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Correlation between Pre-Stroke Frailty and Stroke
Severity in Older Patients with Non-Surgical Carotid

Artery Stenosis

Thon Thiraworawong, MD*

* Vascular Neurology Unit, Department of Neurology, Neurological Institute of Thailand, Bangkok, Thailand

Objective: To investigate the effect of frailty regarding frail versus non-frail patients with carotid artery stenosis.

Materials and Methods: The present study was a retrospective cohort study performed in a tertiary care setting. The study included the baseline
characteristics and clinical outcomes of the participants. Univariate analysis and Cox proportional hazard regression model were used to include
confounders. The primary outcome was the composite of the ischemic stroke and all-caused death in frail versus non-frail patients with carotid

artery stenosis.

Results: The present study included 450 patients with a 1-year follow-up. Composite events occurred in 33 patients (22.0%) in the frailty with
carotid artery stenosis group compared with 35 patients (11.7%) in non-frailty with carotid artery stenosis group (HR 1.92,95% CI 1.59 to 2.37,

p<0.001).

Conclusion: Frailty is strongly associated with unfavorable outcomes in older patients with carotid artery stenosis. Risk stratification and
special consideration in frail older patients should be considered in the strategy plan of care.
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Aging is a major health concern worldwide.
The presence of medical advances in countries
tends to result in fewer new populations and higher
life expectancies for older adults. Due to the high
likelihood of adverse events, these patients require
a specific treatment approach. Some patients are
treated with medication alone, and their symptoms
are monitored.

Fried et al. introduced the frailty phenotype,
which is considered the definition of frailty". Frailty
is defined as a clinical syndrome driven by age-
related biological changes that drive the physical
characteristics of frailty and, eventually, adverse
outcomes. Frailty has been conceptualized as a pre-
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disability state. However, it can also coexist with
disability. In addition, frailty is multidimensional,
heterogeneous, and unstable, which distinguishes
it from disability or aging alone®®. Models and
definitions have been proposed to operationalize
frailty assessments in various settings. However,
frailty assessment tools are time-consuming, require
special equipment, and may be limited to stroke
patients“). The FRAIL scale used to assess the frailty
status is a self-reported scale that does not require
activities affected by the disease itself. The FRAIL
scale can be used to estimate frailty without special
tools and is valid in clinical practice®".

The European Society of Cardiology guidelines
suggest specific recommendations for frail patients:
to maintain a 130 to 140 mmHg systolic target
and 80 to 90 mmHg diastolic target, if tolerated®.
The 2018 American Heart Association/American
College of Cardiology guidelines recommend that
hypercholesterolemia treatment in older adults should
not differ from that in younger patients®. Evidence-
based guidelines have been published for the overall
management of people aged 65 years and older
with diabetes. The 2019 Endocrine Society clinical
practice guideline suggests low-dose aspirin of 75 to
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162 mg/day for secondary prevention in patients aged
65 years or older with diabetes and atherosclerotic
cardiovascular disease'”). However, evidence of a
correlation between frailty and carotid artery stenosis
is currently limited, and the difficulty in treating
carotid artery stenosis in frail patients may increase
over time. This trend has yet to be investigated.

Carotid artery stenosis can lead to ischemic
stroke. The current treatment guidelines suggest the
use of medical therapy and carotid revascularization,
for carotid artery stenosis that is high-risk of
progression.

The main objective of the present study was to
investigate the effect of frailty regarding frail versus
non-frail patients with carotid artery stenosis who
had not undergone surgical interventions by carotid
endarterectomy.

Materials and Methods
Study design

The present study was a retrospective cohort
study conducted between August 2019 and July 2022
at the Neurological Institute of Thailand. The study
examined the clinical, imaging data, and clinical
outcomes in older patients with symptomatic carotid
artery stenosis from medical records. The present
study was approved by the Institutional Review Board
of the Neurological Institute of Thailand (registration
number: 65047). All methods were performed in
accordance with the Declaration of Helsinki.

Study participants

Patients were included in the present study if
they 1) were aged older than 65 years and 2) had
symptomatic carotid artery stenosis with a degree of
stenosis of 50% or more and at least 1-year follow-
up. The Thai version of the FRAIL scale was used to
identify frail patients. Informed consent was obtained
from all participants.

Patients were excluded from the present study
if they 1) had undergone surgical interventions
by carotid endarterectomy, 2) had a follow-up
of less than one year, 3) were unable to obtain a
medical history, and 4) had carotid artery disease
due to other mechanisms, such as radiation-related
carotid stenosis/occlusion, Takayasu disease, or
fibromuscular dysplasia.

Data collection and definitions

The baseline characteristics of the patients
included gender, age, body mass index, characteristics
of carotid artery stenosis, mode of arrival to
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Ischemic stroke/TIA patients who had symptomatic carotid artery
stenosis >50%

|

Thai-FRAIL scale estimation, cut-off points >3 were used to identify frail patients

| }

Frailty with carotid artery
stenosis group, n=179

Non-frailty with carotid artery
stenosis group, n=414

l l

Excluded

Excluded

-unable for history taking, n=13 -unable for history taking, n=24

-follow up less than 1 year, n=14 -follow up less than 1 year, n=27

-received carotid endarterectomy, n=2 -received carotid endarterectomy, n=63

} l

Non-frailty with carotid
artery stenosis group,
n=300

! }

Total number=450 patients included in the present study

Frailty with carotid artery
stenosis group, n=150

Figure 1. Flow diagram of the study.

hospital, educational level, antiplatelet medication,
baseline National Institutes of Health Stroke Scale
(NIHSS), smoking, comorbidities, low-density
lipoprotein cholesterol (LDL-C) level, HbAlc level,
Charlson comorbidity index, Fazekas scale score,
medial temporal lobe atrophy score. Missing data
were managed especially in respect to continuous
variables, which were potentially entered into
regression models. The present study excluded
patients with incomplete or incorrect data for the
following variables, age, body mass index, NIHSS,
HbAc¢ level, and LDL-C level.

Frailty was defined using the Thai version of the
FRAIL scale®, which is a 5-item questionnaire for
frailty screening. The items are as follows: “fatigue”,
“resistance”, “ambulation”, “illnesses”, and “loss of
weight”. Each item required a self-reported response
rated as 1 or 0 points, depending on the presence of
characteristics in each criterion. The scores range
from 0 to 5, with higher scores indicating greater
frailty. According to the original FRAIL scale?,
cutoff points of 3 or more (Figure 1) were used to
identify frail patients.

Medication non-adherence was defined as the
proportion of patients who had refill lag of more than
one month during follow-up over a period of one year.

Achieve target blood pressure was defined as
the proportion of patients with hypertension who
had systolic blood pressure measured at each visit
of less than 140 mmHg or less than 130 mmHg if
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diabetic, more than 80% during follow-up over a
period of one year.

Achieve target LDL-C was defined as the
proportion of patients with hypercholesterolemia who
had LDL-C level measured at each visit of less than
1.8 mmol/L, for more than 80% during follow-up
over a period of one year.

Achieve target HbAlc was defined as the
proportion of patients with diabetes mellitus who had
HbAlc level measured at each visit of less than 53
mmol/mol, more than 80% during follow-up over a
period of one year.

Smoking cessation was defined as the proportion
of smokers discontinuing tobacco smoking within six
months after the onset of ischemic stroke/transient
ischemic attack.

Symptomatic carotid artery stenosis was defined
as the presence of atherosclerotic narrowing of the
proximal internal carotid artery by 50% or more at
the level of bifurcation in patients with history of
ischemic stroke/transient ischemic attack involving
ipsilateral carotid territory.

Carotid artery stenosis could be diagnosed by
either gadolinium-enhanced magnetic resonance
angiography or contrasted computed tomographic
angiography and measured by the North American
Symptomatic Carotid Endarterectomy Trial
(NASCET)"Y criteria.

Recurrent ischemic stroke was defined as a first
episode of neurological deficit persisting more than
24 hours with symptom localizable to the previous
symptomatic carotid artery stenosis.

Recurrent transient ischemic attack was defined
as a focal and localizable, such as hemispheric
neurological deficit, transient ischemic attack,
or monocular blindness persisting less than 24
hours with symptom localizable to the previous
symptomatic carotid artery stenosis.

Death was defined as all-cause death.

Study outcome assessment

The primary outcome of the present study was
defined as the first episode of the composite events
of ischemic stroke and all-cause death in frail versus
non-frail patients with carotid artery stenosis.

Other secondary clinical outcomes included
hemorrhagic stroke, first occurrence of ischemic
stroke, and number of deaths.

A vascular neurologist (TT) evaluated the
medical records of these patients. Outcome events
were adjudicated by attending neurologist. Attending
neurologist were blinded to the study participants’
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frailty status.

Statistical analyses

A previous study!'? found that the patients who
had carotid artery stenosis had an incidence death of
approximately 0.6% in 30 days. However, if these
patients had frailty, the incidence of death would
increase to 4.9% in 30 days. The formula for sample
size calculation in the present study was derived from
atextbook", The author estimated that a sample size
of 450 patients would provide 80% power and avoid
type 2 errors. Categorical variables were reported as
numbers (%). Continuous variables were reported as
medians with interquartile ranges. A Cox proportional
hazards regression model was used to compare the
relationship between the outcomes of both groups
while adjusting for confounding factors. Hazard
ratios (HRs) with 95% confidence intervals (CIs)
were reported. If multiple events of the same type
occurred, the time until the first event was used in
the model. A p-value of less than 0.05 was considered
significant. All statistical analyses were performed
using SPSS Statistics for Windows, version 17.0
(SPSS Inc., Chicago, IL, USA).

Results

The present study was a single-center, tertiary
care setting. Four hundred fifty older patients
(Figure 1) with carotid artery stenosis that included
190 men and 260 women with a median age of 72
years were participating (Table 1). Baseline patient
characteristics are summarized in Table 1. The
present study excluded patients with incomplete or
incorrect data for the following variables, age, body
mass index, NIHSS, HbA 1c level, and LDL-C level.
Nevertheless, none of the continuous variables were
absent in the present study.

Table 2 shows the endpoints between frail
and non-frail patients with carotid artery stenosis.
Composite events occurred in 33 patients (22.0%)
in the frailty with carotid artery stenosis group
compared with 35 patients (11.7%) in the non-frailty
with carotid artery stenosis group (HR 1.92, 95% CI
1.59 to 2.37, p<0.001). Figure 2 shows the survival
analysis between frail patients and non-frail patients
with carotid artery stenosis. All-cause death occurred
in 14 patients (9.3%) in the frailty with carotid artery
stenosis group compared with 12 patients (4.0%) in
the non-frailty with carotid artery stenosis group (HR
2.29, 95% CI 1.45 to 2.98, p<0.001).

In the subgroup analyses, the author compared
the primary outcomes between frail and non-frail
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Table 1. Demographic data of the study participants

Patient characteristics Total (n=450) Frail group (n=150) Non-frail group (n=300) p-value
Female; n (%) 260 (57.8) 92 (61.3) 168 (56.0) 0.531
Age (years); median (IQR) 72 (66 to 79) 73 (66 to 80) 71 (66 to 80) 0.756
Body mass index (kg/m?); median (IQR) 20.7 (18.3 to 22.5) 19.8 (18.1t0 20.1) 21.2 (18.8to 23.4) 0.139
Carotid stenosis >70%; n (%) 40 (8.9) 12 (8.0) 28(9.3) 0.252
Mode of arrival to hospital; n (%) 0.457

Private arrival 370 (82.2) 121 (80.7) 249 (83.0)

EMS arrival/transfer 80 (17.8) 29 (19.3) 51 (17.0)
Education level; n (%) 0.335

Elementary school or lower 240 (53.3) 78 (52.0) 162 (54.0)

High school or above 210 (46.7) 72 (48.0) 138 (46.0)
Antiplatelet medication; n (%) 0.231

Aspirin 231 (51.3) 79 (52.7) 152 (50.6)

Clopidogrel 137 (30.4) 48 (32.0) 89 (29.7)

Other 82 (18.3) 23 (15.3) 59 (19.7)
Baseline NIHSS; median (IQR) 9 (7t012) 9 (7t012) 9 (6to13) 0.563
Medication non-adherence; n (%) 20 (4.4) 7 (4.7) 13 (4.3) 0.267
Smoking; n (%) 247 (54.9) 78 (52.0) 169 (56.3) 0.435
Smoking cessation; n (%) 230 (93.1) 72 (92.3) 158 (93.5) 0.338
Hypertension; n (%) 232 (51.6) 76 (50.6) 154 (51.3) 0.531
Achieve target blood pressure; n (%) 198 (85.3) 65 (85.5) 133 (86.4) 0.414
Diabetes mellitus; n (%) 237 (52.7) 80 (53.3) 161 (53.7) 0.432
Achieve target HbAlc; n (%) 179 (75.5) 61 (76.2) 118 (73.3) 0.589
HbA1lc (mmol/mol); median (IQR) 52 (47 to 59) 52 (48t0 59) 52 (47 to 58) 0.332
Hypercholesterolemia; n (%) 286 (63.4) 92 (61.3) 194 (64.7) 0.356
Achieve target LDL-C; n (%) 245 (85.7) 80 (87.0) 165 (85.1) 0.561
LDL-C (mmol/L); median (IQR) 1.7 (1.5 to 2.8) 1.7 (1.5 to 2.7) 1.7 (1.5 to 2.8) 0.258
Chronic kidney disease; n (%) 35(7.8) 12 (8.0) 23(7.7) 0.644
Ischemic heart disease; n (%) 80 (17.8) 29 (19.3) 51 (17.0) 0.237
Congestive heart failure; n (%) 19 (4.2) 7 (4.7) 12 (4.0) 0.431
Chronic lung disease; n (%) 52 (11.6) 14 (9.3) 38 (12.7) 0.663
Asthma; n (%) 30 (6.7) 9 (6.0) 21 (7.0) 0.534
Arthritis; n (%) 18 (4.0) 5@3) 13 (4.3) 0.538
Cancer; n (%) 11(2.4) 4 (2.6) 7(2.3) 0.435
Charlson comorbidity index; n (%) 0.335

Summation score <5 points 431 (95.8) 142 (94.7) 289 (96.3)

Summation score =5 points 19 (4.2) 8(5.3) 11 (3.7)
Fazekas scale; median (IQR) 0.685

Periventricular white matter 1(0to2) 1(0to2) 1(0to2)

Deep white matter 1(0to2) 1(0to2) 1(0to2)
Medial temporal lobe atrophy score; median (IQR) 1(0to2) 1(0to2) 1(0to2) 0.339

IQR=interquartile range; EMS=emergency medical service; NIHSS=National Institutes of Health Stroke Scale; LDL-C=low-density lipoprotein cholesterol

patients with carotid artery stenosis according to
gender, age, smoking, hypertension, diabetes mellitus,
hypercholesterolemia, chronic kidney disease,
ischemic heart disease, congestive heart failure,
chronic lung disease, asthma, arthritis, cancer, and
carotid artery stenosis greater than 70% (Figure 3).
The effect of frailty was observed in all subgroups.
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Discussion

An analysis comparing frail and non-frail
patients with carotid artery stenosis revealed that
frailty in older patients was strongly associated with
poor composite outcomes.

The study participants participating in the
present study were Thai. The average body mass
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Table 2. Endpoints of frail patients versus non-frail patients with carotid artery stenosis

Endpoints Frail group (n=150) Non-frail group (n=300) HR (95% CI) p-value
Composite of ischemic stroke and all-cause mortality; n (%) 33 (22.0) 35(11.7) 1.92 (1.59 to0 2.37) <0.001
Median survival time (months) 8.4 9.9
Ischemic stroke; n (%) 19 (12.7) 23(7.7) 1.62 (1.12to 2.11) 0.014
Median survival time (months) 8.2 9.3
Hemorrhagic stroke; n (%) 0(0.0) 0(0.0) - -
Median survival time(months) - - - R
All-cause mortality; n (%) 14 (9.3) 12 (4.0) 2.29 (1.45t0 2.98) <0.001
Median survival time(months) 8.7 111
HR=hazard ratio; CI=confidence interval
Survival Functions gy Lo Vel (e
Nowfrail  Frad
Gender
Status male waz s - 2.02(1.91-2.15) <0.001
| i - female e ez . 1.82(1.71-1.95) <0.001
ol Age
- ;‘:n-'c’:med <70 7137 15/68 el 1.77(1.65-1.91) <0.001
a5 1— Hon-trad.censored 270 w6 e - 1.98(1.86-2.11) <0.001
S smoking
l ‘ ves v e e 1.82(1.72-1.95) <0.001
= —al L no Wi om —— 1.93(1.81-2.06) <0.001
2 067 Hypertension
s —t yes 15 /7% - 1.91(1.79-2.04) <0.001
@ ) no e 1em - 1.85(1.73-1.98) <0.001
B o] L Diabetes mellitus
o + yes /161 1780 -.-— 1.92(1.81-2.05) <0.001
no i 16/7% - 1.86(1.74-1.99 <0.001
Hypercholesterolemia
o yes 19 w2 - 1.99(1.87-2.12) <0.001
i no 16/106 15/58 o 1.71(1.59-1.84) <0.001
n:z::' ;ann, 182 (95%C1,1.58-2.37) Cheorié idnay diseane
il ves wm . 127(1.15-1.42) 0.023
no nr nam e 1.94(1.82-2.07) <0.001
o0 20 40 60 80 100 120 140 Ischemic heart disease
yes /5; s - 1.31(1.19-1.44) 0.015
i, months no ):.‘219 w2 e 1.99(1.88-2.13) <0.001
g Congestive heart failure
Frail 150 139 109 82 63 41 22 11 yes 12 w —.— 1.71(1.59-1.84) <0.001
Non-frail 30 274 231 185 146 105 69 29 no nEss e - 1.89(1.76-2.02) <0.001
Chronic lung disease
. . . . yes 538 ans —— 2.17(2.05-2.31) <0.001
Figure 2. Survival analysis based on primary outcome among o w2 e - 1.86(1.74-1.99) <0.001
frail patients versus non-frail patients with carotid artery s w o - 1.55(1.43-1.68) <0.001
5 no ne®»  nps - 1.91(1.79-2.04) <0.001
stenosis. Arthritis
yes 213 s - 2.35(2.23-2.47) <0.001
no 3287 3N4S - 1.85(1.72-1.97) <0.001
Cancer
yes w 14 - 1.75(1.63-1.88) <0.001
. . TR . % " —— 1.88(1.762.01) <0.001
index of Asian ethnicities is lower than that of other O T e
RS . . 14 yes s w2 - 1.55(1.43-1.68) <0.001
ethnicities. According to a previous study!®, the w man e - 191(179208) <0001

normal range for Thai persons is 18.5 to 23 kg/m?.
In the present study, the body mass index of frail
older patients tended to be lower than that of
non-frail older patients. Additionally, frailty may
indirectly impact the body mass index. Moreover,
frailty can cause inflammation®. A previous
study'® showed that the loss of muscle mass,
muscle anabolism, reduced muscle strength, and poor
handgrip strength are linked to chronic low-grade
inflammation.

Currently, clinical practice guidelines for
preventing ischemic stroke in frail older patients are
unclear. Medical therapy is the main treatment option
for non-surgical carotid artery stenosis, especially
in patients with comorbidities. In addition, most
landmark clinical trials"*?” have not included frail
older patients in their research methodology. Most
primary-prevention randomized controlled trials
have not specifically recruited patients with frailty
and have focused primarily on stroke prevention in
the general population®). However, the subgroup
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Figure 3. Subgroup analysis based on primary outcome in frail
patients versus non-frail patients with carotid artery stenosis.

analysis in the present study based on composite
events showed that frailty may be predictors of
unfavorable outcomes in all subgroups. Carotid
endarterectomy is often not recommended in patients
with severe comorbidities, particularly heart and lung
diseases®?, and precautions should be taken when
treating such patients. The risk of complications
increases with an increased incidence of myocardial
infarction®2,

Although a person aged older than 65 years
is often defined as “elderly or older”, no concrete
definitions of “elderly or older” accurately characterize
this patient population. The generic term “elderly or
older” may lead to different interpretations according
to patient status, study settings, and definitions, which
is problematic for decision-making. In carotid artery
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trials®*?®, older patients were referred to as those over
70, 75, or 80 years old. Older patients are at higher
risk of periprocedural complications. In a previous
study®, a meta-analysis of multiple randomized
controlled trials comparing carotid endarterectomy
to carotid artery stenting showed that the combined
risk of periprocedural stroke and death increased
with age, from 3% in patients younger than 60 years,
9% in patients 75 to 79 years, and 11% in patients
older than 80 years. The cutoff point for appropriate
clinical caution that turns into an age-related bias is
difficult to define.

Limitation

The present study had limitations. First, the
Thai version of the FRAIL scale may have some
disadvantages when used to assess frailty. For
instance, assessing cognitive frailty was not feasible.
Cognitive frailty can indirectly affect patient
outcomes, such as medication adherence and lack
of stroke awareness. However, the proportion of
the medical non-adherence, Fazekas scale scores
and medial temporal lobe scores were low among
the study participants. Patients for whom a medical
history could not be obtained were excluded from
the present study. Second, the frailty scale includes
comorbidities that are risk factors for vascular
disease. This could have an indirect effect on stroke
outcomes. Third, owing to the retrospective study
design and analysis of the enrolled data, unmeasured
bias or uncollected confounders may have existed
in the present study. However, this limitation was
addressed using a regression model. In the future,
it may be necessary to confirm the outcomes of the
present study in a larger population or in randomized
controlled studies.

Conclusion

Frailty is strongly associated with unfavorable
outcomes in older patients with carotid artery
stenosis. Risk stratification and special consideration
in frail older patients should be considered in the
strategy plan of care.

What is already known on this topic?

Evidence of a correlation between frailty and
severity of stroke in older patients with carotid artery
stenosis is currently limited.

What does this study add?

Carotid artery stenosis can lead to ischemic
stroke. Assessing frailty is more beneficial when
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selecting high risk older patients with carotid artery
stenosis.
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