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Abstract

Patients who have undergone carotid revascularization surgery have a high risk
of postoperative cognitive decline, and home-based care is the major form of post-
operative management. Here, we aimed to compare the nurse-led home-based
telephone support (NLHBTS) and home visits as additional postoperative care
for patients who have undergone carotid revascularization surgery. The study
recruited 172 patients, and 131 patients were randomly assigned to receive com-
bined telephone support and home visits (intervention group) or home visits alone
(control group) during the study period of 12 weeks. At baseline, 1 month, and
3 months, cognitive function was assessed using the Trail Making Test, Processing
Speed Index, Boston Naming Test, Working Memory Index, Controlled Oral
Word Association Test, and Hopkins Verbal Test. Sixty-five patients in the inter-
vention group and 66 in the control group completed the 1-month treatment, and
49 in the intervention group and 48 in the control group completed the 3-month
treatment. The intervention group showed significant improvement in four of the
six cognitive tests after the 3-month treatment, whereas the control group only
showed significant improvement in the Controlled Oral Word Association Test.
Compared to the control group, significantly higher scores were achieved by the
intervention group at 3 months in the Trail Making Tests (113 & 23 vs. 128 + 18,
p = 0.001), Processing Speed Index (115 + 15 vs. 108 + 14, p = 0.020), Controlled
Oral Word Association Test (51 + 11 vs. 45 + 9, p = 0.004), and Hopkins Verbal
Learning Test (9.0 + 1.6 vs. 8.3 + 1.8, p = 0.046). NLHBTS, in combination with
home visits, could facilitate the improvement of cognitive function in patients
with carotid artery stenosis after surgery.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Management of stroke is one of the most significant healthcare costs of the soci-
ety. Carotid artery stenosis (CAS) is one of the major risk factors for stroke.
WHAT QUESTION DID THIS STUDY ADDRESS?

The aim of this study was to conduct a randomized controlled trial to evaluate the
effects of nurse-led home-based telephone support (NLHBTS) in comparison to
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CAS after surgery.

with CAS.

INTRODUCTION

Management of stroke is one of the most significant so-
cial healthcare costs.! Carotid artery stenosis (CAS) is one
of the major risk factors for stroke.” Two carotid revas-
cularization surgeries (i.e., carotid stenting and prophy-
lactic carotid endarterectomy), are frequently adopted in
the management of patients with CAS to prevent stroke.’
Unfortunately, patients with CAS are subject to progres-
sive cognitive decline after surgery, presumably due to
micro embolic ischemia and hypoperfusion during sur-
gical dissection, intravascular instrumentation, clamp-
ing, or balloon dilation.* Close monitoring and continual
care are needed to improve the cognitive function of these
patients.

Because patients with CAS who received surgery are
usually discharged from the hospital, home-based care has
been the major form of postoperative support. Potential
limitations of conventional home-based care (i.e., home
visits), include inadequate frequency, which unavoidably
leads to delayed diagnosis of cognitive decline, and mas-
sive cost associated with the visits.” Nurse-led home-based
telephone support (NLHBTS), like many other telehealth
programs, is a relatively new remote method for elderly
care, which enables the remote exchange of data between
medical professionals and elderly adults to facilitate early
diagnosis and responsive support.® Some recent studies
have shown significant benefits of telehealth programs in
enhancing health outcomes and saving costs. For example,
telehealth has been shown to improve medication compli-
ance in elderly patients with mild dementia.” Telephone
support has shown advantages in convenience, cost-
saving, increased frequency, and standardization of care
compared to standard home visits. This telehealth pro-
gram has comparable, if not superior, efficacy compared to
conventional management of many human diseases, such
as diabetes, cancer, heart failure, etc.® However, whether
NLHBTS can improve the cognitive function of patients

conventional home visits on improving the cognitive functions of patients with

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Integrating the NLHBTS in postoperative care of patients with CAS can facilitate
the improvement of cognitive function, implicating the utility of this form of tel-
ehealth in management of patients with CAS.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The NLHBTS, in combination with home visits, could facilitate the improvement
of cognitive function in patients with CAS after surgery and NLHBTS is worth of
being adopted more frequently as a new strategy for postoperative care of patients

with CAS after surgery and whether it can achieve similar
or superior efficacy compared to conventional home visits
have not been studied.

The aim of this study was to conduct a randomized
controlled trial to evaluate the effects of NLHBTS in com-
parison to conventional home visits on improving the cog-
nitive functions of patients with CAS after surgery. Here,
we focused on providing psychological and emotional sup-
port to patients with CAS, as previous studies have shown
that psychological and emotional well-being is important
to the cognitive function of patients who underwent ca-
rotid revascularization surgeries."”'' NLHBTS and home
visits were provided every other week and cognitive tests
were performed at baseline, 1 month, and 3 months. The
findings of the study could guide the use of NLHBTS as a
new form of postoperative care to improve the cognitive
function of patients with CAS.

METHODS
Patient recruitment and randomization

This study was approved by the Ethics Committee of the
First Hospital of Quanzhou Affiliated with Fujian Medical
University. Between March 2015 and March 2020, a total
of 172 patients with CAS who were asymptomatic and
underwent elective carotid revascularization surgeries,
including carotid stenting and prophylactic carotid en-
darterectomy, were recruited and assessed for eligibility.
Inclusion criteria were: (1) the presence of carotid steno-
sis diagnosed according to the European Carotid Surgery
Trial stenosis evaluation criteria and had no prior neu-
rologic symptoms; and (2) had no brain ischemic lesion
based on diffusion-weighted magnetic resonance imaging
(MRI). Patients who: (1) did not meet inclusion criteria;
(2) were not interested in the study; (3) too busy to par-
ticipate (defined as those who were not able to follow the
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whole procedure due to time conflicts or other reasons but
did not have the intention to withdraw), or (4) unable to
commit after learning of the study (defined as those who
voluntarily withdrew from the study for reasons such as
not living in the same city or traveling away) were ex-
cluded. All patients who were included in the study pro-
vided written consent forms. Patients were randomized
to the intervention group and control group using a se-
quence generated by a computer program.

Interventions

The intervention group received home visits at weeks
0, 4, 8, and 12 and telephone support at weeks 2, 6, and
10, whereas the control group received all home visits
at weeks 0, 2, 4, 6, 8, 10, and 12. The contents and goals
of each visit are listed in Table 1. The NLHBTS program
was conducted by the telephone support program in col-
laboration with primary care teams that consisted of five
nurses, who have master’s degrees in nursing and were
experienced in providing care for patients with CAS. The
nurses conducting the intervention were trained by an
experienced psychotherapist and passed the evaluation

ASCPT

for NLHBTS. A leading nurse who has over 10 years of
experience working in the Department of Neurology su-
pervised and ensured completion of all telephone sessions
and home visits. Each telephone session lasted for 1 h and
the conversation was broadcasted on a speaker to patients.
Data from a heart rate monitor, a sphygmomanometer, a
scale, a thermometer, and a glucometer were also collected
and transmitted to the primary care team. Data were then
entered into the hospital’s electronic health record. Home
visits were performed in a face-to-face manner and all
physical parameters were measured on site. Cognitive
tests, including Trail Making Tests A and B, Processing
Speed Index, Boston Naming Test, Working Memory
Index, Controlled Oral Word Association Test, and
Hopkins Verbal Learning Test, were performed at three
time points: baseline (T0), 1 month (T1), and 3 months
(T2). Our study used those six standardized cognitive tests
to comprehensively assess the memory, linguistic skills,
and motor function of the patients. These tests have been
previously adopted to evaluate the cognitive function of
patients with carotid stenosis and vascular diseases.’* All
tests were presented in Chinese and were properly trans-
lated. All measurements in the cognitive tests were trans-
lated to scores.

TABLE 1 Schedule, contents, and goals of each intervention for patients with CAS of both the intervention and control groups

Time Contents Goals
Week 0 « Face-to-face counseling with the patients. « Establish a trusting relationship.
« Explain the training method and teach patients how to » Record information, including medication control,
receive home follow-up monitoring services delivered education, and general risks of patients.
using telephone support. « Introduction to the program and aims of the study.
Week 2 « Identify the patient’s thought patterns and negative « Create a harmonious way of life to transfer the
feelings, and give the patient proper guidance. patient’s focus from illness.
« Encouragement to pursue goals and information given if « Help patients to build positive thoughts and
needed. self-perception.
Week 4 « Ask patients’ thoughts and feelings about illness. « Relieve the patient’s tension and psychological
« Collect information about cognitive functions. pressure.
Week 6 « Encourage patients to express their feelings about « Correction of perceptions regarding body image and
stressful experience. the self-concept.
« Guide patients on accepting themselves, and developinga  « Improve problem-solving strategies, reinforcing
positive self-concept. physical, emotional, and spiritual coping strategies.
« Guide patients on finding positive coping methods.
Week 8 « Understand difficulties regarding family relationships and ~ « Relieve the patient’s tension and psychological
finding positive solutions. pressure.
« Encourage patients to express their thoughts and feelings.
Week 10 « Ask their thoughts and feelings, and give advice to release ~ + Avoid the accumulation of anxiety, tension, and
pressure. other negative emotions.
» Share experiences with other patients.
« Help patients to develop their own strategies.
Week 12 « Encourage patients to reflect on their gains and losses « Collect information.

from the treatment.

« Statistical analysis.

« Emphasize on what to be cautious of at a later stage.

» Close the program.
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Trail making test

The Trail Making Test A and B'® is a two-part test to evalu-
ate motor speed/coordination and executive function. In
Trail Making Test A, subjects were required to draw lines to
connect randomly arranged numbered circles in consecu-
tive order. In Trail Make Test B, the subjects were asked to
connect randomly arranged lettered and numbered circles
using alternating order (1, A, 2, B, 3, C, etc.). The subjects
were urged to complete the test as fast as possible without
lifting the pencil from the paper and the scores were re-
corded as the total time used to complete the test.

Processing Speed Index

The Processing Speed Index'* was used to measure psych-
omotor speed using Digital Symbol Coding, in which sub-
jects were asked to copy and match symbols to numbers,
and Symbol Search test, in which subjects were required
to determine if a given target was present by assessing a
series of stimuli. The number of tests completed by the
subjects in 2 min was recorded and used as the score.

Boston Naming Test

The Boston Naming Test'® was used to assess the linguis-
tic capability to name pictured objects. The test consisted
of 60 objects of increasing difficulty. The subjects were
asked to name the object on the presented card with or
without two prompting cues. The score of the test was the
total number of correct answers without cues.

Working Memory Index

The Working Memory Index'® was composed of the Spatial
Span Test and the Letter-Numbering Sequencing Test
to evaluate working memory/concentration. The Spatial
Span Test required the subject to align a series of blocks in
the same order as the examiner did and subsequently re-
versed the order. In the Letter-Number Sequencing Test,
the subject was required to repeat a series of random num-
bers and letters in ascending value and alphabetical order.
The score was given based on the difficulty of the test that
the subject completed.

Controlled Oral Word Association Test

The Controlled Oral Word Association Test,!” which con-
sisted of three trials, examined verbal fluency using word

production tests. In each 1-min trial, subjects were re-
quired to produce words beginning with a given letter and
the test score was the sum of all acceptable words.

Hopkins Verbal Learning Test

The Hopkin Verbal Learning Test'® assessed a subject’s
ability to recall a list of words after a delay. A 12-word list
of three semantic categories was shown to the subjects,
who were then asked to recall as many words as possible
after a delay of 20 mins.

Statistical analysis

Data were presented as mean (SD). The SPSS version 17.0
(SPSS Inc., USA) was used to perform all data analysis.
Our study followed the per-protocol analysis as only the
participants who finished the whole study were included
in the statistical analysis. The chi-square test was used to
assess baseline data, such as demographic and general
risks. The Student’s t-test was used to compare test scores
between the intervention group and the control group, as
well as T1 versus TO and T2 versus TO, respectively. The p
values (2-sided) of less than 0.025 were considered statisti-
cally significant.

RESULTS

This design and process of the study are illustrated in
Figure 1. A total of 172 patients with CAS who under-
went surgery were recruited in the study. After excluding
ineligible patients, 131 patients were randomly assigned
to the intervention group (n = 65) and the control group
(n = 66). The intervention group received home visits
at weeks 0, 4, 8, and 12 and telephone support at weeks
2, 6, and 10. The control group received home visits at
weeks 0, 2, 4, 6, 8, 10, and 12. The contents and goals
of each home visit and telephone support session are
shown in Table 1. Both home visits and telephone sup-
port were provided to improve the psychological and
emotional conditions of the patients, meanwhile provid-
ing guidance on physical recovery. Cognitive tests were
performed at baseline (T0), 1 month (T1), and 3 months
(T2) after surgery. Ten and nine patients in the interven-
tion and control groups, respectively, withdrew at T1. Six
and nine patients in the intervention and control groups,
respectively, withdrew at T2.

The demographic and clinical characteristics of the two
treatment groups at baseline are shown in Table 2. The
mean ages of the intervention and the control group were
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Assessed for eligibility (n=172)

Excluded (n=41)

1. Not meeting inclusion
criteria (n=11)
2. Not interested in this study

A

A

N

(n=8)
3. Too busy to participate
(n=12)

Randomization (n = 131),
TO measurement (baseline)

4. Unable to commit after
learning of the study (n=10)

Lost to follow-up

Lost to follow-up

(n=10)
1. Lost interest (n=3)
2. No time (n=2)
3. Program too
burdensome (n=3)
4. Health problems
(n=1)
5. Did not meet
expectancies (n=1)

v

Intervention group
(n=065)

v

1 month (T1)
measurement (n = 55)

-«
Lost to follow-up v
(n=6) 3 month (T2)

1. No follow-up data
available (n=3)

2. No baseline
measurement

measurement (n = 49)

(n=9)
1. Lost interest (n=2)

v

Control group 2. No time (n=1)
(n=66) 3. Program too
burdensome (n=1)
v_> 4. Did not meet

expectancies (n=3)

1 month (T1) 5. Unknow (n=2)

measurement (n = 57)

\4

Lost to follow-up
(n=9)
1. No follow-up data
available (n=2)
2. No baseline
measurement

v

3 month (T2)
measurement (n = 48)

available (n=3)

A

available (n=4)
3. Unknow (n=3)

Statistical analysis

FIGURE 1 Flow diagram of the study

73 + 8.9 and 68 + 7.6 years (p = 0.475), respectively. There
were 64.27% of the patients in the intervention group and
70.84% of the patients in the control group that were men.
Most of the patients had an educational level of middle or
high school (65.31% of the intervention group and 60.42%
of the control group). Among all general risks of neuro-
logic disorder, hypertension (83.67% in the intervention
group and 81.25% in the control group), and hyperlipid-
emia (77.55% in the intervention group and 83.33 in the
control group) accounted for the two major risk factors.
No characteristics were significantly different between the
two groups (Table 2).

Cognitive tests were performed using the Trail
Making Test, Processing Speed Index, Boston Naming

Test, Working Memory Index, Controlled Oral Word
Association Test, and Hopkins Verbal Learning Test
at TO, T1, and T2. As shown in Table 3, the interven-
tion group demonstrated significant improvement at
T1 and T2 (vs. TO p = 0.020 and 0.002, respectively) in
Processing Speed Index, T1 and T2 (vs. TO, p = 0.050
and 0.003, respectively) in the Working Memory Index,
T1 and T2 in the Controlled Oral Word Association Test
(vs. TO, p = 0.008 and <0.001, respectively), and T2 in
the Hopkins Verbal Learning Test (vs. TO, p = 0.002).
In contrast, the control group only showed significant
improvement in the Controlled Oral Word Association
Test (vs. TO, p = 0.03). In addition, pronouncedly higher
scores were observed in the intervention group in Trail
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TABLE 2 Demographic and clinical

i:tzr‘:::)ntion E f:it:;; . 5 alue ;}rl;rl;(;teristics in the two treatment
Demographic characteristics
Age, years, mean (SD) 73 (8.9) 68 (7.6) 0.475
Gender, n (%) 0.428
Male 31(63.27) 34(70.83)
Female 18 (36.73) 14 (29.17)
Educational level, n (%) 0.618
Middle or high school 32(65.31) 29 (60.42)
>College 17 (34.69) 19 (39.58)
General risks, n (%)
History of smoking 21 (42.86) 23(47.92) 0.617
Hypertension 41 (83.67) 39 (81.25) 0.754
Hyperlipidemia 38 (77.55) 40 (83.33) 0.473
Atrial fibrillation 2(4.08) 2(4.17) 0.983
Diabetes 10 (20.41) 12 (25.00) 0.589
Obesity 9 (18.37) 10 (20.83) 0.760
PVD 14 (28.57) 12 (25.00) 0.691
COPD 5(10.20) 5(10.42) 0.973
Contralateral occlusion 1(2.04) 4(8.33) 0.161

Note: Data were shown as n (%) or mean (SD).

Abbreviations: COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease.

Making Test at T2 (113 vs. 128, p = 0.001), Processing
Speed Index at T1 (113 vs. 106, p = 0.05) and T2 (115
vs. 108, p = 0.02), Controlled Oral Word Association
Test at T2 (51 vs. 45, p = 0.004), and the Hopkins Verbal
Learning Test at T2 (9 vs. 8.3, p = 0.046).

DISCUSSION

With the growing elderly population, society and health-
care systems are faced with mounting challenges to pro-
vide effective intervention and care to support the quality
of life of the elderly. Preventative home visits have been
studied for decades to improve the physical, cognitive, and
emotional functions of the elderly."*** The management
of chronic conditions requires complex and lengthy care.
The present study investigates NLHBTS as an alternative
form of care for patients with CAS after surgery, focus-
ing on the efficacy of NLHBTS in improving the cognitive
function of patients using conventional home visits as a
control. Our study is based on the established notion that
CAS and carotid revascularization surgeries are promi-
nent risk factors for cognitive dysfun(:tion.10 However,
knowledge on the optimal postoperative care to enhance
the clinical outcome of CAS treatment is still limited.
Consistent with many previous studies, we also showed
that home visits could improve the cognitive function of

patients, although the effect was quite limited over a pe-
riod of 1-3 months (significant improvement of test score
was only seen in the Controlled Oral Word Associate Test).
Because previous studies have reported that patients with
CAS who underwent surgery would likely show a decline
in cognitive function,” the cognitive improvement by home
visits was presumably attributable to psychological and
emotional support provided by home visits. Comparatively,
the intervention group, which received both NLHBTS and
home visits, showed significant improvement in four of the
six tests in the study, clearly indicating the benefit of this
form of intervention in improving the cognitive function of
patients with CAS. In our study, the tests in which the in-
tervention group did not show improvement were the Trail
Making Test and the Boston Naming Test. Interestingly, a
previous study also showed that carotid revascularization
surgeries did not result in significant changes in the scores
of the Boston Naming Test."?

The success of this NLHBTS-home visit combined in-
tervention is likely attributed to several reasons. First, the
telephone-based support team consisted of uniformly trained
professionals and the intervention was delivered as standard-
ized as possible by multiple team members. Therefore, the
contents were likely easier to deliver, and goals were better
achieved in each visit. However, home visits were delivered
by only one nurse for each patient. Second, telephone-based
visits might be less stressful for elderly patients.
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TABLE 3 Change in cognitive functioning between intervention group and control group
Research group
Intervention group Control group
(n=49) (n =48) p value Effect size
Trail Making Test A and B Baseline (T0) 120 (18) 125 (22) 0.224 0.23
1 month (T1) 116 (21) 122 (26) 0.215 0.23
3 months (T2) 113 (23) 128 (18) 0.001* 0.83
p value (TO and T1) 0.314 0.543
p value (TO and T2) 0.097 0.467
Processing Speed Index Baseline (T0) 106 (13) 107 (8) 0.649 0.13
1 month (T1) 113 (16) 106 (18) 0.050 0.39
3 months (T2) 115 (15) 108 (14) 0.020% 0.5
p value (TO and T1) 0.020* 0.726
p value (TO and T2) 0.002* 0.669
Boston Naming Test Baseline (T0) 52(8) 53(9) 0.565 0.11
1 month (T1) 53(7) 54 (6) 0.452 0.17
3 months (T2) 55(8) 56 (10) 0.588 0.1
p value (TO and T1) 0.512 0.524
p value (TO and T2) 0.067 0.126
Working Memory Index Baseline (T0) 101 (12) 104 (15) 0.280 0.2
1 month (T1) 106 (13) 105 (12) 0.694 0.08
3 months (T2) 108 (11) 105 (10) 0.163 0.3
p value (TO and T1) 0.050 0.719
p value (TO and T2) 0.003* 0.702
Controlled Oral Word Baseline (T0) 40 (8) 41 (9) 0.565 0.11
Association Test 1 month (T1) 45 (10) 43 (11) 0.352 0.18
3 months (T2) 51(11) 45(9) 0.004* 0.67
p value (TO and T1) 0.008* 0.332
p value (TO and T2) <0.001* 0.030
Hopkins Verbal Learning Test ~ Baseline (T0) 7.9 (1.8) 8.1(1.7) 0.575 0.12
1 month (T1) 8.3 (2.0) 8.2(1.9) 0.801 0.05
3 months (T2) 9.0 (1.6) 8.3(1.8) 0.046 0.39
p value (TO and T1) 0.301 0.786
p value (TO and T2) 0.002* 0.577

Note: Data were shown as mean (SD).

Abbreviations: COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease.

*Indicates statistically significant p values.

We have included many in-home visits in both the in-
tervention and control groups, as the in-home visit is the
major established form of supportive care that we have for
patients with CAS. The lack of negative control, in which
patients received no home visits or NLHBTS, could be a
confounding factor in our study. We designed the study to
at least provide sufficient care in adherence to our previous
protocol, meanwhile testing if NLHBTS would have added
benefits in improving the cognitive function of patients.
Another limitation of our study is that we were unable to

blind the patients of the study and caregivers due to the na-
ture of this study. In addition, we did not take concomitant
medications into consideration in this study. Moreover, we
did not estimate sample size before carrying out the study
and because of limited sample size, the present study was
intended to examine the feasibility of a new form of support-
ive care (i.e., NLHBTS), in improving the cognitive function
of patients with CAS, and a larger-scale study is warranted.
Our study was also limited by only performing a comparison
between T1 or T2 versus TO, but potentially multiple-group
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comparisons could be performed. Currently, in China,
where the study was conducted, there is not a certification
system for NLHBTS in place. However, it can be expected
that the findings of the current study could have a higher
impact if certified personnel adopt our approach to ensure
the delivery of consistent services. Based on the promising
effects of the intervention in improving cognitive function,
it is important to investigate if a longer intervention would
be beneficial. Additionally, we only focused on psychologi-
cal and emotional support in our study, and other support
(e.g., guidance on physical exercise), might also be benefi-
cial. Due to the limited sample size, our study could serve as
apilot study for a larger-scale study to investigate the benefit
of NLHBTS in improving the cognitive function of patients
with CAS with increased statistical power.

CONCLUSIONS

In conclusion, our study showed that integrating the
NLHBTS in the postoperative care of patients with CAS
can facilitate the improvement of cognitive function, sup-
porting the utility of this form of telehealth in the manage-
ment of patients with CAS.
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