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Abstract

Background: The possibility of an increase in brain glucose
metabolism after intrathecal administrations of autologous
mesenchymal stromal cells (MSCs) has been recently
reported, suggesting a role in the treatment of neurological
disorders. We describe here the utility of this type of cell
therapy in chronic neurological sequelae due to cerebral
hemorrhage.

Methods: A 49-year-old female suffered from 2009 severe
neurological sequelae after spontaneous intracerebral
hemorrhage open to ventricle in the left frontoparietal region.
Eight years later, she received 3 intrathecal administrations
of 100 million autologous MSCs each three months, until a
total dose of 300 million.

Results: From the first administration of MSCs, the patient
reported a clear and progressive improvement that is
maintained one year after finishing the cell therapy. The
neurological improvement was associated to a progressive
increase in global brain glucose metabolism measured by
18F-fluorodeoxyglucose positron emission tomography
(18F-FDG-PET).

Conclusions: Late intrathecal administration of cell therapy
with autologous MSCs may be a useful strategy to achieve
improvement of chronic neurological sequelae due to
hemorrhagic stroke.
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After numerous preclinical studies and a growing
experience in patients, there seems to be evidence
of the usefulness of cell therapy in stroke, improving
functional recovery [1-3]. However, these studies
have generally been performed in acute phases, and
the benefit has been attributed to the well-known
properties of cell therapy, achieving neuroprotective
effect or enhancing endogenous neurogenesis. At
present, there are few data about the possible effect of
cell therapy in late phases after stroke, and its possibility
of achieving a long-term modification of the chronic
established neurological sequelae.

Taking into account the importance of knowing the
therapeutic window in which cell therapy can be useful
in the treatment of stroke, in the past our group ap-
plied delayed cell therapy with Mesenchymal Stromal
Cells (MSCs) after experimental cerebral hemorrhage in
rodents, obtaining evidence that intracerebral adminis-
tration of MSCs two months after brain hemorrhage can
improve established neurological sequelae [4,5]. We
describe here a patient in whom intrathecal administra-
tion of autologous MSCs, 8 years after the hemorrhagic
stroke, improved established chronic sequelae. In this
patient, clinical improvement was associated with a
progressive increase in brain glucose metabolism, mea-
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sured by 18F-fluorodeoxyglucose positron emission to-
mography (18F-FDG-PET) a finding recently described
in patients undergoing this type of cell therapy for se-
guelae of traumatic brain injury (TBI) [6]. The increase
of brain metabolism is a new effect of intrathecal MSCs
administration and can offer a new explanation for the
efficacy of late cell therapy in neurological disorders.

Case Report

History

This 49-year-old female, right-handed, and comput-
er engineer, with more than 20 years of formal educa-
tion, suffered in 2009 from spontaneous intracerebral
hemorrhage in the left frontoparietal area, open to ven-
tricule. Angiographic study did not show presence of an-
eurysms or vascular malformations. After spontaneous
resolution of the hemorrhage, the patient has been re-
ceiving a comprehensive neurorehabilitation program
of physiotherapy, occupational therapy, speech thera-
py and neuropsychological intervention. Currently, she

continues her physiotherapy and neuropsychological
treatment. In 2017, 8 years after brain hemorrhage, the
patient comes to us requesting a possible treatment of
cell therapy.

Examination

At this time a study of Magnetic Resonance (MR)
showed a large intracerebral cavity in the area where
the hemorrhage took place, communicated with the
ventricular system (Figure 1), and 18F-FDG-PET showed
hypometabolism in the areas adjacent to the lesion, and
in posterior region of the left basal ganglia.

Clinical examination showed residual right hemipa-
resis (great difficulty in gait, loss of balance and instabil-
ity requiring the use of external supports), and severe
spasticity on right upper extremity, especially on hand,
with no functionality. She complained of communica-
tion problems and cognitive deficits such as memory
problems, attention difficulties (mental fatigue after
few minutes using the computer, difficulties to follow

Figure 1: A,B,C) Aspects of Magnetic Resonance (MR) in 2017, showing the residual lesions on the left cerebral hemi-

sphere.
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conversations, to attend several stimuli at the same
time), anomia, reading problems (she hardly could read
half page without forgetting it or be feeling very tired).
Neuropsychological assessment revealed a poor per-
formance, mainly in attention, learning, and memory,
planning, naming, verbal fluency, speech and gesture
apraxia tasks.

Spanish Agency for Medications and Health Products
(AEMPS), and Medical Management of Puerta de Hier-
ro-Majadahonda Hospital authorized us the treatment
with our NC1 medicament. It is a cell therapy medica-
ment developed in our clean room of the neurosurgical
service of the Puerta de Hierro-Majadahonda Hospital,
and currently approved as a medicament under clinical
investigation (PEl No. 12-141). It consists of expanded
autologous MSCs obtained from bone marrow, and au-
tologous plasma as its excipient. Techniques for culture
and expansion of MSCs, phenotypic characterization,
formulation and packaging have been previously de-
scribed [7-9].

Treatment

Between March 2017 and September 2017, the
patient received 3 intrathecal administrations of 100
million de autologous mesenchymal stromal cells each
three months, until a total dose of 300 million of MSCs.

This treatment study conducted in accordance with the
principles of the Declaration of Helsinki [10] and good
clinical practice guidelines [11]. Informed consent was
obtained, after explaining the experimental nature of the
treatment and our previous experience obtained with
intrathecal administration of this type of cell therapy in
patients with neurological sequelae due to spinal cord
injury (SCI) [8] and traumatic brain injury (TBI) [6].

Results

From the first administration of cell therapy, the
patient reported progressively a generalized and
appreciable improvement in her mobility and cognitive
deficits. At the end of the treatment, a clear reduction in
spasticity and improvement in her stability and gait was
observed. She can walk for more than one hour without
external supports or supervision of her movements.
Attention and planning abilities got better. She can
work on her computer for several hours without feeling
tired, even when she is doing complex tasks. She also
enjoys reading for at least one hour, remembering most
of it. Articulation of language and oral expression have
also improved, and autonomy for daily activities is also
increased. Furthermore, prior to cells transplantation,
the patient described taking laxatives and a high-fiber
diet for constipation. Just after the first cell doses, she
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Figure 2: Changes in visual and verbal memory.
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RCFT: Rey complex figure test [13]; TAVEC: Spanish adaptation of California verbal learning test [14].
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experienced no need of them.

Her family, friends, physiotherapist, and neuropsy-
chologist corroborated all these advances.

Neuropsychological assessment confirmed cognitive
improvement after cell therapy. She showed a better
performance on Addenbrooke Cognitive Examination-
Revised (ACE-R) test [12], with 94 points (79 points
previous). Visual and verbal memory, measured by
Rey Complex Figure Test (RCFT) [13], and the Spanish
adaptation (TAVEC) [14] of California Verbal Learning
Test (CVLT) respectively, also increased notably.

Furthermore, the patient had a clear enhancement in
planning (Zootest profile score from-1to 3) [15], working
memory (10 to 12) measured by Letters and Numbers
test [16], naming 11 to 12 correct spontaneous words,
4 to 3 phonetic cues on Short-Form Boston Naming Test
(BNT) [17], and semantic fluency (animals, vegetables,
kitchen utensils and clothes), with mean score from
12.25to 15. These clinical improvements are maintained
one year after finishing MSCs administration. Figure 2
shows changes in visual and verbal memory. Studies
with 18F-FDG-PET performed approximately two weeks
after each administration of MSCs showed progressive

increases in global brain glucose metabolism during the
cell therapy (Figure 3).

Discussion

It is well known, that, in preclinical studies, diverse
types of cell therapy can improve neurological sequel-
ae after brain hemorrhage [3-5]. However, the difficulty
in maintaining long-term animals models with chronic
neurological sequelae after stroke prevents obtaining
conclusions about when a possible cell therapy applica-
tion can be useful. On the other hand, after experimen-
tal brain hemorrhage in rodents, neurological improve-
ment has been reported by us after intracerebral trans-
plantation of MSCs, but cell therapy was applied few
months after the injury. In these preclinical experiences,
the possibllity of a reactivation of endogenous neuro-
genesis, and cell replacement, has been suggested [4].

Our present case demonstrates, for the first time
in patients, that late intrathecal administration of cell
therapy with MSCs can improve chronic sequelae due to
intracerebral hemorrhage. In our case, after intrathecal
administration of MSCs, a progressive increase in
cerebral glucose metabolism is observed, suggesting
a new mechanism for neurological improvement and

the end of cell therapy.

Figure 3: 18F-FDG-PET studies during the cell therapy, showing a progressive increase of brain glucose uptake; A,B,C)
After the first intrathecal administration of 100 million autologous MSCs; D,E,F) After the second administration; G,H,I) After
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supports previous findings of our group in patients with
severe traumatic brain injury (TBI) [6].

Taking into account the scarce clinical experience in
this field of research, we believe it is necessary to study
a greater number of patients, in order to confirm the
usefulness of intrathecal administration of autologous
MSCs in chronic and long-term established sequelae
after hemorrhagic stroke. It is obvious that these studies
open a new door of hope in patients with lesions until
now considered irreversible and a new therapeutic
perspective in the field of the contemporary neurology.
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