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Early manifestation of spasticity after first stroke in the territory
of the internal carotid artery. A prospective multicenter study
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Aims. The main aim of this study was to provide an estimate of the incidence and prevalence of spasticity following
stroke in the internal carotid artery territory for Regional Stroke Centers in the Czech Republic. A secondary goal was
to identify predictors for the development of spasticity.

Methods. In a prospective cohort study, 256 consecutive patients with clinical signs of central paresis due to a first-
ever stroke were examined in the acute stage. All patients had primary stroke of carotid origin and paresis of the upper
and/or lower limb for longer than 7 days after stroke onset. All were examined between 7-10 days after the stroke.
We evaluated the degree and pattern of paresis, spasticity using the Modified Ashworth scale and the Barthel Index,
baseline characteristics and demographic data.

Results. Of 256 patients (157 males; mean age 69.9+12.4 years), 115 (44.9%) patients developed spasticity during the
first 10 days after stroke onset. Eighty-three (32.5%) patients presented with mild neurological deficit (modified Rankin
Scale 0 - 2) and 69 (27.0%) patients were bedridden.

Conclusion. Spasticity was noted in 44.9% patients with neurological deficit due to first-ever stroke in the carotid

territory in the first 10 days after stroke onset. Severe spasticity was rare.
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INTRODUCTION

Post-stroke spasticity (PSS) is a sensorimotor disorder
characterized by a velocity-dependent increase in muscle
tone with exaggerated tendon jerks'. This concept of spas-
ticity was originally postulated by Lance!, while in epi-
demiological studies, spasticity is perceived as a general
increase in muscle tone as a part of upper motor neuron
syndrome and has been estimated to occur in 17-46%
of patients 12 months after stroke>¢. High variability of
findings is probably related to different methodological
approaches, from telephone calls, other subjective evalu-
ations to clinical scales. The treatment of spasticity with
botulinum toxin in combination with physiotherapy is
purported to improve functioning in patients with upper
motor neuron syndrome*. There are statistically and clini-
cally meaningful differences in health-related quality of
life between stroke survivors with and without spasticity’.
Early identification, often neglected in daily clinical prac-
tice, and appropriate treatment may be difficult.

The present study follows a cohort of patients from
the immediate days after stroke to assess the frequency of
PSS and to identify potential risk factors for PSS develop-
ment. Better understanding of the evolution of the disor-
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der along with identification of PSS risk factors could
lead to earlier treatment and better outcomes. Knowledge
about the epidemiology of PSS in Czech Stroke Centers
should help with aftercare organization.

The aim of the present study was to provide a point
and interval estimate of the incidence and prevalence of
PSS immediately after the first stroke for the Regional
Stroke Centers in the Czech Republic. The secondary
goals of the study were to analyze and quantify the as-
sociation between potential risk factors and the risk of
spasticity and clinically significant spasticity. Pilot data on
patients examined soon after stroke onset are presented.
The longitudinal study (6 and 12 months) is to follow.

MATERIALS AND METHODS

Ethics

The study was conducted in accordance with the
Helsinki Declaration of 1975 (as revised in 2004 and
2008), and was approved by the local ethics committee in
all participating centers. Informed consent was obtained
from all participants included in the study.
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Patients

Four Czech comprehensive Stroke Centers participat-
ed in this multi-center, prospective, observational, longi-
tudinal cohort study. Web application was created with a
structured questionnaire and a central repository. It was
given its name Spastic Dystonia Registry (SONAR). Two
hundred and fifty six consecutive patients who were ad-
mitted to any of the four participating centers in a period
of two years with clinical signs of central paresis due to a
first-ever stroke, were enrolled.

All patients met the following criteria: living within
the regional urban territory of the given Center (must
have a permanent address in this territory), first stroke
of carotid origin, and the presence of motor deficit (lon-
ger than 7 days following the stroke onset). Patients with
transient ischemic attack, recurrent stroke and stroke in
the vertebrobasilar territory were excluded. Each patient
was examined in the acute stage (7 to 10 days following
the stroke onset, visit V1.

Observed parameters

Data were collected, including information on: demo-
graphic data, stroke risk factors, pre-event medication,
localization of lesion, presence of motor deficit, presence
and type of aphasia, and presence/absence of spasticity.

Demographic data included: subject initials, gender,
date of birth, height, weight, hand dominance, and out-
come. The presence of the following stroke risk factors
was documented: coronary artery disease, atrial fibrilla-
tion, obesity, arterial hypertension, hyperlipidemia, dia-
betes mellitus, low physical activity, and current smoking.

The degree and pattern of paresis and muscle tone was
evaluated in the contralateral elbow and wrist flexors of
the upper limb, and in the knee and ankle flexors in the
contralateral lower limb. Spasticity was assessed using
the modified Ashworth Scale (MAS) (ref.?). The MAS
evaluates the resistance of a relaxed limb to rapid passive
stretch in 6 stages: stage O relates to normal or lowered
muscle tone and stage 4 relates to a state in which passive
movement of the affected limb is impossible. Spasticity
was defined as >1 MAS and severe spasticity as MAS >
3 in any of the examined muscle groups. Performance of
daily living activities was measured using the Barthel in-
dex (BI) (ref.). The Bl is considered to be a reliable, valid,
and sensitive measure of disability'°. Clinical outcome was
evaluated using the modified Rankin scale (mRS) (ref.!).

Statistical analysis

Standard descriptive statistics were used in the analy-
sis, including the absolute and relative frequencies for
categorical variables, and the mean, median, minimum,
and maximum for continuous variables. The statistical
significance of between-group differences was analyzed
using Fisher’s exact test for categorical variables. Logistic
regression was used for the univariate and multivariate
analysis of parameters predicting increase in muscle tone
and the results were expressed as odds ratios (OR). All
reported p-values are two-sided with =0.05 as the level
of statistical significance; confidence intervals are given
at the 95% level. Statistical analyses were computed using

Table 1. Baseline characteristics of patients (n=256).

Characteristics Value (years; %)
Age:
mean; median (min-max), years 70; 71 (29-103)
<60 years 22.3
61-70 years 26.6
71-80 years 28.5
81+ years 22.7
Male gender 61.3
Risk factors prior stroke:
arterial hypertension 71.1
hyperlipidaemia 31.3
diabetes mellitus 28.5
current smoking 24.2
coronary artery disease 19.1
atrial fibrillation 18.8
obesity 18.8
low physical activity 8.6
risk factors not available 11.7
Barthel index at ward 1:
100 independency 16.4
65-95 slight dependency 29.3
45-60 moderate dependency 24.2
0-40 severe dependency 30.1
Therapy one month prior stroke:
none 21.9
antiplatelets 25.0
anticoagulants 9.0
antihypertensives 66.0
lipid lowering drugs 23.8
muscle relaxants 0.8
antidepressants 7.0
analgesic 4.3

IBM SPSS Statistics for Windows, Version 22.0 (IBM
Corp. Armonk, NY: IBM Corp., USA).

RESULTS

The demographic data of the 256 patients are sum-
marized in Table 1.

Eighty-three (32.5%) patients presented with mild neu-
rological deficit (mRS 0 - 2) and 69 (27.0%) patients were
bedridden. One hundred and fifteen (44.9%) patients de-
veloped spasticity during the first 10 days after stroke on-
set, as shown in Fig. 1. Most patients (34.8%) showed only
a slight increase in muscle tone (MAS 1 and 1+). More
marked increase in muscle tone was observed in 8.2% of
patients. Severe spasticity (MAS > 3) was noted in 2.0%
of patients. None of the patients reached MAS 4 on visit
1. The highest prevalence and the most severe spasticity
was found on the elbow flexors of the contralateral upper
limb. The most affected segment on the lower limb was
ankle flexors. Spasticity was statistically significantly as-
sociated with the degree of paresis; plegia vs. paresis (56.2
vs 36.3%, resp., P=0.001).
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Fig. 1. Post-stroke spasticity in the cohort of examined patients at visit 1.

UL, upper limb; LL, lower limb; MAS, modified Ashworth Scale

Based on univariate logistic regression analysis, atrial
fibrillation (OR = 0.44, 95% CI: 0.22 - 0.86; P = 0.017),
arterial hypertension (OR = 0.55, 95% CI: 0.32 - 0.95;
P =0.032), hyperlipidemia (OR = 0.55, 95% CI: 0.32 -
0.95; P=0.032), and antihypertensives 1 month prior to
stroke (OR = 0.46, 95% CI: 0.27 - 0.78; P=0.004) were
identified as statistically significant negative predictors
for the development of spasticity, as presented in Table
2. However, stepwise binary logistic regression analysis
identified no significant independent predictor of spastic-
ity development.

DISCUSSION

In this prospective, multi-centerstudy, we are investi-
gating a large cohort of acute stroke patients in the terri-
tory of the middle carotid artery. The study population
was restricted to first stroke patients with motor deficit
(limb paresis) present longer than 7 days after the stroke
onset, independent of stroke origin and severity. Data
from the first evaluation visit (7-10 days after stroke)
were analyzed to give a pilot overview on the prevalence
of PSS.

Table 2. Results of binary logistic regression analysis (unadjusted OR) - dependent variable presence of spasticity.

Stroke risk factor OR 95% CI P
Gender 1.10 0.67-1.83 0.704
Age (> 70 years / 71 > years) 1.08 0.66-1.76 0.772
Stroke risk factors
Coronary artery disease 0.73 0.39-1.38 0.337
Atrial fibrillation 0.44 0.22-0.86 0.017
Obesity 1.29 0.69-2.41 0.433
Smoking history 1.20 0.68-2.13 0.529
Arterial hypertension 0.55 0.32-0.95 0.032
Hyperlipidaemia 0.55 0.32-0.95 0.032
Diabetes mellitus 11 0.63 0.36-1.11 0.108
Low physical activity 0.68 0.27-1.68 0.401
Treatment 1 month prior stroke
Antiplatelet drugs 0.79 0.45-1.41 0.425
Anticoagulants 0.40 0.15-1.06 0.064
Antihypertensives 0.46 0.27-0.78 0.004
Lipid lowering drugs 0.74 0.41-1.33 0.316
Antidepressants 0.77 0.29-2.04 0.594
Analgesics 1.50 0.45-5.04 0.514

CI: confidence interval, OR: odds ratio
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In previously published studies, the prevalence of
PSS ranged from 16 - 42.6% in cohorts of 83 - 328 pa-
tients*>®1213, The reexamination rate was from 38%, in a
study by Watkins et al., to 86% in a study by Lundstréom
et al.>¢. These studies did not differentiate between initial
motor and non-motor strokes in terms of the prevalence
of PSS, and they included patients with intracerebral
hemorrhages. Thus, a direct comparison to our data is
not feasible. The lower prevalence of spasticity in com-
parison to the present study might be due to the smaller
number of patients included. In addition, it is not clear
from the study design whether only ambulatory patients
were reexamined in the study by Watkins et al, which
would potentially underestimate the prevalence rate of
PSS (ref.%). Although spasticity at day 10 is significantly
associated with 12 month PSS (ref.'*), normalization of
muscle tone may occur during longer follow-up care, lead-
ing to lower prevalence, as demonstrated in previously
published studies'>'15.

The number of patients who had developed spasticity
7 to 10 days after stroke onset in our study might increase
over time as spasticity is caused not only by damage to the
neural components but also arises in response to adap-
tive features such as intrinsic changes in muscle'®". The
degree of severe spasticity was low, showing MAS > 3
in 2.0%. The lower rate of clinically relevant spasticity
(MAS > 2) was apparently due to the early investigation
of patients in the first evaluation visit. In contrast to a
study published by Urban et al, the highest prevalence
and the most severe spasticity was found on the elbow of
the contralateral upper limb?.

As described by Wissel et al.!’, patients who initially
showed no signs of increase in muscle tone can develop
spasticity during longer follow up. Few studies have dealt
with the temporal evolution of spasticity after stroke.
Spasticity seems to be rarely apparent during the first
month following stroke. It reaches a peak 1-3 months after
stroke'®%2,

In line with the results of previously published studies,
no stroke risk factors were identified with multivariate
logistic regression analysis*!*?!2, It is not surprising that
the classical risk factors for stroke did not emerge as in-
dependent predictors of PSS, given the lack of an obvious
plausible biological link. In the present study, the degree
of paresis was closely related to risk and the degree of
spasticity (P < 0.001). The more severe paresis and the
more muscle group involved, the higher risk and greater
degree of spasticity is to be seen*!321"23,

The present study has some limitations. Only pilot
data are presented; data from longer (6 and 12 month)
follow-up visits will be needed to verify the results. A
greater emphasis on reexamination will be needed in or-
der to minimize the loss of patients to follow-up care.
Performance of daily living activities was measured solely
using the Barthel index and modified Rankin scale, omit-
ting other scales’. The Barthel index has demonstrated a
high interrater reliability (0.95) and test-retest reliability
(0.89) as well as high correlations (0.74-0.8) with other
measures of physical disability?'. It is a simple protocol
leading to answering the basic question, what is the preva-
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lence of spasticity after a first stroke in carotid territory.
The modified Ashworth Scale does not differentiate
whether the increase in resistance is a result of reflex
hyperexcitability, biomechanical changes in soft tissues, or
both, and it is not a metric measure of spasticity. However,
it is easy to apply in different settings, is frequently used,
and has relatively good intra rater reliability?®.

CONSLUSION

In conclusion, spasticity during the first 10 days after
stroke onset is common in patients with neurological defi-
cits due to first-ever stroke. Severe early post-stroke spas-
ticity is rare. This knowledge should encourage physicians
to examine patients for spasticity early after stroke as well
as to help with aftercare management of such patients.
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