3%) patients between 18 and 21 cm and in 4 (2.4%) patients between 22 and 25 cm).
Stenting was performed in 2 (1.2%) patients with fistula: one patient had Type 1 fistula, and one
(0.5%) patient had Type 2 fistula. The patient with Type 1 fistula underwent unilateral stenting, and
the fistula was covered only on the esophageal side. The patient with Type 2 fistula underwent
double, esophageal, and tracheal stenting, using a self-expanding tracheal stent (SETS).
2. In 48 (28.9%) patients with SCC, esophageal stenosis was detected in the middle part of the
esophagus. Out of them, 7 (4.5%) patients with fistula, 2 (1.2%) patients had Type 1 fistulas, and 5
(4.3%) had Type 3). The patients with Type 1 fistula underwent unilateral esophageal stenting
regaining full control over it, while patients with Type 3 fistula underwent double esophageal and
bronchial tree stenting. Three patients underwent a Y-type prosthesis, and two underwent SECBS.
3. Forty-three (25.9%) patients underwent stenting of the lower third of the esophagus.
4. Forty-nine (29.51%) patients underwent stenting due to EAC.
5. In 17 (1.02%) stenting were performed due to esophageal stricture in the course of lung
cancer (NSCLC).
7.2 Stenting
The esophageal stenting was performed in 164 (98.8%) patients. In 2 (1.2%) patients, due to
complete tumor infiltration, restoration of the esophagus was unfeasible, and the stenting
procedure was abandoned due to the risk of esophageal perforation. The patients were qualified
for gastrostomy. Endoscopic examination revealed esophageal stenosis ranging in length between
4 and 12 cm (mean, 4.8 cm).
7.3 Dysphagia
After the stenting, an improvement in swallowing was noted. Before stenting mean dysphagia
score was 2.8 (range, 2–3) and after stenting 1.2 (range, 1–2) (p = 0.0001). In 31 (18.9%) patients,
the stenosis required dilation. Esophageal perforation occurred in two patients after dilation.
Patients’ comfort level was assessed according to the KPC score. Before stenting, the mean
comfort was rated at 56 (range, 45-70) and after stenting at 65 (range, 60-75))(p = 0.0001).
7.4 Complications Following Stenting
7.4.1 Complications Requiring Preventive Management
Chest Pain: Among 89 (53.6%) patients, chest pain occurred in 11 (6.6%) patients who were
treated with the upper esophageal stenting, in 21 (12.6%) with middle esophageal stenting and 18
(10.8%) with lower esophageal stenting. The pain was predominant in the group of patients who
underwent upper esophageal stenting (p = 0.004). Mild painkillers were used in the treatment with
resolution or clinical improvement. The pain was not an obstacle to oral nutrition.
Foreign Body Sensation: This complaint was reported in 38 (22.9%) patients. Eleven (6.6%)
patients experienced the sensation in the proximal esophagus, 12 (7.2%) in the middle esophagus,
8 (4.8%) in the lower esophagus, and 7 (4.2%) in the EAC. In 25 (15.2%) patients with swallowing
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discomfort, the sensation was predominant in the proximal esophagus and ceased between 3 and
7 days after stenting (p = 0.0001).
Symptoms of Gastroesophageal Reflux Disease: This complaint was found in 60 (36.1%) patients.
They required pharmacological treatment with proton pump inhibitors. Patients’ comfort level
showed an improvement. Irregular heartburn occurred in 12 (7.2%) patients.
7.4.2 Complications Requiring Clinical Intervention (Table 2)
Table 2 Interventional management after stenting.
Complication after stenting
SCC
EAC
NSCLC
Migration
3 (1.8%)
3 (1.8%) 1 (0.6%)
partial – no re-stenting
1 (0.6%)
1 (0.6%)
complete – no re-stenting
0
0
0
complete – re-stenting
3 (1.8%)
3 (1.8%) 1 (1.4%)
Restenosis
6 (3.6%)
5 (3.0%) 1 (0.6%)
granulation
– proximal end of the stent
3 (1.8%)
4 (2.4%) 1 (0.6%)
granulation – distal end of the stent
3 (1.8)
1 (0.6%) 0
malignant obstruction
0
0
0
Perforation
2 (1.2%)
respiratory failure
2 (1.2%)
Death
1 (0.6%)
Note: ERF – Esophago-respiratory fistula; SCC-squamous cell carcinoma;
esophageal adenocarcinoma; NSCLC-lung cancer.

P-value
p = 0.9

p = 0.8

EAC-

Hiccups: Hiccups occurred in 3 (1.8%) patients. Two (1.2%) patients underwent EAC stenting, and
1 (0.6%) patient in the lower third esophagus. Hiccups probably resulted from the compression of
the diaphragmatic branches and irritation of the phrenic nerve. Due to persistent complaints, the
stents were removed; the patients required dilation and placement of percutaneous endoscopic
gastrostomy (PEG).
Upper Gastrointestinal Bleeding: Immediately after the stenting procedure, upper
gastrointestinal bleeding was observed due to stenting-related damage in 4 (2.4%) patients; of them,
2 (1.2%) patients required transfusion of 2 units of blood.
Incomplete Expansion of the Stents: Six (3.6%) patients had an incomplete expansion of stents
that required repositioning between 1 and 2 days after surgery.
7.4.3 Life-Threatening Complications
Respiratory Failure: Symptoms of respiratory failure occurred in 2 (1.2%) patients requiring
artificial ventilation between the 2nd and 4th day, postoperatively. After decannulation, the
patients breathed normally and were discharged to home on postoperative days 6 and 8.
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Esophageal Perforation and Perioperative Death: Esophageal perforation was reported in 2 (1.2%)
patients after dilation. The patients underwent stenting. Coverage of the perforation with the
prosthesis was obtained. A contrast study was performed to verify the tightness of the esophagus.
In 1 (0.6%) patient, cardiac arrhythmia with cardiac arrest occurred. The patient died on
postoperative day 7. In the other patient, the postoperative course was satisfactory; hence, the
patient was discharged on postoperative day 10.
7.4.4 Endoscopic Re-Interventions
Esophageal Stents Migration: Migration of the stents was found in 7 (4.1%) patients: in 1 (0.6%)
with NSCLC, 3 (1.8%) with SCC, and 3 (1.8%) with EAC. There was no statistically significant
difference between the esophageal cancer location and stents migration (p = 0.9). In 2 (1.2%)
patients, repositioning of the stent was performed, in 4 (2.4%) patients, a re-stenting procedure was
done, and in 1 (0.6%) patient, the patency of the esophagus after stent removal was found
satisfactory and required no re-stenting (Table 2). There was no correlation of stent migration with
the age of patients (p = 0.4).
Obliteration of the Prosthesis (Recurrence of Dysphagia): Twelve (7.2%) patients showed
obliteration of the stents due to granulation tissue overgrowth (Table 2). No statistically significant
difference was observed between the location of the implanted stents in the esophagus and the
occurrence of obliteration (p = 0.8). In no patient, the neoplastic nature of the overgrowth was
confirmed. The overgrowth of granulation tissue into the prosthesis was detected between 30 and
91 (mean 60) days after stenting was performed. Patients with an obstructed stent required either
removal or re-stenting using the stent-to-stent approach in 8 (4.8%) and 4 (2.4%) patients,
respectively. The esophageal stents obstruction and the patients’ age showed no statistically
significant correlation (p = 0.8).
Patients with Compression of the Airway after Esophageal Stenting: Of the patients who
underwent esophageal stenting, bronchial tree stenosis developed in 12 (7.2%), 4 (2.4%) patients
had left main bronchus stenosis, and 2 (1.2%) had tracheal bifurcation. Three patients also required
stenting during the same procedure, and one on the first postoperative day. Six (3.6%) patients
underwent additional stenting procedures by implanting a Y prosthesis, while the remaining 6 (3.6%)
patients had non-critical bronchial tree stenosis of about 30%. The patients were in good clinical
condition and remained under observation.
7.4.5 Patients with ERF
Table 1 shows treatment of the ERF in 12 (7.2%) patients. In 9 (5.4%) patients, it was the primary
form of fistula, and in 3 (1.8%) patients, the secondary form was a complication developed after
stenting. Seven (4.2%) patients underwent double-stenting (esophagus and bronchial tree) and 2
(1.2%) underwent esophageal re-stenting. The rate of dysphagia decreased from 2.84 to 1.2 (p =
0.0001) in all patients. Prior to stenting, the mean comfort based on KPS was rated at 51(range, 45–
55) and after stenting at 62 (range, 50–65).
7.4.6 Patients with Fistula to the Airway after Stenting
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In 3 (1.8%) patients, fistula to the bronchial tree developed between 39 and 78 days after the
primary esophageal stenting procedure. They underwent esophageal re-stenting with the use of
self-expandable stents and silicone Y stent. The mean survival of patients was 58 (range, 35–171)
days.
7.5 Adjuvant Therapy
After stenting, 23 (13.8%) patients qualified for adjuvant chemo-radiotherapy. This treatment
had no impact on complications: esophageal prosthesis obstruction or migration (p = 0.8 and p =
0.9, respectively) (Table 2).
7.6 Survival
In this study, the follow-up period ranged between 4 and 732 days. The mean survival time was
101.8 days (range, 4–732). Mean survival time in patients with SCC was 104.8 (range, 56–732) days
with EAC 103.7 (range, 38–202) and with NSCLC 81.8 (range, 28–159) days (Figure 2). Mean survival
in patients with ERF was 62.5 (range, 4–382) days.

Figure 2 Survival curve of patients with esophageal carcinoma (SCC), adenocarcinoma
of the esophago-gastric junction (EAC), and non-small cell lung cancer (NSCLC) (p = 0.54).
8. Discussion
Owing to advancements in technology, clinical management is changing rapidly. Minimally
invasive esophageal techniques are the standard of surgical management, and advanced endoscopic
techniques are employed successfully for palliative treatment. The treatment of esophageal cancer
poses a difficult clinical problem, and palliative treatment is the dominant method of management
[2-5]. Stenting is one of the methods most commonly used in the palliative treatment of esophageal
cancer [12, 13]. Though a simple technique, some authors have reported a relatively high
complication rate of stenting. Iwasaki et al. reported a mortality rate of 7.5% and post-treatment
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complications in approximately 50% of patients [12]. In some studies, the mortality rate ranged
between 0 and 3% [14-17]. In the current study, the complication rate equaled approximately 50%,
with a low mortality rate of 0.7%.
Esophageal prosthesis obstruction, stent migration, and ERF are some of the potentially lifethreatening complications after stents implantation. Obstruction of the esophageal prosthesis may
be temporary due to a dietary mistake, or permanent due to the granulation tissue overgrowth on
the prosthesis poles (reported to range between 4-40%)[14,15]. Typically, it can develop two to
three months after prosthesis implantation. The reasons for stents obliteration remain poorly
understood; however, the type of esophageal prosthesis, its construction, and composition may be
responsible for stents obliteration. Several studies have shown that fully covered prostheses
experience a lower rate of this complication (range, 3- 18%) [16-19]. A stent consists of a scaffold
made of nickel-titanium alloy (nitinol), whose expanding forces can cause chronic injury to the
esophageal wall. The second element is a polymer (prosthesis cover) that can destabilize after
implantation and trigger a reaction between the stent and the esophageal mucosa. This is one of
the reasons for the implant-host tissue reaction.
After stenting, esophageal prosthesis migration is one of the major complications and ranges
between 0 and 20% of cases [18-20]. Its risk depends on the type of stent used, location of the
stenosis, and the use of adjuvant therapy [13]. It more often concerns with fully covered stents than
partially covered stents. Verschuur et al. reported that migration of fully covered Ultraflex stents
occurred in 17% of patients, whereas migration of fully covered Polyflex stents occurred in 29% of
patients [20]. Rejim et al. analyzed the results of 997 patients in specific time intervals and showed
the percentage at 11.4%[13]. Eleven types of esophageal stents have been analyzed, and in our
report the migration rate was 4.1%, but we only used one type of stents, a partially covered
prosthesis and this may determine our results and lower migration rates after stenting.
Several life-threatening complications include esophageal perforation and bleeding after
prosthesis implantation. Esophageal perforation occurs during dilation of neoplastic esophageal
stenosis, where it may be difficult or impossible to force through the neoplastic infiltrate. Usually,
several studies have shown a low percentage of patients who experience this complication [13, 17,
18, 20]. In the current study, perforation was found in 2 patients, and one patient died on
postoperative day 7. Closure of the patient’s perforation was verified by contrast examination after
stenting. The patient was fed orally but developed cardiac arrhythmias and cardiac arrest on
postoperative day 7. Dilation of neoplastic esophageal stenosis is always at risk of perforation, and
the risk may be greater for elderly patients. Rejim et al. reported the percentage of patients
requiring stenosis dilation to range between 2.3–17.5% [13]. The percentage of patients undergoing
dilation in this study was also low, and this procedure was avoided before stenting as in other
studies[13,20].
The exact cause of the bleeding remains poorly defined. Mechanical damage to the esophageal
wall by the prosthesis may occur, but chronic exposure to the prosthesis might cause progressive
ischemia, necrosis, and hemorrhage. In this study, these complications occurred perioperatively
soon after prosthesis implantation in patients whose stenting was performed in the lower
esophagus and the gastro-esophageal junction (GEJ). It is believed to be caused by anatomic and
physiologic conditions of the esophagus, such as a well-vascularized area of the GEJ. GEJ is
predisposed to the occurrence of both bleeding and perforation [12, 13, 20]. Few studies have
reported bleeding rates of up to 8% [12, 13].
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ERF is one of the most difficult clinical problems in advanced esophageal cancer. It can occur as
a primary complication or due to prior stenting. Its percentage ranges between 1 and 10% [12, 13].
Treatment of patients is difficult and requires expertise and experience in clinical management. ERF
occurrence indicates its double-stenting, which is the best way to control it. Both the European
Society of Gastrointestinal Endoscopy (ESGE) and National Comprehensive Cancer Network (NCCN)
guidelines recommend such double stenting [21, 22]. The treatment outcomes are poor, and
patients may require repeated interventions. Bleeding, perforation, and fistula recurrence are the
most commonly reported complications after double-stenting [21-25]. Perioperative mortality
ranged between 0.5 and 7%, and 30-day mortality ranged between 7 and 18% in few studies [2629].
Other palliative treatments for esophageal cancer are brachytherapy, radiation therapy,
endoscopic laser or photodynamic ablation therapy, and chemotherapy. Radiation therapy plays a
vital role in effectively improving the nutritional comfort of patients. Lancelotta et al., in a metaanalysis, highlighted the safety and efficacy of radiotherapy over other modalities. Radiotherapy
techniques are highly effective, leading to complete resolution of dysphagia in 87% of patients
within one month, in two-thirds within three months, and in 50% of patients at six months after
treatment [30]. Fuccio et al. showed the effectiveness of brachytherapy and considered it the most
effective treatment for malignant dysphagia. Many authors have highlighted the effectiveness of
combining methods such as stenting and radiotherapy or radio-chemotherapy [31]. Nonetheless,
some authors have reported the occurrence of complications after concurrent use of
chemo/radiotherapy and stenting, showing adverse effects of such a combined approach [13].
9. Conclusion
Overall, the current study conveys the clinical management of malignant dysphagia and its
complications. The evaluation of patients over 75 years of age in this study seems to provide
valuable guidance for the clinical management of this vulnerable population. The results of
treatment in the current study support those in the literature and are characterized by a low rate
of perioperative complications and safety of the stenting procedure.
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Abstract
Neuropsychiatric symptoms (NPS) occur in almost all persons living with dementia.
Antipsychotic medications are often prescribed inappropriately for persons living with
dementia who experience NPS. Adverse side effects of antipsychotic medications include falls,
sedation, cognitive dysfunction, prolonged QTc interval, extrapyramidal side effects,
cerebrovascular events, metabolic changes, infection, and mortality. The purpose of this
descriptive quality improvement project was to test the feasibility and preliminary
effectiveness of using the Psychiatric Background Assessment Recommendation (PBAR)
Interprofessional Communication Tool (ICT). The PBAR-ICT was adapted from the Situation
Background Assessment Recommendation (SBAR) Protocol by the Principal Investigator and
was used to report critical NPS in the nursing home. After approval from the university
institutional review board, an education program on identifying NPS was provided to the
nursing staff. The education program focused on using terminology to destigmatize and
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conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
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standardize NPS. Training was also provided on how to use the PBAR-ICT. A six-month
retrospective and prospective chart review were completed on all charts documenting an
antipsychotic medication prescription. Medication changes were analyzed to determine
successful or unsuccessful deprescribing by comparing data on pre and post PBAR-ICT
implementation. Chart diagnoses (n=104) included dementia (n=55), schizophrenia/bipolar
disorder (n=14), schizophrenia/bipolar disorder plus dementia (n=23) or no documented
diagnoses (n=12). Relative to pre PBAR-ICT implementation for all charts (n=104), results on
post PBAR-ICT implementation estimated 1.57 times higher odds (p=0.003) for decreasing
and/or discontinuing antipsychotic medications. Outcomes on post PBAR-ICT implementation
were analyzed by diagnoses. When compared with the schizophrenia/bipolar disorder plus
the dementia group, successful discontinued/decreased antipsychotic medications were
statistically significant (p=0.015) for the dementia only group. Results of this quality
improvement project demonstrated the feasibility of implementing the PBAR-ICT in the
nursing home. The PBAR-ICT is an interprofessional communication tool that can play a role
in communicating NPS to discontinue and decrease antipsychotic medications.
Keywords
Neuropsychiatric symptoms; antipsychotic medications; dementia; schizophrenia; bipolar
disorder

1. Introduction
Americans are twice as fearful of losing mental capacity than losing physical health [1]. According
to the United States Census Bureau, there are 5.8 million people living with a diagnosis of dementia
[2]. For persons living with dementia, memory loss is further complicated by neuropsychiatric
symptoms [3, 4].
Neuropsychiatric symptoms are associated with severity of dementia and contribute to early
nursing home placement [5]. It is estimated that 47.8 percent of all nursing home residents have a
diagnosis of Alzheimer’s dementia and other dementias [6]. In a study of residents who were directly
admitted from home to a nursing home, 1.63 percent (p=.53) had a mental health diagnosis and
16.36 percent (p<.001) had behavioral problems [7]. Incidence rates of any one neuropsychiatric
symptom is between 20-56 percent [8]. The cumulative prevalence rate of any one neuropsychiatric
symptom occurs in 48 to 97 percent of persons living with dementia in the nursing home [8].
Neuropsychiatric symptoms are also referred to as behavioral and psychological symptoms of
dementia (BPSD) and occur in almost all persons living with dementia [9-11], placing them at risk
for polypharmacy [12], progression to severe disease [13] and unnecessary hospitalizations [12].
Terminology for neuropsychiatric symptoms is inconsistent [14]. In 1994, the International
Psychogeriatrics Association (IPA) Consensus Group [15] proposed this definition, “The term
behavioral disturbances should be replaced by the term behavioral and psychological symptoms of
dementia (BPSD), defined as: symptoms of disturbed perception, thought content, mood or
behavior that frequently occur in patients with dementia” [16]. The IPA categorizes neuropsychiatric
symptoms as either behavioral or psychological symptoms [15]. Healthcare providers must
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implement innovative strategies to manage neuropsychiatric symptoms, deprescribe inappropriate
antipsychotic medications, advance person-centered care and promote resiliency for older adults
living with dementia. However, before such strategies can be implemented, there must an
operational definition and standardization of neuropsychiatric symptoms [14].
Antipsychotic medications are frequently prescribed for persons living with dementia who
experience neuropsychiatric symptoms [17, 18]. The American Psychological Association (APA)
published practice guidelines and varying evidence for benefits and risks of antipsychotic
medication use in persons living with dementia [17]. The APA recommends that before
nonemergency use of antipsychotic medications that clinicians examine the type of dementia and
weigh risks for adverse side effects including cognitive dysfunction, hypotension and dizziness
resulting in falls, sedation, prolonged QTc interval, extrapyramidal side effects, increased
cerebrovascular events, metabolic changes, infection and increased mortality [17, 18].
In spite of black box warnings, antipsychotic medications are inappropriately prescribed for
persons living with dementia in the nursing home. The national rate for antipsychotic medication
use decreased from 23.9% in 2011 to 14.1% in 2020 [19, 20]. One study [20] examined initiatives of
the National Partnership for Improving Dementia Care. Among residents, nursing home staff,
prescribers and informal caregivers, gaps were identified in application of knowledge on
antipsychotic medications. On one hand, nursing home staff and prescribers agreed that
antipsychotic medications impose significant risks for persons living with dementia. On the other
hand, residents, nursing home staff and families responded to neuropsychiatric symptoms with
requests to prescribers for antipsychotic medications [20]. In addition to nursing homes staff,
families also requested education on dementia. Nursing assistants played an important role in
improving person-centered care and individualizing practices for neuropsychiatric symptoms.
Particularly relevant to our study, results showed that clear communication between staff and
prescribers was an important outcome [20]. To further decrease the inappropriate use of
antipsychotic medications in persons living with dementia, strategies are needed to standardize
communication of neuropsychiatric symptoms and promote safe medication deprescribing.
The purpose of this quality improvement project was to test the feasibility and preliminary
effectiveness of using the Psychiatric Background Assessment Recommendation (PBAR)
Interprofessional Communication Tool (ICT; Figure 1). The PBAR-ICT Protocol was adapted from the
Situation Background Assessment Recommendation (SBAR) Protocol [21] by the Principal
Investigator and was used to report critical neuropsychiatric situations in the nursing home. This is
the first time an interprofessional tool to specifically address neuropsychiatric symptoms was
implemented in a nursing home as a strategy for antipsychotic medication reduction.
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Figure 1 PBAR report about a critical geropsychiatric situation.
2. Methods
2.1 Design and Sample
This is a descriptive study of a quality improvement project to test the feasibility of the PBAR-ICT
protocol in five non-profit nursing homes in the Southeastern United States. There was a combined
occupancy of 717 beds. The estimated average number of beds was 143 with few private rooms.
Demographics, admission criteria, socioeconomic status and Medicare beds were similar. Two
nursing homes had designated behavioral units. The nursing homes were required to be in
compliance with recommended minimum staffing requirements based on 1:5 residents on day shift,
1:10 residents on evening shift and 1:15 residents on night shift [22].
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Medical directors and directors of nursing agreed to participate in the quality improvement
project. The quality improvement project involved providing education on neuropsychiatric
symptoms, using the PBAR-ICT to report neuropsychiatric symptoms, and collecting chart data on
antipsychotic medication reduction before and after education and implementation of the PBARICT.
After approval from the university institutional review board, an education program on
neuropsychiatric symptoms and antipsychotic medications was provided to nurses and nursing
assistants. See Figure 2. The same education program on dementia and neuropsychiatric symptoms
was presented to nursing staff at each nursing home. Nurses and nursing assistants were given a
laminated card that was used as a reminder about diagnoses, medications, inconsistent staffing or
other possible reasons for changes in neuropsychiatric symptoms. Although they were familiar with
the project, none of the medical directors or primary care physicians participated in the education
programs.

Figure 2 Intervention protocol.
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Education on interprofessional communication and the PBAR-ICT was provided to each nursing
home. Nurses were specifically trained to complete the PBAR-ICT and report critical
neuropsychiatric symptoms to providers. The PBAR-ICT is similar to the Symptom Background
Assessment Recommendation (SBAR) Tool. The SBAR Tool is used in nursing homes to report
changes in condition [21] but does not address neuropsychiatric symptoms specific to nursing home
residents living with dementia or mental illnesses. Critical neuropsychiatric symptoms were
discussed with providers over the phone or placed in a notebook to communicate timely, urgent
needs that could be addressed on routine rounding by the provider.
After agreeing to the education and protocol implementation, the director of nursing provided a
list of nursing home residents who were prescribed an antipsychotic medication. The principal
investigator collected the data or designated and trained a nurse on how to perform six-month
retrospective and prospective chart reviews on the variables. The six-month retrospective chart
reviews captured data before implementing the PBAR-ICT. A six-month prospective chart review
was also used to collect the data on protocol implementation. The principal investigator followed
up by reviewing the chart data.
Chart diagnoses of dementia, schizophrenia and bipolar disorder were collected.
Neuropsychiatric symptom clusters for affective (depression and anxiety), psychosis (hallucinations
and delusions), refusal of care, and symptoms of verbal and physical agitation/aggression,
antipsychotic medications and prescribing patterns were collected and analyzed.
Nonpharmacological interventions were also recorded. The Minimum Data Set was used to clarify
information on variables.
A six-month retrospective and prospective chart review was completed to track increased,
decreased and discontinued antipsychotic medications. The response to medication changes was
collected and analyzed to determine successful or unsuccessful medications pre and post protocol
implementation. According to deprescribing guidelines, decreased or discontinued medication
within three months after initiation was determined as criteria for successful medication
adjustments [23, 24].
Six months of retrospective chart data were extracted from 104 charts before the protocol
implementation. The selected charts served as their own controls to test the effectiveness of the
education program when compared to 6-month prospective chart review after implementation of
the PBAR-ICT. Inclusion criteria for review were all charts from each nursing home with at least one
prescribed antipsychotic medication. Data were collected from 2014-2017.
The PBAR-ICT was implemented to report critical neuropsychiatric symptoms. Nursing assistants
reported neuropsychiatric symptoms to the nurses. Nurses used the PBAR-ICT to categorize
neuropsychiatric symptoms as emergent or nonemergent and report these symptoms to the
appropriate provider. Specific neuropsychiatric symptoms that required possible medication
changes were reported to providers in order to avoid physical, functional or cognitive decline,
exacerbation of neuropsychiatric symptoms or unnecessary hospitalization.
Providers were the medical directors and primary care providers. All five nursing homes had
access to either a geriatrician, psychiatrist or a geropsychiatric advanced practice nurses.
Investigators on this quality improvement project were represented at each of the nursing homes,
but were not always involved in all decision-making for prescribing. Nurses reported
neuropsychiatric symptoms to the resident’s chosen provider. Some residents were managed by
outside clinic providers and some prescribers were associated with hospital admissions.
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3. Statistical Analysis
A logistic regression was fitted with one of the binary outcomes (number of either total
discontinued or decreased medications at post-protocol implementation greater than preimplementation) against age, gender, nursing home and the diagnosis. Age was treated as a
continuous covariate, and the others were treated as categorical covariates. Wald tests imply
insignificant effects of age (p=0.75), gender (p=0.52) and nursing home (p=0.31) and thus those
covariates were not further considered in the major analysis.
Limited by a small sample size (N=104), the protocol implementation effect (post vs. pre-protocol
implementation) were specifically examined either for all data, within a subgroup of a covariate, or
by a comparison between subgroups of a covariate. The Exact McNemar approach was employed
for analyzing a contingency table with pre- and post- measures collected from the same participants
at the pre- and post- time points. The Fisher’s or Chi-square Exact tests were applied for the
comparison between subgroups.
4. Results
4.1 Demographics
The demographics for nursing personnel (n=136) across the five nursing homes (Table 1) shows
that most nursing assistants, licensed practical nurses and registered nurses were females between
22-65 years old. The majority were employed full time, with more than five years of experience and
worked in the nursing home for less than three years. In general, participating nursing homes
variables were homogenous.
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Table 1 Demographics of the nursing personnel in the participated nursing homes (NHs).
Nursing Assistant

LPN or RN

NH1

NH2

NH3

NH4

NH5

NH1

NH2

NH3

NH4

NH5

N=15

N=8

N=33

N=15

N=27

N=9

N=5

N=8

N=8

N=8

18 - 21

1

2

2

0

3

0

1

0

0

0

22 – 65

14

6

27

15

23

9

4

8

8

5

65 +

0

0

0

0

1

0

0

0

0

2

Female

13

8

32

14

24

9

5

8

5

6

p-value

Age, years

Gender

0.28
Male

2

0

0

1

3

Full time

14

8

27

15

23

Job type
Part time

1

0

4

0

4

0–5

1

5

11

4

9

0

0

0

3

1

8

5

7

8

7
> 0.999

1

0

1

0

0

1

1

4

2

1

0.08

0.39

5+

14

3

19

11

18

8

4

4

6

7

0–3

10

5

19

11

18

4

4

4

6

5

3–5

0

0

4

1

4

2

1

3

1

0

5+

5

3

5

3

5

3

0

1

1

3

0.67

0.02

0.72

0.43

Experience, years

Employment, year

0.53

p-value

0.51

Note: The distributions of baseline variables were compared by Chi-square tests, and the p-values were obtained using Monte Carlo simulations for
small sample size tables. Missing values were not presented in table, and not included in the tests.
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This sample of charts (n=104) with prescribed antipsychotic medications resulted in 68 females
(65.4%) and 36 males (34.6%) with a mean age of 74 years old (Table 2). There were 55 chart
diagnoses of dementia only, 14 had a diagnosis of schizophrenia or bipolar disorder only, 23 had a
chart diagnoses of dementia plus schizophrenia or bipolar disorder and 12 charts were without any
recorded chart diagnoses (Table 2).
Table 2 Demographics-Chart Data.
Var
Age
Gender

Diagnosis

Medication a

Neuropsychiatric
symptom

Value
(integer)
Female
Male
dementia diagnoses only
schizophrenia or bipolar disorder
plus dementia diagnoses
Schizophrenia or bipolar disorder
diagnoses only
no chart diagnoses
Quetiapine
Olanzapine
Risperidone
Haloperidol
Aripiprazole
Other
Hallucination or Delusion
Anxiety or depression
physical/Verbal
agitation/aggression or refusal of
care
None

N=104
101
68
36
55

Mean (Std) / Prop. %
74.2 (14.7)
65.4
34.6
52.9

23

22.1

14

13.5

12
54
23
22
15
6
3
46
40

11.5
51.9
22.1
21.2
14.4
5.8
2.9
44.2
38.5

10

9.6

8

7.7

a

Since the Medication categories are not exclusive to one another, the sum of Props. % for the
Medications >1.

4.2 Analysis Results
By gender, there was no statistical significance for any specific neurocognitive symptom. An
analysis of prescribed medications includes quetiapine 51.9% (n=54), olanzapine 22.1% (n=23),
risperidone 21.2% (n=22), haloperidol 14.4% (n=15), aripiprazole 5.8 % (n=6) and 2.9% (n=3) on
thorazine, fluphenazine or ziprasidone (Table 2). A patient could have been on more than one
medication. There was no statistical significance as a result of the protocol implementation for
reducing or increasing the number of falls due to medication adjustments.
Data were collected on neuropsychiatric symptom clusters, prescribing patterns on antipsychotic
medications for increases, decreases and discontinued medications pre and post intervention. An
overall and specific analysis was done on increased, decreased and discontinued antipsychotic
medications.
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For all participants, there were no statistically significant differences (p=0.901) pre and post
implementation on increases in antipsychotic medications (Table 3). For all participants and relative
to pre protocol implementation, post implementation outcome results showed an estimated 1.57
times higher odds (p=0.003) on decreased and/or discontinued antipsychotic medications (Table 4).
Table 3 Increased Medications. All participants:
PostPreNo (=0)

Yes (>0)

Tot

No (=0)

24

33

57

Yes (>0)

31

16

47

Tot

55

49

104

OR (95% CI)

P value

1.06 (0.63, 1.8)

0.901

Table 4 Total discontinued or decreased medications. All participants:
PostPreNo (=0)

Yes (>0)

Tot

No (=0)

29

36

65

Yes (>0)

14

25

39

Tot

43

61

104

OR (95% CI)

P value

2.57 (1.35, 5.16)

0.003*

*p≤0.05

Results were analyzed on post protocol implementation by diagnosis. When compared with the
schizophrenia/bipolar plus dementia group, the dementia only group (p=0.056) trended toward
more successfully discontinued antipsychotic medications (Table 5). When compared with the
schizophrenia/bipolar plus dementia group (Table 6), the dementia only group experienced more
successfully decreased or discontinued medications post protocol implementation (p=0.015).
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Table 5 Discontinued medications number of total discontinued medications greater at post than at pre-protocol implementation. By
diagnosis:
dementia only vs.
Diagnosis

post > pre

post ≤ pre

Prop. (95% CI)

dementia only

15

40

0.27 (0.16, 0.41)

SBP only or/and Dementia

4

33

0.11 (0.03, 0.25)

Neither SBP nor Dementia

3

9

0.25 (0.05, 0.57)

Effect of Diagnosis on Prop.

schizophrenia/bipolar only plus
dementia
Prop diff, CI: 0.16 (0.01, 0.32)

p = 0.156
p = 0.056

Table 6 Number of either total discontinued or decreased medications greater at post- than at pre-protocol implementation. By diagnosis:
dementia only vs.
Diagnosis

post > pre

post ≤ pre

Prop. (95% CI)

Dementia only

29

26

0.53 (0.39, 0.66)

SBP only or/and Dementia

10

27

0.27 (0.14, 0.44)

Neither SBP nor Dementia

6

6

0.50 (0.21, 0.79)

Effect of Diagnosis on Prop.

schizophrenia/bipolar only plus
dementia
Prop diff, CI: 0.26 (0.062, 0.452)

p = 0.045*
p = 0.015*

*p≤0.05.
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Any combination of post-protocol implementation on successfully decreased or discontinued
medications could not be attributed to any specific antipsychotic medication. In summary, the
PBAR-ICT protocol was effective at the 0.05 significance level on outcomes for discontinuing or
decreasing antipsychotic medications.
5. Discussion
Terminology, tools and medication adjustments were the basic considerations for this quality
improvement project. Consistent, operational definitions are critical for tools that are used to
accurately describe, measure and communicate neuropsychiatric symptoms [25]. In this project, the
terminology used in the PBAR-ICT communicated neuropsychiatric symptoms and contributed to
successful medication adjustments.
One systematic approach for managing neuropsychiatric symptoms is the DICE Model. The DICE
acronym includes: Describing neuropsychiatric symptoms, Investigating the cause, Collaboration to
create an intervention, implementing a treatment plan and then Evaluating the safety and efficacy
of the intervention. Similar to other strategies, the DICE Model is based on the supposition that the
neuropsychiatric symptom has been recognized and called to the provider’s attention [26]. This
quality improvement project focused on communicating accurate terminology that is foundational
to methods such as the DICE Model that depend upon accurate recognition and communication of
neuropsychiatric symptoms. The PBAR-ICT is an interprofessional communication tool that can be
integrated into models for the assessment, treatment and management of neuropsychiatric
symptoms.
There is controversy associated with the terminology for neuropsychiatric symptoms [14]. The
education component of this quality improvement project emphasized the need to standardize
terminology and prevent stigma in persons with living dementia. Neuropsychiatric symptoms are
often referred to as “behaviors” or “agitation” [25, 27]. “Refusal or resistance of care” is another
subjective term [25, 27, 28]. Using this terminology promotes stigma because it implicates the
person living with dementia instead of the considering the context of the situation or consequence
of the environment [28, 29]. These terms are subjective with an inherent negative connotation that
inaccurately describes the disease process of dementia. Neuropsychiatric symptoms are the result
of a trajectory of disease progression and are not within the control of anyone victimized by the
disease [29]. Interprofessional communication of neuropsychiatric symptoms is critical for
treatment, decision-making and safe delivery of care.
Priority must be given to terminology that will prevent stigma and promote a culture of wellbeing for persons living with dementia. Over time, experts in neuropsychiatric symptoms have
addressed the importance of developing a frame of reference for neuropsychiatric symptoms.
Agitation and aggression are combined in the Cohen-Mansfield Inventory [30]. A Consensus Group
from the International Psychogeriatric Association developed a provisional consensus clinical and
research definition of agitation [31]. Studies have distinguished agitation, aggression [28, 29, 32]
and resistance of care [28]. In real-life, terminology tends to lean toward subjectivity.
One study on the impact of initiatives from the Partnership for Improving Dementia Care
identifies that clear communication is important to antipsychotic medication reduction. Therefore,
education for the PBAR Protocol focused on more accurately communicating neuropsychiatric
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symptoms. Fairly representing persons living with dementia using an interprofessional approach is
important for antipsychotic medication reduction and improving dementia care [20].
The PBAR-ICT replaces the term “behavior” or “agitation” with the term “symptom.” Refusal of
care did not follow the Minimum Data Set definition [28]. Instead, responses for the PBAR-ICT
required clarification with possible explanations for declining mediations, meals, bathing or other
care. Specific delusions and hallucinations were also identified on the PBAR-ICT. Our results were
consistent with the literature that neuropsychiatric symptoms are rarely a single symptom [4]. For
example, symptoms of agitation overlap with refusal of care [28].
It is important to use tools that are culturally appropriate and population-focused [33]. Specific
tools are needed that make a clear distinction between neuropsychiatric symptoms [25, 28, 32, 33].
The Scale for Observation of Agitation in Persons with Dementia of the Alzheimer’s Type (SOAPD) is
a measurement tool for agitation in persons with dementia [27]. The Neuropsychiatric Inventory
[34] and Cohen Mansfield Inventory [30] are widely used in the measurement of neuropsychiatric
symptoms. The PBAR-ICT was modified from the SBAR Tool to communicate psychological
symptoms that apply to the person living with dementia. Because the population focus for this
quality improvement project was older adults, neuropsychiatric symptoms were termed as
geropsychiatric symptoms.
The initial PBAR-ICT was meant to evolve in response to recommendations throughout the
project. After considering input from nursing staff, several changes were made to the initial PBARICT. One addition to the PBAR-ICT included collecting a urinalysis 72 hours after the onset of
increased symptoms. This change was made to promote antibiotic stewardship. Symptoms on sleep
were also added to the final version of the PBAR-ICT (Figure 1).
The implications for addressing terminology and the PBAR-ICT were reflected in results on
medication adjustments and recording neuropsychiatric symptoms. In our project, quetiapine was
more widely used than other antipsychotic medications, possibly due to decreased mortality when
compared with risperidone and haloperidol [35].
When outcomes were analyzed by diagnosis, there were more successful medication
adjustments in the dementia only group compared with the schizophrenia and bipolar plus
dementia group [20]. This is consistent with literature and guidelines that recommend tapering and
discontinuing antipsychotic medications in persons living with dementia [23].
Guidelines support the use of antipsychotic medications for older adults with severe and
persistent mental illness such as lifelong schizophrenia [17, 24]. In our project across all diagnoses,
hallucinations and delusions was the most common reason for prescribing an antipsychotic
mediation.
There were almost as many documented hallucinations or delusions (n=46; 44.2%) as depression
and anxiety (n=40; 38.4%) clusters; all of which are common neuropsychiatric symptoms [10]. Our
findings were consistent with the literature. Depression is one of the most common
neuropsychiatric symptoms in persons living with mild cognitive impairment and early dementia
[10]. If nonpharmacological interventions fail in the treatment of verbal symptoms, antidepressants
medications may be prescribed to prevent combativeness [36] and decrease neuropsychiatric
symptoms [37]. Depression can herald the transition from mild cognitive impairment to dementia
[4, 38] while delusions and hallucinations typically appear after the onset of dementia [38].
6. Limitations
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This project was limited by the small sample size, lack of a control group and randomization.
Although the Minimum Data Set was used to confirm data collection, it was not the only source of
information for data collection in this project. Due to inconsistent terminology and staff training,
the Minimum Data Set is not always a reliable source of information. Knowledge gaps such as
distinguishing between hallucinations and delusions, depression and anxiety or delirium and
schizophrenia presented challenges for specific measurements of neuropsychiatric symptoms. In
addition, the success of the project could have been propelled forward due to mandatory regulation
by Centers for Medicare and Medicaid Services to reduce antipsychotic medications in nursing
homes.
In the future, implementing the PBAR-ICT intervention could be strengthened more by what was
not documented in this study. The subtype and severity of dementia should be measured. Variables
on sleep and apathy were not addressed throughout the project and were added to the PBAR-ICT.
Agitation, aggression and resistive/refusal of care should be clearly distinguished in future projects.
Data were collected and analyzed on antipsychotic medications, but not mood stabilizers,
antidepressants, anxiolytics and hypnotic medications. It would be important to know the
associated neuropsychiatric symptoms that influenced these prescribing patterns.
Importantly, nurses did not track the numbers of completed PBAR-ICT documents. All nursing
homes implemented the PBAR-ICT. One nursing home filed 19 PBAR documents, but this
documentation was inconsistent. In addition, although the data collection form specified identifying
nonpharmacological interventions, other than general statements such as “calm reassurance” or
“redirection” there was little to no documentation of specific nonpharmacological interventions.
Finally, quality of life was not measured. Although initiatives such as the Partnership for Improving
Dementia Care are successful and contributed to the profound reduction in antipsychotic
medication reduction in nursing homes, quality of life has not been studied with the same intensity
[20]. A section on the PBAR-ICT could make recommendations for individual interventions to
improve quality of life.
7. Conclusion and Future Research
The results of this quality improvement project demonstrated preliminary success in effectively
communicating neuropsychiatric symptoms. Effective communication of neuropsychiatric
symptoms is reflected in the results on successful decreases and discontinued antipsychotic
medications. Clearly identifying neuropsychiatric symptoms is not only important for antipsychotic
medication reduction, but for identifying disease process and progression. Neuropsychiatric
symptoms do not predict dementia subtypes, but some neuropsychiatric symptoms are biomarkers
for predicting incident dementia [39].
Future projects should consider early identification of neuropsychiatric symptoms to expedite
appropriate treatment that can promote greater autonomy and prevent early nursing home
placement. The National Partnership for Improving Dementia Care has significantly influenced
decreasing antipsychotic medication use in nursing homes. However, the risk of untreated
neuropsychiatric symptoms has not been widely studied. Strategies and tools to effectively
document nonpharmacological interventions are also needed. Decreases in neuropsychiatric
symptoms due to nonpharmacological interventions and improvement in quality of life is the goal
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of antipsychotic medication reduction and should be studied in nursing home residents with the
same level of priority as decreasing medications.
Older adults are fearful of living with dementia. Using accurate terminology that is free of stigma
can go a long way to diminish fears. Health care professionals owe it to this incredible generation
to continuously implement innovative strategies that will improve the quality of life for persons with
dementia.
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