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Background: Stroke may have a major effect on survivors and on the healthcare system.

Aims: To study the functional status and use of healthcare facilities in long-term survivors of a transient
ischaemic attack (TIA) or minor ischaemic stroke (MIS) and evaluate associations with baseline and follow-
up characteristics.

Methods: Follow-up of patients who had participated in the Dutch TIA Trial or the European Atrial
Fibrillation Trial was extended to a mean period of 15.6 years. Patients were interviewed through a postal
questionnaire (n =468) and a sample of this group was also interviewed at home (n = 198). Demographic
data, information on comorbidity, functional status (Barthel Index, Frenchay Activities Index and modified
Rankin Scale) and use of healthcare facilities were recorded.

Results: About one third of the survivors interviewed at home experienced any residual disability and 26%
were moderately to severely handicapped. Factors associated with poor functional status were advanced
age and the presence of any infarct on a baseline computed tomography scan, the recurrence of a new
maijor stroke or the presence of comorbidity of locomotion. One third of survivors used any kind of
professional care, which was predominantly related to the functional status at follow-up.

Conclusions: Recurrent stroke and the presence of comorbidity of locomotion are important deferminants
of long-term disability of survivors of a TIA or an MIS, which, in turn, is strongly associated with the long-
term use of professional care. The need for measuring comorbidity with regard to functional status is
recommended in research on stroke outcome.

stroke survivors increases, and this is likely to have a
growing effect on the healthcare system. Patients with
no or minor sequelae from a transient ischaemic attack (TIA)
or minor ischaemic stroke (MIS) are usually discharged
home and are less often studied than those with a major
stroke. From a previous study, however, we learnt that these
patients with a “minor stroke” are exposed to a continuous
high risk of recurrent major events (stroke, myocardial
infarction or vascular death) even in the long term.'
Information on functional status long after a TIA or an
MIS has occurred is scarce. The few studies that followed up
patients for more than 10 years describe survival and, in
some cases, the risk of new events.'™ Assessing activities and
participation of these patients is important in determining
quality of life> and use of healthcare facilities.®
Previous studies on long-term functioning of patients with
stroke applied only the Barthel Index and the (modified)
Rankin Scale (mRS),”® or no standardised instruments at
all.”"* The Barthel Index and mRS measure important
dimensions of stroke-related constraints of activity, but both
have definite limitations. The Barthel Index measures only
the basic activities of daily living in the home and has a
profound ceiling effect, especially in people with mild or
moderate stroke, whereas the mRS predominantly reflects
physical dependence and does not explicitly assess psycho-
social functioning.
To clarify the factors that improve or deteriorate functional
capacity, it is important to differentiate the effects of stroke

ﬁ s mortality due to stroke decreases, the number of
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from those of ageing." It is well known that patients with
stroke, who are often elderly people, experience much
comorbidity,” but to what extent that is related to function-
ing in patients with stroke has not been well explored.

Our main objectives were (1) to describe the functional
status and use of healthcare facilities of long-term (>10-
year) survivors of a TIA or an MIS and (2) to identify
associations with baseline and follow-up characteristics
(including comorbidity).

PATIENTS AND METHODS

Study population

LiLAC (Life Long After Cerebral ischemia) is a cohort study
based on the cohorts of the Dutch TIA Trial (DTT) and the
European Atrial Fibrillation Trial (EAFT). Patients who had
had a TIA or an MIS were included in these trials. A
neurologist in one of the participating hospitals made the
diagnosis. For participation in the trials, the TIA (symptoms
lasting for <24 h) or MIS (symptoms persisting for >24 h)
had to have occurred within 3 months before randomisation
and patients had to be independent in most of their daily
activities (mRS<3). Details have been described pre-
viously.' ' In the DTT, 3150 patients were included; a
cardiac or haematological origin of the ischaemic event was

Abbreviations: DTT, Dutch TIA Trial; EAFT, European Atrial Fibrillation
Trial; FAI, Frenchay Activities Index; LILAC, Life Long After Cerebral
ischemia; MIS, minor ischaemic stroke; mRS, (modiﬁed) Rankin Scale;
TIA, transient ischaemic attack
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an exclusion criterion. For LILAC we included patients from
centres that had randomised =50 patients (n = 2473). In the
EAFT, 1007 patients were included; current (<2 years) atrial
fibrillation (confirmed by electrocardiography) was a pre-
requisite. For LILAC we included only the Dutch participants
(n = 186).

In the current study, the follow-up of all patients alive at
the end of the DTT and EAFT was extended to the period
between March 2001 and December 2003: 1024 patients
survived. With a computer-generated list, we contacted a
random sample of survivors to administer the postal
questionnaire, aiming at 500 completed ones. From the
responders to the questionnaire, we drew another random
sample (aiming at 200 participants) for a home visit to get
more detailed information about the functional status. All
patients gave written informed consent. The ethics commit-
tee of the University Medical Centre Utrecht, The
Netherlands, approved the protocol.

Measurements

Baseline characteristics (medical history, event characteris-
tics and data from electrocardiograms and computed
tomography) were thoroughly recorded in both trials.
Information on recurrence of stroke was captured from
medical records or from the general practitioner of the
patients. All reported strokes were classified independently
by three doctors specialised in cerebrovascular disease,
according to the criteria previously used in the DTT and
EAFT. For any doubt on the classification or if the
adjudicators did not reach an agreement, members of the
executive committee of the European/Australian Stroke
Prevention in Reversible Ischaemia Trial (a currently running
multicentre secondary prevention trial in patients with
cerebral ischaemia of arterial origin)'® were consulted.

In the structured interview of the postal questionnaire,
information about living condition (alone or with partner,
independent or protected) was gathered. Comorbidity was
assessed on a predefined structured list comprising a broad
range of diseases in the following categories: cardiac,
respiratory, diabetes, neurological, locomotor system, cancer,
ocular system, auditory system or others (see appendix
provided online at http:/www.jnnp.com/supplemental). The
list was composed on the basis of a known or assumed high
burden of illness.'” Patients also had to state whether they
still received drugs or treatment for this additional disease
and whether it influenced their daily functioning.

Standardised tests to evaluate functioning included the
Barthel Index and the Frenchay Activities Index (FAI). The
Barthel Index is a widely used and validated instrument for
outcome measurements.'® Scores are in the range 0-20, with
20 representing independence within the home, but not
necessarily normal functioning. The FAI is a sensitive,
reliable and valid instrument for assessing social activity or
participation.” It supplements the Barthel Index in activities
of daily life, with minimal overlap.” It is based on an
interview with patients and has no ceiling effect.”” Both
instruments have an excellent proxy agreement.”’ Scores on
the FAI are in the range 15-60, and can be divided into three
categories: 15-29, inactive; 30-44, active; and 45-60, very
active. The mRS is a handicap scale that has been used before
in both trials, at baseline and during follow-up.* It can be
considered to be a global health index, with a strong
emphasis on physical activity,” with 0 indicating no symp-
toms and 5 indicating total dependence.

We assessed the use of healthcare facilities according to
two previous studies.®” For this purpose, we aggregated
professional care into four categories: (a) therapy, including
physical therapy, occupational therapy and speech therapy;
(b) (instrumental) care of activities of daily living, including
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day care, nursing care and home help; (c) psychosocial
support, including social care, mental care and support from
fellow patients; and (d) aids, including adaptation of home,
non-body-adapted and body-adapted aids, and aids to
promote outdoor mobility.

Data analysis

Data were analysed to describe the long-term functional
status and use of healthcare facilities by stroke survivors.
Therefore, descriptive statistics (parametric and non-para-
metric) were used according to the characteristics of the
measurement instruments. Data were analysed by logistic
regression to identify associations of baseline and follow-up
characteristics with the different functional outcomes:
independence (Barthel Index =20)* versus dependence
(Barthel Index<20) in daily activities; inactive (FAI 15-29)
versus active (FAI=30) lifestyles; no or mild handicap
(mRS<2) versus moderate or severe handicap (mRS>2);
and use of professional care (yes or no; use of at least one
type of professional care, excluding the use of aids or assistive
devices). Results were presented as odds ratios (ORs),
including 95% confidence intervals (CIs). In multivariate
analyses, variables were selected (stepwise forward) until no
variable had p<<0.10. Healthcare facilities were analysed with
data only from home visits, and data on patients who were
institutionalised were not taken into account.

RESULTS

Of the 1024 survivors of the original trials, 838 were sent a
questionnaire (fig 1). Of these, 468 agreed to participate, 126
refused, 39 had died and 205 did not respond. Those who did
not respond, died or refused participation were older (61.6 v

2659 at start of DTT/EAFT

1024 dlive 1635 died

Random sample

l

838 ———  Mailed questionnaires
468 Responses obtained
- Comorbidity scale

- Frenchay Activities Index
- Health care consumption list

Random sample

198 Visited at home
- Barthel Index
- Modified Rankin Scale

Figure 1 Flow chart of participants analysed. Bl, Barthel Index; DTT,
Dutch TIA Trial; EAFT, European Atrial Figrﬂlorion Trial; FAI, Frenchay
Activities Index; mRS, (modified) Rankin Scale.
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Table 1 Characteristics of different patient groups Table 2 Descriptive statistics of demographic
ool characteristics, comorbidity, functional status and use of
'ostal ey
Total questionnaire Home visits healthcare facilites
Characteristic (n=2659) (n=468) (n=198) Postal
T o . questionnaire ~ Home visit
Women 355 34.6 323 (n=468) (n=198)
raﬁg‘:i:is(;%nag,ee::s) 65.8 (10.1) 57.1(9.3) 56.9 (8.8) Living|condition
MIS v TIA 69.8 57.7 57.1 :”depe”de?' q 92'2 92'?
. | | . nstitutionalise Y b
D B 2 8
Hyperte:sio;au cano 42'] 33'3 34'8 With partner or other 68.7 69.1
Myocardial infarction  10.4 6.0 7.1 A|one. . I S
Comorbidity
Grade on mRS Cardi 357 36.4
0 450 58.8 58.1 arciac ‘ :
1 307 269 283 Respiratory 14.7 17.2
2 18-8 1 ‘8 12.1 Diabetes 16.8 16.2
3 54 2% 15 Neurological* 10.6 12.1
Any infarct on CT scan  41.4 30.1 253 Lco(:::;?hon 3;; 3;2
White matter lesions 11.6 2.8 2.0 Visudl 10.7 10.1
Azl Audif 141 157
New vascular event 55.4 18.2 26.3 Ol:helrlve 22'9 ]8.2
Mean (SD) age at NA NA 72.5(8.7) Functional stat . .
home visit (years) unchiona staius
BI (median, IQR) NA 20 (19-20)
. i Independent 67.2
Values are percentages unless otherwise mentioned. Dependent 328
CT, cpmputed 'rc?mogrophy; MIS, minor ischaemic oﬂo.ck; ITIRS, . FAI (median, IQR) 41 (33-46) 41 (34-46)
(modified) Rankin Scale; NA, not available; TIA, transient ischaemic [ 18.1 17.9
K nactive b .
atack. Adtive 477 50.0
Very active 34.2 32.1
mRS (median, IQR) NA 1(1-3)
0 19.2
57.1 years), more often women (41.1% v 34.6%), had more ; gég
often an MIS rather than a TIA (63.8% v 57.7%) or showed 3 222
white matter lesions on the computed tomography scan at 4 85
baseline (6.5% v 2.8%). Data for the postal questionnaires USX°F_C.J"U95 ) .
were missing in 6% for some comorbidity items and in 15% A:‘;:g;gulqms ?g 5 ?]3
for the FAI. A random sample of participants (n = 198) was Other 9.5 12
contacted for a home visit (fig 1). None 9.8 10.1
Use of healthcare facilities
. . Treatment 19.1 18.1
Demographics and comorbidity ADL care 26.4 19.3
The mean age of patients at the time of the home visit was Psychosocial care 3.2 1.2
72.5 (SD 8.7) years. Patients who participated in the survey Adjustments 32.3 282
or home visit were younger, had more often a TIA rather than Vel e e iz s ke @ lomeien mriiandl
an ischaemic stroke and had fewer vascular risk factors at ADL, activities of daily living; B, Barthel Index; FAI, Frenchay Activities
baseline than the average participant of the LILAC study Index; IQR, interquartile range; mRS, (modified) Rankin Scale; NA, not
(table 1). available, measurement was part of interview at home visit only.
After a mean follow-up of 15.6 (SD 1.1) years, only 5-7% *Only jiseases other than transient ischaemic attack or stroke were
: . ’ counted.
of the responding survivors were institutionalised and most

were living with a partner (table 2).

Patients recalled several comorbid conditions, mostly of the
heart or locomotor system. Of the 147 patients who reported
concomitant disease, 144 answered the question ‘“Which one
of the above diseases has the greatest impact on your daily
functioning?”” Locomotion was mentioned most often (25%,
36/144).

Functional status and disability

The median Barthel Index was 20, but a third of the patients
was dependent in one or more activities of daily living. About
18% of patients presented an inactive lifestyle (FAI<29) and
26% were moderately to severely handicapped (mRS>3;
fig 2). The mRS deteriorated significantly over time (median
—1, range —4 to +2; p<0.001).

Advanced age and the presence of any infarct on a
computed tomography scan at baseline, and a recurrent
stroke or the presence of comorbidity of locomotion, were
strongly and independently associated with functional
disability, inactivity and handicap (table 3).

We found no statistically significant relationship between
the use of secondary preventive drugs (at follow-up) and
functional status.

www.jnnp.com

Moderate to severe handicap
n=51

Inactive lifestyle
n=30

Disability
n =060

Disability = Barthel Index < 20; Inactive lifestyle = Frenchay Activities
Index < 30; moderate to severe handicap = Modified Rankin
Scale > 2.

Figure 2 Venn diagram of disability, inactivity and handicap.
Disability, Barthel InSex <20; inactive |i|:esP'|e, Frenchay Activities Index
<30; moderate to severe handicap, modified Rankin Scale >2.
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Table 3  Associations with functional disability and handicap
Dependency Inactive Moderate or severe
in ADL lifestyle handicap

Patients (BI<20) (FAI<30) (mRS>2)

n=198 OR (95% Cl) OR (95% Cl) OR (95% Cl)

Univariate regression
Age*t 1.9 (1.3 10 2.8) 1.8 (1.1 10 2.9) 1.8(1.2102.7)
Male sext 0.6 (0.3 10 1.2) 1.2 (0.5 10 2.8) 0.5(0.3 10 1.0)
Minor stroket 1.5(0.8 to 2.8) 29(1.1t07.3) 2.0 (1.0 to 4.0)
Any infarct on CT scant 2.6 (1.3105.3) 8.9 (3.6 to 21.6) 5.8 (2.7 to 12.5)
New VEt 2.9 (1.4 t0 6.0) 4.8 (2.010 11.5) 3.8 (1.8 10 8.3)
Recurrent major stroket 4.6 (2.0 to 10.8) 9.3 (3.6 to 23.8) 5.6 (2.3 0 13.5)
Comorbidity locomotiont 2.2 (1.2 to 4.3) 1.8 (0.8 to 4.0) 4.7 (2.3109.7)
Comorbidity cardiact 1.3 (0.7 to 2.5) 1.8 (0.8 to 4.1) 1.8 (0.9 to 3.6)

Multivariate regression
Age*t 2.2(1.410 3.5) 2.3(1.3t0 4.1) 2.6 (1.510 4.4)
Minor stroket NE 1.6 (0.5 to 4.6) NE
Any infarct on CT scant 2.9 (1.3106.3) 7.3 (2.8 to 19.5) 7.3 (2.8 to 19.0)
Recurrent major stroket 5.4 (2210 12.9) 8.0 (2.9 to 22.2) 7.0 (2.5 10 19.4)
Comorbidity locomotiont 3.2 (1.6 to 6.7) NE 8.9 (3.6 t0 22.1)

Values are odds ratios (95% confidence intervals).

ADL, activities of daily living; Bl, Barthel Index; CT, computed tomography; FAI, Frenchay Activities Index; mRS,

(modified) Rankin Scale; NE, variable not entered in the multivariate analysis; OR, odds ratio; VE, vascular event.

All variables in the univariate analysis were adjusted for sex and age.

*Age was entered as a continuous variable; the increase in hazard is for every 10 years.

1Variable was measured at baseline.

$Variable was measured during follow-up.

In the analyses on dependency, we used a cut-off of 2 on
the mRS, whereas a cut-off of 3 was chosen as a selection
criterion for the original trials. Exclusion of patients with a
baseline mRS of 3 did not change the results.

Use of healthcare facilities

About 65% of the survivors were still using aspirin and 16%
anticoagulant drugs, whereas 10% did not use any kind of
drug as secondary prevention (table 2).

Only 31% of survivors currently used any kind of
professional care. In the univariate analysis, advanced age,
an MIS at baseline (rather than a TIA), functional disability
and handicap at follow-up were associated with the use of
professional care (table 4). The strongest relationship was
found between handicap at follow-up and the use of
adjustments (see table B provided online at http:/
www.jnnp.com/supplemental). Dependency in activities of

daily living was most strongly related in the multivariate
model.

DISCUSSION
After an average interval of 15.6 years, 33% of our surviving
patients who were visited at home were dependent in one or
more daily activities, 18% had an inactive lifestyle and 26%
were moderately to severely handicapped (fig 2). Factors
independently associated with long-term functional disability
were advanced age, the presence of any infarct on a
computed tomography scan at baseline, the recurrence of a
new major stroke and the presence of comorbidity of
locomotion. The use of professional care was predominantly
related to functional disability and handicap at follow-up.
We described the functional status of our population from
the perspectives of doctors (disability) and healthcare providers
(use of healthcare facilities). We assessed both basic and

Table 4 Associations with the use of professional care

Patients Univariate Multivariate
n=187 OR (95% ClI) OR (95% ClI)
Age*t 1.6 (1.1 to 2.4) 1.5(1.0 to0 2.3)
Male sext 0.7 (0.3 to 1.4)

Minor stroket 2.2 (1.1 to 4.3) 2.0 (1.0 to 4.0)
Any infarct on CT scant 1.2 (0.6 to 2.5)

New VEL 1.2 (0.6 to 2.6)

Recurrent maijor stroket 1.7 (0.7 to0 3.8)

Living with partnert 0.9(0.410 1.7)

Dependency in ADL (BI<20) 4.0 (2.0 to 8.0) 2.7 (1.2t05.9)
Moderate fo severe handicap (mRS>2) 4.0 (1.9 to 8.4) 2.4 (1.0 to 5.6)
Comorbidity locomotion} 1.8 (0.9 to 3.6)

Comorbidity cardiact 1.0(0.510 1.9)

Values are odds ratios (95% confidence intervals).

vascular event.

tVariable was measured at baseline.
$Variable was measured during follow-up.

ADL, activities of daily living; BI, Barthel Index; CT, computed tomography; mRS, (modified) Rankin Scale; VE,

All variables in the univariate analysis were adjusted for sex and age.
*Age was entered as a continuous variable; the increase in hazard is for every 10 years.
Only variables that were significant (p<<0.05) in the univariate analysis were entered in the multivariate analysis.

www.jnnp.com
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instrumental activities of daily living and used standardised
instruments for measurement; this enhanced interpretation
and allowed for comparison with other studies. In addition, we
studied associations between outcome and characteristics at
baseline and at follow-up (including comorbidity).

A potential limitation in the interpretation of our results
was that we were dealing with a highly selected cohort of
patients, in that they (a) were referred to hospital, (b)
consented to participate in a trial, (¢) survived for an average
of about 15 years, and (d) consented to participate in the
survey and home visit. Although the characteristics of
survivors who participated in the survey and home visit did
not differ much in baseline cardiovascular risk factors from
those who declined, they probably represent the fittest of
those surviving. We were not able to record all reasons for
non-response; possibly cognitive impairment or depression
had a role, with a negative effect on outcome. The main
implication of this selection is that the amount of disability
and use of professional care are probably underestimated.

We also had to deal with missing data, which is a common
phenomenon with postal questionnaires in an elderly
population: this may have introduced bias.

The comparison of our results with those from other
studies on long-term (at least 5 years) functioning after
stroke was complicated because no other study included
patients with a TIA, and all but one were community
based.® '*'* **** Details about other differences in study
design or population are presented in table A, provided
online at http://www.jnnp.com/supplemental. Only a single
study investigated prognostic factors for disability** and most
studies did not report data on non-responders. Only 5% of
our population was institutionalised compared with 8%,”
15%'" ** and 23%" in other studies. The 10% of patients who
did not use any kind of secondary prevention with drugs is
remarkably low.

The proportion of patients dependent in activities of daily
living (Barthel Index<<20) in our study was almost half that
of a study in southeast London*” (34% v 67%), probably as a
result of younger age and inclusion of less severe types of
stroke in our population. Also, the proportion of patients with
mRS>2 was smaller than in studies from the general
population (26% v 36-64%).* ** 7 Advanced age and recurrent
stroke were predictors of long-term disability (5 years) this
was also the case in the Perth Community Stroke Study.*
Although it is not surprising that there is a relationship
between comorbidity of locomotion and dependency, this has
not been described so clearly in patients with stroke before.
Only a single study on long-term functioning after stroke
described the presence of comorbidity in their survivors, but
they did not investigate its effect on functional status."

The use of professional care was higher than the 20-25%
reported in two Finnish regions.'’ ** No comparable data are
available for the Dutch elderly population. Our data do not
provide information on the (unmet) care demands of the
long-term survivors of stroke, which would be helpful in
planning strategies; as 70% of the survivors were living with a
partner, a certain amount of informal care must have been
provided as well.

In a previous study, we found that even long after a TIA or
an MIS, patients continue to have an increased risk of death
and new vascular events. Their doctors should therefore stay
alert regarding lifestyle and drug compliance.' In the present
study, we found that the functional status of those who
survive is influenced by the occurrence of new vascular
events (especially stroke) and by coexisting diseases (mainly
of the locomotor system). As the use of professional care was
related with the amount of disability or handicap, irrespective
of underlying causes, we conclude that there is a need for
measuring comorbidity with regard to long-term functional
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status in future research on stroke outcome. Moreover, the
prevention of recurrent stroke may reduce the long-term
burden of the elderly patient with a history of a TIA or an
MIS. Finally, the focus on comorbidity with regard to stroke
may improve the planning and providing of healthcare for
those in need.
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Intracranial calcifications and activating mutation of the calcium-sensing receptor

asymptomatic hypocalcaemia (calcium 6.5 mg/dl, nor-

mal range 8.5-10.4). The patient had one healthy son
and two daughters with hypocalcaemia. Analytical study
confirmed hypocalcaemia (ionised calcium 0.86 nmol/l,
normal range 1.13-1.32), which was accompanied by low
levels of intact parathyroid hormone (19 pg/ml , normal
<65). Serum phosphorus, 25-hydroxyvitamin D and 1,25-
dihydroxyvitamin D  were within normal range.
Hypocalcaemia was associated with hypercalciuria when oral
calcium and vitamin D were administered. Gene study
showed a novel activating mutation (Glu(604)Lys) affecting
the calcium-sensing receptor in the patient and his two
daughters. Morphological studies of the patient showed
multiple intracranial calcifications affecting the basal gang-
lia, cerebellum and brain parenchyma (figs 1, 2). We think
that activating mutations of CaSR should be considered as a
new cause of hypocalcaemia-induced asymptomatic intra-
cranial calcifications.

ﬁ 58-year-old man was referred to us because of
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Figure 1 Lateral radiography of the cranium showing basal ganglia
and cerebellar calcifications.
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Figure 2 Computed tomography
images of the brain showing mulfi

calcifications of the cerebellum (|e€)
basal ganglia and brain parenchyma

(right).
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