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Post-stroke recovery updates

Actualitati in recuperarea accidentului vascular

Ana Maria Bumbea !, Roxana Carmen Dumitrascu 2, Bogdan Stefan Bumbea 2,
Anca Emanuela Musetescu !, Otilia Rogoveanu !, Carmen Albu !, Rodica Triistaru !
I University of Medicine and Pharmacy, Craiova, Romania

? Emergency County Hospital Craiova, Romania

* All authors have equal contributions to this study

Abstract

We aim to highlight the stages of cerebrovascular accident recovery. Stroke is defined as a circulatory disorder of ischemic
or hemorrhagic type with the persistence of symptoms for more than 24 hours. It has a clinical expression of hemiplegia which
in the first stage (day-weeks) is flaccid, followed by the spasticity phase that may last for weeks or months, and the last phase,
the chronic one, during which reducing motor deficit and recovering abilities can be continued.

Motor recovery recognizes these stages of cerebrovascular accident and applies different techniques depending on the pres-
ence of spasticity and its degree. If in the flaccid phase, passive kinetic elements and the restoration of kinesthetic memory are
predominant, in the spastic stage and the chronic stage, the techniques of initiating the active movement predominate.

Recovery of a stroke patient is difficult and goes through several stages. These involve a longer or shorter period of time,
depending on when the recovery starts. The sooner the recovery program starts, the higher the benefits, and the less the func-
tional deficit.
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Rezumat

Ne propunem punerea in evidentd a etapelor de recuperare a accidentului vascular. Accidentul vascular cerebral (stroke)
se defineste ca o afectare circulatorie de tip ischemic sau hemoragic, cu persistenta simptomatologiei mai mult de 24 de ore.
Are ca expresie clinicd hemiplegia, care in prima etapa (zile-saptamani) este flasca, urmata de etapa de instalare a spasticitatii,
care poate dura saptdmani, luni, iar ultima etapa, cea cronicd, de continuare a reducerii deficitului motor si refacerea abilitatilor.

Recuperarea motorie recunoaste aceste etape ale accidentului vascular si aplicd tehnici diferite in functie de prezenta
spasticitatii si gradul acesteia. Daca in etapa flascd predomina elementele kinetice pasive si de refacere a memoriei kinestezice,

in etapa spastica si etapa cronica, predomina tehnicile de inifiere a miscarii active.

Recuperarea unui pacient cu accident vascular cerebral este anevoioasd si parcurge mai multe etape. Acestea presupun
o perioadd mai mare sau mai scurtd de timp, in functie de momentul inceperii recuperarii. Cu céat programul de recuperare
debuteaza precoce, cu atat beneficiile sunt mai mari, iar deficitul functional restant este mai mic.
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Introduction

Stroke may be ischemic or hemorrhagic. In the case
of ischemic stroke, there is a decrease in blood flow in
a brain territory with the sudden onset of a neurological
deficit. This decrease may be transient (transient ischemic
attack), when the duration of the motor deficit does not
exceed 24 hours. It may last up to 24 hours to induce brain
tissue necrosis (cerebral infarction) (Popescu & Bajenaru,
2009). Etiology: Most ischemic strokes are caused by
thromboembolic mechanisms through the separation of

thrombi formed at carotid level or in large cerebral vessels
with atheromatous lesions, or by cardiac/paracardiac
embolism (atrial fibrillation, atrial myxoma, valvular heart
disease).

Thetermhemorrhagic stroke includes intraparenchymal,
intraventricular and subarachnoid spontaneous cerebral
hemorrhages (Popescu & Bajenaru, 2009).

Risk factors: interaction between environmental/
modifiable factors (arterial hypertension, diabetes
mellitus, atrial fibrillation, carotid atheromatosis,
hypercholesterolemia, ischemic heart disease) and genetic/
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unmodifiable factors: predisposition (age, family history,
race, gender). In terms of frequency, ischemic stroke
ranks first in Europe and the US, accounting for 80%,
while bleeding stroke represents about 10-15%, but in
Romania this proportion is significantly changed in favor
of hemorrhagic stroke (35-40%), probably due to less
effective primary prevention (Kiss, 2012).

Morbidity and mortality of hemorrhagic stroke are
higher than for ischemic stroke within the first 3 months
of onset. The risk of mortality is 4-fold initially, reaching
1.5 after 3 weeks for hemorrhagic stroke compared to
ischemic stroke. It was found that after 3 months, mortality
is random among subjects with hemorrhagic or ischemic
lesions (Andersen et al., 2009).

The main objective of medical rehabilitation is to
gain functional independence and improve quality of
life. Even if rehabilitation does not “heal” the effects of a
stroke, it can substantially help achieve the best long-term
outcome (1). At any time after stroke, cognitive functions,
language and motor skills can be altered through the brain
processes involved in ordinary learning. This exercise-
induced neuroplasticity includes an excitability and a
higher recruitment of neurons in both brain hemispheres
that contribute to the strengthening of synaptic connections
and, implicitly, motor performance. Patients who survive
a stroke always recover some of the motor deficit by the
end of the first three months (Dobkin & Dorsch, 2013).
Functional evaluation systems, such as the Barthel Index
and the National Institutes of Health Stroke Scale, the
modified Rankin Scale (which measures physical care or
supervision for self-care, including toilet use, personal
hygiene, nutrition and mobility), tend to show a plateau
of gains for the first three to four months after stroke
(Harrison et al., 2013).

Flaccid stage

In the case of hemiplegia (clinical expression of
stroke), there is initially a slight control of voluntary
movement associated with low resting muscle tone.
Voluntary active movement is absent, normal reflexes
disappear and pathological reflexes appear. Rehabilitation
therapy begins after the general condition of the patient
has stabilized, often within 24 to 48 hours after stroke.
Motor gain, especially in the first few weeks after a stroke,
reflects the recovery of neurotransmission in spared tissue
near and remote from infarction or hemorrhage (Andersen
et al., 2009).

The objectives of this stage are:

- Preventing eschars, mobilizing the patient at a pre-
established pace, and using the anti-eschar mattress.

- Corrective post-treatment of the patient in order to
prevent vicious postures.

- The paretic side must be positioned at the edge of the
bed; the patient will become aware of the motor deficit,
losing the memory of the movement.

Passive mobilization and massotherapy are the only
techniques used in the first stage to maintain joint and
muscle integrity (Kiss, 2012).

Stroke recovery depends on the integrity of ipsilateral
motor circuits and interactions between the ipsilesional
and contralateral brain hemispheres (Liu et al., 2015).
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Spastic stage

Three weeks after the onset of stroke, an increase in
muscle tone occurs. There are also situations in which it
does not occur or situations where it occurs early or only
partially in the lower limb. Osteotendinous reflexes are
enhanced and resistance to muscle stretch occurs across
the range of motion so that spasticity is increased and
the patient has tonic flexion postures of the upper limb
and extension of the lower limb with the development
of equinus foot. As voluntary motor control is restored,
a reduction in tone and reflex response can be observed.
At this stage, muscle spasticity is used to initiate kinetic
rehabilitation programs. Therapeutic strategies used to
induce cortical reorganization and promote the recovery
of motor function are needed to acquire new skills or to
regain lost skills. The traditional treatment methods still
used, with no convincing evidence, are sensory motor
techniques, namely exercises for muscle growth, increased
range of motion, balance training, and postural control (de
Man-van Ginkel et al., 2010). As voluntary motor control
is recovered, a reduction in tone and reflex response can
be observed.

Kinetic techniques and conventional electrotherapy are
used (Kiss, 2012; Sbenghe, 1987):

- Bobath’s technique inhibits abnormal movements
and postures, facilitating motor control.

- Kabat technique  maximizes proprioceptive
information input through rapid stretches and diagonal and
spiral motion patterns.

- Rood technique promotes skin stimulation to
facilitate motor recovery.

- The Brunnstrom technique encourages movement
initiated as early as possible based on predefined patterns.

- Mirror therapy, whereby the movement of the affected
limb is superimposed on the affected limb (Yavuzer et al.,
2008), creating the illusion of movement in the affected
limb, or virtual reality which offers a massive practice of
skills through many repetitions. Therapy involves the use
of computer-based programs designed to simulate objects
and events in real life. Virtual reality and interactive video
games can have some advantages over traditional therapy
approaches as they can offer people the ability to practice
day-to-day activities that cannot be used in the hospital
environment. In addition, patients spend more time in
therapy and their activity becomes more motivating (Laver
et al., 2017). Evidence has been found that using virtual
reality and interactive video games has not benefited from
conventional therapeutic approaches in improving upper
limb function, which is why they are only used as an
adjunct to therapy (to increase overall therapy time). There
was not enough evidence to come to conclusions about
the effect of virtual reality and interactive video games on
speed, balance, participation, or quality of life (Laver et
al., 2017).

- Electrostimulation of flaccid muscles using rectan-
gular currents to restore muscular imbalance between
agonists and antagonists. A recent systematic review by
Langhammer and Stanghelle has evaluated the efficacy
of traditional physiotherapeutic approaches. Although
improvements in motor function have been demonstrated,
no study has demonstrated that these approaches were
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superior to the comparator therapies (Langhammer &
Stanghelle, 2011).

In addition, a variety of experimental rehabilitation
approaches have been tested against the established means
of facilitating stroke recovery, such as physical therapy and
kinetotherapy. Recent developments include non-invasive
brain stimulation techniques such as repeat transcranial
magnetic stimulation (rTMS) and transcranial direct
current stimulation (tDCS). The use of these tools is based
on neurophysiological studies demonstrating an imbalance
of inter-ischemic interactions that appear to interfere with
the recovery process (Lindenberg et al., 2010). Lindenberg
et al. studied whether the non-invasive modulation of
the bilateral motor cortex in combination with physical
and occupational therapy improves motor outcome after
stroke. Thus, the combination of bihemispheric tDCS
and peripheral sensorimotor activities improved motor
functions in patients with chronic stroke who had exceeded
the recovery period. This new approach can potentiate
adaptive brain processes that facilitate motor recovery
(Lindenberg et al., 2010). Functional neuroimaging studies
have also highlighted the evolution of brain activity in both
hemispheres as patient skills improve (Seitz et al., 2010).

- Neurotrophic stimulation  and  antiallergic
electrotherapy as required using low frequency current and
continuous downstream current (Radulescu, 2016).

Sometimes, at this stage, spasticity can be severe,
difficult to treat and generating disability; the methods
used will be based on clinical needs and the likelihood of
achieving functional goals. Stretch techniques are used to
reduce resting and dynamic muscular tone, hand and ankle-
foot orthoses are aimed at preventing muscle contraction
and soft tissue retrieval, or local botulinum toxin injection
with a dose-proportional effect can be used (Braddom,
2015).

Chronic stage

The last stage is the stage in which spasticity no longer
evolves, the residual motor deficit is already stabilized
and difficult to recover. Facilitation techniques are used
to track the progress of motor skills, balance and walking,
social and family integration. It is the stage in which
occupational therapy programs are the most important and
can be applied individually or in groups, accompanied by
specific adaptations at home. Thus, the last two stages are
superposable in terms of physical-kinetic and occupational
therapy, to which the benefits of current robotic-assisted
and electronic technology, functional electrical stimulation
(FES) therapy can be added.

At present, robotic-assisted therapy is no longer in
the testing stage, with many centers using it for regaining
both gait and balance. A walking training system
intended for neuromotor recovery is the body weight-
supported treadmill training (BWSTT) system. Robotic
therapy promotes movement while the patient acquires
a skill by repeating movements without the need for the
therapist’s continued involvement (Mayr et al., 2007).
One study shows that in the case of chronic survivors of
cerebrovascular accidents, kinetotherapy by a therapist
is superior to robotic-assisted therapy. Given the cost
and continuous development of rehabilitation devices,
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it is imperative to identify patients who can benefit from
robotic-assisted rehabilitation. In view of the present
results, patients with chronic hemiparesis that can move
independently, even at a very slow pace, can be better
served by kinetic therapy. As such, larger clinical trials
evaluating the effects of robotic-assisted therapy may be
justified in this patient population. In conclusion, robotic-
assisted therapy may be indicated for non-ambulatory or
subacute disease patients (Mayr et al., 2007; Husemann
et al.,, 2007). Kinetics therapy facilitates and increases
ambulation capacity in stroke patients compared to a
similar dose of robotic-assisted therapy. Robotic devices
only provide assistance for locomotor therapy, and their
effectiveness in improving ambulation capacity is not well
established (Hornby et al., 2008).

In terms of cognitive, language and communication
disorders, the most important strategy applied in our country
remains encouragement in any form of vocalization. These
communication disorders after a stroke include aphasia,
dysarthria, apraxia of speech and cognitive impairment.
They can affect speech, listening, reading, writing,
gestures and pragmatism. Dysarthria is a collective term
for a group of speech disorders resulting from paralysis,
weakness or non-coordination of speech muscles after
neurological injury. Dysarthria may affect, individually or
in combination, any of the subsystems underlying speech
production: respiratory, laryngeal, velopharyngeal and oral
subsystems (1).

Assisted communication media may range from low-
tech strategies: paper and pencil, books to advanced
smart-phone technologies or language-generating devices.
Studies show that therapy initiated immediately (3 days
after stroke) for aphasia improves the communication
of patients with moderate/ severe aphasia (Godecke
et al.,, 2012). Another study shows that treatment of
patients with aphasia continues to be effective 6 months
after stroke (Allen et al., 2012), pointing out that
there is insufficient evidence to know exactly when to
initiate treatment and for how long this should last (2).
Dysphagia is common after stroke, affecting between 42%
and 67% of patients within 3 days of stroke. Of these, a third
develop aspiration pneumonia, dysphagia, malnutrition,
dehydration, weight loss, and decreased quality of life.
Early identification through screening can reduce the risk
of developing the above mentioned disorders. Once the risk
of dysphagia or aspiration pneumonia has been identified,
bedside clinical assessment can provide information about
the swallow mechanism and patient management (2). The
compensatory treatments for swallowing dysfunction
include changing posture and positioning for swallowing,
learning new swallowing maneuvers, changing the amount
and texture of foods (Geeganage et al., 2012; Ashford et
al., 2009).

The frequency of micturition and defecation disorders
in patients with hemiplegia is known. In a positive note,
the recovery of a neurogenic bladder is possible in stroke,
but insufficient awareness, the need for medical care for at
least 3 months after stroke (Dorsher & McIntosh, 2012), the
difficulty in communicating due to aphasia or the difficulty
or impossibility of going to the bathroom are factors with a
negative impact on the patient and his/her family.
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In the case of patients with neurogenic bladder, the first
strategy is timed evacuation which, depending on the resi-
dual volume, requires the administration of pharmaco-
logical substances for complete evacuation (g-blockers)
or anticholinergic substances which allow an increase in
the bladder volume. Other strategies include ensuring a
correct water intake, using specific techniques according to
a well-established timetable, medical assistance, possibly
intermittent catheterization, condom catheters, only in
the case of non-responders, permanent intravesical Foley
catheters (Dorsher & MclIntosh, 2012). Fecal incontinence
can be prevented by using standard fixed-hour planning
techniques for early gastric emptying, rectal stimulation
with the fingers and suppositories (Mayr et al., 2007).
Depression and anxiety are common after stroke and are
associated with poor functional outcomes and increased
mortality (Wulsin et al., 2011). Signs of clinical depression
include sleep disturbances, a radical change in dietary
patterns, which can lead to sudden weight loss or gain,
lethargy, social withdrawal, irritability, fatigue, self-
rejection, and suicidal thoughts. There is evidence that
the severity of depression increases after stroke (de Man-
van Ginkel et al., 2010). Anxiety, in particular, is found
to coexist with depression in patients with cerebrovascular
accidents, but is frequently undiagnosed (Vuleti¢ et al.,
2012). Unfortunately, little has been done to address
the treatment and recovery of post-stroke generalized
anxiety disorder (Campbell Burton et al., 2011). There
is no evidence of the benefits of treating depression
through psychotherapy, but additional practices such as
motivational interviews, programs and exercises as well
as health care have a positive impact on the reduction of
depression symptoms (Hackett & Pickles, 2014).

Rehabilitation services are the primary mechanism by
which functional recovery and independence are promoted
in stroke patients. The current trend in stroke units to start
recovery from the first day of stroke is the chance for an
independent life offered to these patients. The main goal
underlying all rehabilitation interventions is to maximize
the quality of life of patients with cerebrovascular
accidents, and not only to improve motor control, functional
independence and social reintegration (Braddom, 2015).
In well-designed rehabilitation studies, the magnitude of
improvement by physical or occupational therapy tends
to be modest but clinically useful, such as an increase in
the Barthel Index score by about 20 points (range 0-20) in
6 months compared to the first few weeks (a score below
40), with a larger number indicating greater independence
(Nakao et al., 2010). Rehabilitation after stroke undergoes
constant change, and work over the last decades has shown
it. The current effort is to develop new research methods
and to use emerging technologies to study the physiology
of the brain, with emphasis on recovery and response to
recovery methods (Carter et al., 2016).

Conclusions

1. Stroke is one of the most common causes of
disability, which requires sustained medical rehabilitation
programs.

2. The new technological advancements have led
to various methods and techniques based on robotics
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and virtual reality, which can be used in neurological
rehabilitation. Using these methods, stroke recovery
can be spectacular, minimizing motor deficit and greatly
improving quality of life.

3. Inorder to limit disability after stroke, rehabilitation
should be started from the outset, with objectives specific
to the patient’s stage of evolution.
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