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Abstract.

OBJECTIVE: Can stimulation of nerve growth factors by focused transcranial extracorporeal shock wave therapy (TESWT) be
made effective for persons within unresponsive wakefulness syndrome (apallic syndrome)?

DESIGN: Between eight and 18 years after the brain lesion, five patients with unresponsive wakefulness syndrome of differing
severity received TESWT with the device Duolith (Storz Medical) during four-week physicomedical complex therapies. In the
previous years they had been treated with the same complex therapies without TESWT. The vigilance did not change.
RESULTS: After two-four years and an average of 5.2 treatment series, the patients’ abilities improved by 135.9% on the German
Coma Remission Scale (KRS) and by 43.6% on the Glasgow Coma Scale. In the motor area of the KRS, the patients improved
by 64.3%. Three PEG feeding tubes could be removed, nonverbal communication initiated four times.

CONCLUSION: In this longitudinal observation study, focused TESWT stimulated vigilance in patients with unresponsive

wakefulness syndrome. The precise neurophysiological effects remain to be verified by a study of the clinical results.

Keywords: Unresponsive wakefulness syndrome, apallic, extracorporeal shock wave therapy

1. Introduction

Differential diagnostic classification of states of
severe limitations of consciousness is difficult. The
causes include hypoxia following drug abuse, states
following inflammatory brain diseases, tumor diseases,
trauma sequelae and intoxications. The results are var-
iously described by the terms coma vigile, apallic
syndrome, vegetative state, disconnection syndrome
and persistent vegetative state. The diversity of the
damaging influences accounts for the qualitative and
topographical variety of their effects on the brain. This
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state of affairs leads to a differentiation in the degree
of vigilance in the affected patients from coma to
states of minimal consciousness to less severe disor-
ders of consciousness. We thus prefer to speak of the
state as “‘unresponsive wakefulness syndrome” (Lau-
reys, 2010), as suggested by the European Task Force
on Disorders of Consciousness.

The physicomedical and medication treatment of
unresponsive wakefulness syndrome is restricted to
adequate muscle and joint care, stimulation in the
somatic and cognitive area and reduction of the
commonly pronounced spasticity. The expectation of
improvement in vigilance diminishes with increasing
time intervals following the onset of brain damage.

The results of the therapy with focused low-energy
extracorporeal shock waves (ESWT) of patients with
spastic disorders (Amelio, 2010; Manganotti, 2005;
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Lohse-Busch, 1997; Lohse-Busch, 2010) suggest that
this form of therapy not only acts on the muscles, but
also stimulates neural structures.

It is now known that it stimulates the production
of endothelial nitrogen oxides (eNOs) (Mariotto 2009)
and (via the endothelial vascular growth factor (VEGF))
angiogenesis (Ito, 2009) and neurogenesis (Sun, 2006).
Neurogenesis is also promoted by FGF-2 (fibroblast
growth factor) (Laird, 1995; Mudo, 2009), which is
also stimulated by ESW. Lymphangiogenesis is pos-
itively influenced via the stimulation of endothelial
lymph vessel growth factor (eLGF) (Kubo, 2010).
Following application of ESW to a hip necrosis, a sys-
temic increase in the concentration of NO, VEGF, and
FGF was detectable in serum over a period of four
weeks, and is no longer significantly elevated after 3
months (Wang, 2011). In the animal model, VEGF
promotes functional regeneration and slows down sec-
ondary degeneration after experimental contusions of
the spinal cord (Widenfalk, 2003).

In this context, the working hypothesis has been put
forward that extracorporeal shock waves may restore
synaptic connections in the brain that once existed
but are now malfunctioning.An attempt was therefore
made to stimulate the central nervous system in patients
with unresponsive wakefulness syndrome with focused
transcranial ESWT (TESWT). The investigation was
planned as a longitudinal observation study.

2. Methods

The Freiburg University Hospital Ethics Commis-
sion announced that it had no objections to the
performance of the treatments.

The parents of the patients were informed in detail
about the experimental character of the treatments,
both in writing and orally. Despite the possible risks
of adverse effects, the carers declared their consent in
writing for the treatments planned.

2.1. Inclusion criteria

The patients had to have been suffering from a stable
unresponsive wakefulness syndrome over a period of
least 5 years, so that appreciable improvements in the
vigilance sector were no longer to be expected.

2.2. Exclusion criteria

Increase in any negative symptoms in the area of
motor function or vigilance during the treatment period.

Epileptic seizures during the treatment period. Changes
of antispasmodic or antiepileptic medication during
the observation period. Changes of domestic carers.
Parental decision to discontinue treatment.

2.3. Treated patients

During the years 2005-2012, five patients who had
suffered brain damage between eight and 18 years prior
to the treatment series with TESWT and who met the
inclusion criteria were examined and treated, four men
and one woman, with an average age of 38.6 years
(28-45 years). One patient had experienced prolonged
hypoxia during a narcotic coma following heroin abuse;
the other four patients had suffered severe skull injuries
in traffic accidents. All patients had spastic tetrapare-
sis of differing severity. In three patients, soft tissue
release operations on the muscles of the upper and lower
extremities had been performed to improve body care
and positioning. Three patients suffered from epilepsy
subsequent to their craniocerebral traumas that is reli-
ably controlled with medication. Four patients were fed
via a PEG feeding tube.

2.4. Basic complex therapy

All of the patients had received a wide variety of
forms of rehabilitation during the years following brain
damage. Their medical histories were very well known
as they had all been treated up to eight times for four-
week periods by our treatment team in previous years,
for an average of 5.2 times.

The multimodal complex treatment performed dur-
ing these periods comprised a workday, intensive serial
treatment with different forms of manual medicine,
physiotherapy on a neurophysiological basis, the use
of medicomechanic devices, ergotherapy and ESWT
on the spastically movement-impaired extremities three
times a week. The therapeutic goal was in each case
adequate muscle and joint care. With these treatments,
it was possible to achieve a reduction in spastic dysto-
nia and muscular rigidity. This facilitated patient body
care, but no improvement in vigilance occurred.

2.5. Additional TESWT

In addition to the unchanged complex treatment
described above, each of the five patients received 4000
focused extracorporeal shock waves three times a week
over a period of four weeks with an energy flow density
of 0.20 mJ/mm? to 0.30 mJ/mm? and a length of focus
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Table 1
Table 1 German KRS, and equivalent of the international CRS*. The six readily comparable items yield a maximum of 24 points on the German
KRS and 23 points on the CRS

KRS max. points

Revised JFK CRS max. points

1. Arousal/Attentiveness
Arousal scale*

2. Motor function response
Motor function scale*

3. Reaction to acoustic stimulus
Auditory function scale*

4. Reaction to visual stimulus
Visual function scale*

5. Reaction to tactile stimulus in German KRS only
6. Oromotor response
Oromotor/verbal function scale*
7. Communication scale*

5 3
6 6
3 4
4 5
3 Equivalent in arousal scale
3 3

With small difference equivalent in 2

1. Arousal/Attentiveness

24 23

Maximum point score

Table 2

Presentation of the results after an average of 5.2 treatment series with the

complex treatment including TESWT, beginning an average of 11.2

years after the cerebrocranial trauma

Patient no. Age nSeries Onsetofthe Onsetof nSeries TESWT KRS before KRS after GCS before GCS after
with ESW n TESWT with over n TESWT TESWT TESWT TESWT
ESWT  yearsafter  nyears TESWT  years max. point max. point
only accident after score 24 score 15
accident
1 45 1 17 18 4 4 5 17 4 10
2 39 6 8 11 8 3 6 16 6 10
3 28 5 7 9 5 2,5 7 19 9 11
4 45 2 7 8 4 2 9 23 11 12
5 36 8 6 10 5 2,5 12 17 9 13
Aver-age 386 44 9 11.2 5.2 2.8 7.8 18.4 7.8 11.2
Changes in % 135.90% 43.60%

of 5.5 cm to the neurocranium. For safety reasons and to
spread the shock waves as widely as possible during the
treatments, the therapy source and hence the focus were
kept in continuous motion. The TESWT was conducted
using the device Duolith (Storz Medical).

Patient no. 1 was treated once per year over a period
of four weeks with TESWT; patients nos. 2—4 under-
went four-week treatments approximately every six
months. The average observation period for the treat-
ment series with TESWT was 2.4 years.

2.6. Assessments

At the beginning of the treatments with TESWT,
the abilities of the patients were measured both by the
physicians as well as physiotherapists using the German
Coma Remission Scale (KRS) (Lippert-Grtiner, 2002)
and the Glasgow Coma Scale (Jennett, 1975).

The Glasgow Coma Scale is a very rough measuring
instrument which is, however, the one most commonly
used internationally. However, only very rough indi-

cations are provided on the development of a coma
in the presence of chronic unresponsive wakefulness
syndrome.

The German Coma Remission Scale (KRS) is used
for differential evaluation of patients with severe distur-
bances of consciousness in German-speaking countries.
It has received very positive evaluations and is recom-
mended by the German “Neurological & Neurosurgical
Early Rehabilitation Working Group”. In German-
speaking countries, it is the most commonly used
scoring system for disturbances of consciousness in
patients with protracted coma remission. Both quali-
tatively as well as quantitatively, it is very similar to
the revised JFK Coma Recovery Scale (CRS) (Kalmar,
2005) that is used in the English-speaking parts of the
world. There are only very small differences in the study
protocol itself and the weighting of the abilities, as can
be seen in Table 1.

The KRS is used to measure the disturbance of con-
sciousness and is much more differentiated than the
GCS in its investigation of wakeability, attentiveness
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Table 3
Presentation of the point scores for motor responses only

Patient no. KRS motor Response KRS motor response
before TESWT after TESWT
1 2 4
2 2 4
3 3 5
4 3 5
5 4 5
Average 2.8 4,6
Change in % 64.3%
u KRS before TESWT
B KRS after TESWT
25
20
15
10
5 -
0 4
1 2 3 4 5

Fig. 1. Presentation of the point scores on the KRS as a result of
treatment with TESWT in the five patients.

and the best motor and oromotor function response to
different stimuli. Furthermore, self-initiative and the
ability to communicate are measured much effectively
than is the case with the GCS.

After the treatment series, the point scores of the KRS
and GCS were determined once again. The assessments
of the patients’ abilities by the physiotherapists were
approximately 10% higher in each case than those made
by the physicians. Tables 2 and 3 show the lower point
scores determined by the physicians.

3. Results

There was no change in vigilance among the patients
in previous years after they were given an average of
4.4 treatment series with ESWT on muscles of the
extremities.

m KRS mot before TESWT
W KRS mot after TESWT

1 2 3 4 5)

Fig. 2. Separate consideration of the motor responses in tetraparetic
patients.

uGCS before TESWT

» HGCS after TESWT

12

1 2 3 4 5

Fig. 3. Presentation of point scores on the GCS before and after
TESWT.

After 4-8, (average of 4.5) treatment series over 2.8
years with TESWT, there is an average increase in the
point score in the KRS of 135.9% (Table 2, Fig. 1).

Motor responses in accordance with the guidelines
of the KRS Test Manual are not to be evaluated in
tetraparetic patients. However, because motor abili-
ties also improved during the observation period, the
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maximum point scores were nevertheless set at 24 for
the consideration of the results.

A separate consideration of the motor performance
of the tetraparetic patients in temporal relationship with
the increase in vigilance showed an improvement of
64.3% (Table 3, Fig. 2).

There were no adverse effects, in particular not the
triggering of epileptic fits.

There is an increase on the GCS of 43.6%. Accord-
ingly, the three abilities assessed do not adequately
reflect the improvement in the patients’ vigilance in
comparison with the KRS (Table 2, Fig. 3).

3.1. Casuistry

3.1.1. Patient 1

The patient suffered a traffic accident at the age of 23.
In addition to severe cerebrocranial trauma, there were
fractures of the right thigh and the os pubis on the right,
and ruptures of the spleen and liver. The patient suffered
multiple intracranial hemorrhages with large tissue
defects in the temporal region on both sides, result-
ing in a midbrain syndrome with dextral tetraspasticity
and a disconnection syndrome. There was maximum
extensor spasticity of the lower extremities and flexor
spasticity of the upper extremities with extreme muscu-
lar rigidity. A focal seizure disorder was well-controlled
with medication. The patient had a PEG feeding tube
because he was not able to chew or to swallow liquids.
There was no control over salivary flow. Emptying of
the bladder was ensured by catheterization. The patient
wore diapers because of fecal incontinence.

Seven years after the accident, because of spastic
deformities and in order to facilitate body care, the
flexor tendons of all of the toes, the knee flexors, the
quadriceps and the gluteus maximus were each severed
on both sides, and achillotenotomies were performed,
as were a release of the right shoulder and of the right
elbow.

The patient did not open his eyes in response to a
pain stimulus but responded with extensor synergies
only. There was no random motor activity whatsoever
and no facial expression. No vocal sounds or moaning
could be provoked.

There was no control over the head. Despite fixation
with a head band to the headrest of the wheelchair, the
head leaned continually to the left; due to an eyelid
ptosis, the right eye was almost always closed. The left
eye had a fixed gaze to the right.

Seventeen years after the accident the patient was
given the complex treatment described, which was con-

ducted over a period of three weeks. He achieved 5
points on the KRS and 4 points on the GCS. During
the treatment series three times a week, focused ESW
was applied to the muscles of the extremities to reduce
muscular stiffness and hypertonia. The goal of facili-
tating body care was achieved. There were no changes
beyond this.

Eighteen years after the accident, the complex treat-
ment was supplemented by TESWT three times per
week. At yearly intervals the patient received a total
of four treatment series of four weeks’ duration. After
four years, continually increasing his score, he reached
17 points on the KRS and 10 points on the GCS.

It became possible to hold a proper conversation
using different communicative techniques for more
than half an hour. Facial expression has increased. The
patient recognizes people, welcomes them with a smile
and follows persons walking around the room with his
eyes. Upon request, when looking at a picture, he is
able to direct his gaze to specific parts of the picture.
In addition to the blinking code, smiling for agreement
and growling for rejection are now at his disposal. If the
patient wishes to attract attention, there are rudimentary
vocalizations. A buzzer can also be used specifically by
retroversion of the right arm for a yes/no code.

Rudimentary eye-hand control can be seen when the
patient uses an intentional movement of his shoulder to
touch the strings of a guitar held in front of him with
his hand. With respect to motor function, it may be
further mentioned that the patient is better able to expec-
torate. Three-dimensional control of the head has not
improved, although he requires less supportive assis-
tance from the physiotherapist when standing in the
standing exerciser. It appears he uses his extensor spas-
ticity intentionally in supported standing.

The achievements described are very greatly depen-
dent on daily form.

3.1.2. Patient 2

After an overdose of heroin at the age of 28, the patient
fell into a narcotic coma and suffered severe cerebral
hypoxia. The comatose state under intensive medical
care lasted for six months. Unresponsive wakefulness
syndrome and tetraparesis with maximum extensor
spasticity of the lower as well as maximum flexor
spasticity of the upper extremities developed. Despite
antiepileptic medication, two-three times per year the
patient has a grand mal seizure lasting two-five minutes.

Four years after the accident, to facilitate body care,
tenotomies were performed on the plantar flexors, knee
flexors, flexors of the elbows and the finger flexor
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tendons. Due to the very restricted ability to chew and
especially to swallow liquids, the patient was fed via
a PEG feeding tube. The overflow bladder is to be
catheterized. The patient is provided with diapers.

The patient came to our clinic eight years after the
onset of brain damage. There were no intentional move-
ments of the extremities or of the spine. The head was
held rigidly rotated to the left and bent forward. If the
head was fixated with a head band, the eyes turned
upon request, although with a delay. The gaze remained
rigid, however. The facial expression was also rigid and
generally showed a depressive expression.

The response to pain stimuli was an unarticulated
growling, after which the facial expression changed for
a few seconds to an expression of uncontrolled anger.
Salivary flow was not under control.

The patient could be brought passively into the verti-
cal position in the standing exerciser, extensor spasticity
holding him upright.

Initially, over a period of three years he received four-
week complex treatments each year with the application
of focused ESW three times per week to the muscles of
the extremities. In this way, muscular hypertonicity and
rigidity could be markedly reduced, facilitating body
care.

Eleven years after the accident, application of
TESWT was begun in addition to the known complex
treatments. Previously the patient scored 6 points on
the KRS and 6 points on the GCS. Over a period of
four and a half years, a total of eight complex treat-
ments with TESWT of four weeks’ duration in each
case were performed.

After the fourth series, the PEG feeding tube was
removed because the patient was able to chew and
also to swallow liquids. There was considerably better
control of salivary flow. No voice-like utterances were
observed.

At the end of the eighth series, the patient achieved
16 points on the KRS and 10 points on the GCS. He
recognized people and welcomed them with a smile.
They were fixed with a gaze and followed around the
room with an adequate turning of the head. The facial
expression was no longer depressive but definitively
changed to friendly and amused phases.

In physiotherapy sessions, over the course of time
the patient was increasingly able to help with position
transfer accomplishments. He turned upon request from
the lateral to the prone position with little help.

The patient answers correctly to questions with
a blurred yes or no. Other words are “mum” and
“enough”. These, however, are used only very rarely.

A yes/no code was developed using movements. A
lifting of the right shoulder means yes, movement of
the left thumb means no. The patient opens his eyes
for more than 15 minutes at a time and is awake and
attentive when doing so. He enjoys pressing an electric
button with his head to switch a radio on and off upon
request. These achievements were very dependent on
daily form. Hardly any attentiveness could be achieved
in the late hours of the afternoon.

In the evening hours, the patient followed television
broadcasts for more than 30 minutes and laughed at
jokes at the right times.

3.1.3. Patient 3

The patient suffered a traffic accident at the age
of 19. Diffuse cerebral hemorrhages occurred. Large
tissue defects remain in the brainstem region, temporo-
occipital right and frontal left. The posttraumatic coma
lasted 10 days. In addition, the patient had fractures of
the sternum, right clavicle and the right upper ankle
joint.

Six weeks after the accident the thoracic aorta
was dissected, accompanied by massive bleeding. An
unresponsive wakefulness syndrome and tetraspastic
movement disorder emerged with maximum extensor
spasticity of the lower extremities and maximum flexor
spasticity of the upper extremities as well as the cor-
respondingly typical contractures. The application of
intrathecal baclofen via a pump ameliorated the spas-
ticity somewhat.

Due to inadequate control of oral motor functions and
the pharyngeal musculature, the patient was fed via a
PEG feeding tube. He voided urine via a suprapubic
catheter and was provided with diapers.

There was no control over the head. When the patient
was sitting, the head fell forwards in an uncontrolled
manner onto the chest. In the area of the upper extrem-
ities, intentional, if albeit dystonic movements of the
shoulder joints in response to pain were possible but
not upon command. The elbow joints and hands could
not be moved intentionally.

The patient was able to express contentment and
discontent using facial expression and unarticulated
vocalizations. A yes/no code was not possible because
the patient was unable to make such decisions. The
attention span was less than five seconds, the patient
opening his eyes and smiling. Apart from this, however,
he was apathetic and exhibited a rigid facial expression.
He occasionally looked at someone coincidentally but
without fixing his eyes on pictures or people; there was
no response to painless, tactile stimuli.
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The patient came under our treatment seven years
after his accident; before admission into TESWT,
he had received complex treatments of four weeks’
duration including ESWT on the musculature of the
extremities over a period of two years for a total of four
times each. These treatments markedly reduced both the
rigidity and the spastic hypertonia, so that body care and
hence quality of life was improved for a period of about
four months.

In addition, the patient received TESWT for the first
time nine years after the accident. Prior to this, he
had reached 7 points on the KRS and 9 points on the
GCS. Over a period of two and a half years, a total
of five four-week complex treatments with supplemen-
tary TESWT were performed. After this treatment, the
patient achieved 19 points on the KRS and 11 points on
the GCS.

After the third treatment series with TESWT, the
PEG feeding tube was able to be removed because
oropharyngeal motor function enabled eating and also
the swallowing of liquids. Attentiveness could be
maintained without any effort for the duration of a phys-
iotherapeutic or ergotherapeutic therapy session lasting
45 minutes.

The spontaneous reactions of facial expression take
place immediately. The patient uses differentiated
vocalization to indicate whether he likes or dislikes
something. A yes/no code was able to be developed
with the help of a buzzer. “No” is expressed by shaking
the head to the right. He laughs a lot, behaving appro-
priately to the situation when he does so, and shows
that he very much likes singing. It is clearly apparent
that he can remember amusing situations from earlier
times. When he is reminded of these, he smiles.

Control over the head has increased to the extent that
people fixed with the eyes can be followed through the
room by turning the head held upright.

Upon request both upper extremities are moved from
the shoulder separately. The left thumb is used specif-
ically to press the keys of a keyboard. When standing
under assistance, there is adequate control of the head.
When walking in a walking device with a saddle to sit
on, the lower extremities are placed forward in alterna-
tion by the patient himself.

The achievements described are independent of daily
form and can be demonstrated at any time.

3.1.4. Patient 4

When the patient was 40 years old, he suffered a cere-
brocranial trauma with considerable lacunar bleeding
as the result of a traffic accident. The patient suffered

contusions with tissue defects in the right temporo-
occipital and temporofrontal region in the hippocampus
and parahippocampus region, in the corpus callosum,
the left pyramidal tract and in the brainstem. In addi-
tion, there were serial fractures to ribs 4—6 on the right,
luxation of the right elbow joint, and fracture of the
ossa pubis on both sides. After neurosurgical and sur-
gical treatment the patient was initially placed into an
artificial coma that was terminated after two weeks.

A spastic hemiparesis remained on the right with con-
siderable dystonia and general motor ataxia, aphasia
with a possibly remaining understanding of words and a
pronounced retardation of psychomotor function. Four
years after the trauma, the patient achieved 9 points on
the KRS and 11 points on the GCS.

The patient held his head bent forward and turned
to the left. The facial expression was generally rigid
and was similar to a facies leontina. A smile would
appear in each case after several seconds’ delay, as when
welcoming someone, for example, when the patient was
in a phase of relative wakefulness. He chewed and also
swallowed liquids.

The attention span was approximately 20 seconds.
The patient was able to ward off painful stimuli specifi-
cally with his hands. He did not, however, use his hands
spontaneously or upon verbal request. He recognized
familiar voices and fixed his eyes on pictures and peo-
ple, but he did not follow them with his eyes around the
room. Vocalizations comprised growling and groaning.

Four years after the accident, the patient received two
series of the physicomedical complex treatment, each
lasting four weeks and including ESWT, for the spastic
mobility disturbances to the muscles of the extremities.
A marked reduction in rigidity and spastic hypertonia
was able to be achieved this way which lasted for three
to four months.

The described complex treatments with the inclusion
of TESWT were begun five years after the accident. The
patient received two such treatment series, each of four
weeks’ duration, with a six-month interval in between.
Afterwards, he achieved 23 points on the KRS and 12
points on the GCS.

All cognitive processes now proceed with only a very
small short. The attention span is approximately 30 min-
utes. The patient makes eye contact, and also follows
people in the room with his eyes and by turning his head
with increasingly improved head control. The patient
grasps a rod with one or both hands upon request, bend-
ing and stretching his elbows when doing so, and can
release the rod once again upon request. The application
of force with the hands can be adequately varied.
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The beginning of communication has been initiated
by closing his eyes or pressing the buzzer once to mean
“yes”. Expressing “no” by pressing the buzzer twice
has not yet been reliably achieved. No vocalization has
been achieved.

All achievements have developed continuously over
the period of a year, but they are highly dependent on
daily form. On some days, the patient’s attention cannot
be aroused at all for periods of several hours.

3.1.5. Patient 5

When she was 26 years old, the patient suffered a
motorcycle accident with a fracture of the fifth tho-
racic vertebra and a cerebrocranial trauma, resulting
in complete flaccid paraparesis (ASIA A) below TH
5. Surgical treatment of the thoracic vertebral fracture
was followed by pneumonia, which ultimately made
intubation with machine-supported ventilation neces-
sary. This was accompanied by hypoxidosis, which
meant that the patient suffered from diffuse, hypoxic
brain damage. This resulted in cognitive and psychical
retardation with very slowed reactions and maximum
spastic-hypertonic paresis of the upper extremities.

Different intensive rehabilitation measures carried
out twice a year, each time for a duration of four weeks,
ultimately resulted in no further changes of the condi-
tion after two years.

A PEG feeding tube was installed because the
patient could not swallow, even though she could
chew. Salivary flow was not under control. Evacuation
of the bladder was via suprapubic catheter. Because
of fecal incontinence, the patient was provided with
diapers.

The attention span was about two minutes. The
patient gave the impression of being very slowed down
in terms of cognitive performance. Her only means of
communication was to express annoyance, pain, etc.
by unarticulated vocalization, screaming or moaning.
Persons were followed around the room with the eyes.
No other intentional motor functions were possible,
apart from turning the head from the midline to the
left, chewing and moving the eyes.

The patient came to our clinic six years after the acci-
dent and in the succeeding years initially received the
described complex treatment of four weeks’ duration
at intervals of six months each. This involved ESWT
three times per week in the region of the extremities to
ameliorate muscular stiffness and hypertonia, thus con-
siderably facilitating body care. During these years, the
patient achieved an unchanged 12 points on the KRS
and 9 points on the GCS.

In the tenth year after the accident, in addition to
the complex treatment being continued unchanged the
patientreceived each time three TESWT per week. Over
aperiod of two and a half years, the patient received five
treatment series of four weeks’ duration at half-yearly
intervals.

After the second treatment series with TESWT, the
PEG feeding tube was able to be removed as swallowing
could now be performed without any problems. Contin-
uous positive development occurred during this period,
so that the patient ultimately achieved 17 points on the
coma remission scale and 13 points on the GCS.

The patient is able to cooperate with complete
concentration for the duration of a physiotherapy or
ergotherapy therapy session, greets people with a
friendly smile, is amused by jokes and can use the
words yes and no absolutely appropriately, without the
previous delay in reaction times.

Upon request, she can also follow people in the room
by turning her head over the midline by 40°, both to the
right and to the left. The right shoulder can be used
reliably upon request for the buzzer code or switching
on/off of a radio. Salivary flow outside mealtimes is
very well controlled.

The achievements could as a general rule be observed
at any time throughout the entire day. Only in times of
great tiredness does the patient sink back once again
into a semi-conscious state for one to two hours.

4. Discussion

The effect of one form of energy or another striking
living tissue is dependent on the strength and length of
exposure. High-energy ESW can demyelinate nerves
(Wu, 2008) and destroy brain tissue (Lee, 2007; Kato,
2007). Doing this requires either very high energy in
a single pulse (Kato, 2007) or several hundred pulses
applied punctually to the same treatment site a number
of times (Wu, 2008; Lee, 2007). To avoid the possibil-
ity of damage to nerve structure due to accumulation
of ESW at a small area of tissue during the treatment
of the patients described here, an energy flow den-
sity at the focus of 0.15 mJ/mm?, in exceptional cases
0.2 mJ/mm?, is not exceeded and the therapy source is
moved continuously.

It must be assumed that the skull absorbs the major-
ity of the energy from the TESWT. It is not known
how much energy actually reaches the brain tissue. It
could be approximately 10%. Accordingly, it may be
assumed that the energy flow density at the focus which
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actually reaches the brain can be estimated to be in
the range of 0.01 mJ/mm?-0.02 mJ/mm?. The relatively
low energy flow density and the constantly moved ther-
apy source did not cause any adverse effects or painful
irritations whatsoever to develop. In the self-experiment
conducted by the first author of this study named, it
was possible to determine that treatments with a mov-
ing focus within the cited energy flow density are not
painful.

Low-energy ESW do not damage the spinal noci-
ceptive system (Haake, 2002) and can contribute to
the repair of damaged structures of the medulla (Sun,
2006; Widenfalk, 2003) by activating the neurotrophic
system. This takes place by means of the shock wave-
induced, local and systemic increase in the eNOs
(Mariotto, 2009), the VEGF (Ito, 2009) and the FGF
(Laird, 1995; Hausdorf, 2011). The VEGF facilitates
the recovery of a spinal cord injury (Liu, 2010) and
stimulates the growth of neurites in the rat (Jin, 20006)
and the mouse models (Sun, 2006).

The hypothesis of the single stimulation limited tem-
porally to the treatment system does not, however,
explain the protracted course of the improvements. The
effect of the treatment with TESWT follows a devel-
opment with a tendency towards improvements in the
second half of the four-week treatment series. This
improvement then continues for about a month and
proves useful in the domestic environment. None of
the patients has lost his or her newly regained abilities
in the interval of six to twelve months before the next
treatment series.

It seems conceivable that structures experience repair
that takes time. This phenomenon could be explained
by the fact that the local and systemic increases in the
concentrations of NO, of the VEGF, and the FGF are
detectable over a period of about four weeks (Wang,
2011) and then gradually fall again. In one portion of the
patients described here, an increase in the symptomatic
improvements were noticed over this period of time.
More clarity must be established here in subsequent
studies.

Our patients had suffered their severe to most severe
disturbances of consciousness between seven and eigh-
teen years before the application of TESWT and for
many years had experienced no changes in their vig-
ilance. All the patients profited from the transcranial
treatment with focused extracorporeal shock waves in
that their vigilance underwent considerable improve-
ment. In 4 patients, nonverbal communication was able
to be initiated for the first time since the onset of brain
damage, even though its performance was dependent

on the daily form. The PEG feeding tube was able to be
removed from three of the patients. Despite the small
number of patients, it can be noted that those who are
especially severely handicapped profit most from the
treatment.

All patients give the impression that they enjoy the
increase in vigilance. This is especially apparent during
physiotherapy and ergotherapy when they are able to
achieve things that were not previously possible.

Even during observation periods of many years dura-
tion, our treatments have never evoked any adverse
effects whatsoever. The treatment technique is evi-
dently safe.

Questions concerning the optimum treatment rhythm
and optimum dosage of TESWT must remain open
because this study is comprised only of preliminary
observations. The possibilities at a rehabilitation clinic
are limited. It would be a welcome development if neu-
rological centers, which have more extensive laboratory
procedures at their disposal, were able to address this
subject.

5. Conclusion

In this longitudinal observation study, focused
TESWT stimulated vigilance in 5 patients with
unresponsive wakefulness syndrome. TESWT may
therefore be a new non-invasive option for alleviat-
ing the difficult-to-improve symptoms of these brain
damage sequelae.
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