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Editorial on the Research Topic
Quiality of stroke care: what could be improved, and how?

Stroke is one of the leading contributors to long-term disability and mortality worldwide
(1). Its direct and undirect burden is substantial and perhaps will rise in future due to the
aging of the population (2). Reperfusion treatment allows to decrease the disability among
the survivors, but only a small amount of acute stroke patients receive that modern therapy
(3, 4). There are several international initiatives aiming at improvement of care of acute
stroke patients and reducing their mortality as disability as well. The stroke care pathway
includes all stages from prehospital until rehabilitation and post-stroke care. There are many
challenges in each step, and it is crucial to identify the gaps on each stage and to find the ways
to improve stroke care.

The aim of our special Research Topic “Quality of stroke care: what could be improved
and how?” was designed to present the real-world situation regarding stroke services at all
stages across different countries and provide some practical recommendations to improve
acute stroke care in daily practice. The Research Topic includes 15 manuscripts: 1 review,
11 original research, 1 perspective, 1 study protocol, and 1 brief research report. The
research has been conducted in different world regions, including Asia, Europe, USA, and
the Middle East.

Chen M. et al. performed an original review of bibliometric analysis of stroke and quality
of life and showed, that during the last more than two decades the number of publications
increased significantly in all parts of the world. Hot topics in stroke research, main research
institutions and contributors in this field were identified.

Al Hashmi et al. evaluated the availability of resources for the management of
acute stroke in the Middle East, North Africa, and neighboring areas (MENA+). The
study revealed significant differences in stroke care between low-income and high-
income countries and stressed the importance of development of stroke target programs.
Hwong et al. studied the gaps of implementation of intravenous thrombolysis in
Malaysia. The analysis showed that delayed presentation at the scene (67.6%) was
identified as the primary factor contributing to the low utilization rate of intravenous
thrombolysis. The authors note that the facilitative work process and cohesiveness
of team members are the important factors for implementation of modern stroke
treatments into daily clinical practice. Ganti et al. studied the impact of arrival
time to the emergency department on door-to-needle time of thrombolytic treatment.
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A single hospital data showed that nighttime, lack of dedicated
stroke team, longer time-to-CT read and arrival as walk-in are
associated with the longer door-to-needle time. These data confirm
the results from previous studies (5, 6).

Modern guidelines recommend using a stent-retriever for
mechanical thrombectomy for the treatment of acute ischemic
stroke due to large vessel occlusion (7). However, many centers
use other techniques, including aspiration. Narloch et al. show that
the success of aspiration-based first-pass recanalization did not
decrease significantly with increasing age and might not be avoided
in the elderly patients.

Pneumonia is a common post-stroke complication with the
prevalence up to 38% (8). Clinical studies confirm that pneumonia
is a preventable condition (9). Studies have shown that dysphagia
is an independent risk factor of pneumonia, so early diagnosis and
treatment of dysphagia result in the decreasing rate of post-stroke
pneumonia and improve the outcome (10). Zhang et al. evaluated
the effectiveness of smart health-based rehabilitation on patients
with dysphagia in a case-control study of 60 poststroke dysphagia
patients. Their findings confirm the significant positive effect of
smart rehabilitation compared to routine rehabilitation. In another
quasi-intervention pilot study of 120 patients Zheng et al. showed
that nurse-led hierarchical management based on acute ischemic
stroke — associated pneumonia score is useful tool to reduce the
incidence of pneumonia.

Up to 50-60% of acute stroke patients have disability
and require rehabilitation and post-stroke long-term care.
Sarzynska-Dlugosz analysis offers a comprehensive understanding
of the ideal long-term care model while shedding light on the
real-world obstacles faced in putting that model into practice.
Chen M. et al. found in their retrospective study that more than
half of acute ischemic stroke patients have risk of malnutrition,
and severe neurological deficit on admission and older age are
its independent risk factors. These results allow us to identify
the target group of patients to whom more attention should be
paid. Susts et al. evaluated and confirmed that physical inactivity
before stroke is the independent predictor of dependency in basic
activities of daily living after stroke. Other predictors are older
age, female sex, pre-stroke living conditions, previous stroke, and
severity of stroke on admission. Pan et al. found that around 50%
of young and middle-aged stroke survivors do not return to work
after stroke. Among others, they identified the risk factors such as
older age, female sex, low education, and no medical insurance.
Another conclusion is that there is a direct relationship between
the ability to return to work and health-related quality of life. The
authors conclude that specific interventions are needed to facilitate
returning to work and improving the quality of life after a stroke.
Xie et al. investigated the relation between hemiplegic shoulder
pain and subluxation and found that there is a high frequency of
shoulder pain and local injury after stroke. The authors provide
specific recommendations for rehabilitation for this patients
group, which can be quickly implemented into the daily practice.
Bae et al. analyzed the utilization of post-stroke rehabilitation
prior to the introduction of the post-acute rehabilitation system
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in South Korea in 2017. The authors conclude that before the
nationwide rehabilitation system, the rehabilitation treatment
was over- and under-supplied. The study confirms the need for
development of post-acute rehabilitation system that specifies the
subject, duration, and intensity of rehabilitation treatment.

In contrast to acute ischemic stroke there are only a few
recommendations for the treatment of intracerebral hemorrhage
(11). The benefit of surgical evacuation of intracerebral hematoma
is still an unanswered question. Ratcliff et al. present the
protocol for a new multi-centered randomized trial. This trial is
addressed to patients with supratentorial spontaneous intracerebral
hemorrhage using minimally invasive trans-sulcal parafascicular
surgery approach. The results of the trial were presented during the
9th European Stroke Organization Conference in May 2023.

An abdominal aortic aneurysm is a dangerous, potentially fatal,
but often underdiagnosed condition (12). There is evidence that
the prevalence of abdominal aortic aneurysm is higher among TTA
patients (13). Loban et al. presents the results of local screening
programs in elderly men over past decade, who have had ischemic
stroke or TIA. They suggest that there is a strong basis for
recommendation to screen acute stroke patients over 60 years for
this condition.

In conclusion, the “Quality of stroke care: what could be
improved and how?” Research Topic provides the latest data in
this field. The 15 studies cover all areas of acute stroke from
prehospital stage until rehabilitation and provide new insights
into improvement of quality of stroke care. Conduction of studies
in different regions results in broad implementation of new
knowledge into daily clinical practice. We believe that this Research
Topic will be a useful reading for improvement of acute stroke care
and mapping future directions for research.
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Background: Acute stroke care is complex and requires multidisciplinary
networking. There are insufficient data on stroke care in the Middle East and
adjacent regions in Asia and Africa.
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Objective: Evaluate the state of readiness of stroke programs in the Middle
East North Africa and surrounding regions (MENA+) to treat acute stroke.

Method: Online questionnaire survey on the evaluation of stroke care across
hospitals of MENA+ region between April 2021 and January 2022.

Results: The survey was completed by 34/50 (68%) hospitals. The median
population serviced by participating hospitals was 2 million. The median
admission of patients with stroke/year was 600 (250—-1,100). The median length
of stay at the stroke units was 5 days. 34/34 (100%) of these hospitals have
24/7 CT head available. 17/34 (50%) have emergency guidelines for prehospital
acute stroke care. Mechanical thrombectomy with/without IVT was available in
24/34 (70.6%). 51% was the median (IQR; 15-75%) of patients treated with IVT
within 60 min from arrival. Thirty-five minutes were the median time to reverse
warfarin-associated ICH.

Conclusion: This is the first large study on the availability of resources
for the management of acute stroke in the MENA+ region. We noted the
disparity in stroke care between high-income and low-income countries.
Concerted efforts are required to improve stroke care in low-income

countries. Accreditation of stroke programs in the region will be helpful.

stroke care, MENA+ region, MENA-SINO, stroke units, stroke centers

Background

Stroke remains a leading cause of death and disability
worldwide (1). Successful prevention and treatment strategies
over the last five decades in high-income countries (HICs)
have led to a progressive overall decline in mortality resulting
in stroke becoming the fifth leading cause of death (2).
Unfortunately, similar successes have not been evident in
low to upper-middle-income countries (LMICs) where stroke
still remains the second most common cause of death (3).
Some data suggest that the burden of stroke is increasing
in the Middle East and North Africa (MENA) region (3,
4). The MENA region has an estimated population of 411
million (5). A study published in 2010 reported variable stroke
incidence rates in the MENA (6). The stroke incidence was
29.8 per 100,000 in Saudi Arabia and 57 per 100,000 people
in Bahrain. Furthermore, the 28-day case mortality rates also
varied among the MENA countries, ranging from 10% in
Kuwait to 31.5% in Iran. Although the rates of strokes are
comparable with those reported in high-income countries
(HICs), the population of the region is much younger and
therefore represents a higher burden. Another study published
in 2017 (7) reported incidence rates between 16/100,000 in a
prospective population based in Iran and 162/100,000 in Libya.
Age-adjusted prevalence was available only from Tunisia at
184/100,000. Mortality for all strokes from the eight countries
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reported 30-day case fatality ranged from 9.3% in Qatar to 30%
in Pakistan.

The MENA-SINO comprises stroke experts from 19
MENA and adjacent (4) regional countries (Bahrain,
Egypt, Iran, Indonesia, Iraq, Jordan, Kuwait, Lebanon,
Malaysia, Oman, Pakistan, Saudi Arabia, Sudan, Turkey,
Thailand, United Arab Emirates (UAE), Yemen, and
Qatar).

The main objective of the MENA-SINO+4 is to
improve education, research, and healthcare in the
regional  countries. = The MENA-SINO  organization
has regular regional conferences, educational
seminars, and exchanges of local and international
stroke  expert faculty to regional hospitals. In
addition, it conducted locally relevant research and
guidelines (8-11).

Acute stroke care is complex and requires multidisciplinary
networking. Undoubtfully, dedicated efforts made by the
regional stroke experts in the last few years have led to
improvement in stroke care in the MENA region. Further
improvement in stroke care will require the creation of
an integrated regional stroke system at the local hospital
level and across the MENA region. The lack of data on
the readiness of acute stroke care from the MENA and
the surrounding region (MENA+) was the driving force for
this study.
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Objectives

This study aimed to assess the readiness of stroke programs
in the Middle East, North Africa, and neighboring areas
(MENA+) to manage acute stroke.

Method

The survey

An online survey composed of open and multiple-choice
questions aimed at evaluating the hospital demographics,
interest in stroke program certification, design of stroke
program infrastructure, availability of complementary services,
diagnostic  capabilities, patient monitoring capabilities,
availability of standard operating procedures (SOPs), and
existence of effective legislation. The inter-hospital integrated
protocol and the availability of various modalities for the
treatment of acute stroke were also evaluated.

The

Supplementary material.

survey questionnaire was available as online
The online survey tool (survey
monkey, Palo Alto, California, USA; www.surveymonkey.com)
was utilized. No compensation was offered to participants,
and respondents were limited to a single response per
center. The survey included general questions to identify the
engagement of participants in acute stroke management and
more specific questions related to the availability of facilities
for thrombolysis and thrombectomy. If the participant was
not actively involved in acute stroke treatment, the survey was
terminated automatically.

This survey commenced in April 2021 and ended in January
2022. After 5 months the site was closed, and the data were
extracted. Finally, all the survey data were fed into an excel
sheet by an assigned key person to secure homogeneity, then it
was double check and reviewed by the principal investigator to

ensure the validity of the data.

Participants

The survey was distributed through secure internal
membership emails of the society, or postings on MENA-
SINO web page and distributed to stroke and neuro
interventionalists’ centers’ leaders (stroke program directors,
stroke neurologists, neuro interventionalists, neurosurgeons,
and neuro-radiologists) affiliated with the Middle East North
Africa Stroke and Interventional Neurotherapies Organization
(MENA-SINO). The MENA-SINO
approved the study project and the questionnaire. The aim

steering committee

was to have at least one respondent from each of the countries

comprising MENA+. Initially, 50 stroke expert affiliated
hospitals showed interest to be part of the survey. However, out
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of the 50 initial responses, only 34 (68%) completed the survey
(Appendices 1, 2).

Statistical analysis of the data

Data were fed to the computer and analyzed using IBM
SPSS software package version 28.0. (Armonk, NY: IBM Corp).
Numerical data were summarized using the median and
interquartile range, whereas categorical data were summarized
using the frequency and percentage. Data were subsequently
summarized in tables (12).

Result

Demographic data

Bahrain, Egypt, Iran, Indonesia, Iraq, Jordan, Kuwait,
Lebanon, Malaysia, Oman, Pakistan, Sudan, Saudi Arabia,
Qatar, Thailand, Turkey, Tunisia, United Arab Emirates
(UAE), and Yemen took part in the survey. A total of 34
hospitals participated in the survey. 32/34 (94.1%) hospitals
were interested in getting their stroke unit certified. The
majority of hospitals that responded to the survey were
university-based hospitals (19/34 [55.9%]). The remainder of
the hospitals were associated with the ministry of health
(7/34 [20.6%]), private (5/34 [14.7%]), or military (3/34
[8.8%]). The location of the stroke units/wards in the majority
of hospitals was within the neurology department (18/34
[52.9%]) or within the internal medicine departments (9/34
[26.5%]). In the remainder of hospitals, the units were located
within the intensive care unit, neurosurgery department,
or emergency department, or other areas in the hospitals
(7134 [20.6%]).

Structures

The median catchment population for participating
hospitals was 2 million (IQR) (1.0 million—3.05 million). The
number of stroke admissions to these hospitals ranged from 36
cases at Family Care Hospital in Riyadh to as high as 10,000
cases at Al-Hussein University Hospital located in Cairo. The
median number of patients with stroke admitted per year at
these hospitals was 600/year ([IQR] [range: 250-1,100]). The
median number of admission to the stroke units/ year was
300/year ([IQR] [range: 77.5-600]).

The median length of stay at these hospitals was 8 days (IQR
[range: 7-10]), whereas the median length of stay at the stroke
unit was 5 days (IQR [range 5-7]). The median number of the
monitored stroke unit beds at the participating hospitals was 8
(IQR [range: 4-11]) vs. 4 (IQR [range: 0-12]) for non-monitored
beds (Table 1).
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TABLE 1 General structures of the surveyed hospitals.

Variable

Catchment area population

# of stroke admission in hospital per year

# of stroke admission to stroke unit per year

Total Hospital beds

# of monitored stroke unit beds

# of non-monitored stroke unit beds

Total length stroke patients stay at hospital (in days)
% of patients spending 24-72 hours in stroke unit

% of patients spending >72 hours in stroke unit

TABLE 2 Neuroimaging and monitoring services at surveyed hospitals.

Service availabilities n (%)

CT head 24/7 34 (100)
CT cerebral angiogram 24/7 26 (76.5)
MRI brain 24/7 17 (50.0)
MRA 24/7 15 (44.1)
Neurovascular ultrasound 22 (64.7)
Intra-arterial catheter angiography 21 (61.8)
Routine ECG 24/7 32 (94.1)
Long-term-ECG with arrhythmia/AF detection 31(91.2)
Echocardiogram 34 (100)
Clinical/biochemical emergency available 24/7 34 (100)
Continuous BP measurement 34 (100)
Pulse oximetry 33 (97.1)
Respiratory monitoring 34 (100)
Temperature recording 34 (100)

Service availabilities

Imaging and monitoring

Head CT scanning is present at all 34 participating hospitals
24h per day and 7 days per week. Cerebral CT angiogram
facilities are delivered 24h per day and 7 days per week at
(26/34 [76.5%]) of the participating hospitals. However, brain
MRI service is available only at (17/34 [50%]) of the hospitals.
Clinical/biochemical emergency laboratory tests are done 24-
hours per day and 7 days per week at all sites (34/34 [100%])
(Table 2).

Other disciplines
Neurosurgical services are found at (33/34 [97%])
of the hospitals. Although the echocardiogram facility is

present at all the participating hospitals (34/34 [100%]),
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Minimum-Maximum

100,000-25 million

600 (250-1,100) 36-10,000
300 (77.5-600) 12-1,600
450 (217.5-1,160) 42-2,500
8 (4-11) 0-24
4(0-12) 0-90
8 (7-10) 2-21
50.5% (30-80.75%) 5-100
50% (20-70%) 3-100

cardiology experts are available within the hospital only
at (30/34 [88.2%]) sites. Accessibility to internal medicine
services is present at (32/34 [94.1%]) of the surveyed
hospitals. Radiological department with neuroradiological
expertise is found at (30/34 [88.2%]) hospitals, and finally,
vascular surgery expertise was only available at (27/34
[79%]) hospitals.

Protocols and guidelines

Stroke informational manuals are available in (27/34 [79.4
%]) hospitals. Nursing manuals were available in (24/34 [82.4%])
of the sites. Only half of these hospitals (17/34 [50%]) have
emergency guidelines for prehospital acute stroke care. National
Institute of health stroke scale (NTHSS) was the most common
scale used to access acute stroke symptoms at these hospitals
(26/34 [82.4%]). The remaining 6/34 (17.6%)] hospitals used
Glasgow Coma Scale (GCS).

Other facilities

Clinical stroke trials were conducted in (15/34 [44.1%])
of the hospitals. Post-stroke rehabilitation services were
present in (30/34 [88.2%]). Tele medical/ tele radiological link
with other stroke care facilities was only available in (6/34
[17.6%]) hospitals.

Treatment options delivered for patients
with stroke

Intravenous thrombolysis/mechanical
thrombectomy

Intravenous thrombolysis (IVT) alone was offered in (7/34
[20.6%]) hospitals. Mechanical thrombectomy with/without
IVT was available in (24/34 [70.6%]) hospitals. There were
only 3/34 (8.8%) where the two treatments were not available.
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The median (IQR) percentage of patients treated with IVT
for acute ischemic stroke (AIS) whose treatment is started
within or <60 min following arrival to hospital was (51% [15-
75%]). The median (IQR) percentage of patients with AIS
eligible for IVT who received it within the appropriate time
window was (56% [15-82.3%]). The median (IQR) percentage of
patients treated with IVT who have a symptomatic hemorrhagic
transformation (HT) within 36h of treatment was (6% [4-
10%]). The median percentage (IQR) of patients with AIS
treated with endovascular interventions who developed HT was
(5.5% [2-10%]). The median (IQR) number of decompressive
craniotomies in malignant brain infarction was 10/year (3.75-
20.25). The median (IQR) number of carotid interventions
(surgery/stenting) was 20 /year (5-45) across all hospitals
(Table 3).

Other types of treatments

The survey also evaluated if the hospitals had facilities to
manage subarachnoid aneurysmal hemorrhages (SAHs). The
number of hospitals with adequate facilities to treat SAH was
84% (48.5-84%). Nimodipine (60 mg every 4h or 30 mg every
2h) was started within 24 h of diagnosis and continued until 21
days after the hemorrhage or until discharge from the hospital
was also an option.

Most had facilities the of
anticoagulation-related ICH. Median time from arrival to

hospitals for reversal

TABLE 3 Treatment options delivered for AlS.

Variable

Stroke-relevant scales

GCS

NIHSS

Treatment options available for AIS across Hospitals

IVT alone

MT with/without IVT

Neither

# of carotid interventions (surgery/stenting) Per Year, median (IQR)

# of decompressive craniectomies performed for malignant MCA infarction,
median (IQR)

% of patients treated with IVT & developed an sHT within 36 hours of treatment,
median (IQR)

% of AIS patients treated with MT & developed HT, median (IQR)

% of AIS patients eligible for IVT treatment & receive it within the appropriate
time window, median (IQR)

% of patients treated for AIS with IVT <60 min after arrival, median (IQR)

% of patients with AIS or TIA for whom an NIHSS score was documented.
Time from arrival to start of multimodal brain vascular imaging (MRI/MRA or
CT/CTA) for IS patients arriving within 6 hours from last seen well, if one of

these studies done
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start of treatment to reverse the INR with a procoagulant
preparation (e.g., fresh frozen plasma, recombinant factor
VIla, prothrombin complex concentrates) for patients with
warfarin-associated intracerebral hemorrhage (ICH) and an
elevated INR was 35 min (35-78).

The percentage of patients with stroke or death within
24h of diagnostic neuro-angiography after the diagnosis
of SAH was 4% [4-10% as reported in 32/34 hospitals
(two hospitals did not provide the data on this) was]
(Table 4).

Discussion

This is the largest study on the availability of stroke
services in a large geographical area comprising 19 countries.
Our study shows the availabilities of imaging resources and
stroke units at the surveyed hospitals. It also highlights
a wide range of variability in treatment options for acute
stroke in the courtiers included in the survey. Excellent
stroke care services are observed in high-income countries
with immediate access to thrombolysis and thrombectomy
services. Where there has been a serious lack of availability
of basic care in the management of acute stroke in low-
income countries.

This survey revealed a dichotomy of stroke center
representation regionally. On the one hand, tertiary fully

n (%) Minimum-Maximum
6(17.6) -
28 (82.4) -
7 (20.6) -
24 (70.6) -
3(8.8) -
20 (5-45) (0-200)
10 (3.75-20.25) (0-50)
6% (4-10%) (0-39%)
5.5% (2-10%) (0-29%)
56% (15-82.25%) (0-100%)
51% (15-75%) (0-100%)
78% (32.5-96%) 0-100%
35min (15.5-61 min) 0-100 min
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TABLE 4 Treatment options delivered for ICH/SAH.

Variable

% of patients with confirmed aneurysmal SAH & received nimodipine treatment

(Time from arrival to start treatment to reverse the INR with a procoagulant preparation)

for patients with warfarin-associated ICH & an elevated INR (INR >1.4).

% of patients with stroke or death within 24 h of diagnostic neuroangiography.

accredited centers with a standardized level of stroke care
are delivered that rival major stroke centers in the West.
However, on the other hand, others centers lack the basic
measures of stroke care. Therefore, these results may not
accurately represent the preparedness of hospitals to serve
as accredited stroke centers. However, given the scarcity of
data from the region we hope, the information obtained from
the current study may allow for more rigorous prospective
databases and registries to capture the true burden of stroke in
the region.

When compared to prior studies from Asia (13), our
research reveals a welcome increase in the number of
stroke experts and stroke units and facilities in the region.
Unfortunately, we also noted a marked disparity in stroke
treatment and stroke research productivity between high-
and low-income countries (14). This was particularly evident
in Africa where there is a lack of awareness of stroke
risk factors and recognition of symptoms of stroke and
a general lack of facilities, including stroke units and
rehabilitation services.

A key observation in our survey was that most hospitals
were interested in stroke certification. Such certification
will allow for the improvement of care in hospitals with
sub-optimal stroke care. Unfortunately, such certifications
have not been developed by most governments and
local professionals in the MENA+ region. Our survey
offers an opportunity for MENA-SINO to initiate the
process in collaboration with local organizations and local
governments. Collaboration between local representatives
and established international organizations will be useful.
The establishment of data sharing with SITS registry has
improved data collection related to stroke in the MENA
region and has resulted in publications that have had regional
relevance (15-20).

Limitations

There are limitations to the study. The survey was sent to
a large number of hospitals representing stroke care in high
and low-income countries. The majority of the participating
hospitals that completed the survey were, however, tertiary
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Median (IQR) Minimum-Maximum
84% (48.5-100%) 0-100%
35min (10-78 min) 0-100
4% (0.25-10%) 0-23%

hospitals in high-income countries. This may underrepresent
reporting from hospitals where stroke care is sub-optimal. Given
the nature of self-reporting used in the survey, and in the
absence of validation or auditing, response bias may exist. The
lower rates of engagement of many hospitals, especially from
low-income countries in the survey, may reflect a regional
lack of research culture, a lack of protected research time, and
a lack of financial incentives to support such activities. The
survey respondents were physicians. The underrepresentation
of multidiscipline health personnel in the survey is also
another limitation. Such involvement may have provided useful
information on the delivery of care from the perspective of the
allied health personal.

Conclusion

This is the first large study on the availability of resources
for the management of acute stroke in the MENA+ region. Our
research shows a considerable variance in stroke management
in the regions surveyed. Regional and international cooperation
is required to advance stroke care and begin accreditation
of the region’s current stroke programs. Prospective registries
and databases with the engagement of stakeholders to ensure
engagements of more centers in future studies might help to
better understand and classify the current situation of acute
stroke services available in the region.
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The relationship between hemiplegic shoulder pain (HSP) and subluxation is
unclear. This study aimed to determine the differences of magnetic resonance
imaging (MRI) findings in HSP patients with or without subluxation after stroke,
and to analyze the etiology of shoulder pain. This retrospective study included
53 patients with HSP after stroke from September 2013 to February 2020.
Patients underwent MRI of the shoulder because of shoulder pain. Clinical
characteristics, including age, sex, stroke duration, body mass index, stroke
type, visual analog scale score, Brunnstrom stage, and MRI arthrography
findings of the affected shoulder, were recorded. Patients were classified into
the glenohumeral subluxation (GHS) group (n = 27) or non-glenohumeral
subluxation (hGHS) group (n = 26). We found that patients with HSP may be
prone to bursa effusion, rotator cuff injury, ligament injury, and cartilage injury,
even though there was no significant difference between the GHS and nGHS
groups. MRI revealed 14 cases of long bicipital tendon-glenoid labrum injury
(51.8%) in the GHS group and 6 cases (23.1%) in the nGHS group (p = 0.030).
We also found 10 cases (37%) of glenoid labrum injury in the GHS group and 2
cases (7.7%) in the nGHS group (p = 0.026). Eight cases (29.6%) and 1 case
(3.8%) of bone marrow edema were found in the GHS and nGHS groups,
respectively (p = 0.033). Compared with painful hemiplegic shoulder patients
without subluxation, patients with subluxation may be more susceptible to
some injuries, such as long bicipital tendon-glenoid labrum injury, glenoid
labrum injury, and bone marrow edema. During rehabilitation, physicians need
to pay attention to these injuries.

magnetic resonance imaging, shoulder pain, hemiplegic shoulder, glenohumeral
subluxation, hemiplegic shoulder pain
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Introduction

Stroke often causes disability among elderly people.
Hemiplegic shoulder pain (HSP) is one of the most common
complications in patients after a stroke. The incidence of HSP is
approximately 17-72% (1). HSP, which is related to depression
and a poor quality oflife, negatively affects functional recovery of
the upper extremity and activities of daily living (ADLs) (2). The
pathogenesis of HSP includes shoulder subluxation, adhesive
capsulitis, bursitis, shoulder-hand syndrome, among others (3).
However, the exact etiology of HSP remains unknown and many
complicated factors are involved. Glenohumeral subluxation
(GHS) may be considered a potential cause of shoulder pain
development (4).

The prevalence of GHS was reported to be 15-81% (2).
There is speculation that the peri-articular tissue of the shoulder
may be overstretched because of malalignment of the joint.
The capsule and ligaments contain high concentrations of pain
receptors, which cause shoulder pain (5).

Factors contributing to joint malalignment include rotator
cuff weakness, loose ligaments and capsule, and impingement
between the humeral head and shoulder suture. GHS commonly
occurs in the flaccid stage, which is characterized by areflexia
and atonia (6). However, the relationship between HSP and
subluxation is unclear. Magnetic resonance imaging (MRI),
which is widely used in diagnosing and determining the
pathologies of HSP, has been proven to be more advantageous
than other imaging techniques because it can clearly show the
details of the soft tissue (7).

Thus, the present investigation aimed to determine the
differences between MRI findings in HSP patients with
subluxation and non-subluxation after stroke, and to analyze the
etiology of shoulder pain.

Materials and methods

Patient selection

This was a retrospective cohort study conducted at the
rehabilitation center of the First Medical Centre, Chinese
PLA General Hospital in Beijing. The data of 53 post-stroke
patients with HSP were collected for this study from September
2013 to February 2020 (Figure 1). Inclusion criteria were first-
time stroke resulting in HSP and no history of shoulder
disorder before stroke onset. Exclusion criteria were history of
shoulder trauma and surgery, and severe cognitive impairment.
Patients with GHS were categorized into the GHS group, and

Abbreviations: HSP, hemiplegic shoulder pain; GHS, glenohumeral
subluxation; MRI, magnetic resonance imaging; VAS, visual analog scale;
BMI, body mass index; ADL, activity of daily living; TR, repetition time; TE,

echo time; BME, bone marrow edema.
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Records (after stroke) screened
between 2013 and 2020 in our
department of rehabilitation
(n=226)

Patients with HSP (n=68)

Records excluded:

Patients who rejected to perform MRI check in
shoulder (n=10)

Patients who ruled out MRI scans, due to the
metal implants or cardiac pacemaker (n=5)

Patients with HSP and did the
shoulder MRI scans (n=53)

/

Patients with glenohumeral
subluxation (n=27)

Patients without glenohumeral
subluxation (n=26)

FIGURE 1
Flow chart and retention of patients.

those without GHS were allocated into the non-glenohumeral
subluxation (nGHS) group.

Ethical approval

This study was approved by the Ethics Committee of the
Chinese PLA General Hospital (No. S2019-230-01). As an
anonymous retrospective study, the need for obtaining informed
consent from patients was waived.

Definitions and data collection

The diagnosis of stoke was confirmed based on the
patients’ history, clinical symptoms, physical examinations,
and computed tomography/MRI findings. HSP was diagnosed
on the basis of two criteria: visual analog scale (VAS) score
(>4) and limited passive range of motion of the affected
shoulder (reduced shoulder abduction and external rotation
>25%) (8).

GHS was diagnosed based on the clinical palpation method,
which has been shown to be a reliable screening measure with
good inter- and intra-rater reliabilities (9, 10). The patient was
seated with their arm relaxed beside their body. The distance
between the acromion and humeral head was measured. If
the distance was longer than a fingerbreadth, it indicated the
presence of subluxation (6). The diagnosis of GHS was made by
two examiners, a rehabilitation physician and a physiotherapist,
both of whom had > 5 years of experience with stroke patients
in the rehabilitation department.

Shoulder MRI was performed once shoulder pain occurred;
3.0 Tesla Skyra MRI (Siemens) was used. Patients were
positioned supine with their upper limb in a neutral
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position. An identical MRI protocol of the hemiplegic
shoulder was used for all patients, as follows: TIWI-SAG
and T1WI-COR: TE/TR 22/600ms, PDWI-SAG: TE/TR
37/3800ms, PDWI-COR: TE/TR 42/3100ms, PDWI-TRA:
TE/TR 73/3780ms. The field of view was set to 18cm,
and the image sequences were obtained with a matrix
acquisition range of 320 x 256. The slice thickness
was 4mm. The images were read individually by two
experienced radiologists.

Age, sex, body weight, height, body mass index (BMI),
hemiplegic side, stroke type (ischemic or hemorrhagic),
and stroke duration were recorded. The level of motor
function was assessed by the Brunnstrom recovery stages
of the upper extremity (9), which were defined as follows:
I, flaccid stage without any voluntarily muscle movement;
II, muscle contraction with weak flexor and/or extensor
synergies; III, voluntary movement of the upper limbs without
selective activation; IV, selective activation coming; V, more
predominant selective activation; VI, proper coordination of
isolated movements ignoring speed. The pain of the affected
shoulder was evaluated by the VAS. Patients scored the intensity
of their shoulder pain in person on a scale from 0 to 10 (10). A
VAS score of 0 was defined as no pain, and 10 as the worst pain.
The Barthel Index was used to assess patients’ ADLs. The Barthel
Index is considered to be the best ADL measurement scale.
Barthel Index scores are based on the completion status of some
tasks, such as bathing, feeding, toileting, stair climbing, dressing,
personal hygiene, bowel control, bladder control, ambulation,
and chair/bed transfers (11). BMI was determined as weight (kg)
divided by height (m)?2.

Data analysis

Statistical analysis was performed using SPSS statistical
software (version 23; IBM Corp.). The independent samples
t-test was used to compare the differences in age, stroke
duration, BMI, VAS, and Barthel scores between the groups,
while the Pearson’s chi-squared test test was used to compare the
differences in sex, stroke type, hemiplegic side, and paresthesia
between the groups. Normality of the data distribution was
checked using the Kolmogorov-Smirnov test. Additionally, the
Wilcoxon rank-sum test was used to compare differences in the
Brunnstrom recovery stage between the groups. Further, the
Pearson’s chi-squared test, and Fisher’s exact test were utilized
to compare differences in MRI findings between the groups.
In cases of cells <5 and >0, the chi-square test was used.
In case of cells equal to 0 or total numbers <40, Fisher’s
exact test was used. Statistical significance was defined as
p <0.05.
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TABLE 1 Clinical features of the patients.

GHS group nGHS group P-value

(n=27) (n=26)

Age, y, mean (SD) 59.7 (11.4) 56.27 (13.1) 0.082
Gender, female/male, n 19/8 20/6 0.589
Stroke duration, d, mean (SD) 89.5 (62.8) 102.15 (154) 0.296
BMI, cm/kgz, mean (SD) 23.7 (3.4) 24.8 (4.1) 0.218
Stroke type (n) 0.407
Ischemic 18 20

Hemorrhage 9 6

Hemiplegic side (n) 0.449
Left 16 18

Right 11 8

Paresthesia, n (%) 16 (0.59) 10 (0.37) 0.13
Barthel Index, mean (SD) 42.4(23) 59.6 (22.2) 0.616
VAS, mean (SD) 6.3 (1.7) 5.2(3.2) 0.375
Brunnstrom stage, 1 (%) 0.002*
I 2 0

11 14 6

111 10 10

v 0 3

\Y% 1 7

VI 0 0

BMI, body mass index; VAS, visual analog scale; y, year; d, day. *Denotes
statistical significance.

Results

Clinical characteristics of the sample

Fifty-three patients (39 men and 14 women; age range,
22-80 years) were included in our study. The GHS group
comprised 27 patients, and the nGHS group comprised 26
patients. Mean stroke durations were 89.5 days in the GHS group
and 102.15 days in the nGHS group. The numbers of patients
with paresthesia in the GHS and nGHS groups were 16 and
10, respectively. There was no significant difference between the
groups in age, sex, BMI, stroke duration, hemiplegic side, stroke
type, and paresthesia (p > 0.05). In the GHS group, the mean
Barthel score was 42.4, but in the nGHS group, the mean score
was 59.6 (p = 0.616). Mean VAS scores were 6.3 and 5.2 in the
GHS and nGHS groups, respectively (p = 0.375). No significant
differences were found in the Barthel and VAS scores between
the groups. The ratios of the Brunnstrom stages I/II/III/IV/V/VI
in the groups were 2/14/10/0/1/0 and 0/6/10/3/7/0, respectively.
There was a significant difference in the Brunnstrom stage
between the groups (p = 0.002). Demographic characteristics of
the two groups are shown in Table 1.
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TABLE 2 Comparison of MRI findings between GHS group and nGHS
group.

GHS group nGHS group P-value

(n=27) (n=26)
Bursa effusion 26 (96.3) 26 (100) NA
Subacromial-subdeltoid bursa 19 (70.4) 19 (73.1) 0.827
Subcoracoid bursa 25 (92.6) 21 (80.8) 0.387
Subscapular bursa-cavity 22 (81.5) 24 (92.3) 0.448
Rotator cuff injury 26 (96.3) 24 (92.3) 0.973
Supraspinatus 25 (92.6) 20 (76.9) 0.227
Infraspinatus 6(22.2) 2(7.7) 0.274
Subscapularis 14 (51.9) 14 (53.8) 0.884
Teres Minor 3(11.1) 0 0.236
Ligament injury 5(18.5) 4(15.4) 0.906
Effusion or tendinosis of long 20 (74.1) 21 (80.8) 0.56
head of biceps tendon
Synovitis 7 (25.9) 5(19.2) 0.56
Cartilage injury 3(11.1) 0 0.236
Bone morrow edema 8(29.6) 1(3.8) 0.033*
Long bicipital tendon- 14 (51.8) 6(23.1) 0.030%
glenoid labrum injury
Glenoid labrum injury 10 (37.0) 2(7.7) 0.026%
Ext 4(14.8) 0
Ant, Sup 3(11.1) 1(3.8)
Post, Sup 1(3.7) 0
Ant, Inf 1(3.7) 0
Ant 13.7) 1(3.8)
Post 1(3.7) 0
GHS, Glenohumeral subluxation; Nghs, non-glenohumeral subluxation; Ant,

anterior; Post, posterior; Sup, superior; Inf, inferior; Ext, Extensive. *Denotes
statistical significance.

MRI findings

MRI findings included ligament injury, rotator cuff injury,
long head of the biceps tendon injury, bursa effusion, cartilage
injury, synovitis, bone morrow edema (BME), long bicipital
tendon-glenoid labrum injury, and glenoid labrum injury. No
significant differences were found in rotator cuff injury, bursa
effusion, cartilage injury, ligament injury, and synovitis between
the groups.

In the GHS group, 8/27 patients (29.6%) had a positive MRI
finding of BME, but in the nGHS group, only 1/26 patients
(3.8%) had such finding (p = 0.033). We also found that 14/27
patients (51.8%) had a long bicipital tendon-glenoid labrum
injury in the GHS group, whereas 6/26 patients (23.1%) had
such injury in the nGHS group (p = 0.030). Additionally, 10/27
patients (37.0%) in the GHS group and only 2/26 patients
(7.7%) in the nGHS group had a glenoid labrum injury (p
= 0.026). In the GHS group, 4 patients had extensive injury
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FIGURE 2
Fat suppressed T2 images. The bone marrow edema is shown.

of the glenoid labrum, and 6 had partial injury (anterior
and superior portion 1; posterior and superior portion 1;
anterior and inferior portion 1; anterior portion 1; posterior
portion 1). In the nGHS group, only 2 patients had partial
injury of the glenoid labrum (anterior and superior portion
1; anterior portion 1). See Table 2 for details and Figures 2-4
for examples.

Discussion

In this study, MRI of the affected shoulder was performed
in patients with or without subluxation. Shoulder subluxation
occurs mostly during the first 3 weeks in patients with HSP after
a stroke (12). The incidence rate was reported to range from 32
to 81% (13), and the rate found in our study (51%) falls within
this range.

The MRI scans demonstrated rotator cuff injury in 94%
of the shoulders of patients in our study. However, in a
study conducted by Dogun et al, 63.2% of patients (n =
68) with HSP were found to have a rotator cuff injury
(7). The difference between their study and ours may be
attributed to the different stroke onset durations: Their mean
duration was 49 days, whereas ours was 85. Moreover, we
found that the rotator cuff injury rate was high regardless
of subluxation. In detail, supraspinatus injury rates were
92.6% in the GHS group and 76.9% in the nGHS group.
Moreover, about half of patients had subscapularis injury.
Contrastingly, the incidence of infraspinatus and teres minor
injury was low. The main function of the supraspinatus is
to abduct the shoulder, and it is an important posterior
stabilizing structure of the shoulder. According to several
studies (14, 15) supraspinatus injury is mainly caused by
subacromial impingement. When the shoulder is frequently
abducted and lifted upward, the supraspinatus tendon becomes
easily impacted by the coracoacromial arch, resulting in edema,
hyperemia, degeneration, and even tearing. Zhu et al. showed

frontiersin.org


https://doi.org/10.3389/fneur.2022.1032676
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Xie et al. 10.3389/fneur.2022.1032676
FIGURE 3
Fat suppressed T2 images. The long bicipital tendon-glenoid labrum injury is shown by the white arrow. The sup-glenoid labrum injury is shown
by the blue arrow.

FIGURE 4
Fat suppressed T2 images. The anterior labrum injury is shown
by the red arrow.

that when the shoulder was abducted 60°, it bore the greatest
stress; additionally, it was beginning to rub between the
supraspinatus tendon and the acromion and was thus most
prone to injury and pain (16).

The functions of the subscapularis are to internally rotate the
shoulder and dynamically stabilize the humeral head. Moreover,
the subscapularis is an antagonist to the superior pull of the
deltoid and it assists in abduction and adduction of the shoulder
(17). External rotation and abduction can cause excessive
strain injury of the subscapularis, which results in pain in the
front of the shoulder (18). In addition, a frequent overhead
throwing motion can cause coracoid impingement, which is
closely associated with subscapularis injury. Therefore, rotator
cuff injury, especially supraspinatus and subscapularis injury,
is one of the causes of HSP. It is important for rehabilitation
teams to not schedule exercises that involve moving the upper
limbs above 60° with abduction action in patients with HSP.
Furthermore, if the patient has a possible subscapular injury,
external rotation of the shoulder should be avoided as much
as possible.

Supraspinatus injury was recently hypothesized to result
in compensation via greater force generation through the
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subscapularis, which could potentially hasten degeneration of
the subscapularis (19). Accordingly, we could infer that there
may be a correlation between supraspinatus and subscapularis
injuries in patients with HSP, but this needs to be confirmed by
a study with a large sample size.

Our MRI scans also demonstrated subacromial-subdeltoid
bursa effusion in 71.74% of shoulders in patients with HSP,
which is consistent with previous reports (53-80.9%) (7, 20,
21). Besides, we found a high subcoracoid bursa effusion and
subscapular bursa-cavity effusion rate, even though this was not
statistically significant between the groups. It has been suggested
that subcoracoid bursa effusion and subscapular bursa-cavity
effusion, except subacromial-subdeltoid bursa effusion, may
cause HSP.

In a study of 42 fresh cadaveric shoulders, it was
found that the function of the subscapularis and subcoracoid
bursae is to manage friction of the superficial fibers against
the scapular neck, humeral head, and coracoid process
(22). Thus, it remains to be explored whether friction
of these bone structures is increased after biomechanical
changes in hemiplegic patients, resulting in fluid accumulation
in the bursa.

Thanks to MRI, BME has been detected in the humeral head
of numerous patients with HSP: BME was mostly reported in
the femoral head and knee (23, 24). In recent studies, instances
of BME were observed in the foot, ankle, wrist, or other bones
(25, 26). There are two perspectives about the mechanism of
BME: (1) secondary BME, secondary to infection, trauma, or
arthritis, is caused by an external force acting on the cancellous
bone, resulting in a microfracture of the trabecula bone that
increases permeability and rupture of the local capillary, adding
to the exosmosis of cell fluid and vascular perfusion; and (2)
physiological BME is caused by a long-term external force or
change of the normal load of the bone, resulting in bone marrow
hyperemia and excessive perfusion of the capillaries. In our
study, BME occurred more in patients with subluxation which
may be due to (1) rotator cuff weakness and change in gravity
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that caused secondary BME and (2) excessive passive movement
or incorrect posture that caused physiological BME in flaccid
paralysis period. Because of its self-limiting course (24), BME
could improve after the paralysis period. Thus, the potential
evolution and mechanism of BME in the shoulder requires
further study.

Long bicipital tendon-glenoid labrum injury occurred more
commonly in the GHS group. It is caused by repeated
contraction of the long head of the bicipital tendon or trauma
to the humeral head with repeated external rotation and
abduction movements (27). Thus, when rehabilitating patients
with HSP, especially those with subluxation, physicians should
avoid such movements.

We usually divide the labrum into eight directions:
anterior, posterior, superior, inferior, anterior superior, anterior
inferior, posterior superior, and posterior inferior. We also
briefly differentiated the exact location of the simple labrum
injury observed herein. MRI findings showed that simple
labrum injury was more common in the GHS group than
in the nGHS group, and it included extensive anterior
superior, posterior superior, anterior inferior, anterior, and
posterior injury. Our finding that extensive injury in the
anterior superior was the most common injury type differs
from findings of shoulder imaging in cases of sports injury
(27). This discrepancy implies that the biological stress
produced by passive motion is different from that of
active motion.

The limitations of this study include the small sample
absence of MRI healthy
shoulders, and retrospective design. A larger scale, controlled

size, images of contralateral
clinical trial with a longer-term, longitudinal follow-up

is warranted.

Conclusion

On the basis of our MRI findings, we found a high
frequency of bursa effusion, rotator cuff injury, and long head
of the biceps tendon injury in patients with HSP. Compared
to patients with HSP in the non-subluxation group, we found
that patients with HSP in the subluxation group were more
prone to BME, long bicipital tendon-glenoid labrum injury,
and glenoid labrum injury. Thus, in patients with HSP, we
recommend that physicians avoid moving the upper limbs
above 60° with abduction action. If patients have subluxation,
physicians and therapists should plan to reduce the external
rotation and abduction movements to prevent rotator cuff
injury and long bicipital tendon-glenoid labrum injury during
rehabilitation. Patients with subluxation should be moved
gently if they require passive actions. Moreover, they should
be educated about protecting their shoulders during ADLs.
Further studies with a larger sample size are needed to confirm
our findings.
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Introduction: Translation of evidence into clinical practice for use of
intravenous thrombolysis in acute stroke care has been slow, especially
across low- and middle-income countries. In Malaysia where the average
national uptake was poor among the public hospitals in 2018, one hospital
intriguingly showed comparable thrombolysis rates to high-income countries.
This study aimed to explore and provide in-depth understanding of factors
and explanations for the high rates of intravenous stroke thrombolysis in
this hospital.

Methods: This single case study sourced data using a multimethod approach:
(1) semi-structured in-depth interviews and focus group discussions, (2)
surveys, and (3) review of medical records. The Tailored Implementation
of Chronic Diseases (TICD) framework was used as a guide to understand
the determinants of implementation. Twenty-nine participants comprising
the Hospital Director, neurologists, emergency physicians, radiologists,
pharmacists, nurses and medical assistants (MAs) were included. Thematic
analyses were conducted inductively before triangulated with quantitative
analyses and document reviews.

Results: Favorable factors contributing to the uptake included:
(1) cohesiveness of team members which comprised of positive
interprofessional team dynamics, shared personal beliefs and values,
and passionate leadership, and (2) facilitative work process through
simplification of workflow and understanding the rationale of the sense
of urgency. Patient factors was a limiting factor. Almost two third of
ischemic stroke patients arrived at the hospital outside the therapeutic
window time, attributing patients’ delayed presentation as a main barrier
to the uptake of intravenous stroke thrombolysis. One other barrier was
the availability of resources, although this was innovatively optimized to
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minimize its impact on the uptake of the therapy. As such, potential in-hospital
delays accounted for only 3.8% of patients who missed the opportunity to
receive thrombolysis.

Conclusions: Despite the ongoing challenges, the success in implementing
intravenous stroke thrombolysis as standard of care was attributed to the
cohesiveness of team members and having facilitative work processes. For
countries of similar settings, plans to improve the uptake of intravenous stroke
thrombolysis should consider the inclusion of interventions targeting on these

modifiable factors.

KEYWORDS

acute stroke care, intravenous thrombolysis, developing countries, translational
research, facilitator, barrier

Introduction

Effective management in the early stages of an acute
ischemic stroke is crucial to reduce mortality and morbidity.
Recent advancement in stroke treatment recommends the use
of intravenous thrombolysis within 4.5h of an acute ischemic
stroke (1).

Nevertheless, translation of this evidence into clinical
practice remains challenging. In developed countries, the rate of
intravenous thrombolysis among patients who presented with
acute ischemic stroke ranged from 13.7% in the United States
in 2018 (2), 11.7% in the United Kingdom to 20.6% in the
Netherlands, both in 2017 (3). The discrepancy between clinical
guidelines and actual clinical practice was more apparent among
low- and middle-income countries with an average of 3% uptake
of the therapy (4).

The extent of success in its adoption were contributed by
multiple factors. From the perspective of healthcare providers,
lack of training and self-confidence to administer therapy,
poor communication, limited resources and incentives were
reported as key barriers (5, 6). Guideline awareness, work
pride and motivation and regular feedback were identified
to facilitate the implementation of stroke thrombolysis (6,
7). A majority of these existing studies however, were
performed in high-income countries. Challenges in providing
intravenous stroke thrombolysis in resource-poor countries
can be significantly different and should be acknowledged,
particularly when the burden of stroke is higher in these
countries. In Ghana, distinctive factors from the high-income

Abbreviations: TICD, tailored implementation of chronic diseases; MA,
medical assistant/assistant medical officer; r-TPA, recombinant tissue
plasminogen activator; IDI, In-depth interview; FGD, focus group
discussion; ED, emergency department; CT, computed tomography; MRI,
magnetic resonance imaging; ESO, European stroke organization; VSM,

value stream mapping; TIA, transient ischemic attack.
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countries were found which included the role of sociocultural
beliefs and the lack of coverage for acute care in their
national health insurance (8). Furthermore, the importance of
understanding barriers and facilitators in the implementation of
intravenous stroke thrombolysis in a low- and middle-income
country was highlighted in studies assessing the effectiveness of
different interventions developed to improve the therapy. These
interventions were found to produce similar effects, despite their
targets on different aspects of stroke thrombolysis. Given the
degree of variability between studies, it has been recommended
for selection of intervention to address specific challenges in the
given context until better evidence emerges (9).

Malaysia is one of the low- and middle-income countries
where local regulatory authorities have approved the use of
recombinant tissue plasminogen activator (r-TPA) for acute
ischemic stroke (10). Nevertheless, the reported national uptake
of intravenous stroke thrombolysis among public hospitals in
the country has been poor at 1.6% in 2018 (unpublished data:
Hiew FL. Stroke Thrombolysis Survey in Ministry of Health
Malaysia. 2019). Intriguingly, one public hospital reported
comparable rates of the therapy to high-income countries (11).
This study therefore, was set to explore and provide an in-depth
understanding of factors and explanations for the high rates of
intravenous stroke thrombolysis in this hospital, which could
explain its differences in comparison to other hospitals in similar
socioeconomic settings.

Methods
Study design

This study adopted a case study methodology. Qualitative
case study allows an in-depth understanding and exploration of
the phenomenon of interest within the real-world context (12).
In this study, this refers to the exploration of reasons for the
high rate of thrombolysis. This case study involved a Ministry
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of Health hospital which is referred as “Hospital Z.” It is a
1,057-bedded tertiary referral center. Neurology unit is placed
under the Medical Department where out of 200 beds, an area of
6-beds was established as an acute stroke unit. A weighing bed is
reserved for patients indicated for thrombolysis.

Research team

The research team comprised of 4 women and 2 men. SFT
is a family medicine specialist with experience in qualitative
research. WYH, SWN and NAR are trained in qualitative
research, with medical and pharmacy backgrounds, and have
been conducting clinically-related stroke research. WYH and
NAR hold higher qualifications in epidemiology. SS is a public
health specialist who heads health systems research. WCL is a
neurologist with specific interest in stroke care.
with  the
participants, except for WCL who has worked directly or

Researchers have no prior relationships
indirectly with participants for patient management. WCL was
not involved in data collection. His roles were to provide expert
opinions to make sense of the data. It was made clear to the
participants that the interviews were conducted to understand

their experiences in implementing thrombolysis.

Tailored Implementation in Chronic
Disease framework

The TICD is an implementation framework which guides
understandings on the determinants of implementation change
in clinical practice and of recent, in stroke care. There were
57 determinants of practice in seven domains which include
factors related to individual health professionals, professional
interactions, guidelines, incentives and resources, patients,
capacity for organizational change, and social, political and legal
(13). As this framework provides an overview of the common
barriers and facilitators for programme implementation in
clinical practice, it was used as a guide to develop interview
guides for data collection. Instinctively, determinants from the
framework were also applied when we conducted the initial line
by line coding during data analysis.

Data collection

In-depth interviews and focus group
discussions

Semi-structured interviews were conducted to provide
data on participants’ thoughts and work processes that lead
to the decision for thrombolysis. Interview guides for each
profession were developed based on literature (8, 13, 14),
expert opinions, and guided by the TICD framework. The
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TABLE 1 Distribution of participants by profession and types of
interview conducted.

Participants Number  Types of interview

of

participants

Neurologists 2 In-depth interview
ED physician and medical officer 2 In-depth interview
Radiologist 1 In-depth interview
Medical Department HOD and 3 In-depth interview
medical officers
Hospital director 1 In-depth interview
Radiographers 4 Focus group discussion
ED nurses 4 Focus group discussion
Neurology unit nurses 6 Focus group discussion
ED medical assistants (MAs) 4 Focus group discussion
Pharmacists 2 Focus group discussion
Total 29

ED, emergency department; HOD, Head of department.

interview guides were pilot-tested among medical professionals
outside our study sites and adapted following their feedback
(Supplementary material 1).

A purposive sampling was conducted among healthcare
providers who were directly involved in providing the therapy
and senior administrators who were authorized to make
decisions. We included healthcare providers with at least
6-months experience in the study site to augment the validity
of their shared experience as a reflection of the actual situation.
Healthcare providers were chosen from a variety of profession
and therefore, with rather different but at times, overlapping
roles in the provision of intravenous stroke thrombolysis.
As sample size for qualitative research is dependent on
the saturation of information necessary to answer the study
objectives, we conducted at least one interview for each
group of healthcare providers. A reported average number
of interviews needed to reach saturation is between 9 and
17 (15).

To facilitate recruitment, phone calls were made to the
Heads of Department of each specialty involved. Potential
participants were recommended and engagements were made
via text messages and telephone calls. Thirty-two participants
were invited to participate and none declined. However, 3
participants could not attend the interview because of hospital
admission (n = 1) and emergency calls (n = 2). Table 1 shows the
distribution of participants, by their professions and the types of
interview conducted.

Four researchers (WYH, SWN, SFT, NAR) took turns to
conduct the interviews. There were nine IDIs and five FGDs.
None of the interviews were repeated. The main language used
was English except for the FGDs with the nurses, medical
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assistants (MAs) and radiographers, which interviews were
conducted in both English and Malay languages. In many
healthcare systems, the roles of ground staff including nurses,
MAs and radiographers are often considered less important in
comparison to clinicians (16). Typically, this steep hierarchical
gradient results in the fear to voice out their opinions especially
on negatively-related issues. The conduct of FGDs is aimed
to encourage staff participation and provision of feedback
comfortably in the presence of their peers. Additionally in
FGDs, the role of moderators would likely to be perceived
as less domineering than interviewers in an IDI. Due to
restrictions following COVID-19 pandemic, these interviews
were conducted virtually using a video conferencing platform.
Each interview lasted about 50 min. Interviews were recorded
visually for the purpose of transcribing and to observe non-
verbal cues. All records were subsequently transcribed with clear
verbatim. Transcripts were not returned to participants but were
rechecked randomly to ensure that the contents matched the
audio recording.

Surveys and medical record reviews

Quantitative surveys and medical chart reviews were
conducted to supplement findings from the qualitative data by
evaluating available resources and quantifying reasons for not
receiving thrombolysis. For surveys, information on hospital
facilities, number of staff, rates of thrombolysis among ischemic
stroke patients, and services available were collected in a
predetermined data collection sheet. The review of medical
records involved obtaining a list of ischemic stroke patients
admitted between June and December 2019 from the hospital’s
stroke registry and having their medical records reviewed to
investigate reasons for not receiving thrombolysis. A systematic
sampling was conducted by including every 5th patient with
a minimum of 15 patients every month. In total, 105 patient
records were included.

Data analysis

Data from different sources were analyzed separately before
being compiled for cross examination and triangulation.

First, the transcripts were de-identified and compiled
using Nvivo 12 software for data management (17). Second,
line-by-line coding was performed by WYH and SWN
independently using TICD framework as an initial guide
to provide a bearing on possible determinants to focus on.
During the coding exercise, the codes were not restricted
to the categories available within TICD. Instead, codes were
also generated inductively based on understanding and in-
depth analysis from the transcripts. To ensure congruence,
the codes were subsequently compared and discrepancies were
resolved in a discussion. Each code was also distinguished

Frontiersin Neurology

25

10.3389/fneur.2022.1048807

by the participants’ profession to understand its context
and to seek for patterns across the codes. The codes
were then categorized into bigger constructs and sorted
into domains.

The third step involved analysis of findings from the surveys
and medical record reviews descriptively. Next, triangulation of
data was performed. This entailed several discussions among
the research team on presentation of the main findings based
on coded data, transcripts and how the quantitative results
supplemented those findings. During these discussions, we
also discussed the choice of codes and its transcripts to be
presented by looking through different transcripts to ensure that
the message quoted is clear, direct and independent. Finally,
feedback from content experts and peers who were not directly
involved in the data analysis were obtained to aid making sense
of the data.

Results

Stroke care services in Hospital Z

Management of stroke cases is handled by the stroke team
led by two neurologists. This responsibility is shared across the
Emergency, Radiology and Medical Departments. Intravenous
stroke thrombolysis has been available since 2013 during office
hours but from 2015, the therapy has been expanded to 24h
daily. The number of ischemic stroke admissions increased
from 116 patients in 2013 to 610 in 2019. Likewise, the rate of
intravenous thrombolysis was about 5% in 2013 and 2014 before
it rose to a range between 11.1 and 20.8% in the later years
(Table 2).

Admission of acute stroke patients goes through ED.
Patients who present with acute neurological deficit during
triage assessment would undergo a fast-tracked standardized
workflow which includes ED medical officer assessment
and a Computed tomography (CT) request before a stroke
activation call is prompted. Computed tomography or CT
angiography imaging facilities are not available in ED and
patients are sent to the Radiology Department located in a
different building. Computed tomography imaging facilities
are available for 24h. Although magnetic resonance imaging
(MRI) or MR angiography are only available during office
hours, its use for acute stroke cases can be requested
as necessary.

A dedicated stroke team comprising a neurologist, a medical
officer, and a nurse would attend to the patients during
office hours. After office hours, the stroke nurse or a medical
staff nurse is on standby while the neurologists are available
for remote consultations. Once patients are identified to be
eligible for thrombolysis, they will be consented and sent to
the acute stroke unit. No allocated elevators are available for
patient transport.
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TABLE 2 Rate of intravenous stroke thrombolysis in Hospital Z from 2013 to 2019°.

Year Total admission Number of stroke
for ischemic activation calls
stroke patients
2013 116 na
2014 249 na
2015 368 59
2016 440 115
2017 553 124
2018 568 148
2019 610 na

Number of Rate of Rate of true
patients thrombolysis positive activation
thrombolyzed (%) calls® (%)

6 52 na

12 4.8 na

41 11.1 69.5

62 14.1 53.9

87 15.7 70.2
118 20.8 79.7

92 15.1 na

Sourced from data collection for stroke registry in Neurology Unit in Hospital Z; Ptrue positive activation calls refer to stroke activation calls which ended up with thrombolysis being

conducted; na: not available.

Factors influencing the uptake of
intravenous stroke thrombolysis

The rates of thrombolysis in Hospital Z could be attributed
and explained from four main factors discussed below (Figure 1;
Supplementary material 2). Figure 2 shows the relationship
of the contributing factors to the uptake of thrombolysis.
Cohesiveness of team members and facilitative work process
were found to ease the service provision. Patient factors and
availability of resources impeded the uptake of this therapy
although the latter was innovatively optimized.

Cohesiveness of team members
Positive interprofessional team dynamics
Effective engagement among team members

Having effective communication and willingness to engage
with team members were key facilitators to achieve effective
dynamics within an interdisciplinary team. The neurology team
played a significant and engaging role in building rapport
and initiating interdisciplinary meetings to facilitate better
communication between departments. “I spent a lot of time
going down to the radiology department, talking to the radiologist
and making myself known to them (ID 07).” Similar reflections
were provided by participants from other departments: “She
(neurologist) came to ED to discuss with our Head of Department
regarding stroke protocol (ID 04)” and “Our hospital became more
active (in the service provision) since Dr X came. He approached
us when he wanted to do this (thrombolysis) and asked us to help
facilitate (ID 11)”.

Besides, team members from different professions were
interdependent and supportive of each other. One MA reflected
(ID 06-01): “Upon stroke activation, sometimes the stroke team
or the ED houseman will push the patients for CT scan. They do
not rely on MAs, nurses or porters.” Team members were also
approachable. Said one doctor (ID 07): “Generally, everyone has
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been somewhat approachable. I think that certainly help in getting
and pulling everyone to work together as a team.”

Such culture has benefitted the sustenance of the therapy
beyond Hospital Z’s boundaries. For example, thrombolysis
has been expanded to district hospitals without neurosurgeons
in the state with commitments from the neurosurgical
department in Hospital Z to back these hospitals up should
complications occur.

Joint ownership of responsibility

The joint ownership was demonstrated through trust and
confidence in sharing responsibilities. Neurologists trusted the
clinical assessments of their medical officers in identifying
eligible patients for thrombolysis. Likewise, there was mutual
trust between the radiologists and neurologists because the
ultimate responsibility to patient care was shared. The
neurologists were willing to interpret CT images for stroke
patients: “We tell them (radiologists) that we (are) going to see the
scan. They don’t have to come and report (ID 01).” Importantly,
the radiologists were comfortable for the task to be handled
by the neurologists: “We are okay with them (neurologists)
interpreting the scan. For them (the neurologists) (they need) to
have immediate (report), because (they) need to act on the scan
finding (ID 11).”

Besides trust, a positive attitude toward joint sharing of
workload from thrombolysis resonated among the participants.
Neither did they feel that having thrombolysis has added to their
workload nor did they require financial incentives. As noted by
one radiographer (ID 08-04): “I am not burdened because it is
indeed our job” and one nurse said (ID 02-02): “We only claim
off hours. We do not claim (money).”

Initiatives to cope with constraints of human resources
with the aim to improve the quality of stroke care were
also seen as a form of joint ownership of responsibility. One
doctor explained how they empowered and privileged medical
physicians and medical officers to handle the therapy (ID

frontiersin.org


https://doi.org/10.3389/fneur.2022.1048807
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Hwong et al.

10.3389/fneur.2022.1048807

FIGURE 1

constructs. Colors refer to facilitators (blue) and barriers (orange).

Factors influencing the uptake of intravenous stroke thrombolysis in Hospital Z. Sunburst diagram reflecting each domain with its respective

Positive interprofessional

team dynamics: joint
ownership of responsibility

07): “At the moment, we don’t have trainees. So, a lot of our
bouts (are) being covered by (medical) physicians (and) medical
officers. When they receive stroke activations, they are the first
to attend to patient and when we said “yes” for thrombolysis,
they’ll be the one(s) helping to push up patient to the ward,
administering thrombolysis and monitoring.” The nurses also had
a systematic rotation to support the stroke team: “So far, there
are seven of us. Every month, our nursing sister will arrange the
schedule for two nurses (to be on call for stroke activation calls)
(ID 02-06)”.
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Nevertheless, presence of mixed opinions on sharing the
responsibility to decide for thrombolysis could potentially
threaten this dynamic. Emphasizing the hesitancy of the
emergency physicians, one doctor (ID 04) said: “Most of us are
not there yet. To say that we would take over the decision to
thrombolyze, not all of us are used to it.” Furthermore, increase
in the number of medical subspecialties has led to issues of
patient segregation: “The moment they go into specialized area
(to manage patients from) the general medicine side (would be)
like: this is not mine. This is somebody else’s (ID 13)”.
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FIGURE 2

domain.

Relationship between contributing factors and the uptake of intravenous stroke thrombolysis. Gray boxes refer to constructs within the specified

Non-threatening feedback

A majority of the participants agreed on the importance
of having an avenue to provide feedback within and across
departments: “Normally if there is feedback, we will share it in
our WhatsApp group. But if there is something confidential that
requires face-to-face discussion, we will talk to the staff involved
(ID 06-03)”.

Furthermore, feedback was transferred to ground staff
although the initial communications only involved higher
authorities. Interestingly, having received negative feedback
was accepted as a measure of encouragement: “They (the
neurologists) get upset when it’s (stroke is) missed sometimes but
not overly upset. Appropriately upset. So, we try not to miss.
So, the culture is such that we want to do it well (ID 09).”
More importantly, the participants confided on how their team
members were often non-judgemental in handling mistakes
occurring at work. Said one MA (ID 06-04): “If he or she (other
MA) happens to make a mistake, we will try to resolve it together.”
One doctor also recalled (ID 09): “When we call them (the
neurologists), they will come and assess. So, it gives us confidence
that we wouldn’t be blamed”.

Shared personal beliefs and values

Having the intentions and motivations to optimize the
therapy were key values portrayed. One doctor shared (ID 01):
“We can achieve what I believe as universal access of acute
thrombolysis across the country. I always believe I wanted to do
for others what 1 want them to do for me. Thus, I will try my
level best to treat them. I think that’s the main drive.” Echoed by
another (ID 07): “With the introduction of treatments, you can
actually help patient(s) to live independent life. That’s actually a
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good motivation for me personally, because you know that your
work makes a difference”.

One nurse reflected how her experiences in the use of
thrombolysis influenced her beliefs on the treatment outcomes
(ID 02-03): “There are some patients with power 0 who can
(improve) to 3. That makes us satisfied. The thrombolysis
seems successful.” A doctor also shared his confidence on
the low bleeding risk from thrombolysis (ID 01): “From
my own experience, hemorrhagic transformation (that) requires
neurosurgical intervention (is) not very common. We (are) talking
about <3%. The benefit outweighs the risk. We're talking about
30% of our stroke patients can become normal or near-normal
again. That’s the minimum”.

Passionate leadership
Quality leadership in stroke champions

The importance of having passionate stroke champions to
drive the therapy was reiterated. One doctor said (ID 11): “I think
the person doing it is very important, like—Dr X. I can see his
dedication. I think we can all share the enthusiasm.” Ground staff
of Hospital Z also shared their views where they appreciated the
working personality of the stroke champions: “Our bosses are
quite hands-on. They don’t just give order; they will attend even
though they are consultants. That gives us confidence (ID 09).”
Besides that, the nature of them sharing the achievements earned
from thrombolysis have provided motivations to the staff: “Dr X
does share with us some awards that they achieved. (This brings)
some positive reinforcements for the radiographers. They are the
ones who do 24 h shift to scan the patients (ID 11)”.
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Institutional support

One doctor reflected on the attitude of the higher authorities
and other departments in the hospital toward thrombolysis
(ID 01): “Our radiologists, our hospital director and our head (of)
department are very supportive”.

Facilitative work process
Simplification of workflow

Difficulties in identifying stroke cases during triaging were
attributed to patients with atypical symptoms. “Patients present
with very vague symptoms. The worst would be if the patient keeps
on having dizziness but you cannot pinpoint whether there is any
obvious neurology deficit or not (ID 10)”.

To address this, a simplified criteria to assess thrombolysis
eligibility was established. As explained by one doctor (ID 01):
“We change the (triaging) protocol to acute neurology deficit.
We're very lenient for them to activate and call us.” Table 2
showed an initial dip in the percentage of patients who received
thrombolysis after a stroke activation call between 2015 and 2016
but subsequently, a sharp increase from 53.9% in 2016 to 79.7%
in 2018.

Besides, patients with acute neurology deficits would be
fast tracked for stroke activation and CT imaging. Said one
doctor (ID 01): “We default registration for admission, we’'ll get
consent on the way to CT.” Workflow for referrals from district
hospitals was also simplified where ambulances from district
hospitals without CT imaging were encouraged to bypass their
own hospital and send suspected stroke patients to Hospital
Z directly. As a result of this streamlining process, healthcare
providers found it easy to be familiar with their roles. As
explained by one doctor (ID 04): “Overtime, we get comfortable
with it that it becomes a reflex. You say that this is stroke, people
would know what to do”.

Parallelly from the medical records review, potential in-
hospital delays related to workflows accounted only for 3.8%
of patients who missed the opportunity to receive thrombolysis
due to a delay in referral for CT imaging (n = 2) and a delay in
assessment by stroke team (1 = 2), one of which suffered stroke
whilst being an inpatient (Figure 3).

Understanding the rationale for the sense of urgency

It was coherently agreed that stroke cases should be given a
priority. One doctor explained (ID 04): “Once we suspect that it is
stroke, we quickly determine that it is acute and within time. We
will quickly activate the stroke thrombolysis.” The same sense of
urgency for stroke patients was shared in radiology department:
“Whenever you say thrombolysis, the radiographers know that we
have to stop our elective case(s) and scan the case first (ID 11)”.

This sense of urgency has been instilled with informal
training in the form of briefings, orientations and tagging to
senior staff. One doctor highlighted the importance of educating
the staff on why stroke cases should be made a priority (ID 11):
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“They have to understand why their workflow must be disrupted.
I think the point is to make them understand the time constraint.
Once they understand that, I think they are more acceptable.
Rather than you say, “Thrombolysis, you must scan now.” They
don’t know why”.

Patient factors
Delayed presentation

One suggested reason for delayed presentation was the low
public awareness on stroke symptom recognition. One doctor
noted (ID 12): “Once they (patients) have weakness on one side of
the body, they will go for massage. When they come, it’s already 2
or 3 days (after).” The public were also unaware of the availability
of a time-dependent therapy for stroke: “(People are) not exposed
(to it). Only if they go to the hospital, then would they know
about this service (ID 02-01).” Furthermore, logistic issues, in
particular among patients who required hospital transfers due
to the lack of CT machines in district hospitals were brought
up. Findings from the medical records review supported the
importance of this barrier. A total of 67.6% of ischemic stroke
patients arrived at the hospital outside the therapeutic window
time (Figure 3).

Patient comorbidities

Having comorbidities or a severe stroke may contraindicate
patients from the therapy. Figure 3 showed that uncontrolled
blood pressure levels and seizure upon onset of stroke
constituted 2.9% of the reasons for non- thrombolysis whereas
4.8% had either established infarcts or NIHSS score which was
>25. Patients with poor condition upon arrival could also have
their CT imaging delayed, potentially excluding them from the
opportunity to be thrombolyzed.

Consent of therapy

The issue of consent largely existed due to influence from
family members. One doctor argued that it depended on how
the risk benefit explanation was provided (ID 14): “T have seen
thrombolysis refusals, maybe one in fifty? Not very common.
Because it depends on how you explain to them. If you tell the
family member, we give that (thrombolysis) there’s a chance you
will improve and if we don’t, most likely you’ll remain like this.
Most of the time, they are quite receptive even though you tell them
there is a risk of bleeding”.

Unclear stroke-related history

Unclear patient history and language barrier complicated
the triaging assessment and subsequently delayed referrals.
Explained by a doctor (ID 07): “Sometimes the problem (is that)
patients and family themselves are not forthcoming with regards
to their time of onset of stroke. So, we can’t really decide on
exactly when was (the actual) onset because the history was
so unreliable.” Likewise, this was evident from Figure 3 where
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FIGURE 3

Reasons for non-thrombolysis among ischemic stroke patients in Hospital Z between June to December 2019. TIA: Transient ischemic attack;
NIHSS: National Institutes of Health Stroke Scale; potential missed opportunity includes those with delayed referral to CT imaging and delayed
assessment by stroke team.

10.5% of ischemic stroke patients did not receive thrombolysis As described by one doctor (ID 01): “we only thrombolyze
because the onset of their stroke was unknown. those with(in) four and half hours. The guidelines now allow
thrombolysis up to 9 h and if those patients with wake-up stroke,
even up to 12h which we do not have access to because that

Availability of resources requires advanced imaging.” Another doctor explained (ID 07):
Intravenous stroke thrombolysis is known to be a resource- “there is only one MRI machine and the queue is extremely long
intensive therapy (ID 01): “Thrombolysis is labor intensive and for MRI (even) for normal standard appointments”.
we have to respond very quickly. Its every 15 min monitoring. It’s
costly. We need CT scan. We used to have to call radiologist(s) Limited beds and space
to get the permission, then we get patient consent for CT and The lack of beds and space has made it difficult to conduct
then push their way to CT scan room which is always not next to thrombolysis and to accommodate another imaging machine
ED. And then have to interpret CT. There’s always a reservation in ED. As mentioned by one doctor (ID 11): “Our emergency
among neurologists in Malaysia because it is labor intensive.” department layout and the space are very limited. There’s no more
Working around challenges related to resources thus, had not space to expand”.
been easy.
Lack of human resources
Limited imaging facilities There was a unanimous agreement that lack of manpower
Due to the lack of a CT machine in ED, more time remained as an existing issue. One doctor said (ID 09): “Not
were required to transfer patients to undergo CT imaging. enough manpower, very busy. You need to run a ward, you need
Nevertheless, with the availability of two CT machines since year to do rounds, you need to do discharges, you need to attend
2020, many agreed that the process of getting a CT imaging has clinics and then suddenly (when) thrombolysis calls, you have
been sped up. The limited availability of MRI slots however, has to go and attend.” Echoed by another who shared how remote
made it difficult to extend the window therapy for thrombolysis. consultations due to shortage of neurologists occasionally led to
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delays (ID 07): “When you were given images through WhatsApp,
depending on your line, the quality of the video that is being sent,
sometimes we do miss things. Sometimes it’s very difficult to make
the judgement call”.

Heavy workload has prevented the conduct of thrombolysis
in ED: “We cannot spend the time to help you to monitor the
patient. You can have either three CPR patient coming in 5 min
apart or you can have polytrauma coming in (ID 10).” Similarly,
thrombolysis could not be initiated in CT suite for the same
reason: “our CT (functions) 24/7, so they (radiographers) cannot
afford to let us dilute the medicine and jab there (CT suite)
(ID 01)”.

Furthermore, high turnover among nurses and medical
officers was another issue brought up by one doctor (ID 12):
“The problem is training our nurses. Nurses that are specific for
acute stroke care. Those are kind of hard to develop (but) once
they are promoted, they might be transferred to another place. And
then we have to train new nurses again”.

Financial support for drug availability

Despite limited budget allocation, support from the higher
authorities and other departments have been crucial in
maintaining the availability of r-TPA. Said one doctor (ID 01):
“every time we said we needed it, they’ve (higher authorities) never
said “No.” Our usage exceeded many times off budget.” Proper
budget planning has also been quoted as one substantial factor to
receive enough funding to maintain the therapy: “our pharmacist
is doing a very good job in estimating all these (budget for r-TPA)
(ID 12)”.

Discussion

The European Stroke Organization (ESO) aims to have at
least 20% of all ischemic stroke patients being treated with
thrombolysis by 2020 (18). Malaysia fared worse at nationwide
than many other countries, at 1.6% among the public hospitals
providing the therapy in 2018 (unpublished data: Hiew FL.
Stroke Thrombolysis Survey in Ministry of Health Malaysia.
2019) although the rate in Hospital Z was higher at 20.8% in
the same year, achieving the benchmarking rate set by ESO.
A survey across 44 European countries reported an average of
7.3% of thrombolysis between 2016 and 2017 whereas country-
specific rates in Europe were higher in Czech Republic (23.5%
in 2018) and the Netherlands (21.7% in 2016) (Table 3) (3).
The reported rates however, were noticeably lower in low and
middle-income countries such as Thailand (7.8% in 2019) (19),
Vietnam (5.6-8.5% in 2020) (20) and China (5.6% between 2019
and 2020) (21). Direct country comparison of the rates however,
was not feasible owing to differences in study methods and
reporting years.

In year 2019, Hospital Z has the highest uptake of
intravenous stroke thrombolysis amongst other Ministry of
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TABLE 3 Comparison for rate of intravenous stroke thrombolysis by
countries?®.

Country Year Rate of intravenous stroke
thrombolysis (%)
Malaysia 2013 5.2
2019 15.1
Europe (3) 2016-2017 7.3
United States (2) 2018 13.7
Thailand (19) 2019 7.8
Vietnam (20) 2020 5.6-8.5
China (21) 2019-2020 5.6

# Country-specific rates except for Malaysia (rates retrieved from a single hospital Z) and
Europe (average estimate among 44 European countries).

Health hospitals in Malaysia. This is intriguing, considering
that allocation of resources and hospital policies should be
similar across all Ministry of Health hospitals. Geographically,
the setting where this hospital is located remains mainly
rural with poor access to healthcare services due to logistic
difficulties (11). Findings from our case study has clearly
observed two main factors facilitating the uptake in this
therapy: (1) cohesiveness of team members, especially having
positive interprofessional team dynamics and (2) facilitative
work process. Patient factors were found to impede the uptake of
thrombolysis, where almost two third of ischemic stroke patients
arrived at the hospital outside the therapeutic window time,
attributing patients’ delayed presentation as a main barrier to the
uptake of thrombolysis. Similarly, availability of resources was a
barrier, although this was innovatively optimized to minimize
its impact on the rate of the therapy. Only 3.8% of patients
missed the opportunity to receive thrombolysis due to potential
in-hospital delays.

One major contributing aspect to cohesiveness among team
members was having positive interprofessional team dynamics.
The concept of effective communication and understanding of
one’s role towards teamwork are crucial components to establish
an engaging interprofessional team (22). Physician-driven stroke
care without adequate involvement of other ground staff has
been reported to lead to concerns of marginalization and
disconnectedness (8). Having joint ownership of responsibility
was another key facilitator. There have been global discussions
surrounding the role of other doctors to provide thrombolysis,
in particular the emergency and internal medicine physicians.
Studies comparing neurologists and non-neurologist doctors on
patients’ functional outcomes and safety following the provision
of intravenous stroke thrombolysis reported no differences
between the groups (23, 24). In response to that, institutions
in many different countries are adopting this approach to cope
with shortages of neurologists; Hospital Z being one of the few
in Malaysia.
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Besides healthcare providers’ belief and values attributing
positively toward the therapy, leadership from the aspect of
having quality stroke champions and support from higher
authorities has also enabled optimization of available manpower
and resources. These facilitators were consistent with findings
from other studies; thus, exerting their importance in the uptake
of thrombolysis (7, 25).

We also found that facilitative work processes have positively
influenced the uptake of thrombolysis. Wang et al. reported
how streamlining of workflow reduced in-hospital time delays
for endovascular mechanical thrombectomy (26). A simplified
pathway to increase the access to CT imaging for acute stroke
interventions was also highlighted in the United Kingdom (27).
Workflow simplification was quoted to bring about familiarity
with one’s roles. Understanding respective roles in the work
process and that of other team members subsequently would
give rise to a routine and coordinated stroke management
(25). Furthermore, although the sense of urgency for rapid
triage and assessment has often been associated with regular
use of a written protocol for thrombolysis (8, 25), this factor
was attributed to repetitive hands-on exposures to handle
patients for the therapy in Hospital Z. Stecksen et al. echoed
this, where lack of knowledge and experience was cited
as a barrier to the implementation of stroke thrombolysis
guidelines (7).

Consistently, patients’ delayed presentation was a main
barrier to hyperacute stroke care in Ghana (8). Likewise, 60.5%
of Thai patients with ischemic stroke arrived late in the hospital
(28) whereas in Lebanon, at 55.2% (29). This delay has been
attributed to multiple reasons including but not limited to
poor recognition of stroke symptoms, lack of awareness of
the availability of a time-dependent therapy as well as poor
accessibility (30).

Resource constraint is an issue of priority because a limited
budget is almost always present. Results from studies conducted
in high-income countries were parallel to our findings where
restriction of resources could range from access to imaging
facilities, beds, and space for an acute stroke unit, staff capacity,
and finances (5, 7). The only difference could be the weightage
that these factors carry to influence the uptake of thrombolysis.
In a low- and middle-income country like ours, limited
imaging facilities and staff especially neurologists are major
impediments (8). Adding this limitation with heavy workload
and high staff turnover, driving thrombolysis forward is often a
major task.

Strengths and weaknesses

The strength of our study lies in the efforts of applying
the TICD framework at the initial stage to understand the
components for implementation change in clinical practice
but subsequently conducting an inductive analysis to derive
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explanations for the success of the therapy in Hospital Z and
how the factors relate to each other, as shown in Figure 2.
Furthermore, having quantitative data to triangulate with
the qualitative findings not only adds depth to our current
analysis but also functions as a strategy to strengthen the
validity by connecting information from multiple data sources
(31). Independent and cross coding theme derivation and
quality checks were also conducted to minimize interpretation
bias among researchers. This study described data from a
single center. Comparable factors to that in the literature
suggests potential generalizability of these findings. We
acknowledge the possibility of selection bias as a result of
the recruitment strategy but given that the interviews did
not result in entirely positive points about the hospital, this
bias should be minimal. Hierarchically, recruitment could
not have been done without the permission from the Heads
of Department.

Implications on research and clinical
practice

While acknowledging the ongoing constraints of resources
as well as a lack of patients’ awareness, what stood out as a
lesson learnt was that the success in the uptake of thrombolysis
in this hospital was attributed to cohesiveness of team members
and having a facilitative work process. Understanding these
facilitators which are modifiable within the service provision
carry important implications for recommendations of targeted
interventions to improve the uptake of the therapy in
institutions of similar settings.

First, the theory of opportunistic dialogue where dialogues
between team members are problem oriented, largely unplanned
and facilitated by co-locations of team members and their
commitment to work together can be applied to achieve a
cohesive interprofessional team engagement (32). Moving
away from the traditional multidisciplinary approach to adopt
the concept of interdisciplinary team is pivotal to cultivate
ownerships for responsibilities. Multidisciplinary refers to
having knowledge from multiple disciplines brought together
but each discipline acts from their own perspective within the
boundaries of respective discipline. Interdisciplinary on the
other hand, is defined as linking and integrating knowledge
from different disciplines into one, using a coherent and
coordinated approach. In other words, responsibilities are
divided between disciplines in a multidisciplinary team.
Contrastingly, responsibilities are shared among the different
disciplines with interdisciplinary approaches, which provide
an excellent learning and working environment where
providers from other disciplines are able to learn and conduct
tasks that are traditionally the roles of certain disciplines
(33). In essence, interdependence is well-understood and
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acknowledged among team members in order to improve
patient care. Interventions related to behavioral change have
been advocated to promote such changes in team dynamics.
These interventions were reported to have an increase of two
times the odds of thrombolysis rate as compared to usual
practice (9).

Second, lean techniques are increasingly used to streamline
healthcare work processes. Value Stream Mapping (VSM)
for example, has been applied to identify inefliciencies
and to create a streamlined workflow to expedite time-
dependent stroke care (34). Third, innovative education
such as simulation workshops or mock stroke codes to
provide hands-on experiences and opportunities to practice
are foreseen to enhance familiarity of roles and instill the
sense of urgency among healthcare providers. These strategies
have been observed to improve the rate of thrombolysis
(35, 36).

Fourth,
recommendations. In the plans to implement any targeted

research is an integral part of these
interventions, it is vital to concurrently plan for an evaluation
study to look at effectiveness and feasibility and importantly,
the sustainability of such interventions. Several trials have
been conducted for this purpose, with differing results
(35-38).

Conclusions

In conclusion, factors influencing the uptake of intravenous
stroke thrombolysis have been identified from multiple aspects.
Insight onto these factors is crucial to allow the development of
targeted interventions to improve the provision of the therapy in
countries of similar settings.

Data availability statement

The datasets presented in this article are not readily available
because of ethical and legal restrictions but is available from the
corresponding author on reasonable request. Requests to access
the datasets should be directed to WYH amyhwong@crc.gov.my.

Ethics statement

The studies involving human participants were reviewed
and approved by Medical Research and Ethics Committee,
Ministry of Health Malaysia (NMRR ID: 19-3145-51552). The
participants provided both their written and verbal informed
consent to be interviewed in this study.

Frontiersin Neurology

10.3389/fneur.2022.1048807

Author contributions

WYH: conceptualization, methodology, investigation,
formal analysis, and writing-original draft. SWN: investigation,
formal analysis, and writing-original draft. SFT: methodology,
investigation, formal analysis, and writing-review and editing.
NAR: methodology, investigation, and writing-review and
editing. WCL: data acquisition, formal analysis, and writing-
review and editing. ZK, SKW, and SDP: data acquisition and
writing-review and editing. SS: methodology and writing-review
and editing. All authors contributed to the article and approved
the submitted version.

Funding

This study is funded by the Ministry of Health Malaysia
research grant under the project Access to Hyperacute Stroke
Care in Malaysia (NMRR 19-3145-51552). Ministry of Health
Malaysia had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Acknowledgments

The authors would like to thank the Director General of
Health Malaysia for his permission to publish this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.1048807/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fneur.2022.1048807
mailto:amyhwong@crc.gov.my
https://www.frontiersin.org/articles/10.3389/fneur.2022.1048807/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Hwong et al.

References

1. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, et al. Guidelines for the early management of patients with acute
ischemic stroke: 2019 update to the 2018 guidelines for the early management
of acute ischemic stroke: a guideline for healthcare professionals from the
American heart association/American stroke association. Stroke. (2019) 50:e344—
418. doi: 10.1161/STR.0000000000000211

2. Asaithambi G, Tong X, Lakshminarayan K, Coleman King SM, George
MG. Current trends in the acute treatment of ischemic stroke: analysis from
the paul coverdell national acute stroke program. J Neurointerv Surg. (2020)
12:574-8. doi: 10.1136/neurintsurg-2019-015133

3. Aguiar de. Sousa D, von Martial R, Abilleira S. Access to and delivery
of acute ischaemic stroke treatments: a survey of national scientific societies
and stroke experts in 44 European countries. Eur Stroke J. (2019) 4:13-
28. doi: 10.1177/2396987318786023

4. Khatib R, Arevalo YA, Berendsen MA, Prabhakaran S, Huffman MD.
Presentation, evaluation, management, and outcomes of acute stroke in
low- and middle-income countries: a systematic review and meta-analysis.
Neuroepidemiology. (2018) 51:104-12. doi: 10.1159/000491442

5. Baatiema L, Otim ME, Mnatzaganian G. de-Graft Aikins A, Coombes J,
Somerset S. Health professionals’ views on the barriers and enablers to evidence-
based practice for acute stroke care: a systematic review. Implement Sci. (2017)
12:74. doi: 10.1186/s13012-017-0599-3

6. Craig LE, McInnes E, Taylor N, Grimley R, Cadilhac DA, Considine J, et al.
Identifying the barriers and enablers for a triage, treatment, and transfer clinical
intervention to manage acute stroke patients in the emergency department: a
systematic review using the theoretical domains framework (TDF). Implement Sci.
(2016) 11:157. doi: 10.1186/s13012-016-0524-1

7. Stecksén A, Lundman B, Eriksson M, Glader EL, Asplund K. Implementing
thrombolytic guidelines in stroke care: perceived facilitators and barriers. Qual
Health Res. (2014) 24:412-9. doi: 10.1177/1049732313514137

8. Baatiema L. de-Graft Aikins A, Sav A, Mnatzaganian G, Chan CKY,
Somerset S. Barriers to evidence-based acute stroke care in Ghana: a qualitative
study on the perspectives of stroke care professionals. BMJ Open. (2017)
7:€015385. doi: 10.1136/bmjopen-2016-015385

9. Hasnain MG, Attia JR, Akter S, Rahman T, Hall A, Hubbard IJ, et al.
Effectiveness of interventions to improve rates of intravenous thrombolysis
using behaviour change wheel functions: a systematic review and meta-analysis.
Implement Sci. (2020) 15:98. doi: 10.1186/s13012-020-01054-3

10. de Souza AC, Sebastian IA, Zaidi WAW, Nasreldein A. Regional
and national differences in stroke thrombolysis use and disparities
in pricing, treatment availability, and coverage. Int ] Stroke. (2022)
2022:17474930221082446. doi: 10.1177/17474930221082446

11. King TL, Tiong LL, Kaman Z, Zaw WM, Abdul Aziz Z, Chung LW,
et al. hospital-based study on ischaemic stroke characteristics, management, and
outcomes in Sarawak: where do we stand? ] Stroke Cerebrovasc Dis. (2020)
29:105012. doi: 10.1016/j.jstrokecerebrovasdis.2020.105012

12. Yin RK. Case Study Research: Design and Methods, 5th edn. Los Angeles, CA:
SAGE (2014).

13. Skolarus LE, Sales AE, Zimmerman MA, Corches CL, Landis-Lewis Z, Robles
MG, et al. Stroke ready: a multi-level program that combines implementation
science and community-based participatory research approaches to increase acute
stroke treatment: protocol for a stepped wedge trial. Implement Sci. (2019)
14:24. doi: 10.1186/s13012-019-0869-3

14. Sales AE, Ersek M, Intrator OK, Levy C, Carpenter JG, Hogikyan
R, et al. Implementing goa.ls of care conversations with veterans in VA
long-term care setting: a mixed methods protocol. Implement Sci. (2016)
11:132. doi: 10.1186/s13012-016-0497-0

15. Hennink M, Kaiser BN. Sample sizes for saturation in qualitative
research: a systematic review of empirical tests. Soc Sci Med. (2022)
292:114523. doi: 10.1016/j.socscimed.2021.114523

16. Green B, Oeppen RS, Smith DW, Brennan PA. Challenging hierarchy in
healthcare teams - ways to flatten gradients to improve teamwork and patient care.
Br J Oral Maxillofac Surg. (2017) 55:449-53. doi: 10.1016/j.bjoms.2017.02.010

17. QSR International Pty Ltd. NVivo (released in March 2020). (2020).
Available online at: https://www.qgsrinternational.com/nvivo-qualitative- data-
analysis-software/home

18. European Stroke Organization: Res-Q registry. Campaign Stroke 2020.
Available online at: https://qualityregistry.eu/cs/members- cs/34- stroke-2020
(accessed May 30, 2022).

Frontiersin Neurology

34

10.3389/fneur.2022.1048807

19. Tiamkao S, Ienghong K, Cheung LE, Celebi I, Suzuki T,
Apiratwarakul K. Stroke incidence, rate of thrombolytic therapy, mortality
in Thailand from 2009 to 2021. Open Access Maced ] Med Sci. (2022)
9:110-5. doi: 10.3889/0amjms.2022.8051

20. Duy Ton Mai X, Luong NK, Nguyen TK, Nguyen HT, Thanh N. Nguyen
current state of stroke care in vietnam stroke. Vasc Interv Neurol. (2022)
2:€000331. doi: 10.1161/SVIN.121.000331

21. Ye Q, Zhai E Chao B, Cao L, Xu Y, Zhang P, et al. Rates of
intravenous thrombolysis and endovascular therapy for acute ischaemic stroke
in China between 2019 and 2020. Lancet Reg Health West Pac. (2022)
21:100406. doi: 10.1016/j.Jlanwpc.2022.100406

22. Cramm JM, Nieboer AP. Professionals’ views on interprofessional stroke
team functioning. Int ] Integr Care. (2011) 11:¢081. doi: 10.5334/ijic.657

23. Akins PT, Delemos C, Wentworth D, Byer J, Schorer SJ, Atkinson RP. Can
emergency department physicians safely and effectively initiate thrombolysis for
acute ischemic stroke? Neurology. (2000) 55:1801-5. doi: 10.1212/WNL.55.12.1801

24. Chew SH, Looi I, Neoh KK, Ooi ], Cheah WK, Zariah AA. Clinical outcomes
of acute stroke thrombolysis in neurologist and non-neurologist centres - a
comparative study in Malaysia. Med ] Malaysia. (2021) 76:12-6.

25. Olson DM, Constable M, Britz GW, Lin CB, Zimmer LO, Schwamm LH,
et al. A qualitative assessment of practices associated with shorter door-to-needle
time for thrombolytic therapy in acute ischemic stroke. | Neurosci Nurs. (2011)
43:329-36. doi: 10.1097/JNN.0b013e318234e7fb

26. Wang H, Thevathasan A, Dowling R, Bush S, Mitchell P, Yan B. Streamlining
workflow for endovascular mechanical thrombectomy: lessons learned from
a comprehensive stroke center. ] Stroke Cerebrovasc Dis. (2017) 26:1655-
62. doi: 10.1016/j.jstrokecerebrovasdis.2017.04.021

27. Sentinel Stroke National Audit Programme (SSNAP). Rising to the Challenge.
The Fourth SSNAP Annual Report. London: Royal College of Physicians. 2016
-2017.p. 13-5

28. Rakchue P, Poonphol S. Factor influencing pre-hospital delay among acute
ischemic stroke patients in rajavithi hospital. ] Thai Stroke Soc. (2019) 18.

29. El Sayed MJ, El Zahran T. Acute stroke care and thrombolytic
therapy use in a tertiary care center in Lebanon. Emerg Med Int. (2014)
2014:438737. doi: 10.1155/2014/438737

30. Al Khathaami AM, Mohammad YO, Alibrahim FS, Jradi HA.
Factors associated with late arrival of acute stroke patients to emergency
department in Saudi Arabia. SAGE Open Med. (2018) 6:2050312118776719.
doi: 10.1177/2050312118776719

31. Carter N, Bryant-Lukosius D, DiCenso A, Blythe ], Neville AJ. The use
of triangulation in qualitative research. Oncol Nurs Forum. (2014) 41:545-
7. doi: 10.1188/14.ONF.545-547

32. Clarke DJ. Achieving teamwork in  stroke  units:
contribution of opportunistic ~ dialogue. ] Interprof Care.
24:285-97. doi: 10.3109/13561820903163645

33. Jessup RL. Interdisciplinary
teams: do we understand the difference?
31:330-1. doi: 10.1071/AH070330

34. Ford AL, Williams JA, Spencer M, McCammon C, Khoury N,
Sampson TR, et al. Reducing door-to-needle times using Toyotas lean
manufacturing  principles and value stream analysis. Stroke. (2012)
43:3395-8. doi: 10.1161/STROKEAHA.112.670687

35. Haesebaert ], Nighoghossian N, Mercier C, Termoz A, Porthault S, Derex
L, et al. Improving access to thrombolysis and inhospital management times
in ischemic stroke: a stepped-wedge randomized trial. Stroke. (2018) 49:405-
11. doi: 10.1161/STROKEAHA.117.018335

36. Scott PA, Meurer W], Frederiksen SM, Kalbfleisch JD, Xu Z, Haan MN, et al.
A multilevel intervention to increase community hospital use of alteplase for acute
stroke (INSTINCT): a cluster-randomised controlled trial. Lancet Neurol. (2013)
12:139-48. doi: 10.1016/S1474-4422(12)70311-3

37. Dirks M, Niessen LW, Huijsman R, van Wijngaarden ], Minkman MM,
Franke CL, et al. Promoting acute thrombolysis for ischaemic stroke (PRACTISE).
Int J Stroke. (2007) 2:151-9. doi: 10.1111/j.1747-4949.2007.00119.x

38. Levi CR, Attia JA, D’Este C, Ryan AE, Henskens F, Kerr E, et al.
Cluster-randomized trial of thrombolysis implementation support in metropolitan
and regional australian stroke centers: lessons for individual and systems
behavior change. ] Am Heart Assoc. (2020) 9:e012732. doi: 10.1161/JAHA.119.
012732

the
(2010)

care
(2007)

versus  multidisciplinary
Aust  Health Rev.

frontiersin.org


https://doi.org/10.3389/fneur.2022.1048807
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1136/neurintsurg-2019-015133
https://doi.org/10.1177/2396987318786023
https://doi.org/10.1159/000491442
https://doi.org/10.1186/s13012-017-0599-3
https://doi.org/10.1186/s13012-016-0524-1
https://doi.org/10.1177/1049732313514137
https://doi.org/10.1136/bmjopen-2016-015385
https://doi.org/10.1186/s13012-020-01054-3
https://doi.org/10.1177/17474930221082446
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105012
https://doi.org/10.1186/s13012-019-0869-3
https://doi.org/10.1186/s13012-016-0497-0
https://doi.org/10.1016/j.socscimed.2021.114523
https://doi.org/10.1016/j.bjoms.2017.02.010
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://qualityregistry.eu/cs/members-cs/34-stroke-2020
https://doi.org/10.3889/oamjms.2022.8051
https://doi.org/10.1161/SVIN.121.000331
https://doi.org/10.1016/j.lanwpc.2022.100406
https://doi.org/10.5334/ijic.657
https://doi.org/10.1212/WNL.55.12.1801
https://doi.org/10.1097/JNN.0b013e318234e7fb
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.04.021
https://doi.org/10.1155/2014/438737
https://doi.org/10.1177/2050312118776719
https://doi.org/10.1188/14.ONF.545-547
https://doi.org/10.3109/13561820903163645
https://doi.org/10.1071/AH070330
https://doi.org/10.1161/STROKEAHA.112.670687
https://doi.org/10.1161/STROKEAHA.117.018335
https://doi.org/10.1016/S1474-4422(12)70311-3
https://doi.org/10.1111/j.1747-4949.2007.00119.x
https://doi.org/10.1161/JAHA.119.012732
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

& frontiers | Frontiers in Neurology

@ Check for updates

OPEN ACCESS

Aleksandras Vilionskis,
Vilnius University, Lithuania

Saulius Taroza,

Saulius Taroza, Lithuania

Hrvoje Budincevic,

University Hospital Sveti Duh, Croatia

Qing-Ping Huang
hgphuli@sina.com

"These authors have contributed
equally to this work and share first
authorship

This article was submitted to
Stroke,

a section of the journal
Frontiers in Neurology

28 November 2022
16 December 2022
09 January 2023

Zhang J-R, Wu Y-E, Huang Y-F,
Zhang S-Q, Pan W-L, Huang J-X and
Huang Q-P (2023) Effectiveness of
smart health-based rehabilitation on
patients with poststroke dysphagia: A
brief research report.

Front. Neurol. 13:1110067.

doi: 10.3389/fneur.2022.1110067

© 2023 Zhang, Wu, Huang, Zhang,
Pan, Huang and Huang. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiersin Neurology

Brief Research Report
09 January 2023
10.3389/fneur.2022.1110067

Effectiveness of smart
health-based rehabilitation on
patients with poststroke
dysphagia: A brief research
report

Jian-Rong Zhang', Yu-E Wu', Yan-Fang Huang,
Shu-Qing Zhang, Wen-Li Pan, Jin-Xia Huang and
Qing-Ping Huang*

Department of Nursing, Dongguan Houjie Hospital Affiliated to Guangdong Medical University,
Dongguan, Guangdong, China

Objective: This study aimed to evaluate the effectiveness of smart
health-based rehabilitation on patients with poststroke dysphagia (PSD).

Methods: We recruited 60 PSD patients and randomly allocated them to the
intervention (n = 30) and control (n = 30) groups. The former received the
smart health-based rehabilitation for 12 weeks, whereas the latter received
routine rehabilitation. Water swallow test (WST), standardized swallowing
assessment (SSA), swallow quality-of-life questionnaire (SWAL-QOL), stroke
self-efficacy questionnaire (SSEQ), perceived social support scale (PSSS) and
nutritional measurements including body weight, triceps skinfold thickness
(TSF), total protein (TP), serum albumin (ALB) and serum prealbumin (PA) in
both groups were measured.

Results: When the baseline WST, SSA, SWAL-QOL, SSEQ, PSSS and nutritional
measurements were examined, there was no significant difference between
the intervention group and the control group (P > 0.05). After rehabilitation
interventions, the WST and SSA scores in the intervention group were
significantly lower than those in the control group (P < 0.01). The SWAL-QOL,
SSEQ and PSSS scores in the intervention group were significantly higher
than in the control group (P < 0.01). Compared with the control group,
the intervention group showed an increase in the serum levels of PA (P
< 0.01). However, no statistically significant difference existed between the
intervention group and the control group in terms of body weight, TSF, TP or
ALB (P > 0.05).

Conclusions: Overall, our data revealed that smart health-based rehabilitation
is significantly beneficial to the swallowing function, quality of life, self-efficacy,
and social support for PSD patients when compared with routine rehabilitation.
However, nutritional measurements were not significantly improved in such
patients under the smart health-based rehabilitation when compared the
routine rehabilitation. In the future, it is necessary to extend the intervention
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time to further evaluate the long-term efficacy of smart health-based
rehabilitation on nutritional measurements of PSD patients.

KEYWORDS

poststroke dysphagia, smart health, rehabilitation, nursing, rehabilitation nurse

1. Introduction

Poststroke dysphagia (PSD), or post stroke swallowing
difficulty, is one of the most common complications of ischemic
stroke patients (1). Impairment in the central nervous system,
cortical, or subcortical parts of the brain after stroke can impair
swallowing physiology and further leads to true bulbar paralysis
(2). According to epidemiological statistics, the incidence rate of
PSD in China is 51-73% (3). If PSD is not intervened in time,
it further leads to difficulties in eating and drinking, resulting in
malnutrition, aspiration pneumonia, dehydration, and asphyxia,
which seriously affects the prognosis of PSD patients (4, 5).
PSD not only increases the economic burden of patients and
prolongs their hospitalization time, but also brings a greater
care burden to their family members (6, 7). Furthermore, PSD
patients are prone to mental and psychological problems. For
example, major and minor depression occur in 20-65% of PSD
patients (8-11). Moreover, studies show that the presence of
PSD is associated with anxiety, bringing individual psychosocial
consequences such as fear, and frustration (12, 13). At the same
time, PSD is one of the key factors causing disability and death
of patients (14).

Currently, the conventional swallowing interventions
include transcutaneous neuromuscular electrical stimulation
(NMES), biofeedback and lingual strength training (15, 16).
However, in China, the limited coverage of medical insurance
for PSD patients’ rehabilitation programs has brought a greater
economic burden to PSD patients and their families (17). Since
the implementation of the Diagnosis Related Groups (DRG)
payment system in China, most PSD patients must transition
from inpatient rehabilitation to home-based rehabilitation due
to the limitation of the average hospital stay (18). However,
China’s community rehabilitation medical resources are in
relative shortage, especially professional physiotherapists in the
community. This leads to the lack of professional home-based

Abbreviations: ALB, serum albumin; DRG, Diagnosis Related Groups; MDT,
multidisciplinary team; NMES, neuromuscular electrical stimulation; ASS,
power analysis sample size; PSD, poststroke dysphagia; PSSS, perceived
social support scale; PA, serum prealbumin; SPSS, statistical product
service solutions; SSA, standardized swallowing assessment; SWAL-
QOL, swallow quality-of-life questionnaire; SSEQ, stroke self-efficacy
questionnaire; TSF, triceps skinfold thickness; TP, total protein; VFSS,

videofluoroscopic swallowing study; WST, water swallow test.

Frontiersin Neurology

36

rehabilitation guidance for discharged PSD patients, making
the rehabilitation effect of most discharged PSD patients
unsatisfactory (19).

To date, smart health devices including smartphones,
patient-monitoring devices and wireless devices have enabled
patients and health care providers to use health information
anytime, anywhere by adding modern technology to health
care management systems (20). Smart health employs a
variety of different features, including smartphone-based
applications. China has now exceeded 500 million smartphone
users (21). The WeChat smartphone application has been
gradually applied to the field of medical rehabilitation in
China because it is convenient and fast, with the advantages
of quickly sending messages, video, voice, and pictures
through the network, supporting multi-group chat and realizing
information sharing (22). The use of smart health makes it
possible to combine information technology with individualized
continuous rehabilitation.

For PSD patients in the rehabilitation period after
discharge, home rehabilitation is a long-term process. WeChat’s
characteristics of interactivity, immediacy and wide area
also allow for expanding the continuity of PSD home-
based rehabilitation (23). Specifically, home-based rehabilitation
exercise videos on a WeChat public account can be watched
repeatedly, which is convenient for PSD patients and their
caregivers for learning. In WeChat synchronized videos, PSD
caregivers can complete the basic rehabilitation training of
swallowing function and diet modification for PSD patients
under the supervision of physiotherapists, nutritionists and
rehabilitation nurses. WeChat groups can also help realize
information sharing between health providers and PSD patients,
among health provider team members, and even between peer
educators and PSD patients (24).

To date, WeChat-based rehabilitation programs have been
widely used in several chronic diseases, including for diabetes
patients (25), postoperative women with breast cancer (26),
and patients with chronic obstructive pulmonary disease (27).
However, very few WeChat-based rehabilitation programs have
been developed to support PSD patients. Li et al. (28) explored
the effects of smart health-based rehabilitation programs on
middle-aged stroke patients. However, that study did not focus
on PSD patients, and self-efficacy, social support and nutritional
status were not included in this research. The aim of this study
was to explore the effect of smart health-based rehabilitation

frontiersin.org


https://doi.org/10.3389/fneur.2022.1110067
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhang et al.

programs on patients with PSD in terms of swallowing function,
quality of life, self-efficacy, social support and nutritional status.

2. Materials and methods

This was a prospective, parallel-group, randomized,
assessor-blinded clinical pilot trial. This clinical trial was
approved by the hospital ethics committee, in line with the
Declaration of Helsinki, and all patients signed informed
consent. This study has been registered in the open science
framework (OSF) clinical trial registry (Registration number:
DOI https://doi.org/10.17605/OSFE.I0/T4UDE).

2.1. Participants, selection criteria and
randomization

Participants were selected using the following inclusion
criteria: (1) age between 40 and 80 years old; (2) first-time
stroke was screened through neurological examination by the
attending neurologist and confirmed by computed tomography
or magnetic resonance imaging findings according to the WHO
definition (29); (3) dysphagia following stroke was confirmed by
a videofluoroscopic swallowing study (VESS). Additionally, to
control for spontaneous recovery, enrolment into the study had
to occur at least 4 weeks after PSD onset. The exclusion criteria
were cognitive impairment or severe communication disorders,
serious psychologic disorders including major depressive
disorder, bipolar disorder, schizophrenia, efc., known history of
dysphagia prior to the stroke [(a) other neurological conditions
that may explain dysphagia: amyotrophic lateral sclerosis,
multiple sclerosis, or Parkinson’s disease; (b) swallowing
disorders caused by surgery or radiotherapy applied to the head
and neck region; (c) dysphagia due to drug toxicity], unstable
cardiopulmonary status, head and neck cancer, implanted
cardiac pacemaker, nasogastric tube, and history of seizures
or epilepsy. Random numbers were generated by the center
computer. The random numbers were placed in opaque and
sealed envelopes, and PSD patients were randomly assigned
to the control group or intervention group in a ratio of 1:1
according to the random allocation order.

2.2. Treatment methods

2.2.1. Control group

According to the guidelines of the European Stroke
Organization and European Society for Swallowing Disorders
in 2021 (30), the 12-week routine rehabilitation was patient-
oriented and adjusted based on PSD patient swallowing function
via VESS (31). (1) Oral-facial and laryngeal motor exercises
according to the stroke rehabilitation and recovery guideline.
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(2) Sensorial stimulation of the oral cavity. These sensory
stimulation methods were patient-oriented and customized to
the patients’ swallowing abilities. (3) Diet modification: diet
modification and nutritional support were individualized to
match the PSD patients’ nutritional and functional statuses
under the guidance of registered nutritionists and a nutritional
support team. Four weeks after PSD onset, according to
the stroke rehabilitation and recovery guideline, dysphagia
rehabilitation services were delivered by a multidisciplinary
team (MDT) of healthcare providers. According to the
American Stroke Association guideline, our MDT team includes
neurologists who have specialized training or board certification
in rehabilitation medicine, rehabilitation nurses, nutritionists,
physiotherapists, and speech and language therapists (32). The
MDT held case meetings every week. During the meeting, MDT
members shared and discussed the patient’s rehabilitation care
pathway in combination with data from the clinical swallowing
evaluations, the results of rehabilitation strategies, the patient’s
medical condition and clinical judgment.

2.2.2. Intervention group

PSD patients in the intervention group received smart
health-based addition to the
rehabilitation. The WeChat cloud platform provided continuous

rehabilitation in routine
rehabilitation training programs for PSD patients, which were
set up for five modules: patient symptom assessment and
health
health-based oral-facial and laryngeal motor exercises and

clinical database establishment, education, smart
sensorial stimulation exercises, diet modification and WeChat
group. (1) Patient symptom assessment and clinical database
establishment: rehabilitation nurses first used the Eating
Assessment Tool-10 (EAT-10) tool to identify patients with
dysphagia. Patients with an EAT-10 score >3 points underwent
the water swallow test (WST) test. The EAT-10, WST results and
other clinical data were uploaded to the WeChat cloud platform
to realize the tracking of the patients’ condition and the sharing
of information among MDT members. During the follow-up
after discharge, the corresponding data on the WeChat cloud
platform was updated in real time and become the reference
for the MDT to adjust the rehabilitation plan. (2) Health
education: hospital information engineers set up the WeChat
public account, and the rehabilitation nurses guided patients to
follow the WeChat public account when they were discharged
to ensure that every patient could obtain health education
information through the online platform. The rehabilitation
nurses distributed the information of the PSD follow-up
health education manual to patients every 2 days through text,
pictures, videos and other forms after the PSD patients were
discharged from hospital to strengthen their health education.
The rehabilitation nurses set up the WeChat theme interactive
sign-in form in the WeChat cloud platform to monitor the
reading of PSD patients in real time and reply and answer

frontiersin.org


https://doi.org/10.3389/fneur.2022.1110067
https://doi.org/10.17605/OSF.IO/T4UDE
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhang et al.

their questions in time in the cloud platform. (3) Smart health-
based oral-facial and laryngeal motor exercises and sensorial
stimulation exercises: After discharge from the hospital, the
physiotherapists uploaded the sample video of basic swallowing
function rehabilitation training to the WeChat cloud platform.
The video was prepared by the physiotherapists using electronic
products, combined through editing and subtitles. Caregivers of
PSD patients could repeatedly watch and learn basic swallowing
function rehabilitation skills on the cloud platform at any time
to strengthen their proficiency in skill application. In addition,
on the terminal of the cloud platform, the physiotherapists
supervised and guided the caregivers of PSD patients on tongue
muscle training and cheek muscle training (pouting, empty
swallowing, etc.) every day in the first week through the video
connection of the WeChat cloud platform. In the remaining 11
weeks, the physiotherapists monitored the completion of oral-
facial and laryngeal motor exercises and sensory stimulation
exercises of PSD patients in real time through the WeChat clock
in applet of daily monitoring report of rehabilitation exercises.
(4) Diet modification: diet modification was performed on
the WeChat MDT platform. First, the nutritionists calculated
the calories required by the PSD patients and the proportion
of the nutrients according to their medical history, weight
and activity ability (data were mainly retrieved from the
WeChat cloud platform). On the WeChat MDT platform, the
nutritionist informed the nutrition assessment results to the
neurologists, and the neurologists issued the food for PSD
patients after consultation with the physiotherapists. After
discharge from the hospital, the rehabilitation nurses conducted
one-to-one online video guidance for three consecutive days
based on the WeChat cloud platform. The rehabilitation nurses
then conducted examinations with the caregivers of PSD
patients once a week through the WeChat cloud platform,
and the neurology nurses were responsible for recording
them. The records included evaluating the general state and
feeding state of the patient before eating, checking the eating
environment, state, posture, tableware, food, and eating and
feeding methods. The rehabilitation nurses ensured the accuracy
of the implementation of the program by the patients’ caregivers
and answered the different problems encountered by them.
The nutritionists conducted weekly video communication
through the WeChat cloud platform, re-formulated the food
for the next week with the family members, and adjusted the
consistency of the food according to the feedback of neurology
specialists and physiotherapists on the WeChat MDT platform.
(5) WeChat group: the WeChat group included three WeChat
subgroups. The first was the WeChat Med subgroup. In this
subgroup, in addition to the weekly case meetings of the MDT
as in the control group, the MDT members in the WeChat
Med subgroup could share real-time information and promote
mutual communication and cooperation. The second was the
healthcare providers-PSD patients—caregivers of PSD patients
WeChat subgroups. In this subgroup, PSD patients could get
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regular follow-up visits and real-time health guidance online.
In the third peer education subgroup, the MDT members
invited patients with better disease control and their caregivers
to participate and provide social and peer support to PSD
patients. All participants received weekly follow-up. After the
12-week smart health-based rehabilitation intervention, the
MDT members conducted the final evaluation and follow-up
of patients. The follow-up was conducted in the form of a
family visit. It included the evaluation of disease status and
swallowing function, quality of life, self-efficacy, social support
and nutritional status.

2.3. Outcome measures

2.3.1. Primary outcomes
(1) Swallowing function assessments: I WST. The rehabilitation
nurses gave 2-3 teaspoons of water to the patients with PSD
and instructed them to drink it once. The WST evaluation
criteria were scored by a 5-point Likert scale (33). O
Standardized swallowing assessment (SSA). The swallowing
function of patients in the two groups before and after the
intervention was evaluated and divided into three parts, with
a total possible score of 46 (34). The lower the score, the better
the swallowing function.
(2) Quality of life, self-efficacy and social support assessment: [
Swallow quality-of-life questionnaire (SWAL-QOL) (35). The
questionnaire consists of 11 dimensions and 44 items. A 5-
point Likert scale was adopted, with a total possible score
of 220. A higher score means a better quality of life. [
Stroke self-efficacy questionnaire (SSEQ) (36). It includes two
dimensions of activity of daily living and self-management
efficacy, with a total of 13 items. A 10-point Likert scale
was adopted, and the possible score ranged from 0 to 100.
Higher scores mean a higher self-efficacy level. O Perceived
Social Support Scale (PSSS). This scale contains 12 items, and
each item uses a 1-7 scoring system. The total score of the
scale is the sum of item scores, ranging from 12 to 84. The
higher the score, the higher the individual’s perceived level of
social support.

2.3.2. Secondary outcomes

Nutritional Body (kg),
triceps  skinfold (TSF), [total
protein (TP; g/L), serum albumin (ALB; g/L), serum
prealbumin (PA; mg/L)].

measurements: weight

thickness biomarker

2.4. Statistical analysis

Statistical product service solutions (SPSS) 19.0 statistical
software (SPSS Inc., Chicago, IL, USA) was used for data
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analysis. Data were presented by means (standard deviation, SD)
for continuous variables and frequencies and percentage (%) for
categorical variables. The independent ¢-test and Chi-square test
were used to compare differences between the two groups at
the baseline and 12th week. A value of p < 0.05 (two-tailed)
indicated statistical significance.

3. Results

According to the sample size calculation with the power
analysis sample size (PASS) tool (e = 0.05, 1-p = 0.8 and
effect size of standardized swallowing assessment score=0.87),
a total of 62 patients with PSD were included in this study.
From February 2020 to December 2021, 200 participants were
screened in this study, and 140 participants were excluded. In the
follow-up phase, a participant in the control group was dropped
out because he refused to continue to participate; a participant
in the intervention group was dropped out because he moved
to the other places. Finally, 60 participants (Control group: n =
30; Intervention group: n = 30) were included for data analysis
(Figure 1).

10.3389/fneur.2022.1110067

3.1. Comparison of baseline data

There were no significant differences in general data such
as age, gender, marital status, education level, stroke events,
time post-stroke, types of strokes and healthcare insurance
between the intervention group and the control group (p > 0.05)
(Table 1).

3.2. Comparison of swallowing function
between the two groups

In this research, the swallowing function was measured by
WST and SAA score. In terms of the WST, in the intervention
group, the proportion of participants in Grade I, Grade II, Grade
III, Grade IV, and Grade V was 53.33, 30, 6.67, 6.67, and 3.33%,
respectively; In the control group, the proportion of participants
in Grade I, Grade IT, Grade II1, Grade IV, and Grade V was 33.33,
13.33, 10, 26.67, and 16.67%, respectively. There was a significant
difference in WST between the two groups (x> value = 9.77, P
value = 0.040) (Figure 2). The SAA score was not statistically
significantly different between the intervention group and the

[ Enrollment ]

Assessed for eligibility (n= 200)

Excluded (n=138)
> Not meeting inclusion criteria (n= 82)
Declined to participant (n= 56 )

Randomized (n=62 )

!

FIGURE 1
Consort flow diagram.

Y [ Allocation ] ¥
Allocated to the intervention group (n=31) Allocated to the control group (n=31)
v [ Follow-Up ] v
A J
Move to other places (n= 1) Decline to participant (n=1)
v [ Analysis ] v
Analysed (n=30) Analysed (n=30)
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TABLE 1 Baseline of study characteristics.

Intervention group (N = Control group (N = 30)
K(0))
Variables Mean (SD) Mean (SD)
Age (years) 68.10 £ 2.34 69.22 + 3.26 1.53 0.13
Time post-stroke (weeks) 17.37 +2.64 18.09 4 2.53 1.08 0.29
Variables N (%) N (%) x? P
Gender 0.32 0.57
Male 20 (66.67) 22(73.33)
Female 10 (33.33) 8 (26.67)
Marital status 0.58 0.45
Married 27 (90.00) 25 (83.33)
Single 3(10.00) 5(16.67)
Education level 0.53 0.77
Undergraduate 3(10.00) 6 (20.00)
High school 6 (20.00) 1(3.33)
Middle school 21(70.00) 23(76.67)
Type of stroke 1.18 0.28
Ischemic stroke Haemorrhagic 24 (80.00) 27 (90.00)
Stroke 6 (20.00) 3(10.00)
Healthcare insurance 0.60 0.44
Yes 14 (46.67) 17 (56.67)
No 16 (53.33) 13 (43.33)
Intervention group

Controlgroup

i
:

FIGURE 2
Comparison of WST between the two groups.
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FIGURE 3
Changes in SAA scores between groups. *P < 0.05, **p < 0.01.

control group before the intervention (p > 0.05). After 12-
week intervention, the SAA score of the intervention group was
significantly improved than that of the control group (x? value
= 2.20, P value = 0.032) (Figure 3).

3.3. Comparison of quality of life,
self-efficacy and social support between
the two groups

SWAL-QOL were used to assess the health-related
quality of life, SSEQ was used to assess the self-efficacy,
and PSSS was used to assess the social support between
the two groups before and after the intervention. Before
there was
of life
(Supplementary Figure S1B)

difference in
self-
support

intervention,
the
efficacy

no significant

quality (Supplementary Figure S1A),
and  social
the
the

(Supplementary Figure S1A),

(Supplementary Figure SIC)  between two
(P > 0.05). After
of of life
efficacy (Supplementary Figure S1B)

(Supplementary Figure S1C)

groups
intervention, improvement
self-
support

the

intervention group than in the control group (P < 0.05)

quality

and social

was greater in

(Supplementary Figure S1).
3.4. Comparison of nutritional
measurements between the two groups

the
differences in

As before
intervention,

body weight (Supplementary Figure S2A), triceps skinfold

shown in Supplementary Figure S2,

there was no significant
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thickness (TSF) (Supplementary Figure S2B), and biomarkers

[Total protein (TP) (Supplementary Figure S2C), Serum
albumin (ALB) (g/L) (Supplementary Figure S2D), serum
prealbumin  (PA) (mg/L) (Supplementary Figure S2E)]

between the intervention group and control group (P >
0.05). After the intervention, compared with the control
group, the intervention group showed an increase in the
serum levels of PA (P < 0.01) (Supplementary Figure S2E).
However, there was no statistically significant difference
between the intervention group and the control group in
terms of body weight (Supplementary Figure S2A), TSF
(Supplementary Figure S2B), TP (Supplementary Figure S2C)
and ALB (Supplementary Figure S2D) (P > 0.05).

4. Discussion

The observation of similar improvements in swallow
functional outcomes at 12 weeks post rehabilitation in the
control group is also consistent with the findings of a systematic
review of nine studies which estimated the impact of MDT
based rehabilitation program among PSD patients (37). To
explore this issue, MDT team could formulate standardized,
individualized and comprehensive rehabilitation plans for PSD
patients (38). At the same time, this research reflects the
nature and extent of rehabilitation prescribed to PSD patients
which were similar, with the main difference lying in the
mode of rehabilitation delivery (tele-rehabilitation or not)
(39). The difference in mode of service delivery highlights
the strength of tele-rehabilitation which often facilitates more
interactions between the service users (patients) and the service
providers (physiotherapies). Although the swallowing function,
quality of life, self-efficacy and social support index data
of the two groups after the intervention are significantly
improved compared with the baseline data, tele-rehabilitations
overcome the barriers related to access to services caused
by distance or difficulty of patient’s mobility, potentially
encouraging continuity of care and reducing the costs of the
healthcare system (40).

In this research, after the smart health-based rehabilitation
intervention, the WST and SAA scores of patients with
PSD significantly decreased when compared with the control
group (P < 0.05). This somewhat agreed with studies by
Wu and Wang (41) and Gandolfi et al. (42). To explore
this issue, the sample video of basic swallowing function
rehabilitation training on the WeChat cloud platform could
set an example for caregivers of PSD patients. Especially after
discharge, the caregivers of PSD patients could repeatedly
click the video to watch, which strengthens their proficiency
in the rehabilitation of basic swallowing function. Videos
on the WeChat cloud platform were classified according to
the purpose of the swallow function exercise, which could
help caregivers of PSD patients understand the benefits
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of each exercise on rehabilitation. At the same time, the
WeChat punch in applet of daily monitoring report of
rehabilitation exercises improved the rehabilitation adherence
of caregivers of PSD patients in the implementation of
basic swallowing function rehabilitation and ensured the
rehabilitation training effect of oral-facial and laryngeal motor
exercises and sensorial stimulation exercises (43). Moreover,
the smart health-based rehabilitation
could realize the interaction between neurology specialists,

intervention model

rehabilitation nurses, physiotherapists, nutritionists, caregivers
of PSD patients and PSD patients through the WeChat cloud
platform. Through one-to-one, face-to-face communication,
the rehabilitation nurses, physiotherapists and nutritionists in
the early stage helped the caregivers establish standardized
operating procedures (44).

Enhancing patients’” self-efficacy can increase their health
status by improving health behavior and ultimately improve
their quality of life (45). Bonetti et al. (46) conducted a follow-
up survey on 203 patients with stroke after discharge and
found that the level of self-efficacy was a strong predictor
of the rehabilitation process of swallowing function. In this
study, compared with the control group, the smart health-
based rehabilitation significantly improved the score of SSEQ
(P < 0.05). To explore this issue, one-on-one teaching of MDT
members enables patients and their caregivers to gain direct
experience. After PSD patients were discharged, MDT members
continuously corrected the behavior of the caregivers to enhance
the accuracy of their direct experience. Furthermore, in the peer
education WeChat group, peer education was integrated into
the rehabilitation training so that patients and caregivers were
supplemented by alternative experience, and their self-efficacy
was improved.

Quality of life describes an individual’s overall wellbeing
based on daily experience. The quality of life of patients
with PSD usually decreases due to prolonged eating time,
fatigue caused by poor nutritional status, decline in social
support, psychological anxiety and depression (12). In this study,
the smart health-based rehabilitation effectively enhanced the
quality-of-life score of SWAL-QOL for PSD patients. On one
hand, smart health-based rehabilitation can effectively improve
the WST and SAA scores, enhance the swallowing function
of patients, reduce the time of eating and finally improve the
quality of life of patients. On the other hand, patients’ fatigue in
the dimension of quality-of-life scale is closely related to their
poor nutritional status (47). Smart health-based rehabilitation
can effectively improve the expression level of PA, reduce the
patients’ sense of fatigue, and finally improve the quality of life
of PSD patients.

Malnutrition is very common in patients with PSD. At
present, the malnutrition evaluation indexes of PSD include
body weight, TSE TP, ALB and PA. These measurements
are recommended in the European Stroke Organization and
European Society for Swallowing Disorders guidelines to
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monitor the nutritional status of PSD (30). Peng et al. (48)
found that enteral nutritional suspension (TPF-FOS) JEVITY
could effectively improve the expression of PA in stroke patients,
but no statistical significance existed in weight, TSE, TP, ALB
or other indicators compared with the control group (P >
0.05). In line with the results of Peng et al. (48), smart
health-based rehabilitation can only improve the expression
of PA in patients with PSD, and no significant difference
existed in other nutritional indexes compared with the control
group (P > 0.05). Body weight, TSE TP and other indicators
are not easy to change in a short time and are affected by
oedema. Although ALB has always been the main index of
nutritional risk assessment and prognosis in patients with
PSD, its level cannot reflect the nutritional status of patients
early and dynamically. However, the half-life of PA is only
2 days, and it can have significant changes in short-term
protein supplementation (49). The continuous monitoring
of PA levels can be used as a dynamic monitoring index
of malnutrition.

This study has some limitations. The development time of
smart health-based rehabilitation programs in China is relatively
short. Moreover, smart health-based rehabilitation programs
cannot be blind to implementers and patients, which may lead
to performance bias. Furthermore, the intervention time is
relatively short at only 12 weeks. Additionally, to control for
initial spontaneous recovery, we included PSD patients with
a minimum limit of 4 weeks by referring to the published
literature (16, 50, 51). However, we still cannot completely
rule out some positive effects of patients’ spontaneous recovery
on outcome measurements. Considering the medical ethical
requirement, we could not include PSD patients with a
minimum limit of 6-7 months. Moreover, we also could not
set up a non-rehabilitation group to explore the outcome
impact of PSD patients’ spontaneous recovery rehabilitation.
Furthermore, the National Institutes of Health Stroke Scale
(NIHSS) is accepted as the definitive clinical examination to
assess the neurological impairment severity of stroke patients
(52). Conventional neuroradiological tools, such as CT and MRI,
are useful to reveal radiological markers of neuropathology in
PSD patients (53). However, due to the limitation of research
funds, we did not collect data in this brief research study
on the neurological impairment severity and neuroradiological
markers independently associated with PSD outcomes. We
would build the collection of these data into a further full-
scale study.

5. Conclusion

Overall, data revealed that smart health-based

rehabilitation is significantly beneficial to the swallowing

our

function, quality of life, self-efficacy, and social support
for Chinese PSD patients when compared with routine
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rehabilitation. However, nutritional measurements were not
significantly improved in such patients under the smart health-
based rehabilitation when compared the routine rehabilitation.
In the future, it is necessary to extend the intervention time to
further evaluate the long-term efficacy of smart health-based
rehabilitation on nutritional measurements of PSD patients
in China.
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Background: Physical inactivity is a leading risk factor for non-communicable
diseases, including stroke. Moreover, physical inactivity before stroke is associated
with stroke severity, which, in turn, can cause disability. However, it remains unclear
whether physical inactivity before stroke is associated with dependency in basic
activities of daily living (ADL).

Aim: The aim of this study was to evaluate whether physical inactivity before stroke
influences ADL dependency 3 months after stroke.

Methods: This longitudinal study was based on data from three Swedish registries.
Patients with acute stroke who were admitted to the Sahlgrenska University Hospital
between 9 November 2014 and 30 June 2019 were included in the study. Baseline
data were collected from the three stroke units, and self-reported questionnaires
were used to collect 3-month follow-up data. Physical inactivity before stroke was the
primary independent variable that was self-reported using the Saltin—Grimby physical
activity level scale. ADL dependency was a composite measure of three tasks: mobility,
dressing, and toilet use. A binary logistic regression analysis was used to explain
the association between physical inactivity before stroke and basic ADL 3 months
after stroke.

Results: In total, 3,472 patients were included in the study. The median age was 75
years, 49% of the patients were physically inactive before stroke, and 75% had a mild
stroke. ADL dependency at follow-up was reported to be 32%. Physically inactive
patients, compared with physically active patients, had 2.35 times higher odds for
ADL dependency 3 months after stroke (odds ratio 2.30 [95% CI 1.89 — 2.80]). The
model correctly classified 84% of the patients (the area under the receiver operating
characteristic curve was 0.84 [95% Cl, 0.83 — 0.86]).

Conclusion: The findings of this study suggest that physical inactivity before stroke is
associated with dependency in basic ADL 3 months after stroke. In addition, older age,
female sex, pre-stroke living conditions, need for help, previous stroke, and admission
stroke severity are significant contributors to dependency.

KEYWORDS

pre-stroke, physical activity, independence, assistance, functional outcome, exercise,
sedentary behavior
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1. Introduction

Stroke is associated with a high burden on the healthcare system
due to the loss of disability-adjusted life years (1, 2). Some level
of assistance is required in 26-44% of stroke survivors (3, 4). By
2047, the number of stroke survivors in Europe is estimated to
increase by 27% (5). After stroke, patients and their relatives turn
to healthcare professionals for evaluating their recovery prognosis
and assessing their need for assistance in activities of daily living
(ADL) (2,6, 7).

There are several modifiable and non-modifiable risk factors for
stroke (8). Hypertension, hyperlipidemia, diabetes, smoking, physical
inactivity, unhealthy diet, and obesity can increase stroke incidence
(8). However, a few studies have explored whether these factors can
influence functional outcomes. The risk factor of physical inactivity
is estimated to be present among 31% of the global population, with
continuously growing numbers (9). Physical inactivity is defined as
not meeting the international recommendations of at least 150 min
of moderate-intensity physical activity per week (10). Furthermore,
there are conflicting results regarding how physical activity before
stroke influences ADL after stroke (11, 12).

Studies have shown that additional factors, including older age,
stroke severity, and ADL dependency before stroke, influence stroke-
related functional outcomes (7, 13, 14). Moreover, men tend to
have better functional outcomes, which may be related to a younger
average age when experiencing their first stroke (15). Reperfusion
therapy is associated with better outcomes in patients with moderate-
to-severe ischemic stroke (16). Meanwhile, living alone is not
associated with worse functional outcomes, although it is associated
with higher mortality rates (17, 18).

Previous studies on physical inactivity before stroke have
mostly looked at small samples and rarely evaluated how it
influences dependency after stroke (12). While physical inactivity is
acknowledged as a risk factor for stroke, it is also important to know
whether it can influence functional outcomes after stroke. This study
aimed to evaluate whether physical inactivity before stroke influences
ADL dependence 3 months after stroke.

2. Materials and methods

2.1. Ethics statement

This study was approved by the Swedish Ethics Review Authority
(¥2021-03324, 13 July 2021). According to the Swedish Data
Protection Authority, the handling of data generated within the
framework of quality registries is exempt from the requirement for
informed consent from participants. Furthermore, the Personal Data
Act (Swedish Law *1998:204, issued 29 April 1998) allows data from
medical charts to be collected for clinical purposes and quality control
without written-informed consent. Data collection and handling
in this study followed the General Data Protection Regulation of
Sweden (2018).

2.2. Study design and population

This longitudinal and registry-based study was a part of
the research project Consequences After Stroke in Gothenburg
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(COASTGOT). Data were retrieved from three Swedish registries,
including Viststroke, Riksstroke, and Statistics Sweden (SCB).
Viststroke is a local quality registry for stroke with three stroke
units at the Sahlgrenska University Hospital (SU) registering data.
The catchment area for hospitals’ basic care is 700,000 people, and
specialized care is for 1.7 million people. Riksstroke is a national
quality registry for stroke, covering over 90% of patients admitted
to Swedish hospitals (19). SCB is Sweden’s governmental, national
statistics center.

This study included patients who were admitted to the SU
between 1 November 2014 and 30 June 2019, were >18 years at
the onset, had a stroke diagnosis (I61, non-traumatic intracerebral
hemorrhage; 163, cerebral infarction; and 164, stroke not specified
as hemorrhage or infarction), and had registered data on physical
activity level before stroke and ADL 3 months after the stroke.
Patients who died <93 days before follow-up were excluded from
the analysis.

2.3. Procedure

Data from Viststroke, Riksstroke, and SCB were merged by
statisticians at Riksstroke and SCB using the patients’ personal
identification numbers. Thereafter, personal identification numbers
were replaced with serial numbers. SCB held the code key, and the
researchers received a pseudonymized data file. The major reason
for merging the data was the variety of variables available using
several registries.

Data in Viststroke were registered by healthcare professionals
working in the stroke units. Physiotherapists assessed and registered
the level of physical activity during their first encounter with the
patient. In addition, information was obtained from the next of kin
when the patient could not respond, and medical doctors assessed
stroke severity on hospital admission.

The baseline data on Riksstroke were registered by Riksstroke
nurses working in the stroke units. Medical charts of patients
were used as data sources. Three-month follow-up data, including
information on basic ADL, were collected using self-reported postal
questionnaires. In case of no response, a reminder letter was sent.

Data from the SCB were registered by governmental institutions.
The authors retrieved information on the sociodemographic
characteristics of patients and data on death after stroke. This study
is reported in accordance with the STROBE guidelines for cohort
studies (20).

2.4. Variables

The physical activity before stroke was assessed with Saltin-
Grimby physical activity level scale (SGPALS) (21, 22). The SGPALS
has four levels: (1) physically inactive, (2) light physical activity
for at least 4 h/week, (3) moderate physical activity and training
for at least 2-3 h/week, and (4) high-intensity physical training for
competitive sports several times/week. The physical activity level
refers to the year before the stroke. For statistical analysis, SGPALS
was dichotomized into the physically inactive group including level 1
versus the physically active group with levels 2-4 (23). The SGPALS
has good predictive validity (11, 22, 23).
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FIGURE 1

Directed acyclic graph showing factors that might confound the relationship between level of physical activity before stroke and dependency in basic
activities of daily living (ADL) 3 months after stroke. NIHSS, National Institutes of Health Stroke Scale.

Dependency in basic ADL 3 months after stroke

The outcome variable was a composite measure with three basic
ADLs: mobility, dressing, and toilet use. Mobility had three response
categories that are as follows: (1) able to move around without help
both indoors and outdoors (use of walking aid permitted), (2) able to
move around without help indoors but not outdoors (use of walking
aid permitted), and (3) need help from another person when moving
around or bedridden. Levels 2 and 3 were considered dependent in
mobility. Dressing and toilet use were binary variables describing “I
need help” or “I can manage myself.” Dependency in basic ADL 3
months after stroke was defined as the need for help in at least one of
the three basic ADLs (24).

The stroke severity was assessed during hospital admission using
the National Institutes of Health Stroke Scale (NITHSS) (25). The score
range of NIHSS is from 0 to 42 points, with a higher score indicating a
more severe stroke. Stroke severity was stratified based on the NIHSS
scores as follows: no neurological symptoms according to NIHSS
(NIHSS 0 p), mild stroke (NIHSS 1-5 p), moderate stroke (NIHSS
6-14 p), and severe stroke (NTHSS > 15 p).

Other variables included in the analysis were demographic
characteristics (sex and age), ADLs (a composite measure of three
basic ADLs before stroke), accommodation before the onset of
stroke, comorbidities (previous stroke and diabetes), and reperfusion
treatments. Notably, all variables were binary yes/no, except age,
which was analyzed as a continuous variable. Accommodation before
stroke was stratified into people who lived in their own homes
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without help, in their own homes with help, or in nursing homes (or
equivalent) (19).

2.5. Data analysis

The difference between included and excluded patients was
analyzed using the Mann-Whitney U-test for continuous variables
and the chi-square test for categorical variables. The characteristics
of the study sample are described as mean and standard deviation
(SD), median and interquartile range (IQR), minimum-maximum,
or numbers and frequencies (n [%]). The levels of physical activity
before stroke were stratified into three groups for describing the
characteristics of the study sample, and physical activity levels 3
and 4 were merged, as level 4 comprised only 11 observations. The
statistical difference between the physical activity groups was studied
with the Kruskal-Wallis test for independent continuous variables
and the chi-square test for independent categorical variables.

2.5.1. Choosing the regression model

A binary logistic regression analysis was performed to explain the
dependency in basic ADL 3 months after stroke, as the outcome was
a binary variable (ADL dependency defined as an event, “1”).
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6491 patients were registered in the Vaststroke register
between 1st of November 2014 and 30t of June 2019

T !
n = 3019 patients were excluded due to at least
one of exclusion criteria:

« Missing data on SGPALS, (n = 1540)

« Deceased prior to follow-up, (n = 958)

« No follow-up or follow-up outside 60-120

; days after stroke, (n = 1173)

, « Missing data on outcome variable, (n = 2345) |

Patients included in the study, n = 3472

FIGURE 2
Flowchart of the study participants (SGPALS, Saltin—Grimby physical
activity level scale).

2.5.2. Selection of explanatory variables

The primary explanatory variable was physical inactivity before
stroke, with 10 potential independent variables. A directed acyclic
graph (DAG) was created to make the regression model parsimonious
and clinically relevant (Figure 1). The DAG model selected the five
variables: age at stroke onset, accommodation before stroke, need
for assistance before stroke, previous stroke, and stroke severity at
admission to hospital for minimal adjustment variables to estimate
the direct effect of physical inactivity before stroke on dependency in
basic ADL 3 months after stroke. Although the DAG model did not
select sex, it was still entered into the model as a variable regarded as
clinically important (26).

2.5.3. Fitting and evaluation of the regression
models

All categorical explanatory variables were checked for >10
observations per outcome category. Multicollinearity between
explanatory variables was studied by exploring the correlation
coeflicients and variance inflation factor (VIF). In the correlation
analysis, the phi value was used to compare nominal variables, and
Spearman’s rtho was used for continuous variables. A correlation of
r < £0.7 was considered as not having multicollinearity (27). A VIF
coefficient of less than two was regarded as acceptable.

The regression model was evaluated using the following tests:
omnibus test (p < 0.05, good fit), Hosmer-Lemeshow test (p >
0.05, good fit), and Nagelkerke R? test (a value closer to 1 was
anticipated). The area under the receiver operating characteristic
curve (AUC, a value closer to 1 was anticipated) was used to evaluate
the model’s ability to discriminate patients who were ADL-dependent
from patients who were not. The binary logistic regression results
at the variable level were evaluated with B coefficient, odds ratio
(OR) with 95% confidence interval (CI), and a p-value. A sensitivity
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analysis was performed on the subgroup of patients who were fully
independent before stroke.

Analyses were performed on a group of people who were
physically inactive and physically active before stroke. The test
variables were ADL dependence before stroke (no/yes) and 3 months
after stroke (no/yes). Transition probabilities for each event were
calculated. All analyses were performed using the SPSS software (IBM
Corp. IBM SPSS Statistics for Windows, version 28.0. Armonk, NY).
All statistical tests were two-sided at an alpha of 5%.

3. Results

In total, 3,472 patients were included in the study from the dataset
that comprised 6,491 patients (Figure 2). Significant differences
were found between included patients (n = 3,472) and excluded
patients (n = 3,019) with more severe strokes on admission
(median NTHSS score six points, p < 0.001), older age (median 77
years, p < 0.001), and more women (49%, p < 0.01) among the
excluded patients.

Of 3,472 patients, 49% (n = 1,712) were physically inactive before
stroke, 44 % (n = 1,521) reported light physical activity, and 7% (n =
239) reported moderate-/high-intensity physical activity and training
(Table 1). Moreover, the median age of patients was 75 years, and 54%
were men (Supplementary Table 1). ADL dependency before stroke
was reported by 19% (n = 311) of the physically inactive group and
2% (n = 30) of the physically active group (p < 0.001). Patients who
were dependent at the 3-month follow-up were older, with a higher
proportion of physical inactivity, and had a more severe stroke than
independent patients (Supplementary Table 1).

At the 3-month follow-up, dependency in basic ADL was
reported by 32% (n = 1,119) of the patients, three times higher
compared to that before stroke (n = 342, 10%). Patients who were
dependent in basic ADL at follow-up were more often physically
inactive before stroke (73%) than independent patients (38%).

The multivariable binary logistic regression analysis showed that
physically inactive patients had 2.30 times higher odds for ADL
dependency 3 months after stroke (OR 2.30 [95% CI 1.89-2.80])
than physically active patients. The variance of the model was 41%
(Nagelkerke R square, 0.41). The regression model correctly classified
84% of the patients (AUC 0.84 [95% CI, 0.83-0.86]) as described in
Table 2.

The multivariable binary logistic regression analysis on the
subgroup of the patients, who were independent before stroke,
showed that physically inactive patients had 2.18 times higher odds
for ADL dependency 3 months after stroke (OR 2.18 [95% CI 1.79-
2.66]) than physically active patients. However, the variance and
classification accuracy of the model were lower compared to the full
model, 30 % (Nagelkerke R square, 0.30) and 80 % (AUC 0.80 [95%
CI, 0.78-0.82]), respectively (Supplementary Table 2).

3.1. Subgroup analysis

The transition probability from ADL independence before stroke
to ADL dependency 3 months after stroke was 0.36 and 0.16 in
patients who were physically inactive and active before stroke,
respectively (Figure 3).
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TABLE 1 Characteristics of the study sample stratified based on the levels of physical activity before stroke.

Levels of physical activity before stroke, SGPALS

Characteristics Physically inactive Light physical activity Moderate/high P-value
intensity physical
activity and training

n=1,712 n=1,521 n =239
Age, years <0.001*
Mean (SD) 76.1 (12.3) 71.6 (12.6) 61.5 (16.1)
Median (IQR [min-max]) 78 (16 [19-100]) 73 (16 [20-99]) 65 (20 [20-95])
Sex, n (%) <0.001
Male 810 (47) 891 (59) 177 (74)
Female 902 (53) 630 (41) 62 (26)
Help in ADL or instrumental activities before stroke, n (%) <0.001
No 1,126 (71) 1,384 (95) 231 (100)
Yes 471 (29) 75 (5) 1(<1)
Accommodation before stroke, n (%) <0.001
Own accommodation without help 1,226 (72) 1,438 (95) 238 (100)
Own accommodation with help 344 (20) 72 (5) 0(0)
Nursing home 136 (8) 10 (<1) 0(0)
Other 5(<1) 0(<1) 1(<1)
Pre-morbid conditions
Independent in basic ADL before stroke, 1,352 (81) 1,480 (98) 239 (100) <0.001
n (%)
Living alone before stroke, no, n (%) 934 (55) 563 (37) 68 (29) <0.001
Diabetes, yes, n (%) 383 (22) 233 (15) 8(3) <0.001
Previous stroke, yes, n (%) 320 (19) 184 (12) 14 (6) <0.001
Stroke type, n (%) 0.44
Hemorrhagic stroke 150 (9) 140 (9) 16 (7)
Ischemic stroke 1,562 (91) 1,381 (91) 223 (93)
Stroke severity at admission (NIHSS) <0.001*
Mean (SD) 4.7 (5.6) 3.5(5.1) 3.0 (4.7)
Median (IQR [min-max]) 3 (6 [0-29]) 1(4 [0-28]) 1(4[0-23])
Reperfusion treatment, n (%) <0.001
Yes 258 (16) 290 (21) 54 (24)
No 1,343 (84) 1,117 (79) 173 (76)

Statistics: *Kruskal-Wallis test and chi-square test.

IQR, interquartile range; SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale; SGPALS, Saltin-Grimby physical activity level scale; ADL, activities of daily living.
Variables with missing data n (%): previous stoke 9 (<1); stroke severity 176 (5); reperfusion treatment 237 (7); accommodation before stroke 2 (<1); living alone before stroke 29 (<1); need of

assistance before stroke 184 (5); diabetes 4 (<1).

Furthermore, a sensitivity analysis was performed on a group
of patients with no prior ADL dependency. As shown in the
Sankey diagram (Figure 4), despite stroke severity, physically inactive
patients showed a trend toward dependency in basic ADLs 3 months
after stroke.

4. Discussion

This study showed that patients who were physically inactive
before stroke had higher odds of ADL dependency 3 months after

Frontiersin Neurology

stroke. In addition, we revealed that sociodemographic factors,
pre-stroke living conditions, previous stroke, and admission stroke
severity were significant factors. Physically active patients have a less
severe stroke (28), which may be induced by a higher cardiovascular
and neuromuscular reserve (29).

Moreover, physically inactive patients were often ADL-
dependent 3 months after stroke, regardless of ADL ability before
stroke. Although this study emphasizes on physical inactivity, the
results support seven previous studies reviewed by Victorisson et al.
where an association was found between a higher level of physical
activity before stroke and less post-stroke disability (12). These
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TABLE 2 Results of the multivariable binary logistic regression analysis for explaining dependency in basic activities of daily living 3 months after stroke.

Explanatory variables B (SE) Adjusted Adjusted
P-value OR (95% Cl)
Physically inactive before stroke (SGPALS, level 1) 0.83 (0.10) <0.001 2.30 (1.89-2.80)
Age (range 19-100 y) 0.06 (0.01) <0.001 1.06 (1.05-1.07)
Female sex 0.28 (0.10) 0.008 1.33 (1.09-1.61)
Ref. Own accommodation without help
Own accommodation with help 0.62 (0.17) <0.001 1.87 (1.34-2.62)
Nursing home 1.28 (0.32) <0.001 3.58 (1.92-6.68)
Living alone before stroke 0.26 (0.11) 0.81 1.03 (0.84-1.26)
Need help before stroke 0.91 (0.16) <0.001 2.49 (1.83-3.39)
Stroke severity at admission to the hospital (NIHSS, range 0-29 p) 0.31 (0.01) <0.001 1.14 (1.12-1.16)
Previous stroke 0.45 (0.14) 0.001 1.57 (1.19-2.05)

Statistics: binary logistic regression analysis. Predicted outcome: dependency in basic activities of daily living 3 months after stroke. Missing data, n = 351.
Model evaluation metrics: Hosmer-Lemeshow test, p = 0.10; Omnibus test for the model, p <0.001; Nagelkerke R square, 0.41. The area under the receiver operating characteristic curve, 0.84 (95%
CI, 0.83-0.86). SGPALS, Saltin-Grimby physical activity level scale; NIHSS, National Institutes of Health Stroke Scale; #, unstandardized regression coefficients; SE, standard error; OR, odds ratio;

CI, confidence intervals.

No Yes

Dependency in basic ADL before stroke

Physically inactive patients before stroke, n = 1663

FIGURE 3

physically active (B) before stroke. ADL, activities of daily living.

Dependency in basic ADL 3 months after stroke

A B

Transition probabilities from basic ADLs before stroke to basic ADLs 3 months after stroke in subgroups of patients who were physically inactive (A) and

Strength of Probability

No

Yes

0.8

0.6

104

0.2

Physically active patients before stroke, n = 1749

findings support the hypothesis that physical inactivity before stroke
is associated with ADL dependency after stroke. Nevertheless, four
studies in this review reported no association (12). These conflicting
results may be explained by different factors. First, the assessment
scales for physical activity and ADL differed. Second, the timing of
assessments varied. Third, the stroke cohorts differed in terms of
their stroke characteristics.

In this study, other contributors to ADL dependency in addition
to physical inactivity before stroke were sociodemographic factors,
pre-stroke living conditions, previous stroke, and admission stroke
severity. These results could be explained by the complexity of ADL
ability considering that body functions and structures, as well as daily
life engagement, can be impaired after stroke (7, 13, 30). Old age and
high-stroke severity are well-known predictors of ADL dependency
after stroke, confirming the results of our study (13). Moreover,
female sex and previous stroke were associated with ADL dependency
3 and 12 months after stroke (24). Age and previous stroke were
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related to other factors in the regression model. Elderly patients and
patients with comorbidities are more likely to live alone, in nursing
homes, or need assistance in everyday life (31, 32). Unexpectedly,
living alone before stroke was not associated with dependency 3
months after stroke. This result conflicts with a previous study
that showed a positive association between living alone and ADL
dependency 1 year after stroke (33).

This study has several strengths and limitations. The study
was based on consecutively collected data from three stroke units.
A large sample of patients had both ischemic and hemorrhagic
stroke; the majority had mild strokes, and the median age was 75
years. Therefore, our sample can be assumed to be representative
of the Swedish stroke population (26). However, a large number of
participants were excluded from the analysis, mainly due to missing
data on the primary explanatory variable and the outcome variable.
This could lead to bias regarding the study sample. Therefore, the
results should be interpreted with caution.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1094232
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Susts et al.

10.3389/fneur.2023.1094232

Physically ina

Physically active (n=1719)

No neurological sg/mptoms (n=943)

Independent (n=2302)

Physical activity before stroke

FIGURE 4

Stroke severity at admission (NIHSS)

Level of dependency in activities of daily living (ADL) and stroke severity in patients independent before stroke based on the level of physical activity
before stroke. The patients divided by physical activity level before stroke showed stroke severity and dependency 3 months after stroke.

Basic ADL at 3 month follow-up

The study sample comprised patients with a wide range of pre-
and post-stroke conditions and abilities. However, patients without a
3-month follow-up were older and had a more severe stroke, which
could have influenced their ability to answer the questionnaires.
Moreover, this group included a higher proportion of patients living
in nursing homes and deceased patients.

The data were collected in clinical settings and represented
a combination of patient-reported information and assessments
performed by trained healthcare staff at stroke units. However,
retrospectively collected data are associated with recall bias,
particularly in populations with an increased risk of cognitive deficit.
The next of kin was contacted by healthcare staff to reduce the risk
of bias.

Physical activity before stroke was evaluated using the
SGPALS. Although objective
more accurate, they are not feasible for registry-based studies.
The self-reported instruments are considered reliable and
feasible for large samples (11, 29). The use of self-reported
data to compare the results of different studies is problematic.
In addition, the study outcome was a composite measured
by three basic ADL questions, which were validated and are
commonly used in Riksstroke-based studies (34). There are

measurements are considered

many assessment instruments that can be used for measuring the
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level of dependency after stroke; however, elaborating on these
instruments can be difficult in a nationwide stroke registry that
collects self-reported data.

5. Conclusion

The findings of this study suggest that physical inactivity
before stroke is one factor associated with dependency in basic
ADL 3 months after stroke. In addition, older age, female

sex, pre-stroke living conditions, need for help, previous
stroke, and admission stroke severity are also significant
contributors to dependency. This study supports previous

findings on the importance of physical activity in preventing
the negative consequences of stroke. Therefore, promoting a
physically active lifestyle could be a way to reduce the burden
of stroke on society. However, these findings require additional
knowledge.
physical activity that are beneficial in decreasing stroke-related

Future studies should investigate the levels of
dependency. In addition to physical activity, it is important to

investigate the influence of pre-stroke sedentary behavior on
stroke outcomes.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1094232
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Susts et al.

Data availability statement

The datasets presented in this article are not readily available
because of ethical and privacy restrictions. Requests to access the
datasets should be directed to KS, ks.sunnerhagen@neuro.gu.se.

Ethics statement

This study was approved by the Swedish Ethics Review
Authority (#2021-03324, July 13, 2021). Written informed consent
for participation was not required for this study in accordance with
the national legislation and the institutional requirements.

Author contributions

JS: conceptualization of the study, manuscript drafting, data
analysis, and interpretation of the results. MR: data acquisition,
manuscript drafting, and interpretation of the results. KS: data
acquisition, conceptualization of the study, and interpretation
of results. TA: conceptualization of the study, data analysis,
and interpretation of the results. All authors critically revised
intellectual

the manuscript for content and approved the

final version.

Funding

This study was funded by the Swedish Heart and Lung
Foundation, Swedish state under an agreement between the
Swedish government and county councils, the ALF agreement
(ALFGBG-71980), the Swedish Brain Foundation, Greta and
Einar Asker’s Foundation, Rune and Greta Almév’s Foundation

References

1. Barbosa PM, Ferreira LN, Cruz VT, Silva A, Szrek H. Healthcare,
clinical factors and rehabilitation predicting quality of life in first-time stroke
patients: a 12-month longitudinal study. ] Stroke Cerebrovasc Dis. (2022)
31:106300. doi: 10.1016/j.jstrokecerebrovasdis.2021.106300

2. Stinear C. Prediction of recovery of motor function after stroke. Lancet Neurol. (2010)
9:1228-32. doi: 10.1016/S1474-4422(10)70247-7

3. Katan M, Luft A. Global burden of stroke. Semin Neurol. (2018) 38:208-
11. doi: 10.1055/s-0038-1649503

4. Sennfilt S, Ullberg T. Informal caregivers in stroke: Life impact, support, and
psychological wellbeing—A Swedish Stroke Register (Riksstroke) study. Int ] Stroke.
(2020) 15:197-205. doi: 10.1177/1747493019858776

5. Wafa HA, Wolfe CD, Emmett E, Roth GA, Johnson CO, Wang Y. Burden of stroke
in Europe: thirty-year projections of incidence, prevalence, deaths, and disability-adjusted
life years. Stroke. (2020) 51:2418-27. doi: 10.1161/STROKEAHA.120.029606

6. Tan E, Gao L, Collier JM, Ellery F, Dewey HM, Bernhardt J, et al. The economic and
health burden of stroke among younger adults in Australia from a societal perspective.
BMC Public Health. (2022) 22:1-11. doi: 10.1186/s12889-021-12400-5

7. Veerbeek JM, Kwakkel G, van Wegen EE, Ket JC, Heymans MW.
Early prediction of outcome of activities of daily living after stroke: a
systematic review. Stroke. (2011) 42:1482-8. doi: 10.1161/STROKEAHA.110.
604090

8. Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady
GG, et al. Global, regional, and national burden of stroke and its risk
factors, 1990-2019: a systematic analysis for the Global Burden of Disease
Study 2019. Lancet Neurol. (2021) 20:795-820. doi: 10.1016/S1474-4422(21)
00252-0

Frontiersin Neurology

52

10.3389/fneur.2023.1094232

for Neurological Research, Hjalmar Svensson’s Research
Foundation, Doktor Felix Neubergh’s Foundation, and Renée

Eander’s Foundation.

Acknowledgments

The authors thank the study participants, caregivers, and staff
who collected and registered the data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.
1094232 /full#supplementary-material

9. Kohl HW. 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al.
The pandemic of physical inactivity: global action for public health. Lancet. (2012)
380:294-305. doi: 10.1016/S0140-6736(12)60898-8

10. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World
Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J
Sports Med. (2020) 54:1451-62. doi: 10.1136/bjsports-2020-102955

11. Kramer SE, Hung SH, Brodtmann A. The impact of physical activity before and after
stroke on stroke risk and recovery: a narrative review. Curr Neurol Neurosci Rep. (2019)
19:1-9. doi: 10.1007/s11910-019-0949-4

12. Viktorisson A, Reinholdsson M, Danielsson A, Palstam A, Sunnerhagen KS. Pre-
stroke physical activity in relation to post-stroke outcomes-linked to the International
Classification of Functioning, Disability and Health (ICF): a scoping review. ] Rehabil
Med. (2022) 54:jrm00244. doi: 10.2340/jrm.v53.51

13. Kwakkel G, Kollen B. Predicting activities after stroke: what is clinically relevant?
Int J Stroke. (2013) 8:25-32. doi: 10.1111/j.1747-4949.2012.00967.x

14. Sennfalt S, Pihlsgard M, Norrving B, Ullberg T, Petersson J. Ischemic stroke patients
with prestroke dependency: Characteristics and long-term prognosis. Acta Neurol Scand.
(2021) 143:78-88. doi: 10.1111/ane.13328

15. Harvey RL. Predictors of functional outcome following stroke. Phys Med Rehabil
Clin N Am. (2015) 26:583-98. doi: 10.1016/j.pmr.2015.07.002

16. Prabhakaran S, Ruff I, Bernstein RA. Acute stroke intervention a systematic review.
Jama-] Am Med Assoc. (2015) 313:1451-62. doi: 10.1001/jama.2015.3058

17. Reid JM, Gubitz GJ Dai D, Kydd D, Eskes G, Reidy Y, et al. Predicting functional
outcome after stroke by modelling baseline clinical and CT variables. Age Ageing. (2010)
39:360-6. doi: 10.1093/ageing/afq027

frontiersin.org


https://doi.org/10.3389/fneur.2023.1094232
mailto:ks.sunnerhagen@neuro.gu.se
https://www.frontiersin.org/articles/10.3389/fneur.2023.1094232/full#supplementary-material
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.106300
https://doi.org/10.1016/S1474-4422(10)70247-7
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1177/1747493019858776
https://doi.org/10.1161/STROKEAHA.120.029606
https://doi.org/10.1186/s12889-021-12400-5
https://doi.org/10.1161/STROKEAHA.110.604090
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1016/S0140-6736(12)60898-8
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1007/s11910-019-0949-4
https://doi.org/10.2340/jrm.v53.51
https://doi.org/10.1111/j.1747-4949.2012.00967.x
https://doi.org/10.1111/ane.13328
https://doi.org/10.1016/j.pmr.2015.07.002
https://doi.org/10.1001/jama.2015.3058
https://doi.org/10.1093/ageing/afq027
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Susts et al.

18. Redfors P, Isaksen D, Lappas G, Blomstrand C, Rosengren A, Jood K,
et al. Living alone predicts mortality in patients with ischemic stroke before
70 years of age: a long-term prospective follow-up study. BMC Neurol. (2016)
16:80. doi: 10.1186/s12883-016-0599-y

19. Asplund K, Asberg KH, Appelros P, Bjarne D, Eriksson M, Johansson A, et al. The
Riks-Stroke story: building a sustainable national register for quality assessment of stroke
care. Int ] Stroke. (2011) 6:99-108. doi: 10.1111/j.1747-4949.2010.00557.x

20. Vandenbroucke JP, Elm Ev, Altman DG, Gotzsche PC, Mulrow CD, Pocock
SJ, et al. Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE): explanation and elaboration. Ann Intern Med. (2007) 147:W-163-W-
94. doi: 10.7326/0003-4819-147-8-200710160-00010-w1

21. Saltin B, Grimby G. Physiological analysis of middle-aged and old former athletes:
comparison with still active athletes of the same ages. Circulation. (1968) 38:1104—
15. doi: 10.1161/01.CIR.38.6.1104

22. Grimby G, Bérjesson M, Jonsdottir I, Schnohr P, Thelle D, Saltin B. The “Saltin—
Grimby physical activity level scale” and its application to health research. Scand ] Med
Sci Sports. (2015) 25:119-25. doi: 10.1111/sms.12611

23. Rodjer L, Jonsdottir IH, Rosengren A, Bjorck L, Grimby G, Thelle DS, et al. Self-
reported leisure time physical activity: a useful assessment tool in everyday health care.
BMC Public Health. (2012) 12:693. doi: 10.1186/1471-2458-12-693

24. Ullberg T, Zia E, Petersson ], Norrving B. Changes in functional outcome over the
first year after stroke an observational study from the Swedish Stroke Register. Stroke.
(2015) 46:389-94. doi: 10.1161/STROKEAHA.114.006538

25. Kasner SE. Clinical interpretation and use of stroke scales. Lancet Neurol. (2006)
5:603-12. doi: 10.1016/S1474-4422(06)70495-1

26. Eriksson M, Asberg S, Sunnerhagen KS, von Euler M, Collaboration R.
Sex differences in stroke care and outcome 2005-2018: Observations from the

Frontiersin Neurology

53

10.3389/fneur.2023.1094232

Swedish Stroke Register. Stroke. (2021) 52:3233-42. doi: 10.1161/STROKEAHA.120.
033893

27. Daniel WW, Cross CL. Biostatistics: Basic Concepts and Methodology for the Health
Sciences. Hoboken, NJ: Wiley. (2017).

28. Reinholdsson M, Palstam A, Sunnerhagen KS. Prestroke physical activity could
influence acute stroke severity (part of PAPSIGOT). Neurology. (2018) 91:el1461-
e7. doi: 10.1212/WNL.0000000000006354

29. Stroud N, Mazwi TML, Case LD, Brown RD, Brott TG, Worrall BB, et al. Prestroke
physical activity and early functional status after stroke. | Neurol Neurosur Ps. (2009)
80:1019-22. doi: 10.1136/jnnp.2008.170027

30. Wurzinger H, Abzhandadze T, Rafsten L, Sunnerhagen KS. Dependency in
activities of daily living during the first year after stroke. Front Neurol. (2021)
12:736684. doi: 10.3389/fneur.2021.736684

31. Kjork EK, Gustavsson M, El-Manzalawy N, Sunnerhagen KS. Stroke-related health
problems and associated actions identified with the post-stroke checklist among nursing
home residents. BMC Cardiovasc Disord. (2022) 22:1-9. doi: 10.1186/s12872-022-02466-3

32. Sennfalt S, Pihlsgard M, Petersson ], Norrving B, Ullberg T. Long-term
outcome after ischemic stroke in relation to comorbidity - an observational
study from the Swedish Stroke Register (Riksstroke). Eur Stroke J. (2020) 5:36-
46. doi: 10.1177/2396987319883154

33. Ursin MH, Thle-Hansen H, Fure B, Tveit A, Bergland A. Effects of premorbid
physical activity on stroke severity and post-stroke functioning. J Rehabil Med. (2015)
47:612-7. doi: 10.2340/16501977-1972

34. Palmcrantz S, Sommerfeld DK. Development and validation of the Swedish
national stroke register Riksstroke’s questionnaires in patients at 3 and 12 months after
stroke: a qualitative study. BMJ Open. (2018) 8:¢018702. doi: 10.1136/bmjopen-2017-
018702

frontiersin.org


https://doi.org/10.3389/fneur.2023.1094232
https://doi.org/10.1186/s12883-016-0599-y
https://doi.org/10.1111/j.1747-4949.2010.00557.x
https://doi.org/10.7326/0003-4819-147-8-200710160-00010-w1
https://doi.org/10.1161/01.CIR.38.6.1104
https://doi.org/10.1111/sms.12611
https://doi.org/10.1186/1471-2458-12-693
https://doi.org/10.1161/STROKEAHA.114.006538
https://doi.org/10.1016/S1474-4422(06)70495-1
https://doi.org/10.1161/STROKEAHA.120.033893
https://doi.org/10.1212/WNL.0000000000006354
https://doi.org/10.1136/jnnp.2008.170027
https://doi.org/10.3389/fneur.2021.736684
https://doi.org/10.1186/s12872-022-02466-3
https://doi.org/10.1177/2396987319883154
https://doi.org/10.2340/16501977-1972
https://doi.org/10.1136/bmjopen-2017-018702
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

:' frontiers ‘ Frontiers in Neurology

‘ @ Check for updates

OPEN ACCESS

Michael V. Mazya,
Karolinska University Hospital, Sweden

Birgitta Langhammer,

Oslo Metropolitan University, Norway
Steven Kittner,

University of Maryland, United States

Lan Xu
xulan1108@sina.com

fThese authors have contributed equally to this
work and share first authorship

This article was submitted to
Stroke,

a section of the journal
Frontiers in Neurology

24 October 2022
31 January 2023
23 February 2023

Pan X, Wang Z, Yao L and Xu L (2023) The
reasons for not returning to work and
health-related quality of life among young and
middle-aged patients with stroke: A
cross-sectional study.

Front. Neurol. 14:1078251.

doi: 10.3389/fneur.2023.1078251

© 2023 Pan, Wang, Yao and Xu. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiersin Neurology

Original Research
23 February 2023
10.3389/fneur.2023.1078251

The reasons for not returning to
work and health-related quality of
life among young and
middle-aged patients with stroke:
A cross-sectional study

Xi Pan!', Zhi Wang", Lin Yao? and Lan Xu?*

'Department of Neurology, The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu, China,
2Nursing Department, The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu, China

Objectives: This study aimed to explore the reasons and influencing factors for
non-return to work (non-RTW) within 1 year among young and middle-aged
patients with stroke and to assess their health-related quality of life (HRQol) at
1 year across different reasons.

Methods: The study was conducted as a telephone-based cross-sectional survey.
Seven hundred eighty-nine young and middle-aged patients with stroke aged
between 18 and 54 years for men and 18 and 49 years for women in the
electronic medical system were included. Data collection included demographic
characteristics, socioeconomic status, behavioral habits, history of chronic
diseases, work status, reasons for non-RTW, and HRQoL.

Results: Of 789 patients, 435 (55.1%) (mean [SD] age, 47.7 [7.8] years) did not return
to work within 1 year after stroke. Among the patients who did not RTW, 58.9%
were unable to work, 9.7% retired early, 11.03% became full-time homemakers or
were unemployed, and 20.5% were reluctant to work. The disordered multiclass
logistic regression model showed that the factors influencing the reasons for
non-RTW included age, gender, education, income, health insurance, diabetes
comorbidity, ability to perform activities of daily living, and mobility of the
right upper extremity. Furthermore, patients who were unable to work had
significantly lower HRQoL compared to those who had RTW, followed by those
who retired early.

Conclusions: More than half did not RTW within 1 year in our study. The results will
help inform future research to identify interventions to promote RTW and improve
HRQolL for young and middle-aged patients with stroke.

young and middle-aged stroke, non-return to work, factor, quality of life, category,
patient-reported outcomes

1. Introduction

Recent data show that the incidence of stroke is increasing among young and middle-
aged people and is highest in Asians compared to that in other ethnic groups (1, 2).
According to reports, nearly 40% of patients with stroke are of working age, an age group
whose specific social characteristics dictate a higher willingness to return to work (RTW)
after a stroke (3). RTW is the primary goal of the rehabilitation process for most working-
age patients (4), and it is closely related to the patient’s quality of life, physical and mental
health, subjective wellbeing, and life satisfaction (5).
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Unfortunately, it can be challenging for stroke sufferers to
return to work (6). Several studies have demonstrated that with
proper rehabilitation, most young and middle-aged post-stroke
survivors can achieve functional independence and high activity
levels (1, 7). Nevertheless, the proportion of patients with stroke
who do not return to work ranges from 25 to 50% (8-10). Exploring
the reasons for non-RTW among young and middle-aged patients
with stroke and the associated factors require clinical practice by
identifying the types of non-RTW that may occur in different
patients and that can be improved through rehabilitation (4, 11, 12).
Although previous research has explored the factors impacting
non-RTW after stroke, such as gender and advanced age (8-10),
most studies have evaluated non-RTW as a whole and cannot
differentiate between various non-RTW types and their associated
factors. However, some qualitative studies have been conducted
to explore the related causes and influencing factors (4, 11), but
the researchers’ opinions and thoughts may introduce bias in
interpreting the results, resulting in a lack of objectivity and the
inability to identify relevant influencing factors.

To the best of our knowledge, no specific study has been
conducted that quantitatively describes the reason for non-RTW
following stroke, and its associated factors are mainly unclear. In
addition, it is uncertain whether the reported reasons for non-RTW
are related to health-related quality of life (HRQoL). Therefore,
the aims of this study were to (1) quantify reasons for non-
RTW among young and middle-aged patients with stroke; (2)
identify factors predicting different reasons for non-RTW, focusing
mainly on sociodemographic and clinical characteristics factors;
and (3) investigate the impact of different reasons for non-RTW
on HRQoL.

2. Methods

The study was conducted as a telephone-based cross-sectional
survey. The central review committee of the First Affiliated Hospital
of Soochow University approved the study protocol (No. 2022025).

2.1. Participants

All patients were admitted to our neurology department
between 1 July 2020 and 1 July 2021, with a diagnosis of a first-
time stroke. From July 2021 to July 2022, young and middle-
aged patients with stroke who had been discharged from the
electronic medical system for 1 year were eligible to be surveyed
by telephone. Of the 1,136 patients recorded in the electronic
medical record system, 789 patients were included in this study
based on the following criteria: (i) first stroke, (ii) the diagnosis of
stroke (hemorrhage stroke, ischemic stroke, or hemorrhagic stroke
combined with ischemic stroke), (iii) working age (18-59 years
for men and 18-54 years for women) at the stroke onset, and
(iv) active employment status (full-time or part-time competitive
employment, or self-employment) at the stroke onset. We excluded
patients who had stopped working before the onset and those with
other critical illnesses, such as heart failure, respiratory failure,
malignant tumors, severe trauma, and other acute diseases.
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2.2. Data collection

A trained research assistant administered the telephone survey
to participants over the phone. After obtaining verbal consent, a
20-min telephone survey was conducted.

Patient characteristics included baseline demographic
characteristics (age, gender, and marital status), socioeconomic
status (per capita monthly household income and education
level), behavioral habits (smoking and alcohol consumption),
history of comorbid chronic diseases (hypertension, diabetes,
dyslipidemia, coronary heart disease, and atrial fibrillation), the
stroke type, the degree of functional dependence at discharge,
limb muscle strength, stroke complications (dysarthria, visual
deficiency, swallowing disturbances, reduced bladder control,
and sensory disturbances), and the occupational type before the
onset. Among them, demographic characteristics, the history
of comorbid chronic diseases, the stroke type, the degree of
functional dependence at discharge, limb muscle strength, and
stroke complications were obtained from the electronic medical
record. Moreover, socioeconomic status, behavioral habits, and
occupational type before the onset was obtained during the
20-min interview.

Age was categorized into 25-34, 35-44, and 45-55. The
education level was categorized into primary school (Elementary
school and below), junior high school, secondary school, or college
and above. Family per capita monthly income (income level),
which is equal to family income divided by the number of family
members, was categorized as “<1000,” “1001-3000,” “3001-5000,”
and “>5000.” The degree of functional dependence is scored
according to the activities of daily living (ADL) scale: 100 points
mean no dependence, 60-99 points mean mild dependence, 40—
60 points mean moderate dependence, and <40 points mean
severe dependence. The muscle strength of the left upper limb,
the right upper limb, the left lower limb, and the right lower
limb was evaluated with a clinical examination (levels 0-5). If
the muscle strength of the limb is below grade 4, the limb is
considered dysfunctional.

2.3. Outcome

The outcome of this study was RTW after stroke, defined as
active employment at the former or new occupation (full-time
or part-time competitive job, or self-employment) based on these
follow-up questions: (i) “Have you been able to return to work?”;
(ii) “Have you changed work?”; (iii) “What is the reason for
changing work?”; and (iv) “What is your reason for not returning
to work?” Patients who did not return to work within 12 months
were classified as non-RTW for the following reasons: (1) unable to
work (if the patient reports being unable to work due to physical
dysfunction), (2) early retirement (if a patient reported retiring
after stroke but had not yet reached retirement age), (3) full-time
homemaker or unemployed (if a patient reported becoming a full-
time homemaker or being laid off after stroke), and (4) reluctance
to work (if a patient reported being unable to return to work due
to other reasons such as work stress, the new crown epidemic, their
children’s demands, or for unspecified reasons).
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system

1136 Patients recorded in the electronic medical record

Exclusion:
160 wrong or unconnected call
98 Patients without work before

A 4

hospitalization

53 Patients refused to participate in
this study

36 Died at the one year interview

789 Patients had a job before stroke hospitalization
and did not reach retirement age at the one year interview

|

v

v

354 Patients returned to work

435 Patients did not return to work

v v

v v

256 Unable to
work

42 Early

retirement

48 Full-time 80 Reluctance
Homemaker or
Unemployed to work

FIGURE 1
Flowchart of patient enrollment.

An additional outcome variable was health-related quality of
life (HRQoL), which was measured using the health utility value
of EQ-5D-5L (13), which is comprised of a five-level descriptive
health classifier questionnaire and a visual analog scale (EQ-
VAS). The descriptive questionnaire evaluates five dimensions
(5D): mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. There are five response levels (5L) for each
size, ranging from no problems to extreme problems. Using the
latest EQ-5D-5L health utility value conversion table based on the
Chinese population, the EQ-5D-5L health status was converted
into health utility values to describe the respondents’ HRQoL.
The health utility values range from —0.391 to 1, with zero
denoting death, one representing perfect health, and negative
values indicating that the current health state is worse than death.
The health dimensions of the EQ-5D-5L were dichotomized into
“no limitations” (“no problems”) and “limitations” (from “slight
problems” to “unable”). The Cronbach’s coefficient was 0.761 in
the study.

2.4. Statistical analysis

This
standard deviation, and frequency to describe the demographic

study used descriptive statistics such as mean,
characteristics and reasons for RTW and HRQoL variables.
The chi-square test was used to compare patient characteristics
between the RTW and four non-RTW groups. We fitted a
disordered multiclass logistic regression model to evaluate

the association between patient characteristics and the four
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reasons for non-RTW, with RTW as the reference. Furthermore,
descriptive statistics for the EQ-5D dimensions, EQ-5D index,
and EQ-VAS were calculated. Differences in the distribution
of continuous variables over different categorical groups
were evaluated using the Kruskal-Wallis test, and where
differences were detected, Dunn’s test was used for pairwise
comparisons. For nominal variables, a chi-square test was used
as applicable. All statistical tests were performed using a two-
sided o value of 0.05. Analyses were conducted using SPSS,

version 22.0.

3. Results

3.1. Baseline patient characteristics

The final study sample included 1,136 patients in the electronic
medical record system (Figure 1). Among the 789 patients, 576
(73.0%) were men, and 740 (93.8%) were patients with ischemic
stroke, 153 (19.4%) had a college degree or higher, 169 (21.4%)
were physical workers. The mean (SD) age of these patients was
47.68 (7.8) years; 647 (82.0%) were aged 40 years or older. The six
common chronic diseases in the population were hypertension (456
[57.8%]), diabetes (160 [20.3%]), dyslipidemia (18 [2.3%]), atrial
fibrillation (19 [2.4%]), coronary heart disease (17 [2.2%]), and
kidney disease (13 [1.7%]). The five common dysfunctions owing to
stroke were dysarthria (155 [19.7%]), visual deficiency (19 [2.4%]),
dysphagia (45 [5.7%]), reduced bladder control (24 [3.0%]), and
sensory disturbance (108 [13.7%]) (Table 1).
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TABLE 1 Distribution and comparison of reasons for non-RTW among young and middle-aged patients with stroke.

Variable Return to Unable to Early Full-time Reluctance
work work retirement homemaker or to work
(n = 354) (n = 256) (n=42) unemployed (n = 89)
(n = 48)

Age at onset 0.000*

18-30 12 (70.6) 1(5.9) 0(0.0) 2(11.8) 2(11.8)

30-40 68 (62.4) 23 (21.1) 1(0.9) 5(4.6) 12 (11.0)

40-50 150 (56.6) 77 (29.1) 3(1.1) 16 (6.0) 19(7.2)

50 124 (31.2) 165 (41.5) 37(9.3) 25(6.3) 47 (11.8)
Gender 0.000*

Male 286 (49.7) 191 (33.2) 27 (4.7) 23 (4.0) 49 (8.5)

Female 68 (31.9) 76 (35.2) 14 (6.6) 24 (11.7) 31 (14.6)
Education 0.000*

Elementary school and 36 (28.1) 54 (42.2) 4(3.1) 16 (12.5) 18 (14.1)

below

Junior high school 122 (38.5) 131 (41.0) 19 (6.0) 19 (6.3) 26 (8.2)

High school/secondary 95 (54.3) 49 (28.0) 11 (6.3) 7 (4.0) 13 (7.4)

school

College and above 95 (62.1) 27 (17.7) 6(3.9) 4(2.6) 21(13.7)
Family per capita monthly 0.000*
income

<1000 5(13.9) 22 (61.1) 0(0.0) 5(13.9) 4(11.1)

1001-3000 47 (30.7) 66 (43.1) 7 (4.6) 16 (10.5) 17 (11.1)

3001-5000 132 (50.0) 81 (30.3) 15 (5.7) 15 (5.7) 22(8.3)

>5000 131 (57.7) 62 (27.3) 6(2.6) 5(2.2) 23(10.1)
Medical insurance 277 (48.2) 176 (30.6) 30(5.2) 35(6.1) 57(9.9) 0.018*
Prior smoking 73 (52.9) 48 (34.8) 5(3.6) 6(4.1) 6 (4.4) 0.050
Prior drinking 45 (45.9) 42 (42.9) 4(4.1) 1(1.0) 6(6.1) 0.048*
Stroke type 0.093
Ischemic 340 (46.0) 240 (32.3) 39 (5.3) 45 (6.2) 76 (10.3)
Hemorrhagic 14 (30.4) 24 (52.2) 2 (4.4) 2(4.4) 4(8.7)
Mixed 0(0) 3 (100) 0(0.0) 0(0.0) 0(0.0)
Chronic diseases
Hypertension 183 (40.1) 181 (39.7) 26 (5.7) 26 (5.7) 40 (8.8) 0.001*
Diabetes 54 (33.8) 61 (38.1) 15 (9.4) 15 (9.4) 15 (9.4) 0.002*
Dyslipidemia 13 (72.2) 2(11.1) 0(0.0) 2(11.1) 1(5.6) 0.090
Atrial fibrillation 9(47.4) 7 (36.8) 1(5.3) 1(5.3) 1(5.3) 0.968
Coronary heart disease 5(29.4) 7 (41.2) 2(11.8) 2(11.8) 1(5.9) 0.414
Kidney disease 5(38.5) 6(46.2) 1(7.7) 0(0.0) 1(7.7) 0.784
Daily life dependence 0.000*
No dependency 246 (58.9) 84 (20.1) 23 (5.5) 23 (5.5) 42 (10.1)
Mild dependence 71 (35.0) 84 (41.4) 9 (4.4) 16 (7.9) 23(11.3)
Moderate dependence 24 (35.8) 28 (40.3) 4(6.0) 4(7.5) 7 (10.5)
Heavy dependence 13 (12.9) 71 (70.3) 5(5.0) 4 (4.0) 8(7.9)
LU extremity dysfunction 15(18.8) 51 (63.8) 4(5.0) 5(6.3) 5(6.3) 0.000*
LL extremity dysfunction 9 (15.5) 38 (65.5) 3(5.2) 3(5.2) 5(8.6) 0.000*

(Continued)

Frontiersin Neurology 57 frontiersin.org


https://doi.org/10.3389/fneur.2023.1078251
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Pan et al.

TABLE 1 (Continued)

10.3389/fneur.2023.1078251

Variable Return to Unable to Early Full-time Reluctance
work work retirement homemaker or to work
(n = 354) (n = 256) (n=42) unemployed (n = 89)
(n = 48)
RU extremity dysfunction 7(8.9) 57(72.2) 6(7.6) 2(2.5) 7(8.9) 0.000*
RL extremity dysfunction 4(6.7) 48 (80.0) 3(5.0) 2(33) 3(5.0) 0.000*
Dysarthria 43(27.7) 83 (53.6) 4(2.6) 5(3.2) 20 (12.9) 0.000*
Visual deficiency 7 (36.8) 6 (31.6) 2(10.5) 1(5.3) 3(15.8) 0.735
Dysphagia 8(17.8) 33(73.3) 0(0.0) 2 (4.4) 2 (4.4) 0.000*
Reduced bladder control 3(12.5) 20 (83.3) 1(4.2) 0(0.0) 0(0.0) 0.000*
Sensory disturbance 40 (37.0) 44 (40.7) 3(2.8) 7(6.5) 14 (13.0) 0.205
Pre-stroke occupation 0.001*
Non-physical 102 (67.6) 30 (19.2) 5(3.3) 2(2.0) 12 (8.0)
Physical 98 (58.0) 48 (28.4) 1(0.6) 8 (47) 14 (8.3)
Combination 146 (50.5) 96 (33.2) 16 (5.5) 17 (5.9) 14 (4.8)

*P-value < 0.05.

TABLE 2 Work status within 1 year among young and middle-aged
patients with stroke (n = 789).

Work status n =789 ‘

RTW 354 (44.9)
Returned to their original work 291 (36.9)
Changed work owing to stroke 37 (4.7)
Changed work owing to other reasons 26 (3.3)

Non-RTW 435 (55.1)
Unable to work 256 (32.5)
Early retirement 42 (5.2)
Full-time homemakers or were unemployed 48 (6.1)
Reluctance to work 89 (11.3)

RTW, return to work.

3.2. Non-return to work

In total, 354 patients (44.9%) returned to work within 1
year after discharge from a stroke. Among them, 291 patients
(36.9%) returned to their original work, 37 patients (4.7%) changed
work owing to stroke, and 26 patients (3.3%) changed work for
other reasons. Among the 435 patients who did not RTW, 256
(32.5%) were unable to work owing to stroke, 42 (5.2%) retired
early owing to stroke, 48 (6.1%) became full-time homemakers
or were unemployed, and 89 (11.3%) showed reluctance to
work (Table 2).

3.3. Factors for non-return to work

Baseline data showed that factors influencing the reason for
non-RTW included age at onset, gender, education level, per capita
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monthly household income, medical insurance, hypertension,
diabetes mellitus, daily life dependence, the muscle strength of
the four limbs, and pre-stroke occupation (Table 1). Furthermore,
with different reasons for non-RTW as dependent variables
(with  RTW as the control)
significance in the univariate analysis as independent variables, an

and variables with statistical

unordered multiclass logistic regression analysis was performed.
The multinomial logistic regression modeling results are presented
in Table 3. Younger patients are less likely to be unable to work
and retire earlier than older patients. Patients aged 40-50 years
were less likely than those aged 50 years or older to be reluctant
to work (odds ratio [OR], 0.371; 95% CI, 0.142-0.966). Female
patients were more likely than male patients to be at home full
time (OR, 2.793; 95% CI, 1.054-7.403) and to be reluctant to work
(OR, 2.433; 95% CI, 1.037-5.710). The likelihood of being unable
to work decreases as education increases (OR, 0.687; 95% CI, 0.514,
0.919). As monthly per capita household income increases, the
possibility of being unable to work (OR, 0.684; 95% CI, 0.505-
0.926) and being at home full time (OR, 0.433; 95% CI, 0.244-0.767)
decreases. Patients with medical insurance were less likely to be
unable to work (OR, 0.511; 95% CI, 0.296-0.882), to retire early
(OR, 0.249; 95% CI, 0.079-0.787), and to be reluctant to work (OR,
0.284; 95% CI, 0.125-0.646) than those without medical insurance.
Patients with diabetes were more likely to choose early retirement
than those without diabetes (OR, 4.585;95% CI, 1.459-14.404). The
likelihood of being unable to work increases as the dependence on
daily life increases (OR, 1.630; 95% CI, 1.273-2.087). Patients who
cannot lift their right upper limb are more likely to be unable to
work (OR, 8.174; 95% CI, 2.409-27.733) and to retire early (OR,
26.894; 95% CI, 2.853-253.551) than those who can lift their right
upper limb. Dysphagia, dysarthria, dysuria, and sensory disorder
after a stroke had no significant effect on the reasons for non-
RTW (Table 3). Figure 2 summarizes Table 3, a visualization of the
statistically significantly associated variables with at least one of the
four non-RTW reasons.
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TABLE 3 Factors of reasons for non-RTW: Multinomial logistic regression (vs.

Variable

Age at onset

Unable to work

OR (95% Cl)

p

RTW).

Early retirement

OR (95% Cl)

P

Full-time Homemaker or Unemployed
OR (95% Cl)

[

Reluctance to work

OR (95% Cl)

p

18-30 € 0.997 - - 2.18(0.18, 26.35) 0.540 0.00 (0.00, 0.00) -
30-40 0.30 (0.14, 0.66) 0.003 0.05 (0.01, 0.43) 0.007 0.67 (0.15, 2.90) 0.587 0.61 (0.21, 1.77) 0.362
40-50 0.43 (0.25, 0.73) 0.002 0.04 (0.01, 0.33) 0.003 0.78 (0.28,2.17) 0.632 0.37(0.14, 0.97) 0.042
50 Ref - Ref Ref Ref
Female 1.66 (0.93, 2.96) 0.089 3.11 (0.94, 10.49) 0.064 2.79 (1.05, 7.40) 0.039 2.43 (1.04,5.71) 0.041
Education 0.69 (0.51, 0.92) 0.011 1.25 (0.67, 2.32) 0.484 0.58 (0.33, 1.04) 0.066 1.01 (0.61, 1.66) 0.974
Family per capita monthly income 0.68 (0.51, 0.93) 0.014 1.07 (0.51,2.21) 0.864 0.43 (0.24, 0.77) 0.004 0.99 (0.59, 1.66) 0.959
Medical insurance 0.51 (0.30, 0.88) 0.016 0.25 (0.08, 0.79) 0.018 0.52(0.19, 1.42) 0.199 0.28 (0.13, 0.65) 0.003
Prior drinking 0.93 (0.45, 1.93) 0.841 2.58 (0.55,12.18) 0.231 0.44 (0.05, 3.75) 0.451 0.51(0.11, 2.45) 0.397
Hypertension 1.29 (0.78, 2.11) 0.323 0.49 (0.17,1.47) 0.204 0.91 (0.36, 2.32) 0.845 0.64 (0.29, 1.42) 0.272
Diabetes 1.25 (0.68, 2.29) 0.472 4.59 (1.46, 14.40) 0.009 1.78 (0.62, 5.19) 0.285 1.21 (0.41, 3.56) 0.731
Daily life dependence 1.63 (1.27, 2.09) 0.000 0.93 (0.43, 2.03) 0.855 1.27 (0.80, 2.03) 0316 1.31 (0.84, 2.03) 0.232
LU extremity dysfunction 3.16 (0.94, 10.66) 0.064 0.68 (0.01, 43.00) 0.855 6.58 (0.95, 45.42) 0.056 0.57 (0.02, 13.33) 0.725
LL extremity dysfunction 0.72(0.15, 3.51) 0.680 18.04 (0.24, 0.192 0.49 (0.04, 6.37) 0.585 1.62 (0.06, 44.40) 0.775
1386.92)
RU extremity dysfunction 8.17 (2.41,27.73) 0.001 26.89 (2.85, 253.55) 0.004 6.83 (0.77, 60.32) 0.084 3.68 (0.44, 31.02) 0.231
RL extremity dysfunction 1.60 (0.33, 7.76) 0.561 0.00 (0.00, -) 0.997 0.86 (0.04, 18.04) 0.923 0.97 (0.06, 16.93) 0.981
Dysarthria 1.31(0.67, 2.55) 0.427 0.50 (0.05, 4.64) 0.541 0.73 (0.16, 3.29) 0.677 1.20 (0.36, 4.01) 0.773
Dysphagia 0.78 (0.20, 3.13) 0.728 0.00 (0.00, -) 0.998 1.79 (0.18, 18.00) 0.621 0.00 (0.00, .c) 0.998
Reduced bladder control 1.70 (0.27, 10.87) 0.577 0.00 (0.00, -) 0.999 0.00 (0.00, 0.00) - 0.00 (0.00, -) 0.998
Pre-stroke occupation
Non-physical Ref Ref Ref Ref
Physical 1.70 (0.87, 3.34) 0.120 1.96 (0.49, 7.80) 0.343 2.19 (0.54, 8.94) 0.274 0.86 (0.30, 2.46) 0.782
Combination 0.85(0.38, 1.87) 0.683 0.11 (0.01, 1.63) 0.109 0.75 (0.14, 4.04) 0.739 0.97 (0.274, 3.40) 0.957

€: Not analyzed because cell size <5; OR, odds ratio; CI, confidence interval; RTW, return to work.
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Variable Unable to work Early retirement

Full-time Homemaker or
Reluctance to work

Age at onset (vs 50~)
18-30 i |
30-40 #{,10.299(0.135,0.664) .|
40-50 i} 0.426(0.249,0.728) .

Female

Education

Family per capita monthly income

Medical insurance

Post-drink

Hypertension

Diabetes

Daily life dependence

LU extremity dysfunction

LL extremity dysfunction

RU extremity dysfunction

RL extremity dysfunction

Dysarthria

Dysphagia

Urination disorder
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Variables statistically significantly associated with at least one of the four non-RTW reasons
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3.4. Health-related quality of life in the
non-RTW groups

The most prominent problem in the “unable to work” group
was the usual activities (38.94%). The most significant problem
in the “early retirement” group was mobility (31.71%). In the
other three groups, including those who had returned to work,
the most prominent problem was pain/discomfort (13.38, 17.50,
and 14.49%), as shown in Figure 3. Compared to patients who
had RTW, those who were unable to work reported higher rates
of health problems in all dimensions of the EQ-5D-5L; those
who retired early reported higher rates of health problems in the
mobility, self-care, and usual activities dimensions (30.95, 16.67,
and 19.05%); and those who were reluctant to work reported
the higher rates of health problems in the self-care dimension
(6.74%). When stratified by gender, male patients had similar rates
of health problems as the overall population, while female patients
who were unable to work had higher rates of health problems
in the mobility, self-care, and usual activities dimensions (36.84,
28.95, and 36.84%). Female patients who retired early had higher
rates of health problems in their usual activities (14.29%). Female
patients who were reluctant to work had an increased proportion
of self-care health problems (16.13%) (Table4). Furthermore,
compared to patients who had RTW, patients who were unable
to work had significantly lower EQ-5D index and EQ-5D VAS
(P < 0.05), male patients who retired early had significantly
lower EQ-5D index and EQ-5D VAS (P < 0.05), and female
patients who retired early had significantly lower EQ-5D VAS (P
< 0.05). There was no significant difference between the female
patients who were reluctant to work and those who were unable
to work in terms of the EQ-5D score. Male patients who were
full-time homemakers or unemployed had the second-lowest EQ-
5D VAS, behind those who were unable to work and those who
retired early, although the difference was not statistically significant
(Table 5; Figures 4, 5).
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4. Discussion

We found that more than half of previously employed
individuals did not return to work within 1 year of being
hospitalized for a stroke. Among those who were non-RTW,
32.45% were unable to work due to health reasons, 5.23% retired
early, 6.08% were full-time homemakers or were unemployed,
and 11.28% were reluctant to work. Moreover, our study
explored various demographic, socioeconomic, and clinical factors
associated with reasons for non-RTW, which the association may
be informative when planning interventions for recovery after
stroke. Furthermore, the HRQoL of patients who were unable to
work was significantly lower than those who had RTW, followed
by those who retired early. In addition, female patients who were
reluctant to work had a lower EQ-5D index second only to those
who were unable to work, which may be related to a higher rate of
limitations with self-care. Similarly, male patients who were unable
to work, retired early, and stayed at home full time had lower
EQ-5D VAS.

In the present study, <50% of patients with stroke returned
to work within 1 year after discharge from the hospital. This
rate is relatively lower compared to other countries, where
rates have ranged between 50 and 75% over the past two
decades (8-10). Several factors may explain this observation.
First, the accessibility of post-stroke rehabilitation services in
China is poor, and the vocational rehabilitation system is not
well developed (14). Vocational rehabilitation can effectively
facilitate the RTW of patients with stroke, improving their
mood, physical function, participation, health-related quality of
life, work self-efficacy, and confidence (15, 16). Second, the
age-based retirement policy implemented in the country could
have a role. Currently, men retire at 60 and women at 55.
Given that 50.44% of the study participants were 50 and over,
pension policies hampered RTW motivation, especially for women
whose retirement age was 5 years younger. Previous studies
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returned to work.

Limitations (%) per health domain of the EQ-5D-5L among patients who have returned to work and the four groups of patients who have not

TABLE 4 Percentage of health problems in five dimensions of EQ-5D-5L, stratified by gender [n (%)].

MO sc UA PD AD |

Total Return to work (n = 354) 13 (3.7) 2(0.6) 6(1.7) 42 (11.9) 28(7.9)
(n=1789) Unable to work (n = 256) 93 (36.3)* 67 (26.2)* 88 (34.4)* 70 (27.4)* 56 (21.9)*

Early retirement (n = 42) 13 (31.0)* 7 (16.7)* 8 (19.1)* 7 (16.7) 4(9.5)

Full-time Homemaker or 4(8.3) 1(2.1) 2(4.2) 7 (14.6) 3(6.3)

Unemployed (n = 48)

Reluctance to work (n = 89) 8(9.0) 6 (6.7)* 4 (4.5) 10 (11.2) 6(6.7)
Male Return to work (n = 286) 11 (3.9) 2(0.7) 6(2.1) 28 (9.8) 21(7.3)
(n=576) Unable to work (n = 191) 65 (34.0)* 45 (23.6)* 60 (31.4)* 46 (24.2)* 41 (21.5)*

Early retirement (n = 27) 10 (37.0)* 6(22.2)* 6(22.2)* 4(14.8) 2(7.4)

Full-time Homemaker or 1(4.4) 0(0.0) 0(0.0) 3(13.0) 1(4.4)

Unemployed (n = 23)

Reluctance to work (n = 49) 4(8.2) 1(2.0) 1(2.0) 4(8.2) 1(2.0)
Female Return to work (n = 68) 2(2.9) 0(0.0) 0(0.0) 14 (20.6) 7(10.3)
(n=213) Unable to work (1 = 76) 28 (36.8)* 22 (29.0)* 28 (36.8)* 24 (31.6) 15 (19.7)

Early retirement (n = 14) 3(21.4) 1(7.1) 2 (14.3)* 3(21.4) 2(14.3)

Full-time Homemaker or 3(12.5) 1(4.2) 2(8.3) 4(16.7) 2(8.3)

Unemployed (n = 24)

Reluctance to work (n = 31) 4(12.9) 5(16.1)* 3(9.7) 6(19.4) 5(16.1)

*Comparisons to return to work group, P-value < 0.05. MO, mobility; SC, self-care; UA, usual activities; PD, pain/discomfort; AD, anxiety/depression.

have shown that the rate of RTW after stroke varies within
and between countries. For example, the rate is 59% to 68%
in the United States (10, 17), 65% to 74% in Sweden (8, 18,
19), 70% in Israel (20), 75% in Germany (21), 75% in Finland
(22), 72% in the Netherlands (23), 50% in Denmark (9), and
55% in Japan (24). Across countries, there may be differences in
sampling practices, current unemployment rates, sickness benefits,
insurance assistance, social assistance programs, or employment
protection laws.

Frontiersin Neurology

We identified several sociodemographic and clinical
characteristics associated with reasons for non-RTW. Many
studies have reported that daily life dependence and right upper
limb paralysis after stroke adversely affect RTW (23, 25). In
particular, the right upper extremity hand function is essential
in early rehab, as it directly affects the ability to work. However,
the corresponding confidence intervals are wide, making it
impossible to determine the true effect. Similar results suggest
that socioeconomic levels, such as age, education level, income,
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TABLE 5 Health-related quality of life across different reasons for non-RTW, stratified by gender.

EQ-5D index EQ-5D VAS

Male Female Male Female
Return to work 0.98 + 0.5 0.98 +0.1 0.97 £ 0.1 85.0 & 14.0 85.7 £ 13.1 81.8+17.2
Unable to work 0.86 4 0.2* 0.86 + 0.2* 0.83 +0.2* 74.6 + 18.4* 74.4 £+ 18.8* 75.0 £ 17.3*
Early retirement 094 £0.1 0.93 +0.1* 0.95+0.1 77.7 £ 14.2* 78.3 £ 14.3* 76.4 £ 14.5
Full-time Homemaker or 0.98 £0.1 098 £0.1 0.98 £ 0.0 82.8 £13.1 80.5 £ 15.5 84.6 £11.0
Unemployed
Reluctance to work 0.95+0.2 0.98 £0.1 0.89+0.3 834+17.6 84.0 £ 15.6 82.5+20.6

*Comparisons to return to the work group, P-value < 0.05.

FIGURE 4
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Distribution of EQ-5D index among patients who have returned to work and the four groups of patients who have not returned to work, stratified by

Full-time Reluctance to
Homemaker or work
Unemployed

and medical insurance, may be an additional important factor in
determining RTW. This result is consistent with earlier Swedish
and international studies (8). Meanwhile, patients aged 40-50 years
were 0.629 times less likely to be reluctant to work than those aged
50 or older. This could be because middle-aged patients in this age
group bear the financial burden of supporting their parents and
children simultaneously, and traditional Chinese culture dictates
that they are less likely to be unwilling to work when they are able
to do so. Furthermore, people with diabetes were more likely to
choose early retirement. Patients with diabetes have to consistently
consider their diet, exercise, medication, and blood glucose
monitoring in their job routines, which can have a detrimental
effect on their treatment and make managing the disease even
more complicated, potentially leading to early retirement.

More importantly, we report the HRQoL associated with non-
RTW attributed to different reasons. Patients unable to work
had the lowest 1-year health-related quality of life, which was
related to the effects of stroke. Moreover, patients who were unable
to work had the highest rates of health problems in all five
dimensions of mobility, self-care, usual activities, pain/discomfort,

Frontiersin Neurology

and anxiety/depression at 1-year post-stroke, and this category
accounted for 32.45% of all the young and middle-aged stroke
population in this study. This indicates that stroke has a significant
impact on physical functioning and that boosting recovery from the
condition is the most effective approach to increasing RTW rates
within 1 year. However, it is worth noting that female patients who
were reluctant to work had an EQ-5D index second only to those
who were unable to work, which may be related to a higher rate
(16.13%) of limitations with self-care. Similarly, male patients who
were unable to work retired early and stayed at home full time had
lower EQ-5D VAS. This may be due to the fact that male patients are
typically the primary breadwinners in their families, their eagerness
to RTW is greater, and their self-reported quality of life is lower
when they are unable to return to work. Life satisfaction studies
indicate that RT'W improves health and wellbeing after stroke and
is more important than non-RTW for overall life satisfaction. This
difference was pronounced for male patients (26, 27).

This research is subject to certain limitations. First, the
researcher’s classification of the reasons for not returning to work
may be subjective, and some patients may report multiple reasons
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for non-RTW, and for such patients, we ask for the main reason
for non-RTW. Second, although 89 of the 435 patients (20.5%) in
our study who failed to RTW declared that they left the workforce
for reasons of being reluctant to work or to give a reason, we
did not have detailed explanations for these decisions. We did
not collect information about patient-reported work conditions or
job quality, including job stress, job satisfaction, and job safety.
Information about patient-reported work conditions, in addition
to health and socioeconomic characteristics, is important. This
information may help determine patient-centered interventions
supporting RTW. Finally, our study included only patients with
stroke from a single center, which may caution us from generalizing
to a larger population. Furthermore, the sample size available for
the study resulted in wide 95% confidence intervals. Larger sample
sizes should be considered in future studies to increase the precision
of effect estimates.

5. Conclusion

More than half of young and middle-aged patients with stroke
did not RTW within 1 year. Our study highlights the most
frequently cited reasons for non-RTW, how they vary across
sociodemographic and clinical profile factors, and their impact on
HRQoL at 1 year. In vocational rehabilitation, more focus should
be directed to female patients who were reluctant to work and male
patients who were full-time homemakers or unemployed.
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Objectives: Malnutrition is an independent risk factor for poor outcomes in
patients who suffered an acute ischemic stroke (AlS). The controlling nutritional
status (CONUT) score can provide information for nutritional management in AlS
patients. However, the risk factors associated with the CONUT score have not been
established to date. Therefore, in this study, we aimed to investigate the CONUT
score of patients with AIS and explore the potential risk factors associated with it.

Methods: We conducted a retrospective review of the data from consecutive
AIS patients who were recruited in the CIRCLE study. Within 2 days of admission,
we gathered the CONUT score, the Nutritional Risk Screening 2002, the Modified
Rankin Scale, the National Institutes of Health Neurological Deficit Score (NIHSS),
and demographic data from medical records. We used chi-squared tests to
examine admission, and a logistic regression analysis was performed to explore
the risk factors associated with CONUT in patients with AIS.

Results: A total of 231 patients with AIS participated in the study, with a mean age
of 62.32 £ 13.0 years and a mean NIHSS of 6.77 & 3.8. Of these patients, 41(17.7%)
had hyperlipidemia. In terms of nutritional assessment, 137(59.3%) patients with
AlS had high CONUT scores, 86(37.2%) patients with AIS had low or high BM],
and 117(50.6%) patients with AIS had NRS-2002 scores below 3. The chi-squared
tests showed that age, NIHSS, body mass index (BMI), and hyperlipidemia were
associated with the CONUT score (P < 0.05). The logistic regression analysis
showed that low NIHSS scores (OR = 0.055 95% CI: 0.003-0.893), younger age
(OR = 0.159 95% CI: 0.054-0.469), and hyperlipidemia (OR = 0.303 95% ClI:
0.141-0.648) were independently associated with lower CONUT scores (P < 0.05),
whereas BMI was not found to be independently associated with the CONUT.

Conclusions: More than half of the patients with AIS were at risk of malnutrition,
with age and neurological deficits being identified as risk factors for nutritional
control. Hyperlipidemia was found to be a protective factor of the CONUT, while
NRS-2002 and BMI did not affect the nutritional control in patients with AlS.

risk factor, acute stage, ischemic stroke, controlling nutritional status, malnutrition
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Introduction

It is well-known that nutrition is an independent predictor of
outcomes in patients with acute ischemic stroke (AIS) (1). AIS
patients with malnutrition show a higher frequency of pneumonia,
other infections, and bedsores (2). Malnutrition also indicates
poor prognosis, such as prolonged hospital stays and disability-
related hospital costs (3). In addition, a previous study suggested
that malnutrition may negatively affect functional recovery (4).
Patients with AIS are vulnerable to the risk of malnutrition
because of dysphagia, impaired consciousness, and the inability
to maintain an adequate and healthy diet (5). Thus, ensuring
proper nutrition is available to patients with AIS is essential to
their recovery.

The early evaluation of nutritional status is crucial for
developing appropriate nutrition support for patients with
AIS. At hospital admission, the prevalence of malnutrition
ranged from 7 to 34% in patients with AIS (6). The wide
prevalence range may be attributed to the heterogeneous
nutritional assessment methods. The European Society for Clinical
Nutrition and Metabolism (ESPEN) has the diagnostic criteria
for malnutrition but does not assess the risk of malnutrition
(7). Although there is no gold standard for screening the risk
of malnutrition, there are several nutritional assessment tools,
including the Nutritional Risk Screening 2002 (NRS-2002) (8),
the Malnutrition Universal Screening Tool (MUST) (9), the
Geriatric Nutritional Risk Index (GNRI) (10), the Prognostic
Nutritional Index (PNI) (4), the Subjective Global Assessment
(SGA) (11), and anthropometric measurements (12). These
tools have been used to evaluate nutritional status in patients
with various disorders, but they are not always appropriate
for patients with emerging diseases such as stroke because
of the difficulties in gathering nutritional information (13).
Thus, developing a simple and valid tool to assess the risk of
malnutrition is significant for nutrition intervention in patients
with AIS.

The controlling nutritional status (CONUT) score was initially
proposed by Ignacio de Ulibarri et al. (14) and is used for
hospitalized patients. Then, the CONUT score was used for
patients with AIS. The CONUT score is a comprehensive and
appropriate tool for assessing nutritional status and a more vital
prognostic marker for functional recovery in patients with AIS
compared to others (15, 16). Furthermore, the CONUT score
has predictive validity for all-cause mortality after 3 months in
patients who have suffered a stroke (17). In other words, the
CONUT score, as a convenient and cost-effective index, can
reflect the nutritional status and functional outcomes of patients
with AIS.

However, research on the CONUT score focused on its validity
and prediction ability in patients with AIS (18). Considering
the fact that malnutrition is relatively common in stroke
survivors and could result in serious outcomes, identifying
the risk factors for the CONUT in patients with AIS is
essential. Therefore, this study aimed to identify potential risk
factors that might influence the CONUT score in patients
with AIS.
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Methods

Sample and procedures

In this study, we conducted a retrospective review of the data
from consecutive patients who were recruited in the CIRCLE
study (19) (ClinicalTrials.gov ID: NCT03702452) between 21
November 2018 and 19 November 2019. The CIRCLE study
was designed to verify whether nursing-directed rehabilitation in
patients who suffered ischemic strokes can compensate for the lack
of professional rehabilitation therapists (20). The inclusion criteria
were as follows: (1) patients aged between 18 and 90 years; (2) those
having a diagnosis of ischemic stroke by CT or MRI and having
met the diagnostic criteria prescribed by the WHO; (3) having
an initial ischemic stroke within 7 days with limb dysfunction
(muscle strength of the limbs is <5); (4) those maintaining
consciousness (National Institutes of Health Neurological Deficit
Score consciousness level 0 or 1); and (5) those who signed an
informed consent form. The exclusion criteria were as follows: (1)
patients with blood vessels that were recanalized after thrombolysis
or thrombectomy; (2) those with cardiopulmonary dysfunction; a
history of craniocerebral trauma, fracture trauma, or rheumatoid
arthritis; or a physical disability or other diseases that have an
impact on the disabled limb; (3) those with cognitive impairment
or other mental illness that prevents cooperation with researchers;
and (4) those with diseases that affect lymphocyte count. A total of
231 patients were included in this study.

Ethics approval

Informed consent was obtained from the participants before
the study, and the human ethics committee approved the protocols
of the Second Affiliated Hospital of Zhejiang University. All
clinical investigations were conducted according to the principles
expressed in the Helsinki Declaration.

Evaluation

All the participants were administered the CONUT score,
the Nutritional Risk Screening 2002 (NRS-2002), the Modified
Rankin Scale (MRS), and the National Institutes of Health
Neurological Deficit Score (NIHSS). Demographic data [age,
gender, educational background, body mass index (BMI), the
limbs” muscles, hypertension, hyperlipidemia, and diabetes] were
gathered from medical records within 2 days from admission.

The controlling nutritional status score

The CONUT scores calculated from the serum albumin
concentration, total peripheral lymphocyte count, and total
cholesterol concentration are listed in Table 1. The range of the
CONUT scores is from 0 to 12; a score of 0 or 1 indicates
a normal nutritional status, and higher scores indicate a worse
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TABLE 1 Scoring system for the CONUT score.

Parameter None Light Moderate Severe
Serum albumin >3.5 3.00-3.49 2.50-2.99 <2.50
(g/dL)

Score 0 2 4 6
Total lymphocyte >1,600 1,200-1,599 800-1,199 <800
count (/mm?)

Score 0 1 2 3
Total cholesterol >180 140-179 100-139 <100
(mg/dL)

Score 0 1 2 3

nutritional status (14). According to the original stratification of the
CONUT score (normal nutritional status: 0-1; mild malnutrition:
2-4; moderate malnutrition: 5-8; severe malnutrition: 9-12) (21),
a CONUT score of 0-4 was used to define the lower risk of
malnutrition, and a CONUT score of 5-12 was used to define the
higher risk of malnutrition (moderate or severe) in this study. The
CONUT score is an effective tool for early detection and continuous
control of hospital undernutrition in cases of stroke (18). The
samples were collected and analyzed within 2 days of admission.

Nutritional Risk Screening 2002

The NRS-2002 score was calculated from BMI, weight loss over
the past 3 months, food intake in recent weeks, and the presence
of a fatal disease. Patients with a score of >3 were considered at
risk of malnutrition (8). The sample was obtained within 2 days
of admission.

Modified Rankin Scale

The modified Rankin Scale (MRS) was used to assess
the function of patients who suffered a stroke. The MRS
ranged from 0 to 6. The range of 0 indicated a normal
function status, and higher ranges indicated a worse function
status (22). We also recorded the function result 2 days
after admission.

National Institutes of Health Neurological
Deficit Score

The NIHSS assesses the degree of neurological deficits.

It consists of 11 parameters, with a maximum score
of 42 points. A score of 0 or 1 indicates a normal
neurological status, and higher scores suggest a severe

neurological deficit (23). In this study, we recorded the
neurological deficit result within 2 days of admission for
each patient.
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Statistical analysis

Data analysis was conducted using SPSS 24.0. All statistical
tests were two-tailed, and an alpha of 0.05 was used to
indicate significance. The categorical data were statistical
frequencies, including age, gender, education background,
muscle of limbs, BMI, NIHSS, MRS, NRS 2002, dysphagia,
diabetes, and hyperlipidemia, and the chi-

squared tests were used to examine the data. Then, a logistic

hypertension,

regression analysis with backward stepwise selection (P >
0.10 for exclusion) was performed to examine the association
between the CONUT score, age, BMI, hyperlipidemia, and
the NTHSS.

Patient and public involvement

Patients and/or the public were not involved in this research’s
design, conduct, reporting, or dissemination plans.

Results

Clinical characteristics of patients with AIS

We administered a questionnaire to 231 patients with AIS.
The sample comprised 70.1% male participants with a mean
age of 62.32 £ 13.0 years. The mean NIHSS score was 6.77 £
3.8. The mean MRS score was 3.87 & 0.4. The mean score of
the MRC scale was 2.31 £ 1.7 in the upper limbs and 2.87 +
1.5 in the lower limbs. Comorbidities consisted of hypertension
(68.0%), dysphagia (39.4%), hyperlipidemia (17.7%), and diabetes
(26.8%). Regarding nutritional assessment, 137 (59.3%) patients
with AIS had high CONUT scores, 86 (37.2%) patients with
AIS had low or high BMI, and the NRS-2002 scores of 117
(50.6%) patients with AIS were below 3. The demographic
characteristics of the 231 patients with AIS are summarized in
Table 2.

Risk factors for the CONUT in patients with
AlS

Table 2 shows that age, NIHSS, BMI, and hyperlipidemia
were associated with the CONUT score (P < 0.05), according
to the results of the univariate analysis. A logistic regression
analysis revealed that those patients with AIS who had low
NIHSS scores (0-1) were independently associated with lower
CONUT scores compared with those with high NIHSS scores
(OR = 0.055 95% CI: 0.003-0.893). Younger age (18-44 years)
was independently associated with lower CONUT scores than
older age (OR = 0.159 95% CI: 0.054-0.469). AIS patients
with hyperlipidemia were independently associated with lower
CONUT scores (OR = 0.303 95% CI: 0.141-0.648). BMI was not
shown to be independently associated with the CONUT scores
(Table 3).
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TABLE 2 Demographic and clinical information for all participants with CONUT.

10.3389/fneur.

2023.1067706

Characteristic Low CONUT High CONUT

(n =94) (n=137)
Age <0.001**
18-45y 25/231 17/94 8/137
46-69y 140/231 61/94 79/137
>70y 66/231 16/94 50/137
Men 162/231 61/94 101/137 0.150
Education 0.263
Incomplete elementary school 100/231 36/94 64/137
Elementary school 73/231 36/94 37/137
Upper secondary school 43/231 15/94 28/137
University 15/231 7/94 8/137
NHISS 0.002*
0-1 13/231 11/94 2/137
2-4 69/231 32/94 37/137
5-14 144/231 50/94 94/137
15-20 5/231 1/94 4/137
MRS 0.396
3 35/231 17/94 18/137
4 191/231 76/94 115/137
5 5/231 1/94 4/137
BMI 0.005*
<18.5 7/231 1/94 6/137
18.5-24.9 145/231 49/94 96/137
25-29.9 70/231 38/94 32/137
30-34.9 9/231 6/94 3/137
NRS2002 0.133
<3 114/231 52/94 62/137
>3 117/231 42/94 75/137
Dysphagia 91/231 30/94 61/137 0.054
Hypertension 157/231 65/94 92/137 0.749
Diabetes 62/231 24/94 38/137 0.710
Hyperlipidemia 41/231 28/94 13/137 <0.001**
Muscle strength of upper limb 0.079
0 59/231 17/94 42/137
1 25/231 7194 18/137
2 22/231 13/94 9/137
3 43/231 21/94 22/137
4 74/231 33/94 41/137
5 8/231 3/94 5/137
Muscle strength of lower limb 0.064
0 31/231 7/94 24/137
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TABLE 2 (Continued)

10.3389/fneur.2023.1067706

1 18/231 5/94 13/137
2 21/231 8/94 13/137
3 61/231 30/94 31/137
4 80/231 32/94 48/137
5 20/231 12/94 8/137

*Statistically significant at p < 0.05; **statistically significant at p < 0.001.

CONUT, controlling nutritional status; NNIHSS, National Institutes of Health Neurological Deficit Score; MRS, Modified Rankin Scale; NRS-2002, Nutritional Risk Screening 2002.

TABLE 3 Logistic regression analysis of CONUT.

Factor B SE Wald P-value (O] 95% ClI ‘
NHISS (15-20)

NHISS (0-1) —2.906 1.425 4.158 0.041* 0.055 0.003-0.893
NHISS (2-4) —0.849 1.221 0.483 0.487 0.428 0.039-4.686
NHISS (5-14) —0.469 1.205 0.152 0.697 0.625 0.059-6.633

Age (above 70 )

Age (18-45y) —1.839 0.553 11.078 0.001* 0.159 0.054-0.469

Age (46—69y) —0.945 0.366 6.662 0.10 0.389 0.190-0.947
Hyperlipidemia —1.195 0.388 9.469 0.002* 0.303 0.141-0.648
Constant 2.103 1.206 3.043 0.081 8.189 N/A

*Statistically significant at p < 0.05.

CONUT, Controlling Nutritional Status; NNTHSS, National Institutes of Health Neurological Deficit Score.

Discussion

In this study, the main findings are as follows: (1) More
than half of the patients with AIS are at risk for malnutrition
or poor nutritional control; (2) older age is independently
associated with poor nutritional control; (3) the degree of
neurological deficit affects the nutritional control of patients with
AIS (severe neurological deficits indicate bad nutritional status); (4)
hyperlipidemia is also an independent factor of nutritional status in
patients with AIS; and (5) the nutritional assessment of the NRS-
2002 and BMI may not affect the nutritional control in patients
with AIS.

The CONUT score as a nutritional risk assessment tool is
easy to obtain from biochemical parameters, which reflect the
risk of malnutrition because of the comprehensive assessment of
nutritional status. This study found that more than half of the
patients with AIS are under poor nutritional control. This result
is similar to the study by Naito et al. (16). In other words, patients
who suffered a stroke are likely to experience nutritional problems
in the acute stage. It is essential to evaluate the nutritional status
of patients with AIS because malnutrition may worsen clinical
outcomes (17). Exploring the risk factors for nutritional status can
help prevent malnutrition.

In this study, older age was a poor prognosticator for nutritional
control. For older adults, natural age-related changes could increase
the risk of malnutrition (24). If they suffered acute stroke
events, increased protein requirements, alterations to appetite,
and declining sensory function could worsen their condition. A

Frontiersin Neurology

69

previous study showed that advanced age was the main risk factor
for malnutrition in patients who suffered a stroke and that it affects
recovery (25). In other words, the risk of malnutrition is higher in
older patients with AIS, leading to poor outcomes. This study also
showed that the risk of malnutrition increases with age.

The NIHSS is a scale that reflects neurological deficits. This
study showed that the NIHSS is the independent factor of the
CONUT score. In brief, the degree of neurological deficit affects the
nutritional control of patients with AIS. AIS patients with critical
neurological deficits often have reduced consciousness levels,
dysphagia, facial or arm weakness, reduced mobility, cognitive
impairments, and poor oral hygiene (26). In the acute stage of a
stroke, dysphagia is a significant factor in developing malnutrition,
which occurs in 30-50% of patients (27). The disturbance of
consciousness may cause patients to not be fed in time after
they suffer a stroke, leading to malnutrition. The presence of
depression, cognitive impairments, and language deficits could
hinder effective communication about food preferences and satiety,
leading to malnutrition, particularly with regard to protein intake
(28). Moreover, the paralysis of dextromanuality and weakness
affects patients’ food intake, leading to a premature suspension of
feeding (29). In summary, the neurological deficit is an important
factor of CONUT in patients with AIS.

In this study, we found an interesting result: AIS patients
with hyperlipidemia were associated with lower CONUT scores.
In other words, hyperlipidemia may result in a low risk of
malnutrition. Cholesterol, an item of the CONUT score, is
a part of blood fat, which might be the main reason why
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hyperlipidemia affects malnutrition. Since hyperlipidemia is a risk
factor for cardiovascular and cerebrovascular diseases, maintaining
an average blood fat level is crucial for health (30).

In contrast, BMI was not found to be independently associated
with the CONUT scores. The most likely explanation is that only
seven patients with AIS in the study had a low BMI. Moreover, the
risk of malnutrition in the acute stage may not immediately lead to
alow BMI soon, meaning that BMI does not reflect current changes
in nutrition but is an indicator of malnutrition.

Implications for practice

This study highlights the risk factors associated with
malnutrition in patients with AIS and emphasizes the need
for early nutritional evaluation and intervention. Close attention
should be paid to older patients, especially those with severe
neurological deficits. Effective nutritional intervention measures
should be developed to decrease the occurrence of malnutrition.

Limitations

This study has some limitations. First, the CONUT score for
the chronic stage was not collected; therefore, it was impossible to
compare the nutritional control status at different stages. Second,
the sample size may be more significant to obtain more stable
results. Finally, only one hospital’s patients with AIS were included,
which may create a representational bias, that is, the representation
of all hospitalized individuals was missing, and the study findings
might not apply to all patients with AIS.

Conclusion

The risk of malnutrition is high among patients with AIS. The
CONUT score can reflect malnutrition. The significant risk factors
associated with the CONUT score are older age, severe neurological
deficits, and hyperlipidemia. The NRS-2002 and BMI may not be
effective screening tools for identifying the risk of malnutrition in
the acute stage of patients with stroke.
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Early Minimally Invasive Removal
of Intracerebral Hemorrhage
(ENRICH): Study protocol for a
multi-centered two-arm
randomized adaptive trial
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Benjamin R. Saville*®, Roger J. Lewis*®, Jason W. Allen?’,
Michael Frankel?, David W. Wright!, Daniel L. Barrow* and
Gustavo Pradilla®*
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2Department of Neurology, Emory University School of Medicine, Grady Hospital, Atlanta, GA,

United States, *Department of Neurosurgery, Emory University School of Medicine, Atlanta, GA,

United States, “Berry Consultants LLC, Austin, TX, United States, *Department of Biostatistics, Vanderbilt
University Medical Center, Nashville, TN, United States, °Department of Emergency Medicine,
Harbor-UCLA Medical Center, UCLA, Torrance, CA, United States, ’Department of Radiology and
Imaging Sciences, Emory University School of Medicine, Atlanta, GA, United States

Background: Intracerebral hemorrhage (ICH) is a potentially devastating condition
with elevated early mortality rates, poor functional outcomes, and high costs of
care. Standard of care involves intensive supportive therapy to prevent secondary
injury. To date, there is no randomized control study demonstrating benefit of early
evacuation of supratentorial ICH.

Methods: The Early Minimally Invasive Removal of Intracerebral Hemorrhage
(ENRICH) Trial was designed to evaluate the minimally invasive trans-sulcal
parafascicular surgery (MIPS) approach, a technique for safe access to deep brain
structures and ICH removal using the BrainPath® and Myriad® devices (NICO
Corporation, Indianapolis, IN). ENRICH is a multi-centered, two-arm, randomized,
adaptive comparative-effectiveness study, where patients are block randomized
by ICH location and Glasgow Coma Score (GCS) to early ICH evacuation using
MIPS plus standard guideline-based management vs. standard management alone
to determine if MIPS results in improved outcomes defined by the utility-weighted
modified Rankin score (UWmRS) at 180 days as the primary endpoint. Secondary
endpoints include clinical and economic outcomes of MIPS using cost per quality-
adjusted life years (QALYs). The inclusion and exclusion criteria aim to capture a
broad group of patients with high risk of significant morbidity and mortality to
determine optimal treatment strategy.

Discussion: ENRICH will result in improved understanding of the benefit of MIPS
for both lobar and deep ICH affecting the basal ganglia. The ongoing study will
lead to Level-| evidence to guide clinicians treatment options in the management
of acute treatment of ICH.

Trial registration: This
(Identifier: NCT02880878).

study is registered with clinicaltrials.gov

KEYWORDS

intracerebral hemorrhage (ICH), minimally invasive trans-sulcal parafascicular surgery,
lobar ICH, deep ICH, minimally invasive surgery (MIS)

72 frontiersin.org


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2023.1126958
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2023.1126958&domain=pdf&date_stamp=2023-03-16
mailto:gpradil@emory.edu
https://doi.org/10.3389/fneur.2023.1126958
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2023.1126958/full
https://www.clinicaltrials.gov/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Ratcliff et al.

Introduction

Intracerebral hemorrhage (ICH) accounts for 10-15% of all
strokes and its prevalence continues to increase with an aging
population. ICH-related early mortality rates range from 35 to
52% (1). Among survivors, only 10-25% return to functional
independence, with an estimated annual cost of care and
productivity losses of approximately 12.7 billion US dollars (2-5).
Clinical outcomes following an ICH are negatively affected by the
mechanical complications of mass effect leading to concomitant
tissue infarction and intracranial hypertension. In addition,
the hematoma in the brain parenchyma mediates a secondary
inflammatory cascade.

An effective therapy for ICH patients has been elusive despite
several well-designed clinical trials focused on surgical evacuation
(6, 7), hemostasis augmentation (8), and blood-pressure reduction
(9-11), among other interventions, all of which have failed to
improve functional outcomes.

The role of surgery in the care of supratentorial ICH has
been limited to life-saving clot evacuation, decompressive
craniectomy, or a combination of these two procedures. Despite
preclinical evidence supporting the role of hematoma evacuation
on early correction of intracranial hypertension and prevention
of secondary injury mechanisms, surgical intervention for
supratentorial ICH remains unproven in randomized clinical
trials (12).

Technology and technique development in support of
minimally invasive surgery (MIS) has been encouraged by
the hypothesis that prior randomized surgical trials failed to
demonstrate benefit in part due to cortical and white matter tract
injury incurred while accessing the clot with traditional techniques
and tools. Indeed, surgical clot evacuation remains appealing based
on the existing preliminary data, which continue to support the
time-dependent pathophysiology of ICH, and that early removal
of clot mitigates injury to surrounding tissue (13-15). Recent
reports describing the safety of image-guided catheter placement
for aspiration followed by infused thrombolytics in the MISTIE II
trial have produced promising results supporting the premise of
tissue preservation and the benefit of clot reduction (16).

Since the MISTIE approach was first described, multiple
technological advances have occurred in diagnostic imaging,
intraoperative frameless navigation, and navigable port-based
minimally invasive access. The preliminary experiences reported by
Labib et al. and Bauer et al. suggest that minimally invasive trans-
sulcal parafascicular surgery (MIPS) is safe, prevents rebleeding,
18). In these studies,
intervention occurred as early as 16 and 6.2h, respectively,

and maximizes clot evacuation (17,

Abbreviations: ABG, anterior basal ganglia; CSG, Clinical Standardization
Guidelines; DSMB, Data and Safety Monitoring Board; ED, emergency
department; EDC, electronic data capture; GCS, Glasgow Coma Score;
HUI, Health Utilities Index; ICH, intracerebral hemorrhage; LKN, last known
normal; MIPS, minimally invasive trans-sulcal parafascicular surgery; MIS,
minimally invasive surgery; MM, medical monitor; NCCT, non-contrast head
computed tomography scan; NIHSS, National Institutes of Health Stroke
Scale; QALYs, quality-adjusted life years; SLT, Scientific Leadership Team;
UWmRS, utility-weighted modified Rankin score.
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suggesting that MIPS may be safely performed while preserving
eloquent white matter tracts and producing excellent clot
reduction, without significant risk of hemorrhage recurrence, even
when surgery is performed early.

To further evaluate this strategy, a randomized clinical trial
was designed to assess the clinical benefit of a standardized MIS
approach. The proposed MIPS approach was developed to provide
atraumatic access, high-resolution visualization, and intraoperative
tools for maximal clot evacuation and definitive hemostasis. In this
article, we describe the design and methods for the Early Minimally
Invasive Removal of Intracerebral Hemorrhage (ENRICH) trial and
provide the rationale for the choice of design parameters.

Methods and analysis

Study objective

The primary objective of the ENRICH trial is to determine if
early ICH evacuation using MIPS results in improved outcomes
for patients with an ICH. The primary hypothesis is that MIPS will
result in an improvement in the 180-day utility-weighted modified
Rankin Scale (UWmRS) when compared to patients treated with
standard guideline-based management. To address the primary
objective, we have designed an adaptive clinical trial with a sample
size between 150 and 300 subjects, with frequent interim analyses to
determine if early stopping rules are met and if patient population
enrichment per hemorrhage location should occur. Randomization
between MIPS and standard management groups will be equal and
patients will be block randomized by ICH location, anterior basal
ganglia (ABG) vs. lobar location as well as Glasgow Coma Score
(GCS) with a threshold for stratification <9 vs. >9. At each interim
analysis, the enrollment scheme defined by hemorrhage location
can be adapted based on the a priori enrichment plan.

Secondary aims of the study will evaluate the economic and
clinical benefits, and the safety of MIPS compared to standard
management. The clinical benefit of MIPS is thought to be a
function of clot removal while minimizing white matter injury.
Therefore, we will determine if the percent volume of ICH
reduction is associated with improved UWmRS at discharge, 30,
and 90 days between the treatment groups. The economic effect
of MIPS for ICH will be evaluated by quantifying the cost per
quality-adjusted life-year (QALY) gained through MIPS at 30,
90, 120, and 180 days. Safety of MIPS will be assessed: (1) by
determining the effect of MIPS on mortality when compared to
standard management at 30 days; (2) by assessing post-operative
rebleeding associated with clinical deterioration following MIPS.
Rebleeding will be defined by a growth in hemorrhage volume
between an initial non-contrast head computed tomography scan
(NCCT) and a follow-up NCCT obtained within 24 h of the index
NCCT. Lastly, we will evaluate the impact of time from onset of
symptoms to MIPS on the UWmRS.

Study design and method

ENRICH is an adaptive, two-arm, randomized comparative
effectiveness study, where eligible patients are block randomized
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by ICH location (ABG vs. lobar) and GCS to early ICH evacuation
using the MIPS approach plus standard management vs. standard
guideline-based management alone. Scheduled interim analyses,
beginning after 150 patients have been enrolled, will guide the
adaptive sample size and study enrichment (Figure 1). A maximum
of 300 subjects will be enrolled.

All randomized subjects are to be treated according to the study
protocol, clinical standardization guidelines, and MIPS surgical
standardization guidelines. Subjects are followed for 6 months or
death (Table 1).

Pre-randomization procedures

On arrival at the study hospital emergency department (ED),
rapid evaluation and treatment will occur per routine including
a physical assessment (GCS and National Institutes of Health
Stroke Scale-NTHSS), NCCT, head CT angiogram, laboratory
evaluation, and appropriate resuscitation (Figure 2). Participating
neurosurgeons are instructed to contact the local Investigator on
Call (IOC) for subject eligibility.

The IOC will review eligibility criteria and the patient’s clinical
information (Table 2). Once the patient meets eligibility criteria and
informed consent has been obtained from the patient or legally
authorized representative, the subject may be randomized using the
central electronic data capture (EDC) portal.

Study treatment

Subjects randomized to MIPS will have the intervention
performed as close to the time of randomization as possible. Study
protocol requires subjects to enter the OR within 24h from last
known normal (LKN), with a goal of arrival in the OR within 8 h.
MIPS is to be performed in accordance with the study surgical
manual (Supplementary Datasheet 1). All surgically randomized
cases are video recorded, with the first two surgical cases from each
site reviewed by the study’s lead neurosurgeon (GP) to objectively
assess adherence to the surgical protocol. Following surgery, care
will follow the Clinical Standardization Guidelines (CSG) for
management (Supplementary Datasheet 2).

In the standard treatment arm, subjects will be treated
according to the CSG. The decision for surgical intervention
with an external ventricular drain for CSF diversion or ICP
control/monitoring, decompressive craniectomy, clot evacuation
using traditional techniques, or both is left to the treating
neurosurgeon. As traditional surgical techniques, such as
decompressive hemicraniectomy, remain available to the treating
team in the standard management arm, cross-over from this arm
to MIPS is strictly not permitted.

Post-randomization in-hospital assessment
General neurologic evaluation, as assessed by the NIHSS and

the GCS, will be monitored daily for the first 7 days following
randomization. General laboratory and neuroimaging performed
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per routine medical care will be collected during this time. A daily
checklist will be completed to identify clinical parameters that may
be uncorrected and inconsistent with the CSG for care.

Post-discharge follow up

The outcomes battery includes mRS, NIHSS, GCS, and
Health Utilities Index (HUI). The full in-person outcomes battery
will occur at 180 days (& 14 days) post-randomization. This
assessment will be conducted with both the subject and the primary
caregiver/family member to corroborate subject responses. The
mRS will also be collected on day 30 (& 7 days) and day 90 (& 14
days) via telephone communication. The 30, 90, and 180-day mRS
are audio recorded for blinded adjudication. The 30, 90, 120, and
180-day HUI will be collected by telephone unless visit is conducted
in person.

Primary efficacy analysis

The primary efficacy endpoint is the UWmRS scale at 180
days post-randomization (Table 3). The primary analysis will be
performed on all subjects randomized in the ENRICH study.
Subjects will be analyzed according to the group they are
randomized to, referred to as the intent to treat population. Let
A be the mean difference in UWmRS between treatment groups
(MIPS—standard management) in the ITT population, in which a
positive value indicates MIPS benefit.

The following hypothesis will be tested:

Ho: A < 0, ie., the mean difference in UWmRS between
treatment groups is <0
Hyi: A > 0, ie., the mean difference in UWmRS between
treatment groups is >0.

If the Bayesian model-based posterior probability of MIPS
benefit (i.e., A > 0) is >0.975, then the study will demonstrate
superiority of MIPS vs. standard management.

Adaptive sample size and enrichment plan

A trial update will be performed when the number of patients
enrolled is equal to 150, 175, 200, 225, 250, and 275 patients. The
purpose of the trial updates is to determine whether one or two
ICH locations meet futility criteria, or whether the current sample
size is sufficient to achieve success on the primary outcome. At each
trial update, one of the following three decisions will be made:

1) Stop accrual to patients with ICH in either ABG, Lobar, or
both locations due to futility.

a. If accrual stops in only one of the two locations, this
creates population enrichment.

b. If accrual stops in both locations, the trial is stopped
for futility.
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2) Stop accrual of all patients due to expected success in the
pooled ABG/Lobar population. If enrollment is stopped due
to expected success, the primary analysis will occur 180 days
after the last patient is enrolled.

3) Continue accruing patients without changes.

If the trial does not stop for futility, the primary analysis will
occur 180 days after the last patient is enrolled. If enrichment takes
place at any point in the trial, and subsequently the primary analysis
criteria are met, superiority is only claimed for the location that did
not meet the futility criteria, despite the final evaluation including
patients from both locations.

In order to stop accrual within a location due to futility, the
following two criteria must be met:

1) The Bayesian model-based probability of a clinically
meaningful difference (a mean difference of UWmRS of at
least 0.075) between surgery and control is <0.20.

2) At least 30 patients have complete 180-day outcomes within
the location.

To trigger stopping of accrual for expected success, two criteria
must be met:

1) The Bayesian model-based probability of a difference in mean

UWmRS utility is >0.99.
2) Atleast 60 patients have completed 180-day outcomes.

Frontiersin Neurology

Statistical modeling

The primary analysis will be based on a pre-specified Bayesian
hierarchical model which assumes a constant treatment effect
across hemorrhage locations, but in which the mean UWmRS in
the control group may differ between locations. Missing data will
be addressed via Bayesian multiple imputation, in which 90-day
UWmRS values are used to inform the likelihood of 180-day values
for patients with missing 180-day UWmRS outcomes. The interim
updates will incorporate two models: (1) a model equivalent to
the primary analysis model for monitoring expected success in the
overall study population; and (2) a Bayesian hierarchical model in
which the treatment effect is allowed to vary between hemorrhage
locations for the purpose of monitoring futility. Both models used
in the interim updates will incorporate longitudinal modeling, in
which 90-day UWmRS values are used to inform the likelihood of
180-day values for patients with incomplete information.

Sample size justification

Virtual trial simulations were used to quantify the statistical
power and Type I error (Supplementary Datasheet 3). With an
adaptive sample size of 150-300 subjects and a base “expected” set
of assumptions regarding patient accrual, dropout, distribution of
mRS for control and treatment groups, prevalence of ABG/Lobar
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TABLE 1 SPIRIT figure.
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allocation
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ENROLMENT

Physical X
assessment, NCCT,
CT angiogram, lab,
appropriate
resuscitation

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS

MIPS X

Standard treatment According

to CSG

ASSESSMENTS

Neurologic
evaluation, lab,
neuroimaging, CSG
checklist

ICH reduction in
association with
improved UWmRS

Economic effect:
QALY

Adverse event X
monitoring

Safety: mortality <

Safety: rebleeding X

mRS X

HUI

NIHSS and GCS X X

locations, and treatment benefit in either one or both locations,
the Bayesian primary analysis has approximately 90% or greater
power for detecting superiority of treatment vs. control for
a mean UWmRS difference in both ABG/Lobar locations of
0.15 or larger (i.e, a 15% absolute increase in utility weighted
mRS), with an approximate one-sided Type I error <0.025. In
addition, the trial design and analysis provide approximately
60-90% power for detecting treatment superiority if there is
a mean benefit on UWmRS of 0.15 or larger in one of the
two locations.
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Primary safety objective

The primary safety objectives will be evaluated by the
rate of mortality and/or rebleeding at 30 days, which will
be compared between the two groups using a Pearson’s
chi-square test and the difference in hemorrhage volume
between index CT and 24-h follow-up CT, which will be
compared between the two groups using a two-sided t-test
(or Wilcoxon rank sum test if the normality assumption
is violated).
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Subject flow chart.
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were

e Postoperative rebleeding associated with deterioration
following MIPS (no hypothesis test).

e ICU and in-hospital length of stay (two-sided ¢-test).

e mRS at discharge, 30 and 90 days (ordinal logistic regression;
treatment as explanatory variable).

selected to provide
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TABLE 2 Inclusion and exclusion criteria.

Study inclusion e Age 18-80 years

criteria e Pre-randomization head CT demonstrating an acute,
spontaneous, primary ICH

ICH volume between 30 and 80 ml as calculated by
the ABC/2 method

Study intervention can reasonably be initiated within
24 h after the onset of stroke symptoms. If the actual
time of onset is unclear, then the onset will be
considered the time that the subject was last known
to be well

Glasgow Coma Score GCS 5-14

Historical Modified Rankin Score 0 or 1

Study exclusion
criteria

Ruptured aneurysm, arteriovenous malformation
(AVM), vascular anomaly, Moyamoya disease,
venous sinus thrombosis, mass or tumor,
hemorrhagic conversion of an ischemic infarct,
recurrence of a recent (<1 year) ICH, as diagnosed
with radiographic imaging

NIHSS <5

Bilateral fixed dilated pupils

Extensor motor posturing

Intraventricular extension of the hemorrhage is
visually estimated to involve >50% of either of the
lateral ventricles

Primary thalamic ICH

Infratentorial intraparenchymal hemorrhage
including midbrain, pontine, or cerebellar

Use of anticoagulants that cannot be rapidly reversed

e Evidence of active bleeding involving a
retroperitoneal,  gastrointestinal,  genitourinary,
or respiratory tract site

e Uncorrected coagulopathy or known clotting
disorder

Platelet count <75,000, INR >1.4 after correction
Patients requiring long-term anti-coagulation that
needs to be initiated <5 days from index ICH

End stage renal disease

Patients with a mechanical heart valve

End-stage liver disease

History of drug or alcohol use or dependence that,
in the opinion of the site investigator, would interfere
with adherence to study requirements

Positive urine or serum pregnancy test in female
subjects without documented history of surgical
sterilization or is post-menopausal

Known life-expectancy of <6 months

No reasonable expectation of recovery, DNR, or
comfort measures only prior to randomization
Participation in a concurrent interventional medical
investigation or clinical trial

Inability or unwillingness of subject or legal
guardian/representative to give written informed
consent

Homelessness or inability to meet follow

up requirements

Impact of percent ICH reduction with MIPS on mRS at
180 days (ordinal logistic regression; %ICH reduction as
explanatory variable).

Impact of end-of-treatment (EOT) volume with MIPS on
mRS at 180 days (ordinal logistic regression; EOT volume as
explanatory variable).

Proportion of patients with mRS at 180 days equal to 0, 1, 2, or
3 (chi-square test).

Ordinal mRS at 180 days (Wilcoxon rank sum test).

Overall survival through 180 days (log-rank test and Cox
proportional hazards model).

Frontiersin Neurology

78

10.3389/fneur.2023.1126958

TABLE 3 mRS values to utility weights mapping.

mRS Utility weights

0 1.0
1 0.91
2 0.76
3 0.65
4 0.33
5 0

6 0

Economic outcome analysis

The ENRICH economic evaluation will assess the primary
endpoint: the relative cost-effectiveness of MIPS vs. standard
management at 180 days with the effect measured in terms of
quality-adjusted life-years (QALYs). QALY will be calculated from
the results of the HUI Secondary analysis will also: (1) inform
how adoption of MIPS will intersect with new and forthcoming
Medicare reimbursement policies; and (2) provide evidence on
clinical cost-effectiveness.

For the primary endpoint, an incremental analysis will be
undertaken to determine the cost per QALY gained through MIPS
calculated as: (Cyrp — Cgrq)/(QALY Mip — QALY iq) where Cp = cost
per treatment arm and QALYI = QALYs per treatment arm.

Safety monitoring

At each Data and Safety Monitoring Board (DSMB) meeting,
members will be presented with group comparisons with respect
to mortality, occurrence of rebleed and hemorrhage expansion,
unexplained and unexpected surgical complications, and other
SAEs. The DSMB will also be presented group A-B comparative
rates of adverse events to identify any unexpected trends.

An independent medical monitor (MM) will review every
SAE for causality and expectedness. For events that are deemed
potentially high-risk for future subjects, the DSMB will be provided
a report and any necessary additional A-B analysis to make
recommendations about study continuation.

The DSMB is a fully independent group of experts selected to
advise the ENRICH leadership team, site investigators, and study
sponsor and to periodically review and evaluate study data for
participant safety, study conduct and progress, and efficacy.

Rationale for early treatment window

The pathophysiology of ICH is time-dependent; therefore,
subjects enrolled in ENRICH and randomized to MIPS will
have surgery within 24h of LKN, with a goal of 8h. Following
the initial ICH, a secondary cascade of inflammation-mediated
and pro-apoptotic signaling pathways is initiated, contributing
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to the poor outcomes (13-15). Previous attempts at ultra-
early intervention showed discouraging results using conventional
craniotomy (19, 20). Collateral damage of eloquent tissue during
surgery remained an important challenge in these studies in
addition to poor visualization, and suboptimal hemostasis, all
of which we hypothesize have been improved upon with MIPS.
Considering the preclinical biological evidence available, a time
window of 24h will allow for early intervention and facilitate
institutional and logistic support.

Rationale for specified eligibility criteria

Eligibility criteria were formulated to investigate a population
of ICH patients with high risk for poor outcomes that may also
benefit from intervention experiencing a significant event unrelated
to a vascular anomaly (21, 22). Patients with a hemorrhage
volume <30 ml may benefit from MIPS but any observed relative
benefit is likely to be small in magnitude as many of these
patients may have reasonable outcomes with supportive medical
care. Patients with hematoma volume exceeding 80 ml often have
dismal outcomes and poor presenting exams limiting the expected
benefit of this intervention. Additionally, clot evacuation for
hemorrhages exceeding 80 ml is generally believed to be life-saving
and functional improvement is rarely observed (12).

Primary thalamic hemorrhages have been excluded, despite the
potential benefit from MIPS, for two principal reasons: (1) thalamic
hemorrhages frequently lead to significant midbrain injury, and (2)
hemorrhages in this location often have delayed recovery extending
beyond 180-days (23).

Direct oral anticoagulants (DOAC) that cannot be reversed
are necessarily excluded from the ENRICH trial due to potential
untoward risk of hemorrhage expansion and rebleeding. FDA has
recently approved agents for reversal of anticoagulation effects of
some DOACs (24, 25), as a result, ENRICH excludes patients based
on the ability to reverse the effect of the direct inhibitors.

Rationale for randomization

Randomization minimizes the influence of bias often
seen in observational studies of existing therapies. The MIPS
technique uses the FDA-cleared BrainPath® and Myriad® (NICO
Corporation Indianapolis, IN) devices. Both tools are widely
available and have been used in over 40,000 cases of different
neurosurgical pathologies including primary and metastatic brain
tumors among several others (internal communication, NICO
Corporation). Despite this reality, superiority to well-instituted
standard management has not yet been established. Therefore,
randomization is an ethical and rigorous tool in understanding the

potential benefit that MIPS may offer.

Rationale for the enrichment strategy

Lobar and deep ABG hemorrhages behave differently in prior
surgical studies. The STICH trial suggested that more superficial
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hemorrhages might respond favorably to clot removal in the
absence of intraventricular hemorrhage (19). While this hypothesis
was not supported in the subsequent STICH II trial, it remains
biologically plausible that access to superficial clots may result in
less iatrogenic injury (7). As such, we decided to handle these two
distinct hemorrhage groups separately so that if we established
futility in one group, the investigation into the relative benefits of
the other may proceed.

Rationale for preventing cross over to MIPS

Intentional cross-over from standard management to MIPS is
not permitted in this trial. Deteriorating subjects, regardless of
randomization assignment may be provided the most aggressive
life-saving care available. The most recent national guidelines in the
care of the ICH patient detail Class IIb evidence for surgical clot
evacuation, decompressive craniectomy, or the combination in the
life-saving care of the ICH patient. These procedures, done under
traditional techniques may be performed at the discretion of the
clinical team, regardless of randomization assignment.

Rationale for blinded adjudication of
outcome

Because this study includes surgical intervention, outcomes
cannot be reasonably performed in a blinded manner due to
evidence of surgery. Therefore, a unique blinded adjudication
process for the mRS was designed to minimize the effect of bias on
the primary outcome. The ENRICH team enlisted an experienced
Neuropsychologist, who is blinded to treatment allocation, to
review audio recordings of subject mRS interviews. Following
review of the audio recording the Neuropsychologist enters
their assessment into the EDC. Discordance in the mRS value
between the site and the Neuropsychologist are adjudicated by case
discussion between the blinded and unblinded assessors. The final
determination is made by the blinded Neuropsychologist.

Rationale for cost per quality-adjusted life
year gained assessment

ICH is a condition with high morbidity, and often early
fatality rate. Should the MIPS approach be superior to standard
management it is likely that cost of care of ICH patients may
increase in the acute setting, even though the procedure may impact
ICU length of stay, ICU-related complications, in-hospital length
of stay, or length and complexity of post-acute rehabilitation, all
of which may result in overall decreased cost in the long term. By
utilizing the QALY metric, the cost can be analyzed in the context of
patient outcomes. By convention, an intervention is deemed cost-
effective if the treatment is in the range of $100,000-200,000 per
QALY gained.
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Rationale for the primary outcome and
follow up period

Patient-centered outcomes in stroke research are increasingly
desirable. The utility is a measure that expresses the desirability
of a specific outcome to a patient. The UWmRS converts the
arbitrarily distinguished mRS to a patient-centered scale with
distances between the items that better reflect societal and patient
beliefs of the desirability of a particular outcome (26). The use
of UWmRS also improves statistical efficiency when compared
to the ordinal mRS. Statistical analysis of the ordinal mRS often
leads to dichotomizing the outcome, reducing the power to detect
treatment effects through collapsing important categories of health
outcomes, or ordinal analysis, which does not account for the
varied importance represented in the distance between each of the
categories. The UWmRS may be analyzed as a continuous measure
allowing the full use of the obtained data.

A 6-month follow-up term for the primary outcome was
selected with the understanding that ICH survivors may continue
to improve up to a year or more after the event. ICH trials have
moved to a 6-month outcome and we have selected a similar
outcome to permit comparison between trials.

Rationale for site selection

Participating sites have been carefully selected based on
prior experience with the MIPS approach, annual ICH volume,
partnership between neurocritical care and neurosurgery, and
experience of the research team. Selected sites are visited in person
by a member of the Scientific Leadership Team (SLT) as well as for
Site Initiation Visits prior to full engagement. A minimum of 10
sites will be involved in this study.

Study organization and funding

Trial design, leadership, and conduct are overseen by the SLT
at Emory University and representatives of the sponsor. Berry
Consultants supports the SLT with the study’s adaptive clinical
trial design and one unblinded statistician (BS) performed the
interim analyses. The trial sponsor and funder is the NICO
Corporation. The sponsor will perform monitoring at all sites
to ensure data quality and integrity, and the protection of
the rights and safety of subjects through a contract research
organization (IQVIA).

Discussion

Generalizability

The ENRICH clinical trial has been designed to enhance
the care of ICH patients. The overall stroke community is
desperately seeking an effective treatment for ICH that directly
results in improved functionality. The broad inclusion criteria
were designed to focus on those ICH patients with high risk of
significant morbidity and mortality. This selection represents a
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large number of ICH patients and a cohort in whom scientific
progress is imperative. Exclusion criteria were also selected with
three guiding principles: (1) In whom might early clot evacuation
prove beneficial? (2) In whom might the MIPS approach prove
harmful? and (3) The ethical imperative to complete the trial with
a fullness of scientific understanding that permits the improvement
of care of these patients.

The ENRICH trial and the MIPS approach being studied is
not being tested for every patient with an ICH, but rather a
cohort of patients in whom the risk-benefit profile might lead to
overall improvement.

Expected impact of the proposed trial

There are no Level I evidence-based surgical options in the
acute management of ICH. This trial is designed to determine
if MIPS for ICH evacuation, performed within 24h from LKW,
results in improved functional outcome and economic benefit.
Surgical evacuation following spontaneous ICH is an appealing
treatment option; nonetheless, when studied, surgery has not
been observed to be efficacious. It is believed that previous
negative studies were due in part to trauma that occurs with
accessing the ICH, heterogeneity in surgical and medical care, and
patient selection. The ENRICH clinical trial improves upon these
limitations with technology that permits access to deep structures
with minimal trauma. This trial will significantly contribute to
scientific literature guiding the optimal management of these
medically complex patients.

Dissemination

The trial results will be disseminated through publications in
peer-reviewed journals, presentations at scientific conferences, and
media channels.

The datasets generated during the study will be available upon
reasonable request.
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An optimal model of long-term
post-stroke care
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Stroke is a major healthcare challenge that is increasing worldwide. The burden
of stroke is significant for the affected individuals as well as for the general
population; high-quality care is needed to reduce its negative impacts. This
article synthesized information from systematic reviews, guidelines, and primary
literature on stroke care and post-stroke rehabilitation and proposes an optimal
strategy for long-term post-stroke care. It also highlights the unmet needs of
patients who experienced a stroke in terms of early diagnosis of complications
and adequate, comprehensive therapy.
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Introduction

Stroke is one of the greatest public healthcare challenges for the global population.
In 2019, there were 12.2 million incident cases and 101 million prevalent cases of stroke
worldwide, representing increases of 70 and 85%, respectively, from 1990 (1). The lifetime
risk of having a stroke has increased by 50% over the past 17 years, and 1 in 4 people will
have a stroke in their lifetime (2). Stroke was also the second-leading cause of death in
2019, with 6.55 million deaths (11.6% of the total), which increased by 43% from 1990 to
2019 (1). Moreover, mathematical models have predicted a 36% increase in the number of
stroke events in the European Union (EU) combined with Iceland, Norway, and Switzerland
between 2000 and 2025 (3, 4). The disease burden of stroke is accompanied by a substantial
economic burden: the total (direct and indirect) costs of stroke were estimated to be $40.1
billion annually in the United States (US) (5) and €45 billion in the EU (3).

Mortality rates alone do not provide the full picture of stroke burden. Stroke survivors
are at a high risk of having a stroke in the future; a meta-analysis of 13 studies based on
stroke registries estimated the cumulative risk of stroke recurrence as 3.1% in 30 days, 11.1%
in 1 year, 26.4% in 5 years, and 39.2% in 10 years (6). Stroke was the fifth leading cause of
disability-adjusted life years (DALYs) in 1990 but was the third leading cause by 2010 (7);
from 1990 to 2019, DALYs due to stroke increased by 32.0%, accounting for 143 million
DALYs in 2019, with 3% of men and 2% of women in the US experiencing disability due to
stroke (8). Stroke not only affects the patients but also has a prolonged physical, emotional,
and financial impact on their family and friends; up to 48% of caregivers of patients who
experienced stroke report health problems and two-thirds have experienced a decline in
their social activities (9, 10). As the number of stroke survivors is predicted to increase from
3,718,785 in 2015 to 4,631,050 in 2035 (3), there is an urgent need for improvements in every
aspect of stroke care.
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The quality of healthcare is defined as “the degree to which
health services for individuals and populations increase the
likelihood of desired health outcomes and are consistent with
current professional knowledge” (11). Stroke prognosis largely
depends on acute-phase care: patients with suspected stroke should
be admitted to the hospital as quickly as possible and assessed
and treated within a few hours to improve outcomes. The in-
hospital acute stroke care pathway is well-established (Figure 1):
patients who experienced an acute stroke are transferred directly
to stroke units from the emergency department and remain there
for the duration of the inpatient stay (12). Stroke units provide
multidisciplinary care and rehabilitation by staft specialized in
stroke care. The effectiveness of high-quality stroke units is
paramount: regardless of age, sex, disability, or stroke type, patients
who receive organized in-patient care in a stroke unit have higher
survival rates and achieve independence more rapidly, and they will
be sooner able to return to their own home (12). At present, stroke
unit networks are well-developed in many European countries (13-
19) but there is a lack of consistency in the application of treatment
guidelines (20).

The provision of multidisciplinary, coordinated, structured
rehabilitation, and appropriate specialist post-stroke health
services—not only immediately after discharge from the stroke
unit but also for months and years afterward—is critical for
minimizing the long-term sequelae of stroke (21). This study
aimed to deliver current information on high-quality long-term
services for reducing stroke burden based on systematic reviews,
guidelines, and primary literature on stroke care to optimize
long-term post-stroke care.

Rehabilitation settings and patient
eligibility

Following a stroke, all survivors need care, support, and
education; however, formal rehabilitation is only needed by patients
with neurologic deficits affecting their functions. Although 20% of
survivors of stroke (or over 30% of those treated with intravenous
thrombolysis) fully recover by 2 weeks post-stroke (22), another
20% of them have severe functional deficits and require lifelong
assistance with basic activities of daily living (ADL) despite
rehabilitation (23, 24), and the remaining survivors have varying
degrees of disability and need specific post-stroke rehabilitation
(24). An optimal post-acute stroke care pathway to manage these
patients is outlined in Figure 2.

In determining the most appropriate form of rehabilitation
after discharge from the stroke unit, it is important to take
into account the patient’s general medical condition, neurologic
findings, degree of disability (evaluated using standardized tests),
mental and psychological statuses, and ability to participate in
a rehabilitation program as well as the availability of caregiver
support. Rehabilitation needs should be evaluated by a clinician
experienced in neurologic assessment or by a multidisciplinary
team as soon as the patient'’s medical and neurologic condition
permits (24-26) to determine the appropriate intensity of
rehabilitation and allocation of relevant resources.

Criteria for a comprehensive in-hospital rehabilitation program
include a stable general condition, the ability to learn, sufficient
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physical endurance to sit unsupported for at least 1h, and the
ability to actively participate in rehabilitation (24). Initiation of
such a rehabilitation program should be reserved for patients
who have more than one type of disability and require the
services of 2 or more rehabilitation disciplines (e.g., physiotherapy,
occupational therapy, speech therapy, and neuropsychological
therapy) (27). Patients with moderate disabilities and sufficient
physical endurance to tolerate intensive rehabilitation (often at
least 3h per day of physically demanding activities) are the best
candidates for such a program.

The decision of whether to admit patients who experienced
a severe stroke to an in-hospital rehabilitation program is not
straightforward. Severe stroke is defined as unconsciousness at
the onset with severe unilateral or bilateral paresis (28, 29)
or an early Functional Independence Measure (FIM) score of
<40 (30). Stroke severity may also be influenced by medical
comorbidities that impact overall disability and make rehabilitation
more challenging. Patients who experienced a severe stroke are
less likely to achieve functional independence even over the long
term (31); in these patients, younger age and the presence of a
caregiver (32, 33) determine the extent of functional improvement
with rehabilitation, although the provision of multidisciplinary
stroke care in a highly specialized facility over an extended period
can achieve significant results, to the extent that some will not
require long-term care in a nursing facility and can be discharged
with strong support from their family and the community (24).
For severe stroke patients who are unable to participate in or
are contraindicated for intensive multidisciplinary rehabilitation,
appropriate care and rehabilitation should be provided in long-
term care facilities (24).

Patients who experienced a mild stroke (early FIM score
>80) can undergo rehabilitation at outpatient facilities, which
potentially allows them to be more involved in self-care and
take greater responsibility for their recovery. Outpatient stroke
rehabilitation can be divided into early supported discharge
(ESD), hospital-based outpatient rehabilitation, and community-
based rehabilitation (34). ESD arose from the recognition that
many survivors of stroke prefer being at home following a
stroke and was developed to reduce the length of hospital
stay and provide multidisciplinary rehabilitation in a patients
own home. Members of the ESD team should have specialized
stroke care knowledge and should include a physiotherapist, an
occupational therapist, and a nurse. A coordinator facilitates
weekly meetings and assigns therapists to each patient (35).
This approach to rehabilitation has been shown to reduce the
duration of hospitalization in the stroke unit and the number
of patients requiring institutional care following discharge and
increase patients’ independence in ADL at 6 months (36,
37).

The condition of patients who experienced a stroke may
deteriorate after they are discharged from the hospital,
resulting in a loss of independence in ADL and necessitating

long-term  institutional care (38). Outpatient therapy
should be initiated following discharge from in-hospital
stroke units as a continuation of therapy and may include

hospital-based “day;” programs, or home-based

rehabilitation consisting of occupational therapy without or

hospital

with physiotherapy (39).
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Stroke rehabilitation requires long-term commitment (for
at least 3-5 years after the stroke) (34); patients in the
chronic phase (>6 months after the stroke) should have access
to rehabilitation to prevent secondary complications resulting
from immobilization and maintain a functional state (40, 41).
Rehabilitation has many benefits even if it is not initiated early
on, as functional improvements post-stroke can continue for a
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long period (20) although the patients rehabilitation needs will
evolve. For chronic stroke, the most effective mode of delivery
of physiotherapy/occupational therapy is through a community
rehabilitation program—which is usually home-based (42) or a self-
management program—carried out under the periodic supervision
and instruction of a therapist (20). An important factor limiting the
provision of proper and continuous post-stroke rehabilitation is the
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insufficient number of rehabilitation professionals and nursing staff
with specialist knowledge in the field of stroke.

Spasticity management

Spasticity management is important for helping patients adhere
to their care plan and setting realistic expectations regarding post-
stroke rehabilitation. Spasticity, a complex movement disorder, is
a common post-stroke complication caused by excessive muscle
tone and stretch reflex resulting in clonus and spasms (43, 44)
that contributes to functional impairment and reduces patients’
ADL and quality of life (45, 46). The prevalence of post-stroke
spasticity ranges from 19 to 92%; the timing of onset varies
(44, 47, 48) and typically emerges between 1 and 6 weeks after
the stroke (49). The anatomic pattern and severity of spasticity
depend on the neurologic deficit, age at stroke onset, and lesion
location and size. The heterogeneity of the manifestations of
spasticity makes the rehabilitation process highly challenging. A
standardized approach is needed to ensure that patients with post-
stroke spasticity are diagnosed in a timely manner and receive care
soon after its onset (50, 51). Patients with spasticity also need to
be informed about their condition and the available treatments.
Acute stroke teams often overlook early signs of spasticity, although
early recognition of the symptoms could lead to receiving earlier
treatment, achieving better outcomes, and avoiding long-term
complications (52, 53). The post-stroke checklist was developed as
an easy-to-use tool to identify and facilitate the proper treatment
of long-term complications of a stroke, including spasticity (54).
Patients with weakness or problems with limb dexterity, especially
of the upper limb, that interfere with ADL and increase muscle
stiffness in at least 1 joint at 4-12 weeks post-stroke are at high
risk of developing severe spasticity and should be directly referred
to a specialist who can administer botulinum toxin treatment and
perform physiotherapy assessment (53).

Secondary stroke prevention and
management of early complications

Patients who experienced a chronic stroke have better outcomes
when they receive effective treatment within an integrated care
system with regular follow-up and self-management support (55,
56). They often receive complex information about risk factors
for stroke recurrence, secondary prevention methods, treatment of
comorbidities, lifestyle changes, and rehabilitation strategies at the
time of discharge from the hospital. Providing this information can
allow patients (and their families) to better care for their illnesses.
The self-management model of care is essential for improving
outcomes; therefore, stroke teams must support stroke survivors in
transitioning to this care model (56-58).

General practitioners (GPs) play an integral role in the
management of post-stroke patients. From the hospital, a GP
should receive all the necessary information about the patient for
secondary prevention and proper monitoring of medication use
and lifestyle modifications in the primary care settings. In routine
practice, the GP can identify deterioration in a patient’s functioning
post-discharge and arrange a referral for further therapy (59).
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The GP’s involvement in stroke survivors’ care alleviates their
dependence (as well as that of their caregivers) on specialists and
allows patients to better understand and manage their condition.
Another important element of post-stroke care is timely access
to outpatient specialist neurologic care clinics linked to hospital
services and primary care, with an initial visit at 6 months post-
stroke and then one time a year as a long-term follow-up. The
purpose of these visits is to monitor the patient’s neurologic status
and assess the occurrence and treatment of complications such as
post-stroke cognitive disorders, depression, or epilepsy (29, 56, 59).

Summary and conclusion

Experts have long suggested organizational solutions and
goals of proper care for patients who experienced a stroke
(20, 60, 61). Based on these recommendations, many countries
are systematically improving the quality of acute stroke care,
including the creation of better-functioning stroke unit networks.
Current healthcare policy trends in many countries point
to broader implementation of intravenous thrombolysis and
mechanical thrombectomy, which are consistent with the ischemic
stroke treatment guidelines (62). The proportion of patients
receiving specific therapy for ischemic stroke is increasing, with
successful outcomes in many cases. However, although doctors
caring for patients in the acute phase are constantly improving
their qualifications and acquiring highly specialized knowledge
to implement acute stroke interventions properly and safely,
they lack opportunities and time to develop competencies in
neurorehabilitation and long-term post-stroke care.

Significant improvements in patient outcomes and healthcare
savings may be afforded by improved access to rehabilitation and
specialist outpatient neurologic care and their integration with
primary care. Effective long-term post-stroke care requires optimal
pathways and facilities for patients in different clinical conditions.
The efficient organization of all hospital and community
practice settings for post-stroke patients requires investment
in infrastructure and continuous training of all healthcare
professionals to ensure adequate provision of care. Decisions based
on the principle of the effectiveness of continuous stroke care will
ensure the most beneficial allocation of limited financial resources.
As most post-stroke patients spend most of their lives outside of
formal healthcare settings, it is essential to expand and coordinate
partnerships with government sectors (e.g., the Ministry of Work
and Social Policy), the private healthcare sector, non-governmental
organizations, and community groups.

The optimal model of post-stroke care is not widely used
because of a lack of coordination of such care and the dearth
of medical professionals who can provide highly specialized post-
stroke rehabilitation and long-term care. This study summarized
the frequently overlooked problems in post-stroke patient care
and outlined the necessary steps to organize a network of post-
stroke care centers (both inpatient and outpatient) in individual
countries with the active involvement of primary care physicians.
A limitation of the proposed pathway is that it was developed
based on the experience of experts and not on data from studies
evaluating the effectiveness of such an approach; despite a general
acknowledgment of the need for better organization of long-term
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stroke care, there is insufficient research and evidence to support
experts’ recommendations.

Currently, in many countries, patients who have had a
stroke are monitored indirectly based on population health
statistics. Some countries maintain stroke registries or conduct
observational studies to monitor patients in the year after a
stroke (21), but most registries focus solely on the quality of
early stroke care. The creation of a register—for example, as
an extension of the Registry of Stroke Care Quality that is
organized based on the Stroke Action Plan for Europe—for
long-term assessment of the quality of post-stroke care would
allow for an easier analysis of the effectiveness of the proposed
care scheme.
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Background: This study aimed to identify which emergency department (ED)
factors impact door-to-needle (DTN) time in acute stroke patients eligible for
intravenous thrombolysis. The purpose of analyzing emergency department
factors is to determine whether any modifiable factors could shorten the time to
thrombolytics, thereby increasing the odds of improved clinical outcomes.

Methods: This was a prospective observational quality registry study that included
all patients that received alteplase for stroke. These data are our hospital data

from the national Get With The Guidelines Registry. The Get With The Guidelines®
Stroke Registry is a hospital-based program focused on improving care for patients
diagnosed with a stroke. The program has over five million patients, and hospitals
can access their own program data. The registry promotes the use of and
adherence to scientific treatment guidelines to improve patient outcomes. The
time of patient arrival to the ED was captured via the timestamp in the electronic
health record. Arriving between Friday 6 p.m. and Monday 6 a.m. was classified as
“weekend,” regardless of the time of arrival. Time to CT, time-to-lab, and presence
of a dedicated stroke team were also recorded. Emergency medical services (EMS)
run sheets were used to verify arrival via ambulance.

Results: Forty-nine percent of the cohort presented during the day shift, 24%
during the night shift, and 27% on the weekend. A total of 85% were brought by
EMS, and 15% of patients were walk-ins. The median DTN time during the day
shift was 37 min (IQR 26-51, range 10-117). The median DTN time during the
night shift was 59 min (IQR 39-89, range 34—-195). When a dedicated stroke team
was present, the median DTN time was 36 min, compared to 51 min when they
were not present. The median door-to-CT time was 24 min (IQR 18-31min). On
univariate analyses, arriving during the night shift (P < 0.0001), arriving as a walk-in
(P =0.0080), and longer time-to-CT (P < 0.0001) were all associated with longer
DTN time. Conversely, the presence of a dedicated stroke team was associated
with a significantly shorter DTN time (P < 0.0001).

Conclusion: Factors that contribute most to a delay in DTN time include arrival
during the night shift, lack of a dedicated stroke team, longer time-to-CT read,
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and arrival as a walk-in. All of these are addressable factors from an operational
standpoint and should be considered when performing quality improvement of

hospital protocols.

intravenous thrombolysis, door-to- puncture time, acute ischemic stroke, stroke system
of care, emergency medicine

Introduction

It is common knowledge that, in acute ischemic stroke (AIS),
expeditious thrombolysis with tissue plasminogen activator (tPA)
has markedly positive outcomes. Shorter time to thrombolytics—
often referred to as door-to-needle (DTN) time—not only
reduces mortality and symptomatic intracranial hemorrhage,
but also results in higher rates of independent ambulation at
discharge, discharge to home, and better functional outcomes at
3 months (1). While thrombolytics are approved to be given
in the 4.5h following the onset of stroke symptoms (with
several exceptions), there is a push to give them as soon
as possible, with a common mantra being “time is brain.”
Giving thrombolytics as soon as 45min following presentation
to the emergency department (ED) results in improved all-
cause mortality or all-cause re-admission at 1 year, although it
did not impact re-admission for stroke or other cardiovascular
diseases (1).

Furthermore, the updated stroke guidelines by the American
Heart Association (AHA) and the American Stroke Association
(ASA) (2) reflect this drive to administer thrombolytics within
an hour of patient arrival, supported by additional medical
associations, such as the American College of Cardiology (3).
However, studies have shown that only 30%—50% of American
patients with stroke have been treated within the 60-min window
(4, 5). These findings motivate intensive efforts to accelerate
hospital presentation and thrombolytic treatment in patients
with AIS.

The 2018 AHA/ASA Guidelines for the Early Management
of Patients with Acute Ischemic Stroke also addressed the pre-
hospital approach to patients demonstrating stroke-like symptoms.
The use of emergency medical services (EMS) has been associated
with earlier arrival to the ED (<3h), quicker evaluation, shorter
door-to-imaging time (<25min), more rapid administration of
thrombolytics (<60 min), and more eligible patients administered
thrombolytics (6). Given the time-sensitive nature of AIS, the
public has been encouraged to call EMS if they experience stroke-
like symptoms; however, only 60% of patients with stroke are
brought by EMS (7). One of the largest benefits of EMS transporting
the patient is the advance notice provided, allowing the ED to
assemble the hospital stroke team for rapid evaluation and care.
Furthermore, advance notice allows the Radiology department to
allocate a CT scanner for the patient with stroke, minimizing time
wasted if another patient is being scanned. Streamlined protocols
across providers and specialties have shown a reduction in DTN
time, regardless of the time of day or academic vs. community
center (8, 9).

Frontiersin Neurology

Many of these studies, however, were performed in Canada or
in large established academic U.S. hospitals (6-9). There is a paucity
of studies at community hospitals in the American southeast,
especially in Florida. A major effort to remedy this, from 2010 to
2015, was the National Institute of Neurologic Disorders and Stroke
(NINDS)-funded Florida-Puerto Rico (FL-PR) Collaboration to
Reduce Stroke Disparities (CReSD) Study. The main findings
were that the achievement of DTN time <60 min and DTN time
<45min was highest in South Florida (50%, 23%), while lowest
in West and Central Florida (28%, 11%) (5). Thus, our study in
Central Florida aimed to identify whether the time of day when
the patient presented to our ED and whether they arrived via
ambulance impacted the DTN time.

Methods

This is a prospective observational quality registry study that
included all patients at our institution who received alteplase in
the ED. Our institution sees over 80,000 patient visits per year,
has a comprehensive stroke center, and is home to both neurology
and emergency medicine residency programs. Of the 80,000 ED
visits, ~500 are for acute ischemic stroke, and we deliver acute
thrombolysis for ~25%. The current study consisted of consecutive
patients over a 12-month period that presented as stroke alerts and
received thrombolytic therapy. The University Institutional Review
Board gave an exempt determination for this study #SBE-1814176.

Our acute stroke protocol begins with notification from
emergency medical services (EMS) personnel for patients
transported via ambulance. Our prehospital protocol to screen for
stroke includes the Los Angeles Motor Score (LAMS), baseline
functional status, and current anticoagulant (5). Immediately upon
notification, a “stroke alert” is announced on the overhead pager,
and stroke team members are individually notified on their hospital
cellular phones. The stroke team consists of a neurology resident
physician, a neurology advanced registered nurse practitioner, the
CT and lab technicians, the ED pharmacist, and the ED physicians.
During the period of this study, our institution did not have 24/7
coverage by the stroke team. The team is, thus, able to mobilize
before patient arrival when prehospital notification is received.
Upon arrival, the patient is transported to a designated “stroke
bed,” which automatically weighs the patient. The thrombolytic
dosing is calculated based on this weight and is readied in case
the patient would qualify for thrombolysis. The patients blood is
obtained for laboratory analysis en route to the CT scanner, and
thrombolytics are administered in the CT scanner room itself if the
patent is a candidate.
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The DTN time along with other stroke metrics was captured in
the Get with the Guidelines” -Stroke (GWTG) registry, to which
our institution belongs. GWTG-Stroke is the American Heart
Association’s (AHA) collaborative performance improvement
program, demonstrated to improve adherence to evidence-based
care of patients hospitalized with stroke (6). Hospital data are
entered into GWTG by trained and monitored abstractors using
explicit protocols, precisely defined variables, and standardized
abstraction instruments, as delineated by the AHA. Missing,
conflicting, and ambiguous chart elements are coded per AHA
GWTG instructions. Abstractors are blinded to any study
hypotheses, as they are data entry personnel who work for the
stroke service and are not part of the research team.

The time of patient arrival to the ED was captured via the
timestamp in the electronic health record (EHR) and categorized
as either being during the “day shift” (6 a.m.—6 p.m.) or the “night
shift” (6 p.m.—6 a.m.). Arriving between Friday 6 p.m. and Monday
6a.m. was classified as “weekend,” regardless of the time of arrival.
This classification is based on the shift times of the emergency
department physicians as well as the stroke team. The mode of
arrival was classified as arrival via EMS vs. walk/drove in. Our logic
in selecting these two factors is that they are potentially ones that
we would be able to influence.

Results

The cohort consisted of 107 patients, 44% of whom were
women. The racial distribution was 44% white, 35% Hispanic,
16% black, and 5% mixed race. The median age was 67 with an
interquartile range of 55-79 years. Twenty-eight percent had a
history of a prior stroke, while 36% had a history of diabetes. The
median NIHSS at admission was 10 with an interquartile range of
5-17 and a range from 1 to 34. The median NIHSS at discharge was
2 with an interquartile range of 0-6 and a range from 0 to 34. The
median door-to-CT time was 24 min (IQR 18-31 min). The median
door-to-lab result time was 41.5min (IQR 32-58). Twenty-four
percent underwent thrombectomy in addition to thrombolysis.

Forty-nine percent of the cohort presented during the day shift,
24% during the night shift, and 27% on the weekend. A total
of 85% were brought by EMS, and 15% of patients were walk-
ins. The median DTN time during the day shift was 37 min (IQR
26-51, range 10-117). The median DTN time during the night
shift was 59 min (IQR 39-89, range 34-195). When a dedicated
stroke team was on duty, the median DTN time was 36 min
compared to 51 min when they were not present. Table 1 presents
the cohort demographics categorized by arrival during the day or
night shift.

Univariate factors associated with increased DTN time
included: arriving during the night shift (P < 0.0001) not arriving
via EMS (P = 0.0080), and during the absence of a dedicated stroke
team (P < 0.0001). Time to CT was also significantly associated
with DTN time (P < 0.0001). Interestingly, time-to-lab was not
statistically significant. During the day shift, the median door-
to-CT time was 22 min (IQR 18-29, range 5-129) compared to
31.5min (IQR 18-42, range 13-82) during the night shift. Arrival
via EMS occurred in 75% of cases during the night shift, but
in 88% of cases during the day shift. The time-to-CT was also
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TABLE 1 Cohort demographics.

Day shift
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shift

(n=82)

Ni
(n = 25)

Age Median 67 Median 59
(IQR 57-81 years) (IQR 44-70 years)

Sex 49% female (n = 41) 32% female

History of prior 27% (n = 22) 32% (n=8)

stroke

History of diabetes 41% (n = 34) 12% (n = 3)

Underwent 29% (n = 24) 16% (n=4)

thrombectomy

Race 46% white, 35% 36% white, 32%
Hispanic, 13% black, 6% Hispanic, 24% black, 8%
mixed mixed

Time to CT Median = 22 Median = 30
(IQR 18-28 min) (IQR 19-42 min)

Time to Lab Median = 41 Median = 42
(IQR 32-56 min) (IQR 34-58 min)

NIHSS in the ED Median = 10 Median = 7.5
(IQR 6-17) (IQR 2.5-15 min)

Arrival via walk-in 6% 28%

CT, computed tomography; NITHSS, National Institutes of Health Stroke Scale; ED, emergency
department; IQR, interquartile range; min, minutes.

significantly different for those who did and did not arrive via EMS.
The median time-to-CT for patients arriving via EMS was 21.5 min
(IQR 17-28, range 5-129 min). By contrast, the median DTN time
for patients not arriving by EMS was 37 min (IQR 25.5-50, range
19-62 min).

None of the other factors, including age, sex, history of diabetes
or prior stroke, or NIHSS in the ED, were significant. In a
multivariate model that included all of these factors, the same
univariate factors remained statistically significant.

Of these univariate results, the ones that were most interesting
to our team were the time of patient arrival (day vs. night shift
and weekday vs. weekend shift) and mode of arrival, as these
are operational factors that we could potentially address. We
performed a two-way analysis of variance (ANOVA), which is a
whole-model test that determines whether at least one pair of
means is significantly different from each other. After rejecting the
null hypothesis (P < 0.0001), we followed up with Tukey’s multiple-
comparison procedure, a conservative test that adjusts for multiple
comparisons, and found that night shift patients had a significantly
longer DTN time than day shift patients (P < 0.0001) and weekend
patients (P = 0.0272).

To determine the effect sizes, we performed a least-squares
linear regression model. This model yields a line that makes the
vertical distance from the data points to the regression line as small
as possible. It is referred to as a “least squares” because the best
line of fit is one that minimizes the variance (the sum of squares of
the errors). The predicted DTN time (R? = 0.281) was determined
by the following approximate formula: 48.5 min + 18.1 min (if the
patient is a walk-in) + the value for shift time. Values for shift
time were as follows: —16.0 min if the day shift, +15.3 min if the
night shift, and +0.6 min if the weekend shift. Both the shift type

frontiersin.org


https://doi.org/10.3389/fneur.2023.1126472
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Ganti et al.

TABLE 2 Reasons for delay in door-to-needle (DTN) time.

Reason for delay in DTN time

Patient was brought in by EMS as a drug overdose

Transfer from free-standing ED and delay in getting INR

Patient unstable

Chest pain and concern for aortic dissection, needed to wait for chest CTA

Patient improved then worsened

Atypical stroke symptoms; needed intubation and repeat CT to rule out
bleeding due to worsening neuro symptoms

Chest pain and need to rule out aortic dissection

Neurology delay in calling back

Patient with dementia, unable to give a reliable time of onset

Elevated blood pressure requiring control prior to tPA

Patient initially presented as a drug overdose

Patient presented with a complaint of chest pain initially

Unclear about anticoagulant use (patient with a history of atrial fibrillation)

Patient with waxing/waning symptoms

EMS, emergency medical services; ED, emergency department; INR, international
normalized ratio; CTA, computed chest tomography; CT, computed tomography; tPA, tissue
plasminogen activator.

(P < 0.0001) and arrival by walk-in (P = 0.0095) were statistically
significant. As the weekend shift contains both day and night shifts,
the effect size is close to zero for weekend patients, as the changes
in DTN time by shift type cancel each other out.

As the weekend shift seems to be a flawed grouping of
data (because it groups both night and day shifts together
and the main difference exists between these two groups),
we repeated our linear regression model with the exclusion
of the weekend patients (n = 74, P-value through ANOVA
<0.0001, R? = 0.36). We found that both arrivals during
the night shift (P < 0.0001) and arrival by walk-in (P =
0.0047) were significantly associated with higher DTN times. The
predictive formula for DTN time, in this case, was: 32.2 min,
plus 21.5 min if arriving via walk-in, plus 30.8 min if arriving via
night shift.

Our second linear regression model, which excluded
patients who arrived on the weekend, was found to have a
much better coefficient of determination in predicting DTN
times. This is not because weekend patients are unique,
but rather a result of the patient grouping in our database.
The effect of weekend vs. weekday is dwarfed by the effect
of day vs. night shift, which were initially both included as
“weekend patients.”

Six patients in our cohort suffered a post-tPA hemorrhage.
While not statistically significant, the median DTN time for those
with a hemorrhage was 44 min (IQR 29-74) vs. 40.5min (IQR
30-58) in those who did not have a post-tPA hemorrhage.

We reviewed each of the cases in which there was a prolonged
DTN time. The majority of these cases had to do with not
immediately recognizing that the presentation was an acute stroke.
A disproportionate number of these cases occurred during the
night shift (Table 2).
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Discussion

Our study sought to ascertain the factors influencing DTN time
at our mid-sized academic community ED in the Southeastern
United States. The data show that a patient's DTN time was longer
if they arrived as a walk-in or if they arrived during the night shift.

There are several possible reasons why our data showed a
statistically significantly higher DTN time at night, despite the
stroke protocol for all times of the day being the same.

First, the night shift is inconsistently staffed, with many
nights having no dedicated stroke team covering, so it falls
to the ED team to see all patients including patients with
stroke. ED resident staffing is also decreased at night, with fewer
senior residents, and there is usually a team consisting of one
senior resident and two interns. With fewer helping hands, each
individual has more tasks, and all of these tasks can slow down
the process.

In the National Institute of Neurologic Disorders and Stroke
(NINDS)-funded Florida-Puerto Rico (FL-PR) Collaboration to
Reduce Stroke Disparities (CReSD) Study, researchers also
identified significant differences in DTN time when comparing
regular hours (Monday-Friday, 7:01 a.m.—5:59 p.m.) to off hours
(Monday-Friday 6 p.m.—7 a.m., all day Saturday, all day Sunday,
and government holidays) (5). They observed off-hours DTN
time to be greater than work hours DTN time likely secondary
to increased difficulty obtaining collateral information as well as
fewer stroke specialists and staff at night, during weekends, and on
holidays. They also found statistically significant reduced DTN time
if the patient was brought in by ambulance (5). Walk-in patients do
not have the luxury of giving the ED advance notice.

This mirrors our data, which showed an increased DTN
time if the patient walked into the ED as opposed to arriving
by ambulance. Advanced notice allows the ED personnel and
stroke team to prioritize their tasks in the anticipation of giving
their undivided attention to a stroke patient. Another explanation
for improved DTN time in patients brought by EMS is their
ability to correctly identify patients with possible stroke, thereby
expediting their care. Many prehospital stroke scales exist, with
a sensitivity as high as 85% and a specificity as high as 97%
(10). A county-wide EMS stroke protocol found a Los Angeles
Motor Score of >4 has excellent predictive validity for identifying
patients with large vessel occlusions, resulting in accurate transport
decisions to comprehensive stroke centers where thrombolytics
are administered promptly, often while the patient is on the
way to the angiography suite (11-13). Partnering with one’s EMS
agency results in more expeditious care, including shorter door-
to-physician and door-to-CT time, and greater odds of receiving
thrombolysis (14).

Finally, there may be some lingering bias between walk-
in patients and EMS patients, namely that patients brought in
by ambulance are sicker. Anchoring bias is also very prevalent.
Whichever first working “diagnosis” is made is the one that sticks.
Therefore, for example, if EMS deems the patient to be a “stroke
alert” then stroke protocol in the ED proceeds regardless of any
downstream thoughts of alternative diagnoses. Similarly, if EMS
brings in a decreased level of consciousness patient but labels them
an overdose rather than a stroke, then the natural tendency is
for the ED to proceed down the overdose protocol initially. We
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actually did see this exact scenario in our cohort. This results in
a delayed door-to-needle time when the stroke is ultimately found
to be the cause.

Our study did not survey the perspectives of physicians and
other medical staff, but it would be an aspect to explore in
future. While we can only speculate the contributing factors to
the data seen in this study, other areas in which future research is
needed are the assessments of demographics in those who received
thrombolytics, as well as the degree of sickness upon presentation.
If a patient must be stabilized prior to undergoing a CT scan and/or
administering thrombolytics because of blood pressure, airway
compromise, or other condition, this will increase DTN time.

Limitations

This is a single-center study performed in the Southeastern
USA, and thus limited by the population and protocols of this
region. Nevertheless, our findings underscore the importance of
24/7 stroke team presence and the importance of our EMS partners.

Conclusion

Our prospective observational study in a real-world
community emergency department showed that arrival during the
night shift and as a walk-in rather than via ambulance resulted
in a significantly longer DTN time. Contributing factors to these
findings include fewer staff at night and a delay in identifying
patients with acute stroke. Ongoing assessment of local factors that
prolong DTN times is an important way to expedite thrombolytics

for our patients and address quality metrics.
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Objective: To perform a bibliometric analysis of stroke and quality of life studies
between 2000 and 2022 using VOSviewer and CiteSpace.

Methods: The literature data source for this study was the Web of Science Core
Collection. CiteSpace and VOSviewer were used to analyze publications in
relation to authors, countries, institutions, journals, references, and keywords.

Results: A total of 704 publications were obtained for the bibliometric analysis.
The number of publications has gradually increased over 23years, with an annual
increase of 728.6%. Kim S is the most prolific author in the field (10 publications),
and the United States and Chinese University of Hong Kong have the most
publications. Stroke is the most prolific journal with the most citations per paper
(91.58) and the highest impact factor (IF 2021, 10.17). The most high-frequency
keywords are “stroke,” “quality of life,” “rehabilitation,” and “depression.”

"o

Conclusion: A bibliometric analysis of stroke and quality of life over the last
23 years provides future research directions.

stroke, quality of life, bibliometric analysis, CiteSpace, VOSviewer

1. Introduction

Stroke is an acute cerebrovascular disease caused by the sudden rupture of a blood vessel in
the brain or the blockage of a blood vessel that prevents blood from flowing to the brain. It is a
group of diseases that cause brain tissue damage, including ischemic and hemorrhagic strokes.
The Global Burden of Disease Study 2017 reported that China had approximately 2 million
deaths due to stroke in 2017 (1, 2) and that stroke has become the second leading cause of death
worldwide (3). The American Heart Association and the American Stroke Association predict
that the total annual cost of stroke expenditure will reach $24,067 million by 2030 (4), imposing
a huge global social and economic burden. After a stroke occurs, approximately half of the
survivors have physical, psychological, and social impairments. These impairments will lead to
increased dependency on activities of daily living, mood changes, and social distancing (5),
which have a significant impsignificantly impact patients’ quality of survival of life (QOL) refers
to a person’s sense of well-being, life goals, autonomy, ability to assume valuable roles, and the
ability to participate in important relationships (6) and covers physical health, material health,
social health, emotional health, development, and activity (7). Standardized scale rating methods
are commonly used to evaluate QOL, and commonly used scales include the EuroQol Five
Dimensions Questionnaire (EQ-5D) (8), Barthel Index (BI) (9), Health Status Survey
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Questionnaire SF36 (10), Stroke Specific Quality of Life Scale
(SS-QOL) (11), Hamilton Anxiety Scale (HAMA) (12), Hamilton
Depression Scale (HAMD) (12). Functional status, depression, social
support, age, gender and race were important predictors of quality of
life, among which functional status and depression were the most
important determinants (5).

Traditional reviews emphasize the content of the articles and do
not reveal the topical issues and collaborations. Bibliometric analysis
is a mathematical and statistical method that uses software to extract
literature data such as authors, countries, institutions, keywords, cited
authors, and cited journals to reveal the macroscopic pattern of a field
through quantitative analysis (13), which can effectively explore the
development of a subiect (14). Bibliometrics has a wide range of
applications, including Biomedicine, Humanities and Social Sciences,
Engineering and Technology, Economic Management, etc. (15).
Current bibliometric analysis software includes CiteSpace (16) (Drexel
University, Philadelphia, PA, the United States) and VOSviewer (17)
(Leiden University, Leiden, Netherlands), through software-generated
collaborative networks and co-occurrence networks, etc., we can
identify potential collaborators, and the evolution of thematic research
hotspots provides scholars with a dynamic development process in the
field. It is useful for scholars to have a comprehensive understanding
of the current state of research in the field (18) and to predict the
future research hotpots. The literature related to stroke and quality of
life has a tendency to increase year by year, but a bibliometric analysis
of the topic of stroke and quality of survival has not been conducted;
therefore, a bibliometric analysis of the topic is necessary to help
researchers understand the hot spots and emerging trends in the field
of stroke and quality of life.

2. Materials and methods
2.1. Search strategy

The Web of Science Core Collection (WoSCC) was used as the
source of bibliographic data. Web of Science has been widely accepted
by researchers as a high-quality digital literature resource database and
is generally considered the most suitable database for bibliometric
analysis, and the citation index was chosen as Science Citation Index
Expanded (SCI-EXPANDED) - 1900-present in order to ensure
comprehensive and accurate search data. Search strategy: TI = (stroke*
OR “Cerebrovascular Accident*” OR CVA* OR “Cerebrovascular
Apoplexy” OR “Brain Vascular Accident*” OR “Cerebrovascular
Stroke*” OR Apoplexy OR “Cerebral Stroke*” OR “Acute Stroke*” OR
“Acute Cerebrovascular Accident*”) and TI=(“quality of life” OR
“QOL” OR “Life Quality” OR “Health-Related Quality Of Life” OR
“Health Related Quality Of Life” OR “HRQOL”). The search period
was limited to January 1, 2000, to November 1, 2022, with Article and
Review selected as the document type and English as the language.
704 articles were obtained after de-duplication.

2.2. Analytical tools
Microsoft Excel 2019 was used to produce annual, and annual

cumulative publication volume and citation co-citation count
graphs for analyzing the global output and trends of papers related
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to stroke and quality of survival. CiteSpace 6.1.R3 and VOS
Viewer 1.6.17 were used to produce network graphs to extract and
analyze the number of publications (including output, authors,
journals, countries, and institutions), citation frequency
(including co-cited authors, co-cited journals, and co-cited
literature), and co-occurring keywords to track research trends
and hotspots. Both software is information visualization software
based on the Java platform. CiteSpace is used to generate
collaborative networks (including authors, countries, and
institutions), co-citation networks (co-cited authors), and
co-occurrence networks (strongest burst references, keywords). In
CiteSpace network mapping, the larger the node, the higher the
number of articles represented or the higher the frequency of
co-occurrence, and the nodes between VOS Viewer is used to
generate co-occurrence network (keywords), co-citation network
(cited journals, co-cited literature). VOS Viewer generates the
clustering view (Figure 1) and density view (Figure 2B)
respectively In the cluster view, the color of the node represents
the cluster it belongs to, the size of the node represents the
frequency of co-occurrence, the line between the nodes represents
the co-occurrence (or co-citation) relationship, and the thicker or
thinner of them indicates the co-occurrence (or co-citation)
intensity. In the density view, each node on the plot is filled with
color according to the density of the elements around that node,
the higher the density, the closer to red; on the contrary, the lower

the density, the closer to blue.

2.3. Research ethics

The study was conducted as a bibliometric analysis. All data
sources were available on the Internet, and no animal or human
subjects were involved. Therefore, permission was not required from
the ethics committee.
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Map of co-cited journals with publications.
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3. Results

3.1. Analysis of publications outputs and
citations

Between January 1, 2000, and November 1, 2022, the Web of
Science Core Collection included 704 articles that met the inclusion
criteria, including 668 articles and 36 reviews, with an average annual
yield of 31 articles (Figure 3). We obtained graphs of the number of
publications and citations (Figure 4) using Microsoft Excel. Overall,
there is a steady growth trend in the number of articles published and
frequently cited, with an annual increase of 728.6% (from 7 articles in
2000 to 51 articles in 2022). We fitted a polynomial to the cumulative
annual number of publications (Figure 4A) with a growth trend model
of R*=0.9991, predicting that more articles on quality of life after
stroke will be published in the future. Figure 4B shows that 704 papers
were cited 18,922 times (H-index 68), with an average citation per
paper of 26.88 and an average annual citation frequency of 823, with
2,236 citations in 2021, the highest ever, and 1734 citations in the first
10 months of 2022. 1,677 citations in 2022, which is 29.42 times that
of the overview.

3.2. Analysis of authors and co-cited
authors

Author collaboration mapping was generated by CiteSpace
(Figure 5A), and a total of 3,261 authors were involved in 704
publications. The size of nodes represents their publication volume,
and Table 1 lists the top five authors in terms of publication volume,
with Kim S ranking first (10 publications), followed by Kim J (9
publications), and Anderson C (8 publications) in third place. The
connecting lines between nodes represent the existence of
collaborative relationships among authors, and we performed a cluster
analysis of the author collaboration network using keywords to extract
cluster labels, forming a total of five key clusters (Figure 5B). By
calculating the centrality, we found that the highest centrality in
author collaboration was 0.03, and centrality greater than 0.1 was
considered an important node, which indicates that the connection
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between authors is not strong and the collaboration between authors
should be strengthened in the future.

The network diagram of co-cited authors is shown in Figure 6.
Among all co-cited authors, Williams LS from Indiana University
School of Medicine ranked first with 158 cited times, followed by
Duncan PW, Ware JE, with 144 and 138 cited times, respectively, and
the fourth and fifth co-cited authors were Carod-artal FJ (117 cited
times) and Sturm JW (114 cited times). Among all co-cited authors,
Ali M was the first with a high centrality of 0.21, followed by Anderson
C (0.2), Ahlsio B (0.14), Dorman PJ (0.13), and Brott T (0.12), all of
whom are influential researchers in the field.

3.3. Analysis of countries and institutions

An analysis of the country collaboration network through
CiteSpace (Figure 7A) showed that a total of 66 countries or regions
contributed to publications related to stroke and quality of life, and the
top five countries in terms of number of publications were the
United States, China, Australia, South Korea, and the United Kingdom,
with the exception of China, which is a developing country, and the
remaining four countries are all developed countries, which shows
that developed countries play an important role in this research field.
The purple circle represents the centrality, and the center of the study
is the most important one. The purple circle represents centrality, and
centrality greater than 0.1 is considered an important node. The
United States, Australia, the United Kingdom, Nigeria, and Singapore
are the top five countries in terms of centrality and have an important
impact on global scientific research cooperation. The countries or
regions contributing in this area are shown in the world map in
Figure 8.

Figure 7B shows a map of institutional collaboration networks in
each country and region. Four of the top five institutions in terms of
number of publications are from China and one from Australia, with
Chinese University of Hong Kong ranking first (20 publications),
Chang Gung University ranking second (15 publications), and
National Taiwan University ranking third (15 publications). Using
CiteSpace to calculate the mediated centrality of research institutions,
we found that three of the top five countries for centrality were from
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(A) Map of authors with publications. (B) Map of clustering of authors.

TABLE 1 Top five active authors and co-cited authors.

Author Co-cited Cited times Co-cited Centrality
author author
1 Kim S 10 Williams LS 158 AliM 0.21
2 Kim | 9 Duncan PW 144 Anderson C 0.2
3 Anderson C 8 Ware JE 138 Ahlsio B 0.14
4 Chen C 8 Carod-artal FJ 117 Dorman PJ 0.13
5 Alvaro R 8 Sturm JW 114 Brott T 0.12

Australia, with Deakin University ranking first with a mediated = nursing, medicine (z=1.89, f=11,736) domain. Table 2 lists the top 10
centrality of 0.06. As an international comprehensive university, itis  academic journals that published papers related to the quality of
one of the youngest but most dynamic universities in Australia, in ~ survival after stroke research. Sorted by publications, Stroke tops the
addition to the Deakin University Language Centre being one of the  list with 53 articles and plays a significant role in the field. It was
best language schools in Australia. The third-ranked university, King’s  followed by Topics in stroke rehabilitation (28 articles) and Disability
College London, is from the UK and the fifth-ranked university,  and rehabilitation (27 articles). The average impact factor of the top 10
Chonnam National University, is from South Korea. The centrality of ~ journals was 3.709, with the highest impact factor being the most
the research institutions is all less than 0.1, indicating that inter-  prolific stroke (IF=10.17). The vast majority of journals are based in
institutional links are not strong and inter-institutional cooperation  the United Kingdom, with all journals based in developed countries.
should be strengthened in the future. For further analysis of journal co-citations, we used VOSviewer
software to perform a citation co-citation analysis of 38 journals with

a threshold of 100 citations, which resulted in Figure 1, with four

3.4. Distribution of journals and co-cited clusters corresponding to the four colors in the figure. The red clusters
journals are mainly journals in the field of rehabilitation medicine, focusing on
the application of rehabilitation techniques and comprehensive care

A total of 222 journals have published papers on the quality of life  tools in stroke disease; The green and blue clusters are mainly journals
and stroke. Figure 9 shows a dual- map of journals. The left is the  in neurology and healthy quality of life assessment, which tend to have
citation map, the right is the cited map, and the curves are citation =~ more research on the prevention, diagnosis and management of
linkages. The linkage trajectories provide an interdisciplinary  stroke-related diseases and the assessment of medical therapies and
understanding of the field, and the z-Scores function highlights the  quality of life, and are dedicated to reducing the global burden of
more fluid trajectories, with higher scores indicated by thicker  stroke; The yellow clusters are mainly comprehensive journals of
linkages. In this case, publications in the neurology, sports, clinical medicine, which contain many relevant clinical and laboratory
ophthalmology (pink trajectory) domain are clearly influenced by trials that provide information on how to improve patient prognosis.
publications in the psychology, education, social (z=4.46, f=24,732) A review of articles from these journals can provide theoretical and
and health, nursing, medicine (z=4.34, f=24,120) domains. In  empirical support for this study. Table 3 and Figure 1 show that the
addition, publications in the medicine, medical, clinical (green  most cited is Stroke (4131), followed by Archives of physical medicine
trajectory) domains were influenced by publications in the health,  and rehabilitation (980), and Disability and rehabilitation (579).
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Centrality was calculated by CiteSpace software and the journal with
the highest centrality is Physical therapy (0.07) as seen in Table 3.

3.5. Analysis of co-cited references

To analyze the co-citation of the literature, we used VOSviewer to
plot the total number of references as 15,318, set the minimum
number of co-citations of the literature as 35, and screened 33 papers
for co-citation analysis of the cited literature, and constructed a
network within the field of stroke and quality of life research
(Figure 10).

CAROD-ARTAL FJ
4 S <

FIGURE 6
Map of co-cited authors with publications.

10.3389/fneur.2023.1143713

Table 4 lists the top 10 most frequently cited articles, involving 9
clinical studies, 1 review, and highly cited literature mostly published
from 1996 to 2005. The most frequently cited are Williams et al. (11)
(120 times), Sturm et al. (19) (100 times). The literature for the green
clusters in Figure 10 focuses on the assessment of the characteristics
of HRQOL-related scales in stroke patients. The most common
generic scale for assessing HRQOL in stroke patients is the SF-36 (20),
which has a floor effect in terms of physical functioning, but it is
limited in that it does not reflect well the level of social functioning of
patients and tends to trigger a ceiling effect (19). Therefore, it should
be supplemented with specific stroke HRQOL scales, such as SS-QOL
(11) and SIS (21) scales, which have better reliability, validity and
responsiveness. In addition, we should use a patient-centered
approach to participate in scale production (22) with robust
psychometric and quality-of-life measures, and patients should
be involved in each stage of scale development. The red and blue
clustered literature focuses on how overall and domain-specific
HRQOL is assessed in stroke survivors with caregivers at different
times and the main predictors of quality of life after stroke. The
independent determinant of HRQOL in stroke survivors is functional
status, which is low, resulting in social isolation and reduced social
activity with little social support, making a depression in stroke
survivors frequent (23). The quality of life of stroke survivors is highly
correlated with demographic variables, such as gender, age, and racial.
Women, especially older women, who have survived after stroke have
lower levels of all measures of quality of life and much higher rates of
depression than men. This is because in many countries, women take
on the responsibility for household management and have greater
difficulty maintaining this role after stroke. Multiple studies using data
from the Reasons for Geographic and Racial Differences in Stroke
(REGARDS) study have found that blacks have lower rates of blood
pressure control than whites with or without stroke (24). Racial
differences in the incidence of cardiovascular events and quality of life
of stroke survivors are largely due to differences in healthy lifestyles
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TABLE 2 Top 10 academic journals based on publications.

10.3389/fneur.2023.1143713

Source Publications Citations Average Country IF (2021)
(Abbreviations) Citations/
Publications

1 Stroke 53 4,854 91.58 United States 10.17

2 Topics in stroke rehabilitation 28 566 20.21 United Kingdom 2.177
(top stroke rehabil)

3 Disability and rehabilitation 27 554 20.52 United Kingdom 2.439
(disabil rehabil)

4 Journal of stroke and 25 301 12.04 United Kingdom 2.677
cerebrovascular diseases (j
stroke cerebrovasc)

5 Quality of life research (qual 25 768 30.72 Netherlands 3.44
life res)

6 Archives of physical 24 1,216 50.67 United Kingdom 4.06
medicine and rehabilitation
(arch phys med rehab)

7 Health and quality of life 22 486 22.09 United Kingdom 3.077
outcomes (health qual life
out)

8 Cerebrovascular diseases 18 1,045 58.06 Switzerland 3.104
(cerebrovasc dis)

9 Neurorehabilitation 15 110 7.33 Netherlands 1.986

10 Journal of rehabilitation 12 384 32.00 United Kingdom 3.959
medicine (j rehabil med)

TABLE 3 Top five co-cited journals in terms of counts and centrality.

Co-cited counts Cited journal Centrality Cited journal
(Abbreviations) (Abbreviations)
1 4,131 Stroke 0.07 Physical therapy (phys ther)
2 980 Archives of physical medicine and 0.06 International journal of rehabilitation
rehabilitation (arch phys med rehab) research (int j rehabil res)
3 579 Disability and rehabilitation (disabil 0.06 American journal of physical medicine
rehabil) & rehabilitation (am j phys med rehab)
4 529 Clinical rehabilitation (clin rehabil) 0.06 Acta psychiatrica scandinavica (acta
psychiat scand)
5 525 Quality of life research (qual life res) 0.05 Journal of the neurological sciences (j
neurol sci)

across groups (25). We considered the top 10 references based on the
number of citations as valuable references. These references are
landmark references in the field and set the stage for future research.

3.6. Analysis of co-occurring keywords

The keyword co-occurrence map reflects the core themes and
research hotspots in the field of quality of life after stroke research. As
of November 2022, a total of 2016 keywords have appeared in the field
of stroke and quality of life. In the VOSview software, we set the
frequency of displayed co-occurrence to at least 25 times. Thus, a total
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of 43 focused keywords were included (Figure 2A). We used Pajek
software to arrange the keywords in columns according to different
clusters, with nodes indicating keywords; the larger the node area, the
more frequently the keyword appears, and the lines between the nodes
indicate the strength of association. Figure 2B shows the density view,
the density size depends on the number and importance of keywords,
and this figure is used to quickly observe the knowledge and the
research density of the domain. We found four different colored
clusters, with red clusters representing studies of stroke disease
progression and related complications, green clusters representing
studies of clinical treatments for stroke and changes in functional
outcomes after stroke, blue clusters representing studies of
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standardized quality-of-life assessment measures and measurement
tools after stroke, and yellow representing studies of factors related to
the level of health care and the magnitude of caregiver burden for
stroke patients (Table 5). To get a clearer picture of the specifics of the
keywords, the high-frequency keyword assemblies with a
co-occurrence frequency of more than 80 are presented in Table 6, and
as seen in Figure 2B and Table 6, “stroke” (451 times), “quality of life”
(403 times), “rehabilitation “(194 times), “depression” (140 times), and
“survivors” (138 times) constitute the representative terms and hot
topics in this field.

Depression refers primarily to post-stroke depression, which is a
treatable condition, and early intervention can prevent its progression
to chronic depression, thereby slowing the recovery process. In
addition to stroke survivors, the psychological status of family
caregivers should also be taken into account, and studies have shown
that the prevalence of depression in caregivers is twice as high as that
in older adults in the community (26). The important predictor of
depression is social support (27). The isolation and reduced social
activities caused by physical disability in stroke survivors predispose
to depression, while the patient’s functional status, level of dependency;,
and family and social support can determine the quality of life of the
caregiver (23). Stroke survivors will receive intensive rehabilitation in
the hospital and will be less motivated to rehabilitate after discharge
from the hospital, when it is more important to enhance home
rehabilitation, including promoting low to moderate intensity physical
activity, muscle strengthening exercises and reducing sedentary
behavior, and changing poor sleep habits (short <6h or long >8h of
sleep) (28). Caregivers are trained by professionals during patient
rehabilitation, and group exercises and group activities are provided
in the community to promote socialization and reintegration of stroke
patients into community life (29). In addition, it is necessary to
strengthen mental health management for stroke survivors and family
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caregivers by providing interventions such as support groups
and counseling.

4. Discussion

The field of health quality of life research for stroke survivors is a
multidisciplinary research area that combines clinical medicine and
rehabilitation medicine and has received a great deal of attention from
the community, which makes it an iterative and updated research
topic. This paper analyzes 23 years of relevant research in this field.
Using the VOSview and CiteSpace software, trends in the field are
reviewed, and a bibliometric-based analysis of core authors in the
research field, highly productive and closely collaborating national
institutions, core journals in the field, valuable cited references, and
topical keywords in the field is conducted.

4.1. General information and global trends
for stroke and quality of life

Based on data collected in the Web of Science core collection,
between 2000 and 2022, 704 articles on stroke and quality of life were
published by 3,261 authors from 1,271 institutions in 66 countries
worldwide in 222 journals, citing 15,318 references from 4,211
journals. 18,922 times, with an increasing trend in the number of
publications year by year. The rapid growth of published papers
indicates that researchers are paying more attention to the quality of
life after stroke. To our knowledge, this is the first article based on
WoSCC and using bibliometric and visual analysis methods to assess
stroke and quality of life, which may inform the direction of future
research. Figure 4A shows the temporal distribution of publications
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TABLE 4 Top 10 co-cited references in terms of citations.

Title citations

10.3389/fneur.2023.1143713

First author Journal

1 Development of a Stroke- 120 1999

Specific Quality of Life Scale

Document Type

Williams LS Stroke

Article

2 Quality of Life After Stroke: 100
The North East Melbourne

2004

Stroke Incidence Study
(NEMESIS)

Sturm JW Stroke Article

3 Quality of Life After Stroke 82 1996

King RB Stroke Article

4 Quality of Life Among Stroke 80 2000
Survivors Evaluated 1 Year
After Stroke: Experience of a

Stroke Unit

Carod-artal ] Stroke Article

5 Determinants of Quality of Life 68 2005
in Stroke Survivors and Their

Informal Caregivers

Jonsson AC Stroke Article

6 Quality of Life after Stroke: The 63

Importance of a Good

2009

Recovery

Carod-artal FJ Cerebrovascular Diseases | review

7 Quality of Life During and 62
After Inpatient Stroke

2003

Rehabilitation

Hopman WM Stroke Article

8 Validation of the Short Form 36 61
(SF-36) Health Survey

1996

Questionnaire Among Stroke

Patients

Anderson C Stroke Article

9 The Stroke Impact Scale 61 1999
Version 2.0. Evaluation of
Reliability, Validity, and

Sensitivity to Change

Duncan PW Stroke Article

10 Health-Related Quality of Life 59 2000
Among Long-Term Survivors
of Stroke: Results From the

Auckland Stroke Study, 1991-

1992

Hackett ML Stroke Article

in the field of quality of life after stroke, and although the number of
publications declined considerably during 2015-2018, the annual
number of papers increased dramatically from 2018 to 2021, reaching
77 papers and 2,236 citations in 2021 (Figure 4). Despite the overall
decreasing trend in stroke mortality and morbidity worldwide, the
socioeconomic burden of stroke survivors remains high and several
countries are gradually starting to focus on the healthy quality of life
of stroke survivors. The growing trend of publications indicates that
this research area has received increasing attention from scholars in
recent years, and we predict a great potential for growth in this
research area.

4.2. Quality of global publications on
stroke and quality of life

4.2.1. Authors and co-cited authors
In this study, CiteSpace helped to identify the core authors with
the highest number of publications and citations (Figures 5, 6),
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reflecting the authors’ contributions to the field and their
collaborations. KIM S, who has the highest number of publications,
works at Korea University College of Nursing and leads a team
studying the relationship between Type D personality and quality of
life in post-stroke patients. Type D personality has a high rate of stroke
recurrence and high frequency of antidepressant medication use, and
this study helps to reduce stroke recurrence, increase healthy behaviors
in post-stroke patients and improve quality of survival (19). Donnan
G and Anderson C, who have formed a partnership in the field of
quality of health care, work at the National Stroke Institute at the
University of Melbourne and Anderson C works at the University of
Sydney, and their team has conducted observational studies of post-
stroke patients using a follow-up approach to encourage stroke
patients to participate in rehabilitation and receive medication and
related care programs to improve HRQOL (20, 30); Author Chen C
and author Wu C focused their research on rehabilitation therapies to
improve patient function through common rehabilitation
interventions, such as modern rehabilitation robotic assistive

technology and traditional Chinese health care techniques (31-33).
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Author Kim S and author Kim J focus on longitudinal studies, as one
of the important research methods in psychology, longitudinal study
is a continuous observation of a population or individuals in that
population to understand the dynamics of disease, nutritional health
status or a health event over time. Cross-sectional associations cannot
explain the relationship between post-stroke depression and quality
of life, therefore Kim J et al. conducted a study on the longitudinal
impact of depression on quality of life in stroke patients and found
that post-stroke depression was associated with low quality of life in
the acute phase of stroke and had a persistent negative impact on
patients, emphasizing the need to assess patients for depression after
the onset of stroke, in addition to medical interventions (34).
Similarly, we clustered and grouped the author co-citation
networks using keywords, and the main research topics were Validity,
neglect, Marathi, poststroke fatigue, and response shift, represented
by William LS, Duncan PW, Carod-artal FJ, and The first cited article,
Development of a Stroke-Specific Quality of Life Scale, was published
462 times in 1999 by Williams LS et al. Williams LS led the team that
developed the SS-QoL, a patient-centered outcome measure designed
to assess HRQOL specific to stroke patients. The SS-QoL is a patient-
centered outcome measure designed to assess patient-specific HRQOL

TABLE 5 Clusters of co-occurring keywords in areas.

Cluster Color Keywords

Anxiety; cognitive
impairment; depression;
disability; disease; east
Melbourne stroke; follow-
- up; health-related quality;
ischemic stroke; ischemic-
stroke; mortality; outcomes;
population; poststroke
depression; predictors;

prevalence; recovery; risk.

Aphasia; exercise;

participation; people;

poststroke; quality of life;
randomized controlled-trial;

stroke; therapy.

Questionnaire; reliability;
scale; sf-36; validation;

validity; version; euroqol.

Burden; care; caregivers;

determinants; health;

N

survivors.

TABLE 6 Top 10 keywords.

10.3389/fneur.2023.1143713

and has the advantage of being valid, reliable, and responsive, and is
commonly used to assess the quality of life in stroke patients (11).
More attention to the research results of core authors in this field will
help to open our minds and promote research innovation.

4.2.2. Countries and institutions

Combined with Table 7 it can be seen that the United States is the
most published country in this field and is the central partner of other
countries. The United States ranked first in the number and centrality
of publications in quality of life after stroke research, with 104
publications and a centrality of 0.33. Stroke is the second leading cause
of death worldwide, and as a developed country, stroke has also posed
a major socioeconomic threat to the United States, so the United States
has invested significant and research and medical resources to study
stroke. Every year, the United States promotes awareness of the
prevention and treatment of hypertension through various means. In
addition, the United States, Australia, and the United Kingdom are the
core research forces in the collaborative network and work closely
with other countries.

We used CiteSpace to cluster institutions and extracted cluster
labels from the titles to obtain a total of seven clusters, the largest
cluster was labeled long-term quality, and the main cited article was
Early mobilization and quality of life after stroke findings from avert
published in neurology in 2019, the University of Melbourne was the
institution with the most citations in this cluster, and the University of
Melbourne is both a high volume of publications and a high centrality
(Table 8). The second largest cluster was labeled life scale, and the
most cited institution was National Taiwan University, which was also
the third most prolific institution; the third largest cluster was labeled
kosco study, and the Jeonnam National University was the most cited
institution in this cluster. In addition, Chinese institutions accounted
for 81.6% of the top five publications (Table 8). According to the
census, China’s population growth rate is much less than the
prevalence of cerebrovascular disease, and as the world’s most
populous and rapidly aging country, we speculate that China faces a
great challenge in reducing stroke morbidity and mortality, and
therefore institutions in China are investing more research in this
research area resources and efforts.

National and institutional collaboration helps researchers in this
field to share resources and exchange knowledge and ideas, which is
essential for the development of scientific research. Therefore, stronger
collaborative networks should be established among more countries
and institutions.

4.2.3. Journals and co-cited journals
A total of 704 papers on stroke and quality of life were published
in 223 journals. From the dual-map of journals (Figure 9), the cited

Rank Occurrences Keyword Rank Occurrences Keyword
1 451 Stroke 6 122 Reliability

2 403 Quality of life 7 98 Scale

3 193 Rehabilitation 8 93 Validity

4 140 Depression 9 93 Disability

5 138 Survivors 10 88 Impact
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TABLE 7 Top five countries in terms of count and centrality.

Rank Country Count  Country Centrality
1 United States 104 United States 0.33
2 China 81 Australia 0.31
3 Australia 70 United 0.17
Kingdom
4 South Korea 54 Nigeria 0.1
5 United 46 Singapore 0.1
Kingdom

TABLE 8 Top five institutions in terms of count and centrality.

Institution Institution Centrality
1 Chinese 20 Deakin 0.06
University of University
Hong Kong
2 Chang Gung 15 University of 0.05
University Melbourne
3 National Taiwan 15 King’s College 0.04
University London
4 University of 14 Austin and 0.04
Melbourne Repatriation
Medical Centre
5 National Taiwan 12 Chonnam 0.03
University National
Hospital University

journals were concentrated in neurology, sports, ophthalmology,
medicine, medical, clinical, which are called frontiers of research. The
cited journals are mainly in the fields of psychology, education, social,
health, nursing, medicine, which are called knowledge base.

Table 2 shows that the top 10 journals account for 35% of the total,
with the exception of Stroke, which has an IF=10.17, and the
remaining nine journals with low IFs, which we believe lack some
groundbreaking discoveries and innovations in the field. Diseases
(58.06) and Archives of physical medicine and rehabilitation (50.67),
indicating that these three journals contain high quality articles and
have received much attention in the field of stroke and quality of life.
With 53 papers published over the past 23 years, Stroke is the most
preferred journal for those in the field of stroke and quality of life
research. As shown in Figure 1 and Table 3, the most frequently cited
journal is Stroke, with 4,131 citations, and the first cited paper on
quality of life in stroke survivors was also from Stroke, making Stroke
arguably the most influential core journal in the field. In terms of
centrality, an important journal in the field of stroke and quality of life
research is Physical therapy (Table 3), which works closely with other
journals. In addition, by combining Tables 2, 3, we found that four
journals, Stroke, Disability and Rehabilitation, Quality of life research,
and Archives of physical medicine and rehabilitation, are both
important citation-giving and cited journals, and the articles in these
journals reflect the underlying theories in this field of research. Future
scholars should pay more attention to these journals in order to
quickly access the latest international information and research
advances in stroke and quality of life.
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4.3. Research hotpot for stroke and quality
of life.

4.3.1. Co-cited references with the strongest
citation bursts

A burst reference is a reference that has been cited frequently over
a period of time, representing a considerable interest and concern of
the researcher in a certain field. Therefore, analyzing the clues of burst
references can effectively identify the research hotspots and research
frontiers in the field (16). Table 9 lists the top 20 co-cited literature
with the strongest citation bursts from 2000 to 2022. The light blue bar
indicates that the reference has not yet appeared, the dark blue bar
indicates that the reference has started to appear, and the red line
represents the burst time.

The first appearance of co-cited literature related to outbreaks was
in 2000. The authors of the top three strongest sources of outbreaks
were Sturm JW, Carod-artal FJ, and Jonsson AC. with the highest
citation intensity (n=13.49 citation bursts) coming from Sturm JW
(35) and his team published in Stroke, who had previously studied
disability data in community stroke survivors (36), and although
disability is the most relevant patient clinical outcome, quality of life
may be more relevant from the patients perspective (22). They
assessed 2years after stroke using Assessment of Quality of Life
(AQOL) and most survivors had severely impaired HRQQL, and the
determinants of HRQOL were disability, physical impairment, anxiety,
and depression. Predictors were age, female, initial NIHSS score,
neglect and low socioeconomic status. Carod-artal et al. (29) reviewed
HRQOL assessment and determinants in stroke survivors. They
described the need for HRQOL measurement tools in clinical practice
and commonly used assessment scales. Many factors predict HRQOL
in stroke survivors, with functional status and long-term disability
being determinants, and psychosocial factors such as depression also
affecting HRQOL and functional recovery in stroke survivors. In
addition, they found that stroke caregivers who lacked family support
and professional support also had generally lower HRQOL. Jonsson
etal. (23) also found that caregivers may be under considerable stress
and that caregivers have poorer quality of life than patients in terms
of emotional and spiritual factors. The determinants of quality of life
for caregivers are their own age and the functional status of the
patient. Stroke research therefore needs to focus more on the overall
functional capacity of survivors, comorbidities and psychosocial
factors, and stroke rehabilitation needs to be survivor and
caregiver oriented.

There are three articles with reference bursts ending in 2022, and
these are commonly cited in recent years, which shows that the
content and views in these references are hot spots that tend to
be popular. de Wit et al. (37) used the EQ-VAS z-Norm score to
compare the long-term HRQOL levels of stroke survivors with
population normal levels and found that stroke had a 5-year stroke
survivor's HRQOL The effect of stroke on HRQOL was highly
variable, with lower HRQOL scores associated with functional status,
female, higher age (38), and lower socioeconomic status (39), but the
study was limited by not considering psychosocial factors. Ramos-
lima et al. (38) found that the most relevant predictor of QOL was
functional status during assessment, and that patients with left
hemisphere stroke usually have language impairment and worse
HRQOL, so lifestyle changes and encouragement of physical activity
are necessary. In addition, they found that orthotic use, although
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TABLE 9 Top 20 references with the strongest citation bursts.

10.3389/fneur.2023.1143713

References Year Strength Begin End 2000-2022

Williams et al. 1999 6.83 2000 2004 o —

King et al. 1996 6.46 2000 2001 [r—

Carod-artal et al. 2000 6.5 2002 2005 e ——

Kim et al. 1999 6.19 2002 2004 e p—

Sturm et al. 2004 13.49 2005 2009 e p—

Hopman et al. 2003 6.48 2005 2008 e s N I Y B

Jonsson et al. 2005 11.5 2006 2010 e I N I S

Nichols-larsen et al. 2005 5.96 2006 2010 R ——

Paul et al. 2005 6.19 2007 2010

Haacke et al. 2006 7.46 2008 2011

Kwok et al. 2006 6.96 2008 2011

Patel et al. 2007 9.92 2009 2012 O —

Muus et al. 2007 5.64 2009 2012 s e I Y N

Carod-artal et al. 2009 12.05 2011 2014 s s N N N

Dhamoon et al. 2010 5.94 2012 2015 s s I I N s s e s s s
Abubakar et al. 2012 6.14 2014 2017 T —
Bushnell et al. 2014 7.6 2015 2019 e —
De Wit et al. 2016 6.38 2019 2022 s s I N N
Ramos-lima et al. 2018 9.06 2020 2022 s s I N
Kwon et al. 2018 5.7 2020 2022 s e I N

The bold values in table refer to the three co-cited references whose citation burst strength is greater than 10.

improving gait performance and controlling abnormal kinematics due
to coordination deficits, also had a negative impact on HRQOL. Kwon
etal. (40) evaluated the factors influencing HRQOL in stroke survivors
and suggested that the development of rehabilitation programs must
be tailored to the physical performance level of stroke survivors.
Therefore, we need to pay attention to psychosocial factors that affect
the health quality of life of survivors, and for post-stroke depression,
the community should provide comprehensive medical care including
depression screening and treatment. In addition, because it is difficult
for stroke survivors to return to work and inadequate financial support
limits medical care and participation in activities, which in turn
exacerbates the lower quality of life of stroke survivors (41, 42),
vocational rehabilitation should also receive attention.

4.3.2. Keywords with the strongest citation bursts
Burst keywords are keywords that are frequently cited over a
period of time and can reflect the cutting-edge topics in that research
area. Table 10 shows the 20 most frequently cited keywords. The most
cited keywords in the early stage include quality of life, stroke
outcome, health status, and reliability, which shows that the quality of
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survival and scale reliability of patients after stroke are popular topics
in the early stage of research in this field; The popular keywords in
recent years include disease (2018-2022), care (2018-2022), global
burden (2018-2022), and anxiety (2019-2022). The four research
trends are as follows:

(1) Disease: Hypertension, diabetes mellitus, and obesity are
considered risk factors for the occurrence of stroke (43), and the
quality of survival of post-stroke patients includes depression in
addition to these disease factors. suYeon Kwon et al. (40) suggested
that rehabilitation interventions for post-stroke depression should
be developed, and vocational rehabilitation and individualized
physical activity should be developed to improve post-stroke patients’
HROQL (40).

(2) Care: Effective care after stroke has an important impact on
improving the quality of patient survival. In the acute phase of stroke,
the goal of care is to stabilize the patient’s condition through acute
treatment. Rehabilitation, an important component of effective care,
should be intervened as early as possible after the patient’s condition
is stabilized. The goal of early rehabilitation is to encourage active
participation of the patient, with support and education provided by
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TABLE 10 Top 20 keywords with the strongest citation bursts.

10.3389/fneur.2023.1143713

Keywords Year Strength Begin End 2000-2022
Quality of life 2000 9.28 2000 I S —
Stroke outcome 2000 6.43 2000 2010 I I N O N S S S N
Health status 2000 5.36 2000 2007 I o o ———
Reliability 2000 3.86 2000 P —
Health-related 2000 4.52 2003 2006
.5

quality of life s e e N N O
East Melbourne

2000 6.62 2007 2013 e e s e e e N Y O Y O
stroke
Follow up 2000 445 2008 2015 I D N I N e e s s s s
Determinant 2000 4.4 2008 2011 i ——
Induced movement

2000 407 2009 2010 ——
therapy
Randomized

2000 4.07 2010 2016 B ——
controlled trial
Community 2000 4 2013 2014 fr—
Poststroke 2000 4.32 2016 2022 I I N
Therapy 2000 4.15 2016 2022 I — ——
Trial 2000 3.98 2016 2020 ! e
Risk factor 2000 4.55 2017 2019 e —
Disease 2000 4.7 2018 2022 I — ——
Care 2000 4.52 2018 2022 s e e e
Global burden 2000 3.97 2018 2022 I —— ——
EQ-5D 2000 42 2019 2020 —
Anxiety 2000 4.13 2019 2022

caregivers and family members; the goal of late rehabilitation is to
restore somatic function for social reintegration as much as
possible (44).

(3) Global burden: The burden caused by stroke continues to
increase globally (45). With approximately 2 million deaths due to
stroke in China in 2017, stroke has become the leading cause of death.
By documenting lifestyle, environmental and occupational exposures,
and metabolic risk factors, it is possible to quantify the magnitude of
the stroke burden associated with various risks and to identify
prevention strategies at the global, regional, and national levels to
reduce the social and economic burden of stroke (46, 47).

(4) Anxiety: There is a correlation between psychological factors
and quality of life after stroke (48). The higher the level of depression
and anxiety after stroke, the lower the patients’s HRQOL scores (37),
and the development of rehabilitation programs is important to
improve quality of life and reduce mortality, such as the development
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of gigong exercises as a complementary and alternative form of
medicine that can reduce mental distress caused by stroke (32).

4.4. Significance

4.4.1. Significance of published content to the
study

Factors influencing QOL in stroke survivors can be categorized
into demographic variables, associated vascular risk factors,
neurological dysfunction, functional status, cognitive and behavioral
factors, psychological factors, and social variables. Among these, the
most relevant predictor of QOL is functional status. Therefore,
programs tailored to the functional status of stroke survivors can help
provide a better quality of life. In addition, the high prevalence of
depression after stroke confirms the need for assessment and
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intervention for depression. The variables associated with depression
are stay-at-home status, feminization, inadequate social support,
rehabilitation, depression screening and community interventions for
stroke survivors must take into account the support of other family
members or caregivers, and the mental status of caregivers cannot
be ignored. Therefore, post-stroke rehabilitation should be multifaceted,
with mental health education along with improvement of physical
function to improve the patient’s post-stroke quality of life.

4.4.2. The practical significance of the study

This study uses data visualization to summarize and express
complex information in the field of post-stroke quality of life research,
which has important implications for hospitals, medical students, and
the community engaged in stroke research. First, this study
summarizes the current state of research and predictors of quality of
life after stroke, emphasizing that psychosocial factors such as
depression or anxiety cause the same or greater decline in quality of
life than physical disability (49), suggesting that hospitals, universities
and community should not only focus on the functional status of
stroke patients, but should place a high priority on the psychological
status of survivors and caregivers. This study can spread the knowledge
of cerebrovascular diseases to the public and raise the awareness of
cerebrovascular accident prevention, which is important to reduce the
incidence of stroke. Secondly, this study summarized the important
cooperative forces, classic literature, key literature and research
hotspots in this field, and summarized the research progress and
emerging research hotspots in the field of stroke and quality of life,
which has great reference value for the scientific research of hospitals
and universities engaged in stroke.

4.5. Strengths and limitations

To the best of our knowledge, this is the first article based on
WoSCC and using bibliometric and visual analysis methods to assess
23 years of stroke and quality of life. This study includes 704 papers
describing the current state of research on stroke and quality of life in
terms of authors, countries, institutions, journals, references, and
keywords, demonstrating the research base in the field, and also
includes emergent references and emergent keywords that help to
identify the research hotspots and future trends in the field.

However, this study also has some limitations. First, due to CiteSpace
software and technical limitations, we only included relevant literature
from the English database WoSCC and did not consider other databases;
Second, this study chose English as inclusion criteria and sent out
non-English articles, which may lead to research bias in published
literature; Third, bibliometrics cannot fully consider the validity and
scientific rigor of publications, and citation indicators may be influenced
by the time of publication, and recently published studies may
be underestimated, but we believe that our findings effectively represent
global research in the field of post-stroke quality of life studies.

5. Conclusion

Through a visual analysis of stroke and quality of life research
over the past 23 years, this study presents the current research
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findings and possible future research directions in stroke and
quality of life. Kim S, Williams LS, Anderson C, and Ali M are
important authors in this field, the United States, Australia and the
United Kingdom are core research forces, and the Chinese
University of Hong Kong in China has made the largest contribution
in this field. The University of Melbourne is an important research
institution, and stroke is the most influential core journal in the
field. The main research interests are stroke disease progression and
related complications, standardized post-stroke quality of life
assessment measures and tools, care and rehabilitation of stroke
survivors, and the global burden of disease. Topics related to post-
stroke depression and anxiety, rehabilitation, care, and scales are
emerging research hotspots. This analysis may enable academic
collaboration and communication among countries, institutions,
and scholars should be enhanced, and provides a useful basis for
researchers to further understand the research hotspots, research
priorities, and emerging trends in the field of stroke and quality
of life.
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Introduction: Patients with cerebrovascular disease may suffer from other
vascular morbidities, such as abdominal aortic aneurysm (AAA). Previously, a
high prevalence of AAA has been demonstrated in men 60 years of age and
older who have experienced TIA or stroke. This report evaluates the results
of a decade’s operation of a local screening program for AAA in this selected
neurologic population.

Methods: Men aged >60 years and admitted to the neurology ward of a
community-based hospital in the Netherlands from 2006 to 2017 with a diagnosis
of TIA or stroke were selected for screening. The diameter of the abdominal aorta
was assessed by abdominal ultrasonography. Patients with detected AAA were
referred for evaluation by a vascular surgeon.

Results: AAA was detected in 72 of 1,035 screened patients (6.9%). AAAs with
a diameter of 3.0-3.9cm accounted for 61.1% of the total aneurysms found;
AAAs with a diameter of 4.0-5.4cm accounted for 20.8% of the total; and large
aneurysms with a diameter of >5.5cm accounted for 18.1% of all aneurysms
discovered. A total of 18 patients (1.7%) underwent elective aneurysm repair.

Discussion: The detection rate of AAA in older men with cerebrovascular
disease was roughly 5-fold the detection rate in known European screening
programs in older men from the general population. The proportion of large
AAAs (>5.5cm) was also substantially higher. These findings reveal a previously
unknown co-morbidity in patients with cerebrovascular disease and may be
helpful for cardiovascular management of this large group of neurologic patients.
Current and future AAA screening programs may also benefit from this knowledge.
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Introduction

Cerebrovascular disease is one of the sequelae of systemic
atherosclerotic vascular disease. Patients who experience transient
ischemic attack (TTA) and stroke may suffer from other vascular
morbidities, such as abdominal aortic aneurysm (AAA). AAA is a
potentially fatal condition with a high rate of mortality when the
aneurysm ruptures (1). Elective aneurysm repair reduces mortality,
and its perioperative risks are decreasing (2). However, AAA is
a silent disease, and most aneurysms are detected by chance on
imaging studies conducted for other purposes. When AAA is
detected, patients are often put under the surveillance of a vascular
surgeon. Elective AAA repair is recommended for large AAAs
(=5.5 cm) when the rupture risk outweighs the surgery risks (3).

In 2009, our research group demonstrated high prevalence of
AAA in TIA or stroke patients (4). The subpopulation with the
highest risk of AAA was men aged >60 years, regardless of stroke
type, TOAST classification, and presence of known cardiovascular
risk factors. The results of the study were in line with large studies
on the prevalence of AAA, indicating the highest prevalence in
older men. However, the detection rate observed in our study, of
11% in older men who have experienced TIA or stroke, roughly
twofold the prevalence observed in older men from the general
population in known trials (4-7). In light of these results, a local
screening program for AAA has been implemented focusing on
older men who have experienced TIA or stroke.

Since the late 2000s, nationwide screening programs for AAA
have gradually been implemented in England and Sweden, and
partially implemented in the United States, to reduce AAA-related
mortality in men above 65 years of age (8-11). In multiple
countries, the effectiveness of screening for AAA has been or is still
being investigated, but this has not resulted in the implementation
of screening programs with broad coverage (11). In a recent
report, the Dutch Health Council did not advise routine population
screening for AAA in the Netherlands after an extensive evaluation
of existing trials and screening programs implemented worldwide
(12). Although reports evaluating the existing large screening
programs in England and Sweden do show clear benefits in terms
of AAA-related mortality and low costs per quality-adjusted life-
year (QALY) gained, the true prevalence of AAA in the screened
groups turned out to be lower than expected (13-16). Multiple
recent reports show a decreasing prevalence of AAA (17-19). This
may imply a reduction in effectiveness of the existing screening
programs and raises the need for adjustment of current screening
strategies. Selecting a subpopulation with a higher detection rate of
AAA may increase screening efficiency.

In the current report, we present the results over the past decade
of our local screening program for AAA in older men who have
experienced TTAs and stroke, and outline its clinical consequences
for this group of patients. In addition, screening program outcomes
are discussed in light of the results of other known screening
programs worldwide.

Methods

This study was performed at a community-based teaching
hospital in the Netherlands. Screening for AAA was implemented
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as part of the stroke workup for men aged >60 years admitted
to the Department of Neurology with a diagnosis of TIA or
stroke, in accordance with the findings of our previous study at
the same hospital (4). Prospectively collected data on all patients
admitted to the neurology department were used to identify
patients who underwent this screening. Patient files were used
to retrieving clinical data including sex, age, date of occurrence
of the cerebrovascular event, type of cerebrovascular event, date
of abdominal aorta measurement and maximal diameter of the
abdominal aorta, and (if applicable) the results of surveillance by
the vascular surgeon and the date and type of eventual surgery.

All men aged >60 years admitted to the Department of
Neurology between January 2006 and December 2017 with a
diagnosis of TTA or stroke were eligible for screening. The diagnosis
was made by an attending neurologist. Exclusion criteria were
subarachnoid hemorrhage; short life expectancy; expected poor
functional outcome with expected discharge to a nursing home;
clinical condition not allowing transportation within the hospital
or making this undesirable; known AAA; previous abdominal
aneurysm repair; and earlier radiological evaluation for AAA.

Screening was performed via ultrasonography of the abdominal
aorta by an attending radiologist. AAA was defined as a maximal
anterior—posterior diameter of the abdominal aorta of >3.0cm.
The ultrasonography was carried out in parallel to the usual stroke
workup administered during the same admission. The in-room
duration of the ultrasonography exam was under 5min. Patients
with a newly discovered AAA were referred to a vascular surgeon
for surveillance and eventual elective repair of the AAA.

The Institutional Review Board of our institution approved the
screening program.

Results

From January 2006 to December 2017, 1,037 male patients aged
>60 years and admitted to the Department of Neurology with a
diagnosis of stroke or TIA were selected for AAA screening. The
median age at the time of admission and screening was 73 (IQR:
67; 79). A total of 642 patients (61.9%) had a diagnosis of acute
ischemic stroke, 40 (3.9%) had an intracerebral hematoma (ICH),
and 355 (34.2%) were diagnosed with a transient ischemic attack
(TIA). A reliable measurement of the diameter of the abdominal
aorta was successfully obtained in 1,034 patients (99.7%).

Abdominal aortic aneurysm (anterior-posterior diameter
>3.0 cm) was found in 72 patients (6.9%). In 44 patients (4.2%),
the size of the AAA was between 3.0 and 3.9 cm; in 15 cases (1.4%),
the diameter was between 4.0 and 5.4 cm; and in the remaining 13
patients (1.3%), the size of the aneurysm was equal to or exceeded
5.5cm. Thus, AAAs with a diameter of 3.0-3.9 cm accounted for
61.1% of the total aneurysms discovered; those with a diameter of
4.0-5.4 cm accounted for 20.8% of the total; and large aneurysms
with a diameter of >5.5cm accounted for 18.1% of all those
discovered. The median age of men with a newly discovered AAA
was 77 (IQR: 69; 83) years.

A total of 26 patients did not undergo follow-up with a vascular
surgeon: in 13 cases this was for unknown reasons/the patients
were lost to follow-up; seven patients were not followed up due
to deterioration of their clinical condition; one patient died before
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FIGURE 1
Outcomes of the screening program. TBased on available data as of
August 2018. TTMedian surveillance period: 40 months.

the follow-up appointment could take place; three declined follow-
up; and two moved to another region. A total of 48 patients were
evaluated by a vascular surgeon. As of August 2018, 28 of these
were either known to be still under the surveillance of a vascular
surgeon or surveillance had ended due to stability of the size of
the AAA. One patient was indicated for aneurysm repair after 48
months of follow-up but declined surgery. A total of 18 patients
(1.7%) underwent surgery: nine within a short period (1-15 weeks)
after AAA was discovered and nine after a follow-up period
with a median duration of 40 months (range: 7-128 months).
Four patients underwent an open procedure, and 14 patients
underwent endovascular aneurysm repair (EVAR). Two patients
underwent re-operation due to major peri-operative complications,
both after EVAR; two patients needed a second surgery due to
technical failure of endovascular abdominal aortic aneurysm repair;
one patient had a ruptured aortic aneurysm 4 years after initial
surgery (EVAR) due to progression of the disease. No aneurysm-
related or peri-operative deaths are known to have occurred in our
patient population.

The results of the screening program are summarized in
Figure 1.
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The actual screening rate among all men admitted with TTIA
or stroke and aged >60 years was ~45%. Due to the retrospective
nature of the analysis, the data from the years 2006-2009 regarding
the screening rate among eligible patients are incomplete; i.e., it is
unknown how many patients did not undergo echographic aorta
measurement between 2006 and 2009 due to exclusion criteria or
logistical failures. During the years 2010-2017, 1,295 potentially
eligible patients were evaluated at our stroke department. A total of
574 patients (44.3%) underwent screening and 721 (55.7%) did not.
In 192 patients (14.8%), screening was not performed due to poor
clinical condition or expected poor functional recovery; 72 patients
(5.6%) had a known AAA; 132 (10.2%) had already participated
in our screening program during a prior admission; 90 (7.0%) had
undergone recent abdominal imaging without any signs of AAA; 13
(1.0%) did not give consent or were urgently transferred to another
hospital; and in 222 cases (17.1%), no clear reason why screening
was not performed could be identified. As mentioned above, the
exact screening rate for the years 2006-2009 is unknown. However,
there is no objective reason to assume that there was a substantial
difference in the screening rate compared to the years 2010-2017.

Discussion

This report evaluates the results of a local screening program
for AAA over a period of 11 years. The screening program was
implemented following a preliminary study detecting a group of
patients at risk of AAA (men aged >60 years with a diagnosis
of TIA or stroke). The program was designed, on the one hand,
to improve the cardiovascular risk management of patients with
known cerebrovascular morbidity; and, on the other hand, to
maximize the detection of asymptomatic but potentially fatal
conditions in the region (with a population of >200,000).

The screening rate in older men admitted with TIA or stroke
was ~45%; 17% of potentially eligible patients were not screened
due to logistic failures, and the remaining proportion of patients
did not meet the inclusion criteria due to poor clinical condition
or having previously undergone aorta imaging. It should be noted
that 5.6% of patients were excluded from screening due to already-
known AAA. The prevalence of asymptomatic AAA discovered
among the screened patients was 6.9%, among which 18.1% of
patients had large aneurysms with a diameter of >5.5cm. The
prevalence of AAA discovered was lower than the previously
demonstrated prevalence of 11% in a comparable cohort at our
institution. This decrease is in line with the results from other
screening programs worldwide, showing a lower true prevalence of
AAA than that identified in large RCTs.

Nevertheless, the detection rate of AAA in this screening
setting, with a focus on a select group of patients with
cerebrovascular disease, was substantially higher than the detection
rate in other European screening programs with unselected men
from the general population (Table1). A recent report on the
Veteran Affairs AAA screening program (USA) shows an AAA
detection rate comparable to that of our cohort (20). It must be
noted that a substantial proportion of the US cohort did not meet
the initial age and gender inclusion criteria for screening; thus, the
comparison with our Dutch cohort must be made with caution.
Nevertheless, we do not have a clear explanation for the high
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TABLE 1 Comparison of outcomes between known screening programs.

10.3389/fneur.2023.1131322

Screening Screened group Period of Number AAA Large AAA AAA repair surgery
program screening of detected (=5.5cm)at (including surgery
subjects first scan after period of
surveillance)
ACVA (Netherlands; Men > 60 y/o admitted 2006-2017 1,037 72 (6.9%) 13 (1.3%) 18 (1.7%)
current report) with stroke or TIA
NAAASP (England) One-time screening at 2009-2013 700,000 9,388 (1.3%) 755 (0.1%) 870 (0.1%)
(16) age 65
SASS (Sweden) (13) One-time screening at 2006-2014 253,896 3,891 (1.5%) Appr. 272 (0.1%)" Appr. 1,100 (0.4%)"
age 65
VANCHCS AAA Veterans 65-75 y/o who 2007-2016 19,649 1,232 (6.3%) 44 (0.2%) 54 (0.3%)
screening (USA) (20) have smoked >100
cigarettes in their
lifetime'™
UCC-SMART Patients 40-80 y/o with a 1996—2018 5,540 (men) 136; men: 2.5% 6 (0.1%) 49 (0.9%)
(Netherlands) (18) history of manifest
atherosclerotic disease

TOnly percentage available; approximate number calculated using published percentages.

THeterogeneous group, including 18.7% not meeting the age and/or gender inclusion criteria.

detection rate in our study. Remarkably, older men with stroke
or TIA in our cohort had at least a fivefold risk of having a
large (>5.5cm) AAA at first ultrasonography compared to the risk
observed in all other known screening programs. The proportion
of patients with screening-detected AAAs who underwent surgical
repair was also higher in our screening program, which cannot be
attributed to more aggressive surgical management. However, there
is heterogeneity in this comparison, and some data are unavailable
in other reports. Nevertheless, the high detection rate of AAA
demonstrated here, especially the high proportion of large AAAs in
our cohort of older men with cerebrovascular disease, is remarkable
when compared to programs involving screening of unselected
older men from the general population (Table 1).

The high prevalence of AAA in our series of studies reveals
previously unknown co-morbidity in patients with cerebrovascular
disease. To the best of our knowledge, the prevalence of AAA
in patients who have experienced TIA or stroke has not been
investigated before by any other research group. However, the same
association has been reported previously in reverse. A history of
cerebrovascular disease is frequent (13.3-27.4%) in patients with
known asymptomatic and acute AAA, as is a history of coronary
artery disease (18.2-26.7%) (21-23). A history of vascular disease,
including TIA or stroke, acute coronary disease, and peripheral
artery disease, has been shown to be present in 57% of patients
with acute AAA in a study of a series of such patients (21). Patients
with known coronary artery disease are at a higher risk of AAA,
and higher severity of coronary artery disease is associated with
higher prevalence of AAA (24, 25). The prevalence of AAA was
found to be 5.7% in a cohort of 438 men with coronary artery
disease (24). Another study revealed a comparable prevalence
(4.2%) among male patients undergoing coronary angiography,
which increased drastically in patients aged >65 years (8.6%) and
even further in patients with three-vessel coronary disease (14.4%)
(25). Since cerebrovascular disease and coronary artery disease may
share a common pathophysiological ground, the high prevalence of
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AAA in patients with coronary artery disease indirectly supports
our findings.

Limitations

A limitation of our study may be selection bias. Approximately
45% of eligible patients underwent screening; 38% of patients
did not meet the screening criteria, and 17% did not undergo
measurement of the aorta diameter for unidentifiable reasons
(Figure 1). We assume that these cases were missed because of
logistical failures. Another limitation is the generalizability of
our findings to other populations. Screening was performed in
a community-based hospital in an area with a predominantly
Caucasian population, and there are no data regarding the vascular
risk factors in the study population. However, the absence of
data on such risk factors has a plausible explanation, since in
our preliminary study, only male gender and age >60 years were
found to correlate with higher prevalence of AAA, while other
cardiovascular risk factors did not (4). Wide inclusion criteria
facilitate rapid identification of patients eligible for screening,
which is important in daily practice, especially in a non-academic
setting. In this report, a comparison of AAA prevalence was
made with the prevalence observed in other screening programs.
This comparison has a drawback in the form of heterogenicity
of the cohorts. The higher prevalence of AAA in our screening
program as compared to other programs may be partly attributed
to a slight difference in the age of patients. The median age
at the time of screening in our study was 73 years, while in
other European screening programs, subjects have received an
invitation for screening at the age of 65. Based on the results of
our research, we cannot estimate to what extent the older age of
patients contributed to the higher rates of detection of AAA, as
there was no control group of patients without a diagnosis of TIA
or stroke.
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Conclusion

The high prevalence of AAA in general, and the larger
proportion of large AAAs in older men with cerebrovascular
disease, encourages the continuation of the established screening
program, as it is likely that it leads to better detection and
management of co-morbidity in this large subpopulation of
neurologic patients. A screening program for AAA becomes
beneficial in terms of cost-effectiveness and reduction of AAA-
related mortality when it achieves a detection rate of at least
0.5% (26). It is reasonable to assume that this target for
effectiveness has been reached in the case of the current screening
program, with a detection rate of nearly 7%, especially when
taking into consideration the high proportion of large AAAs
with no need for follow-up. However, the life expectancy, and
thus the probability of mortality as a result of a ruptured
AAA, among patients who have experienced TIA or stroke may
differ from that among men in the general population. This
may decrease the benefit of the screening method presented.
Predictors of mortality or dependency after TIA or stroke (27),
such as stroke severity, recurrent stroke, increasing age, and
vascular co-morbidity, should be taken into account when selecting
men suitable for screening from a population with known
cerebrovascular disease.

In conclusion, abdominal aortic aneurysm may be a frequent
vascular co-morbidity of cerebrovascular disease, especially in
men. This knowledge may be helpful for the cardiovascular
management of stroke patients, as well as for the development of
current and future population-wide screening programs for AAA
(28-30). A further, more expansive review of the literature on
this subject strengthens our recommendations (31-37). Screening
of men aged >60 years with a diagnosis of TIA or stroke
for this condition seems to be highly effective and is easy to
carry out. Validation of these results in another cohort should
be considered by neurological societies. Confirmation of high
prevalence of AAA in a similar cohort could lead to new insight
into optimal vascular risk management in a large group of
neurologic patients.
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Effects of nurse-led hierarchical
management care on acute
stroke patients: A pilot study to
promote stroke-associated
pneumonia management

Dongxiang Zheng'!, Shengjuan Li?', Yan Ding®, Huaihua Chen?®,
Dong Wang*, Huan Wang?, Yuyao Xie?, Chen Li** and
Jinglan Luo®*

tDepartment of Neurology and Stroke Center, First Affiliated Hospital of Jinan University, Guangzhou,
Guangdong, China, 2School of Nursing, Jinan University, Guangzhou, Guangdong, China, *Department
of Neurology, The First Affiliated Hospital, Jinan University, Guangzhou, China, “‘Dapeng New District
Nan'ao People's Hospital, Shenzhen, China, *Department of Internal Medicine, First Affiliated Hospital of
Jinan University, Guangzhou, Guangdong, China

Background: Stroke-related pneumonia (SAP) is a common complication in acute
ischemic stroke (AlS) patients, and it has adverse effects on the clinical outcomes
and increases the burden on patients’ families and society. Early identification and
individualized care are necessary to reduce the incidence of SAP.

Objective: The present study aimed to explore the effect of nurse-led hierarchical
management care based on the acute ischemic stroke-associated pneumonia
score (AIS-APS) scale in AIS patients.

Methods: A quasi-intervention pilot study design was adopted for the
present study. A total of 120 AIS patients were enrolled and assigned to the
intervention group and the control group, with 60 subjects in each group in a
tertiary hospital in Guangzhou, China. The control group received routine care,
whereas the intervention group was given nurse-led hierarchical management
care based on the AIS-APS scale. The intervention duration was more than 7 days,
and the incidence of SAP, neurological function, swallowing function, and activities
of daily living (ADLs) at discharge were observed. The outcomes were assessed at
baseline and at outpatient time.

Results: A total of 120 participants were enrolled in our study. A significant
decrease was found in the incidence of SAP in the intervention group (18.3%)
compared with that in the control group (41.7%). Positive outcomes were shown
in neurology function, swallowing function, and ADL in the intervention group.

Conclusion: Nurse-led hierarchical management care based on AIS-APS can
reduce the incidence of SAP, promote AIS patients’ neurological function,
and maintain patients’ ADL. The results of our study indicated that nurse-led
hierarchical management care is feasible for AIS patients and provides
individualized interventions for patients with different levels of SAP risk. Nurse-
led hierarchical management care could be incorporated into routine nursing
practice. Further study is needed and expected to solve more clinical problems.

KEYWORDS

ischemic stroke, hierarchical management care, stroke-associated pneumonia, nursing
care, pilot study
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Introduction

Stroke is an acute cerebrovascular disease that is caused
by an ischemic infarction or an intracranial hemorrhage (1).
Acute ischemic stroke (AIS) is the leading common type of
stroke and accounts for 69.6-70.8% of all strokes (2). AIS
with the characteristics of high morbidity, disability, mortality,
and recurrence, is one of the main diseases that threatens
human life and health (1, 3). AIS is accompanied by impaired
consciousness, dysphagia, hemiparesis, and stroke-associated
pneumonia (SAP).

The concept of SAP was introduced by Hilker et al. (4).
The 2010 Chinese Expert Consensus on the Management of SAP
defines it as an inflammation of the lung parenchyma (including
the alveolar wall or the interstitial lung in the broader sense) in
stroke patients who have not previously had pneumonia. When
SAP occurs within 72h of admission, it is described as an early
stage of SAP. Another classification that is being used classifies
SAPs into acute (when pneumonia occurs within 1 month after
stroke) phase and chronic phase (when pneumonia occurs 1 month
later) (5). Other SAPs include pendant pneumonia caused by poor
blood circulation, long-term bedrest, and ventilator-associated
pneumonia (VAP) induced by ventilator-assisted respiration (6).

Stroke-related pneumonia is a common poststroke
complication, with a prevalence of ~7-38%, and is the
leading cause of death in patients in the acute phase, with a
30-day mortality rate of up to 30% (4, 7, 8). SAP is associated
with prolonged hospitalization, delayed recovery, difficulty in
performing rehabilitation procedures, poorer functional outcomes,
higher mortality, and increased financial and nursing burden on
patient families (9, 10). Previous studies have shown that SAP
can be prevented (11, 12). Therefore, for AIS patients, it is of
important clinical significance to accurately predict the risk of SAP
and implement effective prevention and control measures in a
timely manner.

Currently, some studies have focused on pneumonia using
pharmaceutical interventions (13, 14) or invasive treatments, such
as a portable fibrobronchoscopic treatment and tube feeding
methods (15, 16), respiratory muscle training (17), or standard care
bundle intervention in preventing the occurrence of SAP (18). A
common limitation of these studies is that they provide a uniform
intervention without assessing patients’ SAP risk. Comprehensive
measures and individualized interventions are needed to reduce the
incidence of SAP.

Hierarchical management care involves targeted nursing
interventions according to the severity of the patient’s condition
to ensure that each nursing measure is more suitable for the
patient’s condition and improves the quality of nursing (19, 20).
Recent researchers have shown that hierarchical management
methods have promising results in acute cerebral infarction, acute
myocardial infarction, and bronchial asthma (21-23), which have
attracted researchers’ interest in exploring more potential effects.

The acute ischemic stroke-associated pneumonia score (AIS-
APS) (8) was developed on the basis of data from the National
Stroke Registry of China. One study (24) showed that the AIS-
APS scale has good predictive discrimination and accuracy and is
an operational tool that can stratify the SAP risk to quickly screen
high-risk patients.
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In this study, we aimed to explore the effect of nurse-led
hierarchical management care based on the AIS-APS scale on
patients with AIS. By refining the level of nursing required for
different degrees of AIS, a nursing-level classification scheme was
implemented to ensure that each nursing intervention is more
suitable for the patient’s condition and thus provides a reference
for clinical nursing.

The primary hypothesis is stated as follows. After the
intervention, a lower incidence of SAP in AIS patients was observed
in the intervention group.

The secondary hypothesis is stated as follows. After the
intervention, the intervention group would show significant
improvements in neurological function, better recovery of the
swallowing function, and a prognostic quality of life.

By refining the nursing levels of high-risk patients, the nurse-
led hierarchical management care based on the AIS-APS scale was
implemented to ensure that each nursing measure is more suitable
for the patient’s condition and thus provides a reference for clinical
nursing specialists to prevent SAP.

Materials and methods
Study design and population

We conducted a single-blind non-randomized controlled trial
to test our hypothesis. The study was conducted at the First
Affiliated Hospital of Jinan University, China, from January
2021 to December 2021. The participants were divided into
the intervention group and the control group according to
the admission time. The researchers in charge of the outcome
evaluation were blinded to the allocation of participants.

The preexperimental results of this study showed that
the incidence of SAP in the control group was ~50% and the
incidence of SAP in the intervention group was ~20%. According
to the sample size calculation formula of the two groups of an
equally parallel 1:1 design, by taking @ = 0.05 and g = 0.1, the
sample size needed for this study was estimated with the following
formula (25):

Lo Prx (L=py) +p2x (1= p)

2
X -+ Iz
( 1 2)2 (//La/Z ﬂ)

pl = 50%, P2 = 20%, = 0.05, B = 0.1, and substitution
into Eq.

0.5 x (I — 05) + 02 x (1 — 02)

> x (1.96 + 1.28)* ~ 48
(0.5 — 0.2)

According to the aforementioned calculation, each group needs
at least 48 patients, considering the dropout rate of 10%, and each
group should have collected at least 53 AIS patients to ensure that
the study can be carried out.

The participants were recruited by word of mouth and posters.
The inclusion criteria for the present study were as follows: (1)
should have met the diagnostic criteria in the Guidelines for Acute
Ischemic Stroke Treatment (26); (2) should have been admitted
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within 72 h of stroke; (3) should have been admitted without the
diagnoses of pulmonary infection; (4) should have an age ranging
>18 years; and (5) should have the length of the intervention
of no <7 days. The participants were excluded from the present
study, if they had (1) been discharged or died within 24 h; (2) had
complicated infectious diseases and lung tumors before admission
or other respiratory diseases; (3) had incomplete clinical data; or (4)
had severe heart, lung, liver, kidney disease, or malignant tumors.

Ethical considerations

All the participants provided written informed consent prior to
the study.

Intervention methods

Intervention group

The team was a multidisciplinary medical, nursing, and
technical cooperation team that was composed of an expert group
and a research group. The expert group included two neurology
clinicians, eight clinical nurses, and one rehabilitation therapist
from the neurology intensive care unit, and the research group
included one doctor and four nursing master candidate students.
The expert group was mainly responsible for the implementation
of the interventions and the guidance and supervision of the
nursing program, whereas the research group was responsible
for the intervention preparation, data collection, and analysis of
the findings.

Determination of the hierarchical management
care

The included participants were classified into Groups I-III
according to the AIS-APS scale. The AIS-APS scale includes 11
indicators in 7 domains: (1) age: 0 for <59 years, 2 for 60-
69 years, 5 for 70-79 years, and 7 for >80 years; (2) medical
history/comorbidity (including five indicators): atrial fibrillation,
congestive heart failure, chronic obstructive pulmonary disease,
and smoking; (3) prestroke dependence; (4) the National Institutes
of Health Stroke Scale (NIHSS) score range at admission was
assigned as follows: 0-4 for 0, 5-9 for 2, 10-14 for 5, and >15 for
8; (5) the Glasgow Coma Scale (GCS) at admission was assigned as
follows: 15-13 for 0, 9-12 for 0, and 3-8 for 3; (6) dysphagia for
3; (7) stroke staging: 0 for lacunar infarction, 0 for partial anterior
circulation infarction, 2 for complete anterior circulation, and 2 for
posterior circulation infarction; and (7) admission blood glucose
level. The total scale score of AIS- APS was 35, and according
to the results of the AIS-APS scale, the patients were assigned
to Group I: low-risk group (0-13 points), II: medium-risk group
(14-20 points), or III: high-risk group (21-35 points).

Intervention measures

The intervention lasted from the day of recruitment until day
7 of hospitalization or the day of discharge (in case the patient
was hospitalized for more than 7 days). Based on the results of
the AIS-APS scale at admission, the AIS-APS hierarchical care was
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provided by our expert group accordingly, while nurses in charge
and supervising physicians dynamically adjusted the nursing care
level according to patients’ condition during hospitalization. AIS-
APS hierarchical care details are shown in Table 1.

Control group

Routine nursing interventions were administered upon
admission. Participants in the control group received the
usual care.

Outcome evaluations

The measurement tools included general information
questionnaires, the National Institute of Health Stroke Scale
(NTHSS), the modified Rankin Scale (mRS), the water swallow test
(WST), and the ability to perform the Activities of Daily Living
(ADL) Scale, which were used for screening patients and assessing
the effectiveness of the intervention.

The outcomes were SAP rate, neurological function, swallowing
function, and daily life function at discharge time via face-to-face
interviews by trained research group members.

Two technicians were responsible for the evaluation of the
homogeneous comprehensive training received. The research
group was blinded to which group the participants belonged to and

completed all the measurements.

Primary outcome measures

Stroke-related pneumonia

Chest x-ray examination showed a new or progressive
pulmonary infiltration after stroke, combined with two or more
of the following clinical symptoms of infection: (1) a temperature
>38°C; (2) a new cough, sputum, or aggravation of the existing
respiratory symptoms, with or without chest pain; (3) solid signs
of disease, or pulmonary wet fissure, with leukocytes >10 x 10°/L
or <4 x 10%/L, with or without a nuclear shift to the left. Routine
blood and chest DR examinations were performed at admission
and at discharge (or at the end of tube feeding). If the patient is
hospitalized with a temperature >38°C, or if he or she has a new
cough, sputum, or wet cracks in the lung, he or she should receive
routine blood and chest x-ray immediately.

Secondary outcome measures

Neurological function

Neurological function was assessed using the NIHSS (27) and
the mRS (28). The degree of neurological deficits after admission
was evaluated using the NTHSS (scale range: 0-42). The total scale
scores of <4, 4-15, and >15 were graded as mild, moderate, and
severe, respectively. The mRS was used to assess the degree of
dependence on the patient’s ability to perform life activities and to
determine the degree of disability after a stroke. An mRs scale of
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TABLE 1 Nurse-led hierarchical management care based on APS-AIS scale.

Evaluation at admission

Extremely low-risk stratum O
Smooth stratum0O
Intermediate risk stratumO
High risk stratum0O

Very high-risk stratumO

10.3389/fneur.2023.1121836

Care measures

Environment management

1. Open windows for ventilation twice a day, for 30 min each time

2. Room temperature 20°C—22°C, humidity 50-60%

3. Limit the number of visitors and the visit duration

4. Use chlorine-based disinfectant to clean equipment, bed units, and ward floors

5. Patients diagnosed with multidrug-resistant bacteria are provided bedside isolation or single-room isolation

Posture management

1. Assist bedridden patients in attaining proper posture and regularly turn them over and pat their backs

limb bridge exercises

2. Encourage patients to use healthy limbs to assist passive movement of affected limbs, such as fork-grip lift training and lower

3. When the patient is sitting, put both upper limbs on the platform or bedside mobile table, sit firmly and push the patient back
and forth alternately; do not make the patient fall down

without fatigue.

4. Those who have difficulty standing need to do stand-up training first, and start walking training when the patient is able to stand

Dietary management

Airway management

Extremely low-risk
stratum

Smooth stratum
0-13

Patients with water swallow test Level I, Patients with consciousness
1. Instruct patients to eat through the mouth and correct irrational
eating behaviors

2. Create a relatively quiet eating environment

1. Patients should rinse their mouths carefully and brush their teeth well
after eating
2. Select a mouthwash according to the patient’s oral condition

Intermediate risk
stratum 14-20

With the abovementioned nursing measures, add: (Patients with
water swallow test Level II , Patients with consciousness) 1.
According to the V-VST screening results and the condition, patients
were given a feeding plan with different food consistency (low,
medium, and high consistency) and bite size of 5-20 mL 2. For
patients who choke on water alone, use rennet to thicken liquids (juice,
milk, tea, soup, etc.) to reduce the chance of accidental aspiration

and choking.

2. Patients were moved into a semirecumbent or sitting position while
eating and, after the meal, patients maintained the eating position for
20-30 min before returning to the supine position.

3. Hanging “Prevent Aspiration” warning sign on the bedside

With the above mentioned nursing measures, add:

Patients who eat via mouth:

1. Remove oral secretions and food residues before eating

2. Instruct patients to properly cough and excrete sputum before eating,
observe whether patients choke and cough up sputum during and after
eating, and whether the sputum contains food particles.

3. Cooperate with rehabilitation practitioners to guide patients to
perform swallowing function training, such as mouth opening exercise,
empty swallowing, and masticatory muscle exercise

Patients receiving nasal feeding:

1. Oral care 2 times/day

2. During the nasogastric feeding process, observe whether there is
choking, dyspnea, nausea and vomiting, etc. If any of the above occurs,
stop the nasogastric feeding immediately.

3. Replace nasogastric fluid containers and medication utensils with
each meal

4. Wash the skin around the intubation and the skin where the tape is
fixed daily, and keep it clean and dry

High-risk stratum
Very high-risk
stratum 21-35

Patients with water swallow test Level III or V, Patients with
impaired consciousness: 1. Choose the right-sized nasogastric tube
2. Continuous head elevation >30° and verification of tube position
before and after feeding, assessment of gastric residual volume

3. The temperature is 38°-40° for nasal fluids not exceeding 200 mL at
a time or by enteral nutrition pump infusion.

4. Flush the nasal cannula with 30-50 mL warm water before and after
nasal feeding.

5. Maintain semi-recumbent position for 60 min after nasal feeding to
avoid food-aspiration-related surgeries 6. Check daily for proper
fixation of the nasal feeding tube and any changes in the length

of placement

With the above mentioned nursing measures, add:

Nasal feeding patients:

1. Oral care 3 times/day

2. Keep the respiratory tract unobstructed, suction sputum according
to the needs of the patient, and perform strict aseptic operation (if
necessary, increase the oxygen flow before and after suction)

3. Perform airway humidification, and observe the patient’s ventilation
and changes in breath sounds during the process

4. Monitor patients for signs and symptoms of infection, including
unexplained fever, changes in sputum color and properties, and
decreased oxygen saturation

5. Observe the patient’s consciousness, heart rate, respiration, blood
pressure, blood glucose, and water electrolytes

Health education

1. Instruct the patient’s family to make good food choices: Light, easily digestible food, which is moderately viscous and does not easily remain on the

mucous membranes such as egg custard, tofu, etc.

2. Encourage the patient to use the healthy hand or the affected hand to wash the face, brush the teeth, eat, change clothes, etc., and insist on practicing

button fastening and using the toilet.

3. Families are instructed on anti-sucking techniques, recognition of aspiration/choking, proper oral hygiene care methods, simple rehabilitation

training methods, and prevention of pulmonary infections.

4. Patients are followed up regularly to understand the problems that they encounter and to provide timely guidance and assistance.
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2 is the criterion and cutoff value for classifying whether a stroke
patient is disabled after stroke.

Swallowing function

The swallowing function was graded according to the WST
(29). The purpose of this experiment was to detect aspiration with
high precision. In Japan, two methods of 3ml or 30 ml of water
are usually used. We used the 30-ml method to detect aspiration in
otherwise normal AIS patients. The sensitivity and specificity of the
test were 70 and 71%, respectively. The patients were asked to drink
water from a 30-ml glass in their usual manner. Their drinking
patterns and their voice changes after drinking were recorded (wet
voice). Drinking patterns were defined as follows: Level 1: drink
30 ml of water without choking; Level 2: swallow 30 ml of water
multiple times without asphyxia; Level 3: drink 30 ml of water at a
time but with a choking sound; Level 4: repeated ingestion of 30 ml
of water with asphyxia; and Level 5: choking sound and difficulty in
drinking 30 ml of water.

Activities of daily living

A comprehensive assessment of 10 items, such as diet,
grooming, self-control, and bed chair transfer, was performed using
the ADL (30), each rated at 10 out of 100. The higher the scale, the
less help the patient needs and the lower the dependency.

Statistical methods
SPSS 22.0 software was used for conducting statistical analysis.

The distribution of data was tested using the Shapiro-Wilk test.
Continuous variables that conformed to the normal distribution

10.3389/fneur.2023.1121836

were described by means and standard deviations (SD), and those
that did not conform to the normal distribution were described
by medians and quartiles. Categorical data were described
in terms of frequency and percentage. Baseline characteristics
of the intervention and control groups were compared by
independent t-tests, nonparametric tests, or chi-squared (x?)
tests. Data from the control and intervention groups were
compared using independent and paired t-tests (the differences
were normally distributed)/nonparametric tests, respectively. A
p-value of two-sided tests of <0.05 was considered to be
statistically significant.

Results

Baseline characteristics of participants

The recruitment and dropout details of the participants
are shown in Figure l. As a result, 120 eligible participants
recruited the (60 in the
management group and 60
control group).

The age of the participants in the intervention group was
62.70 £ 12.52 years, and 41 patients (68%) were men. The
age of the participants in the control group was 66.28 =+

nurse-led
the

were in study

hierarchical care in

10.02 years, and 43 patients (72%) were men. There were no
significant differences in demographic features, namely, gender,
age, hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation,
current smoking, and excess alcohol consumption (p>0.05).
However, in the control group, there were more patients with
a partial anterior circulation infarct in the OCSP subtype
(p>0.05), which means that the patient’s condition was more
severe (Table 2).

Acute ischemia stroke patients between

August 2021 to December 2021 (n=214)

Enrollment

Excluded: Pre-admission co-infectious diseases (n=45);
Treatment with mechanical ventilation, endotracheal

intubation (n=24);
Declined to participate (n=15)

Intervention group (n=66)

Hospital length less than 7 days(n=4)
Unwilling to continue participate (n=2)

Intervention group (n=60)

FIGURE 1
Flowchart showing recruitment and dropout of participants.

Allocation

Control group (n=64)

Hospital length less than 7 days(n=3)
Unwilling to continue participate (n=1)

Intervention group (n=60)
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TABLE 2 Baseline characteristics of study participants.

Characteristics

Intervention group

Control group

t or x2 value

10.3389/fneur.2023.1121836

Frontiersin Neurology

122

(n =60 (n = 60)
Sex 0.444 0.659
Male 41 43
Female 19 17
Mean age (years) 62.70 + 12.52 66.28 & 10.02 0.898 0.492
Hypertension (1 %) 1.150 0.255
Yes 33(55.0) 38(63.3)
No 27 (45.0) 22(36.7)
Diabetes mellitus (n, %) 0.753 0.454
Yes 15 (25.0) 19 (31.7)
No 45 (75.0) 41 (68.3)
Dyslipidemia (n, %) 1.843 0.070
Yes 11 (18.3) 4(6.7)
No 49 (81.7) 56 (93.3)
Atrial fibrillation (n, %) —1.000 0.321
Yes 6(10.0) 3(5.0)
No 54(90.0) 57(95.0)
History of stroke/TIA (n, %) —2.256 0.028
Yes 14 (23.3) 10 (16.7)
No 46 (76.7) 50 (83.3)
Current smoking (n, %) 1.230 0.224
Yes 20 (33.3) 26 (43.3)
No 40 (66.7) 34 (56.7)
Excess alcohol consumption (n, %) 0.574 0.568
Yes 7 (11.7) 5(8.3)
No 53 (88.3) 55(91.7)
OCSP subtype, n, % 2.930 0.005
Lacunar infarction 25(41.7) 11(18.3)
Partial anterior circulation infarct 13 (21.7) 16 (26.7)
Total anterior circulation infarct 10(16.7) 11 (18.3)
Posterior circulation infarct 12(20.0) 22 (36.7)
AIS-APS score —3.984 0.000
0-6 13 20
7-13 21 17
14-20 17 15
21-27 5 5
28-35 4 3
mRS scale 2.390 0.020
0 6 5
1 31 23
2 22 30

(Continued)
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TABLE 2 (Continued)

Characteristics Intervention group

(n =60

Control group

10.3389/fneur.2023.1121836

t or x2 value

(n = 60)
3 0 0
4 1 0
5 0 1
NIHSS scale 1297 £7.62 9.83 £7.53 1.76 0.083

TIA, transient ischemia attack; OCSP, Oxfordshire community stroke project; AIS-APS, acute ischemic stroke-associated pneumonia score.

Feasibility

The study enrolled participants who were engaged in the
intervention during hospitalization. During the intervention
period, 10 participants were excluded for intervention duration
and personal willingness. All 120 participants completed the
intervention program in accordance with a detailed program
protocol. In the meantime, expert groups can readily assess
the patients’ conditions and adjust the nurse-led hierarchical
management care level accordingly. Nurses in charge can effectively
implement nursing interventions.

SAP

Stroke-related pneumonia occurred in 11 (18.33%) out of
60 patients in the intervention group and 25 (41.67%) out of
60 patients in the control group. The incidence of SAP in the
intervention group was lower than that in the control group, and
the differences were statistically significant (p < 0.05) (Table 3).

Neurological function

The results showed that the NIHSS score was 3.10 £ 4.13 in the
intervention group and 4.64 & 4.93 in the control group (p < 0.05),
and the mRS score was 1.57 £ 1.21 in the intervention group and
2.84 £ 1.51 in the control group (p < 0.05) (Table 3).

Swallowing function

After the intervention, the swallowing function in the
intervention group was 1.93 £ 1.08, which was a significant
improvement compared to the control group of 1.17 £ 0.42
(Table 3).

ADL

The ADL was higher in the intervention group (76.83 =+
20.65) than in the control group (57.13 £ 29.08), with statistically
significant differences (p<0.05) (Table 3).
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Adverse events

No direct adverse observed in the

intervention group.

events were

Discussion

Based on our results, it can be concluded that nurse-
led hierarchical management care based on AIS-APS exerts a
positive effect on the SAP rate and improves stroke prognosis
among AIS patients. Furthermore, the results of the present
study suggest that hierarchical management care is a suitable
intervention that can be led by clinical nurses because it is feasible
and efficient.

Neuroinflammation and stroke-induced immunosuppression
contribute to stroke-associated infections, such as SAP (31-33).
Various risk factors for SAP have been identified, such as male
gender, older age, dysphagia, severe stroke, and disturbance of
consciousness (34). According to the APS-AIS, we identified
patients with low-risk, medium-risk, and high-risk SAP. AIS-
APS hierarchical management care was applied to assess acute
ischemic stroke patients admitted within 24h of stroke, and
targeted preventive measures and hierarchical management care
were given based on the screening results.

Stroke-related pneumonia is associated with increased long-
term mortality and poor functional outcome on discharge (10).
With the lower incidence of SAP, lower NIHSS and higher
mRS scores were observed. Targeted intervention strategies are
required to improve the outcomes of SAP patients who survive to
hospital discharge.

Dysphagia puts stroke patients at a higher risk of pneumonia,
disability, and death, and early dysphagia screening appears to
be associated with a reduced risk of stroke-related pneumonia
and disability (33, 35). Compared to the study of Liu, in
addition to the measures of position management, feeding
management, position, airway, and oral hygiene (18), we
also included taking environment management, swallowing
function rehabilitation, and diet management in our intervention
measures. With dysphagia management and rehabilitation
intervention, improvement was shown in the swallowing function.
In the meantime, target intervention strategies are beneficial in
SAP management.

It is feasible for clinical nurses to perform hierarchical
management of care because AIS-APS score was obtained on an
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TABLE 3 The comparisons in outcomes between two groups after intervention.

Variables Category Intervention Control group Statistic
SAP, n (%) Yes 11 (18.33) 25 (41.67) 7.778 0.005*
No 49 (81.66) 35 (58.33)
Neurology function NIHSS score (d, x & s) 3.10 £4.13 4.64 +4.93 2.212 0.031*
mRS score 6.001 0.000*
0 34 28
1 25 26
2 1 5
3 0 1
4 0 0
5 0 0
Swallowing function (d, x £ s) / 1.93 £1.08 1.17 £0.42 5.520 0.003*
ADL (d,x £s) / 76.83 £ 20.65 57.13 £ 29.08 4.950 0.000*

SAP, stroke-related pneumonia; ADL, activities of daily living; NIHSS, National Institute of Health stroke scale; mRS, modified Rankin Scale. *p<0.05.

operational scale. Before implementation, a clinical care team needs
to be established, with members responsible for monitoring and
implementing the hierarchical management of care. Training is also
needed to teach clinical nurses how to assess the SAP risk using
the AIS-APS scale. Hierarchical management care measures require
changes according to the evidence-based summary of the reasons
for SAP.

Implications for further study

Nurses play an important role in hierarchical management
care, but it is necessary to evaluate the process by which
the nurses implement these measures. In the meantime,
the implementation process should be supervised for
maximum effect.

Acute ischemic stroke caused by a large vessel occlusion is
often accompanied by greater stroke severity and a much higher
prevalence of SAP (36). For further study, we will narrow down
our target population and focus on the AIS patients after vascular
revascularization therapy.

The role of clinical risk scores in predicting SAP in clinical care
or research may lead to bias (37). A further study should focus on
developing a risk prediction model based on subjective indicators,

such as blood markers.

Limitations

The present study had the following limitations. First, the
duration of intervention varies depending on the hospitalization
time. Whether a longer intervention time can achieve better
outcomes remains unknown. The follow-up time was insufficient
to determine long-term patient prognosis. Therefore, further study
should extend and standardize the intervention duration. Second,
the small convenience sample, while appropriate for a feasibility

Frontiersin Neurology

study, did not provide adequate statistical power and limits
generalizability to other populations. Further studies should be well
designed, and the sample size should be larger to obtain more
positive results.

Conclusion

This pilot study demonstrates that hierarchical management
care based on the AIS-APS scale is feasible to be implemented
in AIS patients and that it has the potential to decrease the
incidence of stroke-related pneumonia and improve patients’
prognosis. The present pilot study paves the way for developing
hierarchical management nursing programs with generalization
and sustainability.
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Introduction: Clinical outcomes after interventional stroke treatment rely on
several factors, with older age being associated with poorer results, which are
mainly attributed to patient's comorbidities and medications. The delivery of
an aspiration catheter could be hindered by carotid tortuosity, which is more
prevalent in elderly patients with increasing age. In this study, we aimed to
compare the clinical and angiographic outcomes of a direct aspiration first-pass
technique in interventional stroke treatment for elderly patients compared with
younger patients.

Materials and methods: A total of 162 patients (92 women and 70 men, aged
between 35 and 94 years +/- 12.4 years) were included in this study. Patients who
were treated in a comprehensive stroke center due to a large-vessel occlusion
stroke using aspiration as the first-choice treatment were included in this study. To
evaluate carotid arteries, the tortuosity index (TI) was calculated for each segment
of each carotid pathway.

Results: Age correlated significantly with the presence of carotid tortuosity
(R = 0.408, p = 0.000), extracranial length ratio (R = 0.487, p = 0.000), and
overall length ratio (R = 0.467, p = 0.000). No significant associations were
found with coiling, kinking, or intracranial length ratio. Successful aspiration-
based recanalization rate decreased with increasing age, and the differences
between the age subgroups were not statistically significant. A comparison of the
extreme subgroups, i.e., <60 years old vs. >80 years old, did not yield a statistically
significant change (p = 0.068).

Conclusion: Successful aspiration-based recanalization rate decreased with
increasing age; however, these differences were not significant. Clinical outcomes
did not significantly differ with regard to carotid tortuosity, regardless of the time
of assessment. Neither intracranial nor extracranial tortuosity was significantly
associated with reperfusion-related complications in either of the age subgroups.

KEYWORDS

stroke, aspiration, elderly, thrombectomy, interventional radiology

Introduction

Clinical outcomes after interventional stroke treatment rely on several factors. Older age
is associated with poorer results, which are mainly attributed to patient’s comorbidities and
medications. Successful recanalization after a single retrieval maneuver is the primary goal of
treatment in cases of acute ischemic stroke, and it is an independent factor for good clinical
outcomes, regardless of age (1-4).
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The results of the ASTER and COMPASS trials have established
that, compared with stent-retriever-based techniques, “a direct
aspiration first-pass technique” (ADAPT) was a non-inferiority
trial in terms of successful recanalization and functional outcomes.
Moreover, ADAPT has gained an increasing number of proponents
due to its lower cost and faster procedure time (5-7).

Carotid tortuosity, which becomes more prevalent with
increasing age, can hinder the delivery of the aspiration catheter (8).
Moreover, the navigation of aspiration catheters is further impeded
by the branching of the parent artery (in particular, the ophthalmic
branch of the internal carotid artery [ICA]). Unfavorable anatomy
poses technical challenges that lead to increased procedure time
and delays in reperfusion, which affect patient outcomes (5, 8-10).

In this study, we aimed to compare the clinical and
angiographic outcomes of elderly patients who received ADAPT
as part of interventional stroke treatment with the clinical and
angiographic outcomes of younger patients.

Materials and methods

Study design

The primary goal of this study was to assess whether aspiration
alone could successfully treat stroke that is caused by a large-vessel
occlusion in elderly patients compared with younger patients. Data
regarding the modified Rankin score at 1, 3, and 12 months;
National Institute of Health Stroke Score (NIHSS) before and
after stroke treatment; time from onset-to-groin access; time
from onset-to-recanalization; successful reperfusion rate (mTICI
2b-3) (11); first-pass success rate (mTICI 2b-3); periprocedural
complication rate; anatomical characteristics; the presence and
grade of vessel tortuosity; and aspiration catheter parameters were
collected and analyzed retrospectively. The patients were divided
into the following groups according to their age: <60 years, >60
years, <65 years, >65 years, <80 years, and >80 years. The
groups were created in accordance with the following criteria
based on the official definition of old age by the United Nations:
65 years is the most frequently reported age of the patients at
the time of hospitalization for interventional stroke treatment,
and octogenarians constituted the oldest age group in our study
(12). Hemorrhagic transformation of an ischemic infarct was
classified according to the European Cooperative Acute Stroke
Study (ECASS II) (13).

Study population

Consecutive patients who underwent ADAPT as the first
choice of treatment for the treatment of stroke due to a large-
vessel occlusion between January 2016 and August 2021 at a
comprehensive stroke center were included in the present study. All
patients were eligible to receive endovascular treatment according
to the American Heart Association/American Stroke Association
(AHA/ASA) and European Stroke Organization (ESO)—European
Society of Minimally Invasive Neurological Therapy (ESMINT)
guidelines. The eligible patients received 0.9 mg/kg of an
intravenous recombinant tissue plasminogen activator (rtPA) (14).
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Endovascular treatment

All procedures were performed by experienced interventional
radiologists (who had performed > 50 endovascular stroke
treatment procedures) via groin access. Mechanical thrombectomy
was performed under local or general anesthesia, depending on the
Glasgow Coma Scale (GCS) status of the patient. According to the
institutional guidelines, ADAPT was chosen as the first choice of
treatment, provided the aspiration catheter was delivered to the
occlusion site. After three unsuccessful attempts at aspiration, the
stent-retriever was used to continue rescue thrombectomy and such
cases were excluded from the analysis.

To confirm the cerebral large-vessel occlusion (LVO), an
Impress diagnostic peripheral catheter (Merit Medical, South
Jordan, UT, USA) was placed in an 8F Radifocus Super Arrow-Flex
Sheath Introducer (Arrow International Inc., PA, USA). The
diagnostic catheter was exchanged for a guiding catheter, such
as Neuron MAX (Penumbra, Inc., Alameda, CA, USA) or
Fubuki (Terumo-MicroVention, Tustin, CA, USA). The following
aspiration catheters were used in this study: the React™ 68
and React™ 71 (Medtronic, Minneapolis, MN, USA); SOFIA
and SOFIA Plus (Terumo-MicroVention, Tustin, CA, USA); AXS
Catalyst 5, 6, and 7 (Stryker, Kalamazoo, MI, USA); or ACE
68, JET7 (Penumbra Inc., Alameda, CA, USA). A Microcatheter
Headway 0.021” (Terumo-MicroVention, Tustin, CA, USA) with
0.014” microwire Traxcess (Terumo, Tokyo, Japan) was used to
reach the occlusion site. Aspiration passes were performed using
ADAPT as described previously (15).

Imaging technique

Computed tomography angiography (CTA) was performed for
the region extending from the aortic arch to the vertex of the
skull using a 64-row multidetector CT scanner (General Electric
LightSpeed VCT, GE Healthcare, Milwaukee, WI, USA) with a
helical technique using the following parameters:120 kV, 400 mA,
collimation: 40 x 0.625 mm, rotation: 0.5 s, and pitch factor: 0.984.

Automatic bolus triggering at the aortic arch was performed
by administering a contrast medium (iomeprol, 350 mg I/mL,
Iomeron, Bracco, Milan, Italy) via the antecubital vein with an
18-gauge cannula using a coupled power injector (a flow rate of 5
mL/s, 70 mL of contrast medium was injected followed by a 50-mL
saline flush).

Image processing and analysis

Dedicated software for visualizing vessel tortuosity was used
for the analysis. VessellQ Xpress (GE Healthcare, Milwaukee,
WI, USA) is a post-processing application for the Advantage
Workstation (AW) platform that is connected to a local PACS
that can be used to analyze two- and three-dimensional CTA
images and the data derived from DICOM 3.0 compliant CT scans.
It extracts bony structures for the accurate identification of the
vessels. The vessels were evaluated in a curved reformat, lumen, or
multiple-plane reformat (MPR) view. Tools available for sizing the
vessel were utilized once the vessels were visualized.
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FIGURE 1
Performance of ADAPT in selected age groups. However, none of the differences were statistically significant.

The carotid artery pathway along the centerline was plotted
in a three-dimensional space and divided into two main
segments: (1) from the aortic arch takeoff (brachiocephalic artery
[BCA]/common carotid artery [CCA]) of CCA to the entry of ICA
into the skull and (2) intracranial ICA to the bifurcation into the
middle cerebral artery (MCA) and anterior cerebral artery (ACA).
The tortuosity index (TI) was calculated for each segment of each
carotid pathway using the following formula: extracranial TI +
intracranial TT = [(centerline distance)/(straight-line distance)—1]
x 100. The straight length of the carotid artery pathway was
measured individually for the overall length, extracranial, and
intracranial segments in the anteroposterior position.
presents a sample case of the measurement procedure.

The vertebral artery (VA) from the takeoff to the bifurcation
of the basilar artery (BA) was measured in the case of posterior
circulation, and two separate segments were created: extracranial
and intracranial.

The carotid artery and VA selected for MT access were
evaluated. In cases with the occlusion present proximal to the
distal measurement landmarks, the contralateral side was evaluated
as a surrogate. Using the previously established modified criteria
by Wiebel-Fields and Metz (8, 16,
visually identified and defined as tortuosity, kinking, and coiling.

), dolichoarteriopathy was

The images were reviewed and evaluated by two

experienced neuroradiologists.

Statistical analysis

The recorded data included categorical variables such as:
the modified Rankin score at 1, 3, and 12 months, presence
of vessel tortuosity, type of aortic arch, type of periprocedural

Frontiersin

complications (vasospasm, dissection, embolization in a new
territory, subarachnoid hemorrhage, and intracranial hematoma),
presence of successful reperfusion (mTICI 2b-3), and presence of
first-pass success.

Continuous data included the National Institute of Health
Stroke Score (NIHSS) before and after stroke treatment; time
from onset-to-groin access; time from onset-to-recanalization;
aspiration catheter parameters (internal diameter and external
diameter), occluded vessel diameter, and length ratios.

The patients were divided into the following groups according
to their ages: <60 years, >60 years, <65 years, >65 years, <80
years, and >80 years. The aforementioned data were compared
between these different age groups.

Students t-test and Mann-Whitney U test were used for
estimating continuous data. The chi-squared or Fisher’s exact test
was used for estimating categorical variables. The 95% confidence
interval (CI) was calculated. Statistical significance was set at a value
of P of < 0.05.

In total, 162 patients met the inclusion criteria in this study.
Overall, 92 women and 70 men, aged between 35 and 94 years (4/-
12.4 years), were included in this study. The baseline characteristics,
clinical and radiological data of treated patients stratified according
to the subgroup are summarized in

Spearman’s rank correlation analysis

Age was significantly correlated with several clinical

characteristics, including the mRS status at 12 months after
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TABLE 1 Baseline characteristics, clinical and radiological data of treated patients, divided into age groups: <60 years vs. >60 years, <65 years vs. >65 years, and <80 years vs. >80 years.

Age group <60 >60 ) >65 <80 >80

N/mean N/mean N/mean N/mean N/mean N/mean
Sex 30 pts 132 pts 53 pts 109 pts 128 pts 34 pts
Women/MEN 12 (40%)/18 (60%) 80 (61%)/52 (39%) 0.032 21 (40%)/32 (60%) 71 (65%)/38 (35%) 0.002 63 (49%)/65 (51%) 29 (85%)/5 (15%) 0.000
Pre-stroke MRS 0.110 0.032 0.058
0 28 88 43 73 98 18
1 0 18 1 17 10 8
2 0 3 0 3 2 1
3 0 1 0 1 1 0
4 0 0 0 0 0 0
5 0 3 0 3 2 1
Side 0.719 0.306 0.567
Left 17 66 27 56 67 16
Right 11 59 21 49 53 17
Posterior 2 7 5 4 8 1
Tandem yes/no 8(27%)/22 (73%) 22 (17%)/109 (83%) 0.160 15 (28%)/38 (72%) 15 (14%)/93 (86%) 0.025 27 (21%)/100 (79%) 3(9%)/31 (91%) 0.074
Occlusion 0.580 0.525 0.457
ICA-T 12 40 20 32 44 8
MCA-M1 14 63 22 55 60 17
MCA-M2 2 21 6 17 16 7
BA 2 6 4 4 7 1
PCA-P2 0 2 1 1 1 1
rTPA Yes/No 23 (77%)17 (23%) 85 (64%) /47 (36%) 0.141 40 (75%)/13 (25%) 68 (62%)/41 (38%) 0.068 87 (68%)/41 (32%) 21 (62%)/13 (38%) 0.313
Complications 3 (10%)/27 (90%) 17 (13%) /115 0.470 5(9%)/48 (91%) 15 (14%)/94 (86%) 0.304 13 (10%) /115 7 (20%)/27 (80%) 0.092
Yes/No (87%) (90%)
Hemorrhage 24 h 7 (23%)/20 (67%) 34 (26%)/78 (59%) 0.524 15 (28%)/33 (72%) 27 (25%)/65 (75%) 0.885 31 (24%) /81 (63%) 11 (32%)/17 (50%) 0.336
Yes/No

(Continued)
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TABLE 1 (Continued)

Age group <60 >60 p-value <65 >65 p-value <80 >80 p-value
N/mean N/mean N/mean N/mean N/mean N/mean

mRS at discharge 0.073 0.156 0.083
0 4 7 5 6 10 1

1 5 14 6 13 15 4

2 4 17 9 12 19 2

3 3 10 6 7 12 1

4 1 11 2 10 8 4

5 7 38 14 31 33 12

6 5 30 9 26 26 9

Discharged 0.316 0.224 0.044
Home 11 34 15 30 35 10

Rehab 6 29 14 21 31 4

Care home 1 14 2 13 8 7

Other 3 4 4 3 6 1

Home + rehab 3 10 6 7 12 1

mRS at 30 days 0.145 0.330 0.046
0 3 8 4 7 9 2

1 6 9 6 9 14 1

2 3 16 7 12 17 2

3 3 18 8 13 19 2

4 0 12 2 10 8 4

5 8 33 15 26 31 10

6 5 24 7 22 21 8

mRS at 90 days 0.088 0.127 0.011
0 1 5 1 5 4 2

1 5 9 6 8 14 0

2 5 17 10 12 19 3

3 0 11 2 9 9 2

4 2 12 5 9 13 1

(Continued)
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TABLE 1 (Continued)

Age group <60 >60 <65 >65 <80 >80
N/mean N/mean N/mean N/mean N/mean N/mean

5 3 11 6 8 12 2

6 1 18 2 17 10 9

mRS at 12 months 0.013 0.038 0.002
0 1 1 1 1 2 0

1 6 6 6 6 12 0

2 0 10 5 5 9 1

3 2 7 4 5 8 1

4 0 4 1 3 3 1

5 0 1 0 1 1 0

6 1 15 3 13 9 7

AF Yes/No 9 (30%)/21 (70%) 57 (43%)/75 (57%) 0.131 13 (25%)/40 (75%) 53 (49%)/56 (51%) 0.003 43 (34%)/85 (66%) 23 (68%)/11 (32%) 0.000
DB Yes/No 3 (10%)/27 (90%) 34 (26%)/98 (74%) 0.047 8 (15%)/45 (85%) 29 (27%)/80 (73%) 0.073 27 (21%)/101 (79%) | 10 (29%)/24 (71%) 0.210
LIP Yes/No 12 (40%)/18 (60%) 57 (43%)/75 (57%) 0.457 19 (36%)/34 (64%) 50 (46%)/59 (54%) 0.149 55 (43%)/73 (57%) 14 (41%)/20 (59%) 0.505
NT Yes/No 12 (40%)/18 (60%) 93 (70%)/39 (30%) 0.002 24 (45%)/29 (55%) 81 (74%)/28 (26%) 0.000 80 (63%)/48 (37%) 25 (74%)/9 (26%) 0.160
COR Yes/No 4 (13%)/26 (87%) 33 (25%)/99 (75%) 0.126 10 (19%)/43 (81%) 27 (25%)/82 (75%) 0.264 26 (20%)/102 (80%) | 11 (32%)/23 (68%) 0.106
Stroke/TIA Yes/No 1(3%)/29 (97%) 12 (9%)/120 (91%) 0.264 1(2%)/52 (98%) 12 (11%)/97 (89%) 0.037 9 (7%)/119 (93%) 4 (12%)/30 (88%) 0.278
aTHROMB Yes/No 1(3%)/29 (97%) 23 (17%)/109 (83%) 0.036 3 (6%)/50 (94%) 21 (19%)/88 (81%) 0.016 13 (10%)/115 (90%) | 11 (32%)/23 (68%) 0.003
aPLT Yes/No 1.(3%)/29 (97%) 24 (18%)/108 (82%) 0.030 4 (8%)/49 (92%) 21 (19%)/88 (81%) 0.040 20 (16%)/108 (84%) 5 (15%)/29 (85%) 0.568
PFO Yes/No 6 (20%)/24 (80%) 2 (2%)/130 (98%) 0.001 6 (11%)/47 (89%) 2 (2%)/107 (98%) 0.015 8 (6%)/120 (94%) 0 (0%)/34 (100%) 0.145
Coiling Yes/No 0.260 0.357 0.406

0 (0%)/21 (70%) 6 (5%)/80 (61%) 1(2%)/34 (64%) 5 (5%)/67 (61%) 4(3%)/79 (56%) 2 (6%)/22 (65%)
Kinking Yes/No 1(3%)/20 (67%) 19 (14%)/68 (52%) 0.058 3 (6%)/33 (62%) 17 (16%)/55 (50%) 0.043 16 (13%)/68 (53%) 4 (12%)/20 (59%) 0.527
Tortuosity Yes/No 9 (30%)/12 (40%) 67 (51%)/20 (15%) 0.003 15 (28%)/21 (40%) 61 (56%)/11 (21%) 0.000 56 (44%)/28 (22%) 20 (59%)/4 (12%) 0.090
(Continued)
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TABLE 1 (Continued)

Age group <60 >60 <65 >65 <80 >80
N/mean N/mean N/mean N/mean N/mean N/mean

Arch type 0.543 0.529 0.687
1 11 63 22 52 56 18

2 1 8 3 6 6 3

3 0 1 0 1 1 0

6 0 1 0 1 1 0

Vasospasm Yes/No 1.(3%)/29 (97%) 3 (2%)/129 (98%) 0.563 1.(2%)/52 (98%) 3 (3%)/106 (97%) 0.604 4 (3%)/124 (97%) 0 (0%)/34 (100%) 0.386
ENT Yes/No 0 (0%)/30 (100%) 11 (8%)/121 (92%) 0.097 3 (6%)/50 (94%) 8 (7%)/101 (93%) 0.488 9 (7%)/119 (93%) 2 (6%)/32 (94%) 0.584
Dissection Yes/No 0 (0%)/30 (100%) 4(3%)/128 (97%) 0.437 0 (0%)/53 (100%) 4 (4%)/105 (96%) 0.201 3 (2%)/125 (98%) 1. (3%)/33 (97%) 0.614
SAH Yes/No 2 (7%)/28 (93%) 8 (6%)/128 (94%) 0.585 2 (4%)/51 (96%) 8 (7%)/101 (93%) 0.307 4 (3%)/124 (97%) 6 (18%)/28 (82%) 0.006
ICH Yes/No 1(3%)/28 93%) 1(0.8%)/127 (96%) 0.336 2 (4%)/48 (90%) 0 (0%)/107 (98%) 0.100 2 (2%)/121 (95%) 0 (0%)/34 (100%) 0613
3DCT 0.177 0.027 0.100
HI1 ECASSII 6 16 12 10 19 3

HI2 ECASSII 5 26 9 22 25 6

PHI1 ECASSII 0 2 1 1 2 0

PH2 ECASSII 1 0 1 0 1 0

Normal 9 48 16 41 45 12

Final mTICI 0.757 0.994 0.537
0 1 14 5 10 9 6

1 2 7 3 6 7 2

2a 3 11 5 9 11 3

2b 11 37 17 31 41 7

2¢ 3 16 6 13 15 4

3 10 47 17 40 45 12

(Continued)

133

‘le 18 yooyeN

T£S6YTT'£2021N3Uy/685¢°0T


https://doi.org/10.3389/fneur.2023.1149531
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

ABojoinaN ulsia3uoI4

B40°UISIa13UOL)

TABLE 1 (Continued)

Age group <60 >60 p-value <65 >65 <80 >80

N/mean N/mean N/mean N/mean N/mean N/mean
Final aspiration 0.502 0.485 0.554
mTICI
0 3 20 7 16 15 8
1 3 14 4 13 13 4
2a 1 16 3 14 14 3
2b 11 32 18 25 37 6
2¢ 2 11 5 8 10 3
3 10 39 16 33 39 10
Number of passes 0.124 0.192 0.828
1 16 56 26 46 57 15
2 10 45 19 36 44 11
3 4 23 7 20 21 6
4 0 6 0 6 4 2
5 0 2 1 1 2 0
First pass success 15 (50%)/15 (50%) 46 (35%)/83 (63%) 0.107 23 (43%)/29 (55%) 38 (35%)/69 (63%) 0.187 49 (38%)/76 (59%) 12 (35%)/22 (65%) 0.418
Yes/No
mTICI 2b-3 Yes/No 23 (77%)/7 (23%) 82 (62%)/50 (38%) 0.096 38 (72%)/15 (28%) 67 (61%)/42 (39%) 0.134 86 (67%)/42 (33%) 19 (56%)/15 (44%) 0.153
NIHSS initial 15.50 16.00 0.848 15.00 16.00 0.255 16.00 15.50 0.963
NIHSS admission 16.00 16.00 0.881 16.00 16.00 0.993 16.00 16.00 0.786
NIHSS ICU 11.50 14.00 0.294 13.00 14.00 0.234 13.50 16.00 0.249
NIHSS 24 h 6.00 12.00 0.028 8.00 12.00 0.063 10.00 14.00 0.205
NIHSS discharge 5.00 7.00 0.247 6.00 5.00 0.943 5.00 7.00 0.273
Exposure time 23.90 28.82 0.056 26.55 28.57 0.382 27.61 29.03 0.753
Absrobed dose 553.53 611.39 0.494 578.79 611.32 0.648 616.91 539.56 0.174
CM Volume 131.33 131.78 0.869 137.55 128.85 0.209 134.18 122.35 0.201
OTG 265.57 248.47 0.683 269.21 242.93 0.144 259.00 223.79 0.057
OTR 309.90 300.21 0.907 313.43 296.35 0.378 308.67 274.87 0.170

(Continued)
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TABLE 2 Percentage of successful recanalization and first-pass success (FPS) depending on occlusion site and age group.

Overall <60 >60 <65 >65 <80 >80

Carotid-T mTICI2b-3 63.5% 83.3% 57.5% 75.0% 56.3% 65.9% 44.4%
(33/52) (10/12) 23/40 15/20 18/32 29/44 4/9

FPS 30.8% 41.7% 27.5% 35.0% 28.1% 31.8% 22.2%
16/52 5/12 11/40 7/20 9/32 14/44 2/9

MCA-M1 mTICI2b-3 63.6% 71.4% 61.9% 61.8% 68.2% 65.0% 58.8%

49/77 10/14 39/63 34/55 15/22 39/60 10/17

FPS 40.3% 64.3% 34.9% 38.2% 45.5% 41.7% 35.3%

31/77 9/14 22/63 21/55 10/22 25/60 6/17

MCA-M2 mTICI2b-3 69.6% 100.0% 66.7% 66.7% 70.6% 75.0% 57.1%
16/23 2/2 14/21 4/6 12/17 12/16 47

FPS 39.1% 0.0% 42.9% 33.3% 41.2% 43.8% 28.6%
9/23 0/2 9/21 2/6 7/17 7/16 2/7

ex. 33/52 means 32 patients had mTICI2-3 result out of 52 patients with carotid-t occlusion and so on.

A comparison between the extreme subgroups, that is, <60 years
vs. > 80 years, did not yield a statistically significant change
(p = 0.068). The percentages of successful recanalization and first-
pass success, depending on the occlusion site, are shown in Table 2.
Stacked bar charts comparing the aspiration results in different age
subgroups are shown in Figure 2.

Effect of vessel tortuosity

Several correlations associated with vessel tortuosity have been
described previously.

Overall, the presence of tortuosity led to a significant increase
in the exposure time (p = 0.011), followed by the absorbed dose
(p = 0.003). Notably, the opposite trend was observed for the
contrast medium volume (p = 0.728). The time from onset-to-
groin access and the time from onset-to-recanalization differed
significantly between patients with intracranial and extracranial
tortuosity (p = 0.004 and p = 0.003; p = 0.000 and p =
0.004, respectively).

Neither intracranial nor extracranial tortuosity was
significantly associated with reperfusion-related complications in
either subgroup (i.e., vasospasm, embolization in a new territory,
dissection, and intracerebral hemorrhage), apart from SAH
in patients aged >80 years (p = 0.04) with extracranial vessel
elongation. The presence of intracerebral tortuosity was associated
with a significant increase in the incidence of SAH with increasing
age [> 60 years (p = 0.040), >65 years (p = 0.033), and > 80
(p = 0.021)].

Extracranial tortuosity was observed significantly more
frequently in patients aged >80 years with hypercholesterolemia
and hypertension (p < 0.05). Analogous observations were made
in the case of intracerebral tortuosity only for hypercholesterolemia
(p < 0.05).

History of stroke or transient ischemic stroke and AF;
current antithrombotic or antiplatelet therapy; and diagnosis of
diabetes did not differ significantly between patients with tortuous
intracerebral or extracerebral vessels.

The patient status (i.e., NIHSS, mRS, and death) did not differ
significantly with the presence of extracranial tortuosity, regardless
of the time of assessment (24 h, 30 days, 3 months, and 12 months

Frontiersin Neurology

after treatment) for any of the subgroups. Overall, NIHSS after
24h and at discharge were significantly different in patients with
intracerebral tortuosity (p = 0.023 and p = 0.050, respectively).

The ROC analysis did not show any predictive cutoff values for
the ratios of inner/outer catheter to the occluded vessel diameters
with regard to successful recanalization or first-pass success in any
of the groups.

Discussion

Regardless of the mixed results reported by previous studies
on aspiration-based thrombectomy, randomized multicenter trials
and meta-analyses have demonstrated that ADAPT is successful in
achieving recanalization of large occluded intracranial vessels and
is non-inferior to stent-retriever-based thrombectomy (5, 18-20).
The data showed no significant differences in terms of the success
of angiography or clinical outcomes. Successful recanalization
determines the prognosis (21). It is believed to be associated
with a younger age, a shorter onset-to-clot contact time, an
isolated middle cerebral artery M1 segment occlusion, and an rtPA
administration (22-26).

Age was previously reported to be associated with clinical
outcomes after mechanical thrombectomy, with poorer mRS scores
associated with increasing age (27, 28). The older the patient,
the higher the incidence of comorbidities, thereby impeding the
ability to recover from a stroke. Atrial fibrillation rate increases
with age and is associated with a 5-fold increase in the risk
of stroke. In a recent meta-analysis, successful reperfusion rates
(mTICI-2b/3) were insignificantly different in patients with and
without AF (OR, 1.11 [95% CI, 0.78-1.58]; p = 0.57). Similarly,
symptomatic intracerebral hemorrhage rates were comparable
(OR, 1.05 [95% CI, 0.84-1.31]; p = 0.68). However, it was
not reflected in mortality and functional independence after
mechanical thrombectomy. Patients suffering from AF tend to
present a lower Alberta Stroke Program Early CT Score (ASPECTS)
and a higher NIHSS (29, 30).

In our study population, the mRS at discharge did not
differ significantly, regardless of age. Diverging prognosis was
observed with increasing observation time, that is, 30 days post-
stroke, and the clinical status differed significantly only between
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FIGURE 2
Stacked bar charts showing performance of ADAPT in selected age groups, none of the differences were statistically significant.

younger patients and those aged >80 years (p = 0.046). The
difference was more significant in these subgroups after 90 days
(p = 0.011). All subdivisions differed significantly after 12 months.

The effect of comorbidities on clinical outcomes could explain
why the neurological status measured by NIHSS did not differ
significantly between the subgroups, regardless of the timeframe
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(initial, on admission to the hospital, in the ICU, after 24h, or
at discharge).

The presence of AF could exclude the administration of rtPA,
in the case of anticoagulant treatment (30). There are mixed
reports on the benefits of intravenous thrombolysis (IVT) prior to
interventional stroke treatment. The post hoc analysis of a recent
randomized trial published by Rinkel et al. reported that patients
treated with ADAPT had poorer clinical outcomes without IVT;
however, it had no impact on successful reperfusion (31). In our
series, rtPA showed a weak positive correlation with successful
reperfusion (R =0.2, p = 0.014) and was not associated with SAH
or intracerebral hemorrhage.

The MR CLEAN Registry showed that the reperfusion rates
favored aspiration compared with stent-retrievers in anterior
circulation (ICA-T - OR 1.3, MCA-M1 - OR 1.3, and MCA-M2 -
OR 1.2) (32). The reported successful reperfusion percentages
were 73% for ICA-T, 72% for MCA-M1, and 72% for MCA-M2.
Although these results were comparable with our results (64, 64,
and 70%, respectively), the first-pass success rates were inferior (43,
58, and 53% vs. 31, 40, and 39%, respectively). This observation
could be partially explained by the inclusion of more diverse age
groups, which included both younger and older patients (range 35-
94 years in our group vs. 62-80 years), where we observed better
reperfusion rates in those aged <60 years.

Advanced age is one of the several factors associated with
carotid tortuosity, which also includes hypertension, elevated body
mass index, and atherosclerosis (8, 33, 34). Their relative capacity
to alter the length of the arteries is disputed. Nevertheless, everyday
neurovascular interventions, inter alia, and stroke treatment are
affected by carotid anatomy. Benson et al. found that tortuosity was
present in ~40% of patients undergoing stroke treatment (35). In
our study, tortuosity alone was present in up to 77% of patients
aged >60 years and 83% of those aged > 80 years. Kinking, which
becomes less prevalent with age, was present in 23% of patients,
whereas coiling affected a maximum of 8% of those patients aged
>80 years). No coiling was observed in patients aged <60 years.

Kinks were reported to negatively affect the rates of successful
recanalization before; however, no significant complications
occurred during mechanical thrombectomy (35). In our study,
tortuosity was significantly but weakly correlated with the success
of angiography (R = - 0.246, p = 0.01); however, no association
was found with any procedure-related adverse events. This could
be explained by different anatomy assessment methodologies being
used and different age groups being evaluated. We divided the
carotid anatomy into two segments: intracranial and extracranial.
Only intracranial segment tortuosity was significantly correlated
with SAH when performing ADAPT, regardless of age.

Tortuous vessels present a challenge in the delivery of
aspiration catheters. Theoretically, the efficacy of ADAPT could be
improved by using larger aspiration catheters, a notion that has
already been supported by in vitro and animal experiments (36).
The larger the bore of the catheter, the more difficult the delivery
due to hindrance by the meandering anatomy and branching
arteries. Successful aspiration relies on adequate catheter diameter.
Kyselyova et al. found that the vessel diameter and the catheter-
to-vessel ratio affected the effectiveness of clot aspiration (37). In
their study, the higher the ratio, the higher the rate of the first
aspiration success.
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In the COMPASS trial, ADAPT was performed using a 0.068-
inch catheter, regardless of the occlusion site. We did not evaluate
the performance of specific catheters since their deliverability
was not assessed in this study. The catheter characteristics were
tapered to the inner and outer diameters, especially in relation
to the closed vessel diameter. We performed the ROC analysis to
calculate the predictive cutoff value for the ratios of the inner/outer
catheter to the occluded vessel diameters with regard to successful
recanalization or first-pass success but of no avail. We found that a
larger ratio was significantly associated with SAH after ADAPT.

Our study has some limitations. These limitations included
its retrospective study design and relatively small sample size.
Moreover, the number of passes and the choice of catheters were
at the discretion of the operator. Our department’s policy permits
three unsuccessful attempts before changing the device. We did not
consider any attempts where the aspiration catheter could not be
delivered to the thrombus in this study. Finally, several calculations,
especially with carotid terminus or tandem occlusions, were based
on the contralateral artery measurements.

In unselected patients, the successful aspiration-based
recanalization rate decreased with increasing age; however, this
difference was not significant. Clinical outcomes, such as NIHSS,
mRS, and death, did not differ significantly with regard to carotid
tortuosity, regardless of the time of assessment (24 h, 30 days, 3
months, and 12 months). Neither intracranial nor extracranial
tortuosity was significantly associated with reperfusion-related
complications in the subgroups. SAH was significantly more
prevalent in the oldest subgroup, although it was clinically
inconsequential. In addition, larger catheter-to-occluded vessel
ratios were associated with SAH.
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Introduction: This study aimed to investigate the utilization of post-ischemic
stroke rehabilitation prior to the introduction of the post-acute rehabilitation
system in South Korea in 2017.

Methods: Medical resources utilized for patients with cerebral infarction
hospitalized at Regional Cardio-Cerebrovascular Centers (RCCVCs) of 11 tertiary
hospitals were tracked until 2019. Stroke severity was classified according to the
National Institutes of Health Stroke Scale (NIHSS), and multivariate regression
analysis was performed to analyze factors influencing the length of hospital
stay (LOS).

Results: This study included 3,520 patients. Among 939 patients with stroke with
moderate or greater severity, 209 (22.3%) returned home after RCCVC discharge
without inpatient rehabilitation. Furthermore, 1,455 (56.4%) out of 2,581 patients
with minor strokes with NIHSS scores <4 were readmitted to another hospital for
rehabilitation. The median LOS of patients who received inpatient rehabilitation
after RCCVC discharge was 47 days. During the inpatient rehabilitation period, the
patients were admitted to 2.7 hospitals on average. The LOS was longer in the
lowest-income group, high-severity group, and women.

Conclusion: Before the introduction of the post-acute rehabilitation system,
treatment after stroke was both over- and under-supplied, thus delaying home
discharge. These results support the development of a post-acute rehabilitation
system that defines the patients, duration, and intensity of rehabilitation.

KEYWORDS

stroke, rehabilitation, post-acute phase, length of hospital stay, hospitalization

1. Introduction

Stroke is known as one of the leading causes of disability worldwide (1-7). Moreover,
it poses a great socioeconomic burden to individuals and society (6, 8). Rehabilitation after
acute stroke treatment has been demonstrated to reduce the impairment of body function
and limitation of activity, thereby facilitating an early return to home (7, 9, 10).
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The guidelines for healthcare professionals from the American
Heart Association/American Stroke Association emphasize the
need for sustained and coordinated efforts for stroke rehabilitation
(11). In many countries, specialized rehabilitation units or hospital
systems have been developed to provide stroke survivors with
rehabilitation treatment in the post-acute period (12, 13). These
rehabilitation hospitals dedicated to the post-acute period are
often subject to reimbursement tiers, which are based on a case-
mix classification determined by disease group, severity, age,
comorbidities, and other variables. For example, the prospective
payment system in the United States utilizes prepayment tiers
mainly determined by functional independence measures and age
(14, 15). Japan’s convalescent rehabilitation ward system sets an
upper limit on the length of hospitalization that is dependent on
disease groups. Additionally, post-acute rehabilitation facilities are
evaluated by government or private agencies for indicators such as
functional gains and returning home rate (16).

In South Korea, a post-acute rehabilitation hospital system was
not introduced until 2019 (17), and reimbursement by the National
Health Insurance Service (NHIS) was made in the form of fee-
for-service for individual physiotherapy and occupational therapy
(18). The payment level made to long-term care hospitals (LTCHs)
without deduction did not differ from that of acute care hospitals.
However, no criteria were established for the target population for
medical rehabilitation or the duration of provision. When patients
were hospitalized for rehabilitation treatment, there was also no
evaluation system for providers, and payment by the NHIS for
rehabilitation treatment was guaranteed for up to 2 years after the
stroke (19).

South Korea’s post-acute rehabilitation system was launched in
2020 (18). Medical institutions adopting the system allow patients
to be admitted within 3 months after stroke and provide inpatient
rehabilitation programs for up to 6 months. During this period,
providing rehabilitation treatment for up to 4h daily is possible.
The rehabilitation physicians decide the types of treatment to be
applied (e.g., gait training and swallowing training). Changes in
body function, activity level during hospitalization, and return
home rate after discharge are monitored (19).

To evaluate the effects of this system in the future, it is necessary
to analyze the use of medical resources related to rehabilitation
services to set a baseline before its introduction. No previous
studies have described the use of rehabilitation medical resources
before the introduction of the post-acute rehabilitation system.
Hence, the methodology of this study can serve as a useful reference
for countries planning to implement a post-acute rehabilitation
system in the future to evaluate the effects after the introduction
of this system.

This study aimed to investigate the length of hospital stay
(LOS) and related factors for rehabilitation treatment after an
ischemic stroke in 2017 before the introduction of the post-acute
rehabilitation system.

2. Materials and methods

2.1. Data source

This study tracked the medical resources utilized by patients
with ischemic stroke who were hospitalized and discharged
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from the Regional Cardio-Cerebrovascular Centers (RCCVCs)
of 11 tertiary hospitals in 2017 (20). RCCVCs are publicly
designated and operated institutions in South Korea for the
acute management of thrombolysis in patients with ischemic
stroke and ischemic heart disease. Medical information of patients
with stroke hospitalized in 11 RCCVCs was registered in the
Regional Stroke Center Registry (RSCR) (21). Data were collected
from the time of emergency room admission to discharge from
the RCCVCs. The RSCR includes information on neurological
status at admission and discharge measured by the National
Institutes of Health Stroke Scale (NIHSS), medical or surgical
interventions, risk factors, and activity levels at admission and
discharge measured using the modified Barthel index and modified
Rankin scale. For this study, the RSCR data of the patients who
were discharged from the RCCVC in 2017 were linked to the data
of the relevant patients in the NHIS-National Health Information
Database (NHID), and the use of medical resources was tracked
until 2019.

The Korean NHIS is a compulsory social health insurance
system implemented for all citizens. The NHIS-NHID includes
information on demographic and socioeconomic characteristics,
births and deaths, healthcare service utilization, and specifics on
medical service providers.

2.2. Data linkage

The linkage between the RSCR and NHIS-NHID was
implemented by the division of big data management within
the NHIS, and the resident registration number of each patient
was used as a linkage key. To protect personal information,
the NHIS provided connected data to the researchers after
deleting the resident registration number. The researchers could
access the data only in the secure online environment provided
by the NHIS.

This study was approved by the Institutional Review Board of
Seoul National University Hospital (IRB No. H-2101-139-1192).
The requirement for informed consent was waived because the data
in the NHIS were anonymized and de-identified (22).

2.3. Study population

The study population consisted of 6,703 patients with
cerebral infarction (ICD-10 codes 163, 167, 168, and 169)
admitted to RCCVCs from 1 January 2017 to 31 December
2017. Among these, 6,550 patients were linked to the NHIS-
NHID (linkage 97.7%). To
utilization during the 2 years after discharge, this study
analyzed NHIS-NHID data until 2019. In the 255 patients
who were hospitalized in RCCVCs in 2017 but discharged
in 2018, a tracking period of 2 years could not be achieved.

rate: track medical resource

Therefore, these were excluded from the analysis. In this study,
severity was classified according to the initial NIHSS score
during hospitalization. Since thrombolysis treatment can affect
severity (23), 969 patients who received the intervention were
excluded from the analysis. Figure 1 presents a schematic of the
study population.
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Patients enrolled in the Regional Cardio-Cerebro-Vascular Center (RCCVC) in 2017
(n=6,703)

Y

Excluded (n=153)
- Missed data (n=13)

- Duplicated patients (n=140)

Patients registered with the National Health Insurance Service (NHIS) database
(n=6,550)

Y

Excluded (n=1,362)
- Missed Medical record data (n=15)

- Patients discharged from RCCVC in 2018 (#=255)
- Not diagnosed with cerebral infarction (#=123)
- Patients treated with thrombolysis (7=969)

Patients discharged from RCCVC in 2017
(n=5,188)

Death during Home discharge
hospitalization or within without inpatient
2 years after discharged readmission

(n=868) (n=1,335)

Readmission
to another hospital not
for inpatient rehabilitation
(n=800)

Readmission
to another hospital for
inpatient rehabilitation
(n=2,185)

FIGURE 1
Schematic diagram of the study population.

2.4. Outcome variables

The primary outcome variable in this study was the LOS
from ER admission to home discharge. Only hospitalization for
rehabilitation treatment was investigated and presented. When a
patient with a stroke was admitted to several hospitals until home
discharge, the LOS at each hospital was summed.

Hospital admission after stroke was also assessed. For example,
one hospital was utilized when a patient was discharged home from
the RCCVC, and two were used when a patient was discharged from
an LTCH, followed by home discharge. The total follow-up period
lasted until 31 December 2019. Therefore, all patients were followed
up for 2 years after discharge from the RCCVCs.

2.5. Explanatory variable

The NIHSS was used to assess stroke (24). In this study, the
initial NIHSS scores were measured and categorized into four
severity groups: minor, 0-4; moderate, 5-15; moderate to severe,
6-20; and severe, 21-42 (5).

Additional explanatory variables included age (<65, 65-74, 75—
84, and >85 years), sex (male or female), and income level. Income
level was classified into four different groups according to the level
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of NHIS co-payment: quartiles 1-4. As the NHIS-NHID has no
separate variable for income, NHIS co-payment was considered the
patient’s income. The lowest group (1st quartile) corresponded to
medical aid, and no health insurance co-payment was recorded in
this group (22).

Information on the Charlson Comorbidity Index (CCI) was
also collected to evaluate patients’ comorbidity status before
they were admitted to the RCCVCs. Based on the CCI, the
severity of comorbidities was categorized as low (0, 1) or
high (>2) (3).

2.6. Statistical analysis

Two groups “not receiving inpatient rehabilitation group
(home discharge from RCCVCs)” and “receiving inpatient
rehabilitation group (readmission to another hospital for
rehabilitation after discharge from RCCVCs)” were compared. We
performed a chi-square test and an analysis of variance for the
general characteristics of the study population. For the inpatient
rehabilitation group, we analyzed the LOS and number of hospital
admissions during the 2-year follow-up period after discharge
from the RCCVCs. For each variable, the mean and median

(interquartile range [IQR]) values were calculated.
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TABLE 1 General characteristics of the study population.
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Variable Not receiving inpatient Receiving inpatient P-

rehabilitation rehabilitation value*
%

Total 3,520 100.0 1,335 100.0 2,185 100.0

Median (IQR) length of stay in RCCVC, day 7 6-12 6 5-9 8 6-14

Age <0.001

<65 years 1,281 36.4 577 43.2 704 32.2

65-74 years 957 27.2 368 27.6 589 27.0

75-84 years 1,070 30.4 342 25.6 728 33.3

>85 years 212 6.0 48 3.6 164 7.5

Sex <0.001

Male 2,096 59.5 881 66.0 1,215 55.6

Female 1,424 40.5 454 34.0 970 44.4

NIHSS <0.001

0-4 2,581 73.3 1,126 84.3 1,455 66.6

5-15 855 24.3 206 153 649 29.7

16-20 60 1.7 2 0.1 58 2.7

21-42 24 0.7 1 0.1 23 1.1

Income, KRW 0.107

1st quartile 689 19.6 234 17.5 455 20.8

2nd quartile 570 16.2 222 16.6 348 159

3rd quartile 780 222 315 23.6 465 21.3

4th quartile 1,421 40.4 538 40.3 883 40.4

Charlson comorbidity index <0.001

Low (0-1) 1,996 56.7 863 64.6 1,133 51.9

High (>2) 1,524 43.3 472 354 1,052 48.1

IQR, interquartile range; RCCVC, Regional Cardio-Cerebrovascular Center; NIHSS, National Institutes of Health Stroke Scale; KRW, Korean Won.

*P-value from XZ -test (categorical variables), t-test, or ANOVA (continuous variables).

Multivariate regression analysis was used to analyze the factors
affecting the LOS. Independent variables included the NIHSS
score, age, sex, income level, and CCI. All statistical analyses were
performed using the SAS statistical software (version 9.4; Statistical
Analysis System Institute, Cary, NC, USA).

3. Results

Among the 5,188 patients linked to the NHIS-NHID,
868 died during hospitalization or within 2 vyears after
discharge from the RCCVCs. Overall, 800 patients were
readmitted to a tertiary hospital for purposes other than
inpatient rehabilitation, 315 of whom experienced medical
complications (Supplementary Table 1). A total of 240 patients
had stroke recurrence, and 245 patients had planned readmissions
(Supplementary Table 2). Hence, 1,668 patients were excluded
from the analysis.

Analyses were performed for the remaining 3,520 patients
(Table 1). Among them, 1,335 patients returned home after
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discharge from the RCCVCs without inpatient rehabilitation, and
2,185 patients were transferred to another hospital for inpatient
rehabilitation. Among the 2,581 patients with minor strokes,
1,455 (56.4%) were readmitted to another hospital for inpatient
rehabilitation. Meanwhile, of the 939 patients with moderate
severity or above, 209 patients (22.3%) returned home after
discharge from the RCCVCs without inpatient rehabilitation.

The median LOS in the RCCVCs was 7 (IQR: 6, 12) days for all
3,520 patients, 6 (IQR: 5, 9) days for the “not receiving inpatient
rehabilitation” group, and 8 (IQR: 6, 14) days for the “receiving
inpatient rehabilitation” group.

The patients in the inpatient rehabilitation group were older
and had a higher severity when measured by the NIHSS than those
who did not receive inpatient rehabilitation (P < 0.001 and P <
0.001, respectively). The proportion of women was higher in the
inpatient rehabilitation group (P < 0.001).

The median LOS from ER admission to home discharge in the
inpatient rehabilitation group was 47 (IQR, 17-196) days. During
this period, these patients received rehabilitation treatment while
being hospitalized at three hospitals sequentially at a median value

frontiersin.org


https://doi.org/10.3389/fneur.2023.1135568
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Bae et al.

10.3389/fneur.2023.1135568

TABLE 2 Length of hospital stay and number of hospital admissions in the inpatient rehabilitation group (N = 2,185).

Variable Length of stay (day)* P-value Number of hospital admissions™ P-value
Mean (median) Q1 - Mean (median) Q1 -

Total 191.4 (47) 17 - 196 3.7 (3) 2 - 4

Age <0.001 0.001
<65 years 134.8 (30.5) 14 - 113 3.4 (3) 2 - 4

65-74 years 169.8 (43) 16 - 155 3.8(3) 2 - 5

75-84 years 233.0 (62.5) 21 - 302 3.9(3) 2 - 5

>85 years 327.4 (82) 30 - 766.5 4.0(3) 2 - 4

Sex <0.001 0.006
Male 160.1 (36) 15 - 141 3.6 (3) 2 - 4

Female 230.7 (63) 21 - 279 3.9(3) 2 - 5

NIHSS <0.001 <0.001
0-4 118.0 (29) 14 - 93 35(3) 2 - 4

5-15 307.9 (128) 39 - 574 40(3) 2 - 5

16-20 558.8 (719) 117 - 902 49 (4) 3 - 6

21-42 621.0 (845) 224 - 972 4.2 (3) 2 - 5

Income, KRW 0.050 0.932
Ist quartile 226.8 (61) 16 - 276 3.8(3) 2 - 5

2nd quartile 191.3 (48) 17 - 223 3.6 (3) 2 - 4

3rd quartile 176.7 (44) 17 - 171 3.7(3) 2 - 4

4th quartile 179.9 (43) 17 - 162 3.7(3) 2 - 4

Charlson comorbidity index 0.502 <0.001
Low (0-1) 187.4 (46) 16 - 195 35(3) 2 - 4

High (>2) 195.8 (47) 18 - 197.5 3.9(3) 2 - 5

QI, Ist quartile; Q3, 3rd quartile; NIHSS, National Institutes of Health Stroke Scale; KRW, Korean Won.

*Including hospitalizations in Regional Cardio-Cerebrovascular Centers.

(IQR: 2, 4), rather than being admitted to a single hospital (Table 2).
Patients with severe stroke had a longer LOS and a higher number
of hospital admissions (P < 0.001). Female (P < 0.001 and P
= 0.006, respectively) and elderly (P < 0.001 and P = 0.001,
respectively) patients also had a longer LOS and a higher number
of hospital admissions. The lowest income level group (Q1) had a
longer LOS than that of the other income level groups (P = 0.050).

Table 3 describes the multivariate regression model between
LOS and the explanatory variables. In this model, LOS was longer
with older age and increasing severity. In addition, the LOS was
longer for women and Q1, the lowest income group (P = 0.002 and
P = 0.020, respectively).

4. Discussion

Although there are no standard guidelines on the strategies
for rehabilitation treatment according to the severity of the stroke,
patients with minor stroke (NIHSS 0-4) may generally undergo
outpatient-based rather than intensive inpatient rehabilitation.
By contrast, patients with moderate or higher stroke severity
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often require inpatient rehabilitation during the post-acute period
(25). This study investigated the rehabilitation healthcare delivery
system before the introduction of the post-acute rehabilitation
hospital system and identified that rehabilitation after stroke was
not properly performed based on severity (9). Before 2000, Japan
had no dedicated system in inpatient facilities to provide early and
intensive rehabilitation (26). Prior to 2000, Japan faced the same
situation as South Korea.

In the US, inpatient rehabilitation facilities are institutions
that provide intensive inpatient rehabilitation treatment after an
acute period of 13 diseases, including stroke. Patients can undergo
intensive multidisciplinary rehabilitation programs. They receive
3 h of treatment for 5 of 7 consecutive days (18, 27). Patients who
have completed functional improvement are subject to an active
return-to-society program, and those whose condition does not
improve discontinue rehabilitation treatment and are transferred to
an LTCH (18). The Japanese national insurance system introduced
kaifukuki (convalescent) rehabilitation wards (KRW) in 2000 (26).
Rehabilitation treatment was limited to 3h per day, and the
maximum length of stay for patients with stroke in the KRW
was limited to 150 days. The timing of discharge is set when

frontiersin.org


https://doi.org/10.3389/fneur.2023.1135568
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Bae et al.

TABLE 3 Multivariate regression model for the length of hospital stay in
the inpatient rehabilitation group (N = 2,185).

Variable Length of stay (day)*

Crude model Adjusted model’

B P-value

Age
<65 years Ref Ref
65-74 years | 350 14.3 0.014 320 | 134 0.017
75-84 years | 98.2 14.8 <0.001 802 | 142 <0.001
>85 years 1925 | 309 <0.001 1411 | 288 <0.001
Sex
Male Ref Ref
Female 70.6 12.8 <0.001 360 | 116 0.002
NIHSS
0-4 Ref Ref
5-15 189.9 | 145 <0.001 179.7 | 143 <0.001
16-20 4408 | 512 <0.001 4202 | 517 <0.001
21-42 503.0 | 814 <0.001 470.1 | 837 <0.001
Income, KRW
Ist quartile 46.9 17.9 0.009 384 | 165 0.020
2nd quartile 11.3 18.0 0.529 26.5 17.0 0.120
3rd quartile —32 16.1 0.842 9.7 14.6 0.507
4th quartile Ref Ref
Charlson comorbidity index
Low (0-1) Ref Ref
High (>2) 8.4 112.5 0.502 1.5 117 0.895

SE, standard error; NIHSS, National Institutes of Health Stroke Scale; KRW, Korean Won.
*Including hospitalization in Regional Cardio-Cerebrovascular Centers.

TStatistically ~estimated from multivariate regression analyses adjusted for all
explanatory variables.

patients reach a plateau in activities of daily living according to an
interactive evaluation, which has facilitated the home discharge of
patients with stroke with severe disability (16).

In our study, among 939 patients with stroke of moderate
severity or above, 209 (22.3%) returned home after discharge from
the RCCVCs without inpatient rehabilitation (Table 1). In South
Korea, rehabilitation services were reimbursed based on the fee-
for-service system even before the post-acute rehabilitation hospital
system was introduced. Therefore, rehabilitation treatment may not
be implemented in the post-acute period in these groups, not for
economic reasons, but because the referral system between medical
institutions did not work. Since the median LOS in RCCVCs was
6 days or less and outpatient-based rehabilitation treatment is
rarely performed in South Korea, rehabilitation services could be
undersupplied for these patients (26).

Meanwhile, among 2,581 patients with minor stroke with an
NIHSS score of <4, 1,455 (56.4%) were readmitted to another
hospital for inpatient rehabilitation after discharge from RCCVCs
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(Table 1). The average (median) LOS was 118.0 (29) days (Table 2).
In this group, rehabilitation treatment could be oversupplied.
Therefore, this study shows that rehabilitation services could be
over- or under-supplied to patients with stroke without systematic
provision of medical rehabilitation in the post-acute period (9).

Another characteristic phenomenon demonstrated in this study
was that patients with stroke in the inpatient rehabilitation
group visited several hospitals after being discharged from the
RCCVCs, resulting in prolonged LOS (9, 28). For example,
patients with moderate severity (NIHSS 5-15) who were discharged
from RCCVCs and transferred to another hospital to receive
rehabilitation services were admitted to two additional hospitals
before returning home. The median net LOS was 128 days. This
phenomenon may be related to the following issues. First, in
South Korea, rehabilitation treatment is mainly provided on an
inpatient basis, and outpatient-based rehabilitation treatment is
rarely performed after discharge to the home. When receiving
rehabilitation treatment on an outpatient basis, the out-of-pocket
ratio is higher than that of inpatient rehabilitation. In addition,
because of hospitalization fees that can be billed to the NHIS,
providers prefer inpatient to outpatient rehabilitation. Regardless
of severity, patients with stroke who want rehabilitation treatment
after discharge from RCCVCs might have no option other than
hospitalization. Second, there were no criteria for determining
whether inpatient rehabilitation was required in South Korean
NHIS in 2017. Instead, if the hospitalization period exceeds 2
weeks, hospitalization reimbursement is deducted, and after 1
month, it is further deducted (26). However, when patients are
admitted to another hospital post-discharge, the deduction rate is
not applied cumulatively but rather is reset. Therefore, providers
might be concerned with the discharge of patients with stroke
but are not interested in whether they are discharged home or
admitted to another hospital. Third, among the rehabilitation
treatment items based on the fee-for-service reimbursement
system, patient/family education and counseling for return to home
performed by the rehabilitation team were not included. The
absence of these services may have delayed the return to home after
the stroke.

Several factors influencing LOS may be related to the specific
situation in South Korea rather than being universal. First, the long
LOS for women may be because women in South Korea have a
higher share of household work and fewer people at home to take
care of them (29, 30). Considering these environmental factors,
women may be more likely to have difficulty returning home than
men after a stroke. Second, the longer LOS in the lowest income
group (Q1) can be at least partially explained by the fact that 10-
30% of co-payments for medical expenses are not applied to the
group (31).

This study has some limitations. First, the NHIS-NHID
does not contain information on family members or support.
Therefore, information on family support could not be obtained,
although this is a known factor that affects LOS (32, 33).
Second, the RCCVC system in South Korea performs cardio-
cerebrovascular thrombolysis, an emergency procedure. Therefore,
patients with other types of stroke, such as cerebral hemorrhage,
were excluded from this study. Third, only hospitalization for
rehabilitation treatment was investigated and presented, and the
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rehabilitation treatment itself was not quantitatively analyzed.
Because rehabilitation treatment was based on the fee-for-service
system as of 2017, it was too complicated to analyze the actual
rehabilitation contents and amount of treatment. Fourth, the
income level was classified according to the level of NHIS payment.
In South Korea, when calculating the NHIS co-payment, the
patient’s income is determined by salary or tax return, and tax
exemption is not included in the calculation. Therefore, patients’
incomes in this study may have been underestimated.

In future studies, the use of rehabilitation medical resources
and return to home in patients with stroke that occurred after
the introduction of the post-acute rehabilitation hospital system in
2020 should be investigated, and the results should be compared
with those of this study.

5. Conclusion

In conclusion, before the introduction of the post-acute
rehabilitation system in South Korea, rehabilitation treatment after
stroke was both over- and under-supplied, and return to home was
delayed after discharge from acute care hospitals. Returning home
after a stroke was the most delayed in the lowest-income group,
high-severity group, and female patients. These results support
the need for a post-acute rehabilitation system that specifies the
subject, duration, and intensity of rehabilitation treatment. The
data reported in this study may serve as basic evidence for planning
new systems in countries where a post-acute rehabilitation system
has not yet been established.
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