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Congenital-neonatal hydrocephalus: therapeutic alternatives to 
derivation. A look at cell therapy
Hidrocefalia congénita-neonatal: alternativas terapéuticas a la derivación. Una mirada a la 
terapia celular
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Yancarlos Ramos-Villegas1 and Luis R. Moscote-Salazar1*
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Abstract

Introduction: Fetal hydrocephalus, perinatal and neonatal represents a major therapeutic challenge and often has with poor 
neurological prognosis, due to its heterogeneous aetiology, including neurodevelopmental disorders. Objective: To make a 
collection of advances in cell therapy as a proposal that can extend the spectrum of treatment in congenita-neonatal hydro-
cephalus. Development: Therapeutic interventions available at present as the ventricle-peritoneal shunt and third ventriculos-
tomy, are insufficient to fully resolve the hydrocephalus and to prevent or reverse the associated neurological damage. This 
is why what has emerged the need for new therapeutic alternatives based on the knowledge of physiopathological mechanisms 
involved in the development of this condition. In particular, cell therapy with neural stem cells and mesenchymal stem cells 
has proven in animal studies and preclinical studies with humans, efficiently and safely to prevent hydrocephalus originated 
from the disruption of the ventricular zone and secondary to intraventricular hemorrhage, with the consequent prevention of 
neurological sequelae sensorimotor and cognitive. Conclusions: So far, we do not have an efficient treatment that offers 
quality of life to patients with hydrocephalus, and that alternative therapy to be effective. 

Key words: Congenital hydrocephalus. Hydrocephalus neonatal. Cell therapy. Intraventricular hemorrhage. Ventriculoperito-
neal derivation. Stem cell.

Resumen

Introducción: La hidrocefalia de inicio fetal, perinatal y neonatal representa un gran reto terapéutico y a menudo cursa con 
un pronóstico neurológico pobre, debido a su etiología heterogénea, que incluye alteraciones del neurodesarrollo. 
Objetivo: Realizar una recopilación de los avances en terapia celular como propuesta que permite ampliar el espectro de 
tratamiento en la hidrocefalia congénita-neonatal. Desarrollo: Las intervenciones terapéuticas disponibles actualmente, como 
la derivación ventrículo-peritoneal y la tercera ventriculostomía, son insuficientes para resolver por completo la hidrocefalia 
y para prevenir o revertir los daños neurológicos asociados. Es por esto por lo que ha surgido la necesidad de crear nuevas 
alternativas terapéuticas a partir del conocimiento de los mecanismos fisiopatológicos que participan en el desarrollo de esta 
condición. Particularmente, la terapia celular con células madre neuronales y células madre mesenquimales ha demostrado, 
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Introduction

Congenital and neonatal hydrocephalus is a pediat-
ric condition of heterogeneous etiology, whose causes 
include excessive cerebrospinal fluid (CSF) produc-
tion or obstruction of its circulation due to neurodevel-
opmental alterations1. On the other hand, there is 
hydrocephalus secondary to injuries triggered by in-
tracranial hemorrhage, brain infections or tumors, 
which most often occur during neonatal period2.

Some studies suggest that up to 78% of patients 
with congenital or neonatal hydrocephalus suffer from 
residual neurological deficits, with disability rates that 
reach to up to 28%3.

Currently, there are three therapeutic options for 
fetal and neonatal hydrocephalus: ventriculoperitoneal 
shunt appears as the first option, which is indicated 
in neonates with body weight of more than 2000 g, 
with extraventricular intermittent drainage being the 
alternative in patients with low body weight until they 
reach the goal for surgical intervention; as a third op-
tion there is third endoscopic ventriculostomy, whose 
indication is limited to non-communicating-type hydro-
cephalus and in patients older than 1 year1,4,5.

From 80 to 90% of neurological deterioration suffered 
by neonates with fetal-onset shunt-dependent hydro-
cephalus is not reversed by surgery6. Evidently, avail-
able therapies for fetal- and neonatal-onset 
hydrocephalus are insufficient to provide a real solution 
to this condition and to improve these patients’ neuro-
logical prognosis and, in addition, they represent high 
costs for the health system in the long-term scenario.

The purpose of this review is to present the inves-
tigations available on these treatments and the find-
ings that have been described.

Congenital-neonatal hydrocephalus 
pathophysiology 

Congenital and neonatal hydrocephalus can be 
caused by primary genetic anomalies that directly 

develop the damage, or by secondary injury mecha-
nisms that occur as a result of ventricular expansion 
or altered CSF physiology. Recent studies suggest 
that, in addition to malformations such as Chiari II and 
Dandy-Walker, the main congenital mechanisms in-
volve stenosis or obstruction of the Sylvian aqueduct, 
ependymal denudation and subcomisural organ (SCO) 
alterations 3.

As for secondary injury mechanisms, intraventricu-
lar hemorrhage (IVH) originating in hemorrhage of the 
germinal matrix appears as the main cause.

Hydrocephalus originating in disruption of 
the ventricular zone

There are two germinal areas, known as ventricular 
zone (VZ) and subventricular zone (SVZ), which are 
associated with the ventricular wall and where all 
brain cells are produced. The VZ is made up of radial 
neuroglia or neural stem cells (NSC), which are mul-
tipotent cells differentiated from the neuroepithelial 
cells that cover the neural tube until week 12 of gesta-
tion. The SVZ emerges around week 14, when NSCs 
are divided originating the neural progenitor cells 
(NPC), on whose proliferation depends the formation 
of this second germinal zone. From about 18 weeks 
of gestation on, NPCs are differentiated into neuro-
blasts and initiate neuronal migration using NSCs 
basal process as anchorage. In turn, the process of 
ependymogenesis (differentiation of radial neurons/
NSCs into ependymal cells to line the ventricular 
walls) begins at around 18 weeks and is completed 
after birth, while gliogenesis starts at around 15 weeks 
and continues for several months after birth7.

Sylvian aqueduct of VZ interruption is associated 
with the appearance of hydrocephalus8,9. This altera-
tion arises from a common process that includes al-
terations in the traffic of vesicles, abnormal cell bonds 
and VZ integrity loss. This process starts around week 
16 and ends during the first postnatal week, equally 
affecting the NSC and the ependymal cells that form 

en estudios con animales y en estudios preclínicos con humanos, ser eficiente y segura para prevenir la hidrocefalia origi-
nada a partir de la disrupción de la zona ventricular y secundaria a la hemorragia intraventricular, con la consiguiente pre-
vención de las secuelas neurológicas sensoriomotoras y cognitivas. Conclusiones: Hasta el momento no tenemos un tra-
tamiento eficiente que ofrezca calidad de vida a los pacientes con hidrocefalia, y que esa alternativa terapéutica sea 
efectiva.

Palabras clave: Hidrocefalia congénita. Hidrocefalia neonatal. Terapia celular. Hemorragia intraventricular. Derivación ven-
triculoperitoneal. Células madre.
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the VZ in the prenatal and postnatal stages of devel-
opment, respectively10.

Until week 12 of gestation, in the neural tube, neuro-
epithelial cells differentiate into NSC to form the VZ; 
these tight bonds stop being expressed and the adhe-
sion of NSC cells occurs only by gap bonds and adher-
ent bonds (dependent on calcium with N-cadherin)9,11.

The causes of secondary hydrocephalus are: 1) loss 
of PTB, an RNA-binding protein expressed in NSCs, 
induces adherent bonds gradual lack of expression in 
VZ, with hydrocephalus onset12; 2) animals with Numb 
and Numbl protein loss develop hydrocephalus, with 
these proteins being necessary to maintain adherent 
bonds in NSCs13; 3) the use of antibodies against N-
cadherin, the main molecule involved in adherent 
bonds, triggers the detachment of ependymal cells 
from Sylvian aqueduct dorsal wall, causing hydro-
cephalus14; and 4) hydrocephalus develops in mice 
with the mutation of a gene that codes for aSnap, 
which is an intracellular traffic protein whose alteration 
results in N-cadherin abnormal transport to NSCs 
plasma membrane, accumulating in the cytoplasm, 
with the consequent massive disruption of VZ10.

Ciliary beat is essential to maintain CSF laminar 
flow, ergo, VZ disruption with loss of some multicili-
ated ependymal areas affects the CSF path through 
the aqueduct, contributing to the progressive develop-
ment of hydrocephalus, and complete loss of epen-
dyma of the aqueduct dorsal wall leads to the fusion 
of the denuded ventral and dorsal walls, with subse-
quent stenosis and obliteration of the cerebral aque-
duct, causing the appearance of hydrocephalus10,11.

VZ disruption results in two significant neuropatho-
logical events: NSC/NPC translocation to the CSF, 
turning into neurospheres that show the same cell 
binding alteration characteristics and that can be used 
to study this phenomenon8,15; and the formation of 
sub-ependymal gray matter periventricular heteroto-
pia (PH), which corresponds to the accumulation of 
neuroblasts as a consequence of their failure to mi-
grate due to the loss of the NSC structure that serves 
them as anchorage10. In the human hydrocephalic fe-
tuses that have been studied, PH has been found in 
21- and 40-week fetuses11. PH behaves like epilepto-
genic foci and can explain the epilepsy that occurs in 
patients with congenital hydrocephalus, affecting 
6-30% of cases11,16.

In addition to abnormalities in cell bonds and vesicle 
transport, other mechanisms that cause VZ disruption 
should be taken into account, such as infections or 
intracerebral hemorrhage, and only in a minority of 

cases it is associated with Mendelian inheritance, with 
X-linked hydrocephalus being the most common type8.

Hydrocephalus secondary to 
intraventricular hemorrhage 

IVH occurs as a result of bleeding of the germinal 
matrix (GM), which is a structure located along the 
lateral ventricle that is highly vascularized. IVH patho-
genesis has been associated with: 1) alteration in 
cerebral blood flow; 2) GM vasculature inherent fragil-
ity (caused by blood-brain barrier [BBB] immaturity, 
including pericyte scarcity); and 3) coagulation disor-
ders6. These conditions, associated with clinical risk 
factors such as vaginal delivery, Apgar low score, 
severe respiratory distress syndrome, pneumothorax, 
hypoxia, hypercapnia, seizures and infection, have 
been suggested to be able to cause significant fluc-
tuations in cerebral blood flow or in vascular blood 
pressure, thus contributing to microvasculature rup-
ture with the consequent GM hemorrhage16,17. After 
GM bleeding with drainage to cerebral ventricles, 
blood hemolysis in the intraventricular space elevates 
the concentration of extracellular hemoglobin, which 
initiates inflammatory, chemotactic and apoptotic re-
sponses18. This imbalance between CSF production 
and reabsorption results in post-hemorrhagic hydro-
cephalus occurrence19.

More than 50% of premature newborns with severe 
IVH (grade > 3) die or develop post-hemorrhagic hy-
drocephalus (PHH), which requires shunting surgery 
in up to 70% of cases17. IVH is associated with signifi-
cant brain damage, especially in periventricular white 
matter, which is exacerbated by PHH and ultimately 
results in increased mortality and long-term neurologi-
cal morbidity, such as seizures, cerebral palsy and 
developmental delay in survivors.

Available cell therapies for the treatment of 
hydrocephalus 

Recent research has laid the groundwork for cell 
therapy as a therapeutic alternative for fetal and neo-
natal hydrocephalus. Cells that are potentially useful 
for these transplantations or grafts are NSCs, mesen-
chymal stem cells (MSC), induced pluripotent stem 
cells and SCO cells. The expected result with this 
therapy is a suitable microenvironment for the neuro-
genic embryonic niche and, consequently, a normal 
brain development6.
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In animal models, NSC/NPC, whether free or form-
ing neurospheres, are easy to obtain and are the most 
reliable candidates because of their function of form-
ing neurons and glia, and due to their low risk of tu-
morigenesis Despite technical and ethical limitations, 
NSCs have been obtained from human embryos and 
allografts in animal models of patients with Parkin-
son’s disease20,21. There is a variety of stem cells, 
such as human embryonic stem cells, MSC or induced 
pluripotent stem cells, which are under investigation 
for the treatment of Parkinson’s disease and other hu-
man brain disorders22,23.

Neural stem cells

Taking into account the already described patho-
physiological mechanism of VZ disruption, grafts of 
neurospheres formed by NSC or NPC have been im-
planted in the lateral ventricles of rats with hydro-
cephalus, for regenerative purposes. Forty-eight 
hours after transplantation, grafted cells are selec-
tively integrated in VZ areas where denudation was 
produced, and it is believed that the ability of NSCs 
to migrate and differentiate into the required cell type 
depends on damaged areas that release specific che-
motactic factors10. In mice with autoimmune encepha-
lomyelitis, where neurospheres grafted in CSF 
originate NPCs that enter the demyelinated areas, 
differentiate into mature brain cells and promote mul-
tifocal myelination and functional recovery24.

There are at least five advantages of using NSCs: 
they are available in embryonic and adult brain, they 
can be transplanted, they migrate, they have the dif-
ferentiation capacity and they integrate to damaged 
areas. NSCs in adult SVZ have the potential to be an 
autologous source of replacement cells. When the 
brain is injured, NSCs are activated, proliferate and 
differentiate into newly born cells, and integration of 
these cells can replace damaged neurons10. However, 
this protection mechanism requires certain conditions 
and has a limit; therefore, finding mechanisms that 
facilitate and enhance the benefits of these grafts has 
been necessary.

A study conducted by Yuan et al.24 assessed the 
protective effect of the combination of endogenous 
NSCs mobilization by the granulocyte-colony stimulat-
ing factor (G-CSF) and treatment with lithium chloride 
in PHH. This study was based on several key con-
cepts: 1) G-CSF stimulates the proliferation, survival 
and maturation of cells with affinity for the granulocyte 
lineage through binding to G-CSF-specific receptor; 

2) lithium chloride is a neuroprotective agent that in-
hibits cell apoptosis and inflammation by suppression 
of glycogen synthase kinase 3b activity and improve-
ment of BrdU absorption; and 3) lithium also regulates 
Wnt signaling pathway, which plays a key role in NSC 
proliferation and differentiation. The results showed 
that individual use of G-CSF or lithium chloride only 
partially relieved the incidence of PHH. Conversely, 
combined treatment with G-CSF and lithium chloride 
significantly attenuated (p = 0.015) the development 
of hydrocephalus after IVH in rats. The results also 
showed that neuronal apoptosis was significantly re-
duced by G-CSF and lithium chloride combined treat-
ment (p = 0.001)24. 

Regarding the optimal timing for NSC grafting, it 
should be remembered that VZ disruption occurs at 
around 16 weeks and continues during the second 
and third trimester of pregnancy; it seems then rea-
sonable to suggest that NSC graft should be carried 
out shortly after this VZ denudation process has been 
activated. Fetal surgery to repair neural tube defects, 
such as myelomeningocele and spina bifida, is per-
formed at between 19 and 25 weeks according to the 
MOMS study, with this being the range established by 
the size and fragility of the fetus before 18 weeks and 
because of the increased risk of preterm delivery after 
30 weeks25. It is important having in mind that these 
patients have VZ disruption and that most fetuses 
born with spina bifida have hydrocephalus10,25. NSC 
graft in the hydrocephalic brain would result in cell 
replacement or generation of a protective microenvi-
ronment to avoid progressive VZ interruption and to 
improve favorable glial responses25.

All these investigations with NSC need isolation of 
these cells of human origin, for which good advances 
have been made by obtaining a line of immortal 
NSCs26 and a line of striatum-derived NSCs27.

Mesenchymal stem cells

These cells are particularly attractive for cell thera-
pies, since they are versatile and multipotent adult 
stem cells that are able to differentiate into various 
cell types, including NPCs6. Although bone marrow is 
the best characterized MSC source, its use is limited 
because it involves an invasive process and because 
of the low number of MSCs that are present19. There 
is great availability of these cells in umbilical cord 
blood, placental membranes and amniotic fluid, which 
are gestational tissues that are generally discarded in 
the hospital setting and, therefore, they have no 

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
20



M.J. Uparela-Reyes, et al.: Congenital-neonatal hydrocephalus

699

significant ethical or safety limitations19,28. In addition, 
donors’ older age has been shown to translate into a 
negative impact on MSCs expansion and differentia-
tion potential, unlike of when they originate from ges-
tational tissues, which show less immunogenicity, 
higher proliferation capacity, higher paracrine potency 
and higher therapeutic efficacy in vivo, in comparison 
with MSCs derived from adult tissues such as bone 
marrow19.

The usefulness of MSCs in the treatment of PHH 
was demonstrated in a study conducted in 2013 by 
Ahn et al.29, who induced severe IVH (grade 3 or 
higher) in rats by injecting blood into the ventricles at 
fourth postnatal day. Subsequently, MSCs derived 
from umbilical cord blood or fibroblasts were intraven-
tricularly transplanted on the sixth postnatal day. The 
results were evaluated by serial brain magnetic reso-
nance tests, behavioral function tests (such as nega-
tive geotaxis and rotarod test) and histological and 
biochemical analyses in brain tissues and CSF ob-
tained on postnatal day 32. Finally, the study demon-
strated that intraventricular transplantation of MSCs 
derived from human umbilical cord blood, but not fi-
broblasts, was effective 2 days after severe IVH induc-
tion, significantly attenuating post-hemorrhagic 
hydrocephalus, altered behavioral function in negative 
geotaxis and rotarod tests, histological abnormalities 
such as increased astrocytic gliosis and TUNEL and 
GFAP-positive cells, increase of inflammatory cyto-
kines (such as IL-1a, IL-1b, IL-6 and TNF-a), corpus 
callosum thickness reduction and MBP expression. 
MSCs protective effects could be mediated by their 
anti-inflammatory and anti-apoptotic paracrine effects, 
rather than by their regenerative abilities as in the 
case of NSCs. These effects may be mediated by 
various growth factors and cytokines, such as vascu-
lar endothelial growth factor, nerve growth factor, 
brain-derived neurotrophic factor (BDNF), glial cell 
line-derived neurotrophic factor and IL-10, which also 
stimulate endogenous cell proliferation and differen-
tiation after severe IVH; by secreting these trophic 
factors, MSCs could promote the change of a pro-
inflammatory environment to an anti-inflammatory or 
tolerant environment29.

The role of BDNF as a mediator of MSCs neuropro-
tective effect has been evaluated, and it has been 
concluded that this neurotrophic factor is key to the 
function of said cells to prevent PHH and attenuate 
neurological damage after IVH, since these effects 
were eliminated when BDNF neutralizing antibodies 
were administered by RNA transfer in vitro in a culture 

of rat neuronal cells exposed to thrombin, and in turn 
these neuroprotective effects were restored by admin-
istering brain-derived neurotrophic factor (rhBDN) 
supplements 30.

MSC transplantation considerations: time, 
route of administration and dose

The correct timing for this cell therapy is a key is-
sue, since it influences treatment efficacy. Park et al.31 
carried out a study to assess the therapeutic window 
for umbilical cord blood-derived human MSCs trans-
plantation after severe IVH, and found that MSC neu-
roprotective efficacy was time-dependent, with a 
significant attenuation of PHH and of the above-de-
scribed brain damage markers, only when adminis-
tered early, at 2 days of severe IVH development, but 
not with late grafting at 7 days. 

The tested administration routes have been the in-
traventricular29,32,33, intrathecal34, intranasal35,36 and 
systemic intraperitoneal or intravenous routes32, to 
conclude that although both local intraventricular and 
intrathecal and systemic intravenous administration 
are effective by significantly attenuating PHH and 
brain damage criteria after severe IVH, the intraven-
tricular route is preferable because it requires a dose 
five times lower than the intravenous route, and still it 
delivers a larger amount of MSCs to the periventricu-
lar lesion site33. Furthermore, since anterior fontanelle 
is open in newborns, MSCs local transplantation is 
feasible in a clinical setting through a ventricular can-
thus, without any additional invasive operation19. 
MSCs injection into the ventricle results in the distribu-
tion of these cells around both periventricular zones, 
which indicates the successful delivery of transplant-
ed MSCs to sites of inflammation or injury29. However, 
given that more than 90% of IVHs occur within the 
first 3 postnatal days, a period of high vulnerability, 
some critically ill and unstable premature patients will 
not tolerate intraventricular administration; therefore, 
systemic intravenous administration is considered to 
likely be a better alternative in these patients33. How-
ever, since the disadvantage in this scenario would be 
that systemically transplanted MSCs can be retained 
in other organs, such as the lungs, liver, spleen and 
kidneys19,33, there is another route or mode of admin-
istration whose investigation is currently ongoing, and 
it is cell encapsulation technology, which is trans-
planted to the CSF and might overcome the problem 
of graft rejection. This strategy implies the use of 
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genetically-modified cells that secrete proteins with 
therapeutic potential and are immobilized within a 
polymeric semipermeable membrane, preferably of 
alginates as the most suitable material, due to their 
abundance and biocompatibility6. 

Regarding the optimal dose, it has been observed 
that it can be reduced from 5x105 to 1x105 cells if lo-
cal intraventricular administration is chosen instead of 
systemic intravenous administration19,37.

MSC graft safety and long-term results 

The safety of MSC transplantation has been as-
sessed in animal studies, where its application has 
been shown to be safe in the short and long term, 
without tumorogenicity appearing in any of them and 
with long-term neuroprotective effects in histological, 
sensorimotor and cognitive matters persisting19,36. It 
was even demonstrated that less than 1% of grafted 
cells were detected 18 days after intraventricular 
administration38.

Evidence has shown that the safety of stem cell 
therapies will depend on several factors, such as the 
state of differentiation and proliferative capacity of 
grafted cells, timing and route of administration, and 
long-term survival of the graft10. Evidence from pre-
clinical studies indicating the long-term, maintained 
protective effects of MSC transplantation, without any 
adverse effect, justify the translation of MSC trans-
plantation into clinical trials in humans for the treat-
ment of neonatal brain disorders37.

When assessing the safety and viability of intraven-
tricular allogeneic transplantation of human umbilical 
cord blood-derived MSCs in premature newborns with 
severe IVH within 7 days after its detection, non-
suspected death or anaphylactic shock was found 
within 6 hours after MSC transplantation, and death 
or hydrocephalus requiring shunting surgery at up to 
1 year39.

Subcomisural organ stem cells 

SCO is an ependymal secretory gland located at the 
entrance of the cerebral aqueduct. Its main function 
is to secrete spondin to the CSF and form the Reiss-
ner fiber, which extends through the Sylvian aqueduct, 
the fourth ventricle and the central canal of the spinal 
cord, and it is indispensable for maintaining aqueduct 
permeability and normal CSF flow. SCO congenital 
defect results in hydrocephalus6. In addition to 

spondin, SCO secretes transthyretin and the S100b 
protein, which support embryonic brain development. 
Recently, evidence has been found to propose that 
these factors have similar functions in adult neurogen-
esis, regulating proliferation, migration and differentia-
tion of NSCs and neuronal precursors in adult 
neurogenic niches. These findings provide a basis to 
motivate research for a therapy based on SCO cells.

Induced pluripotent stem cells

Currently, reprograming adult skin fibroblasts in in-
duced pluripotent stem cells is possible. This modality 
has been tested to cultivate three-dimensional neural 
tissue from human pluripotent stem cells and treat 
microcephaly40. The resulting brain organoids reached 
up to 4 mm in size and contained polarized radial stem 
cells surrounding a cavity filled with fluid and that re-
sembles the lateral ventricle in the developing brain. 
This model can serve as a valuable in vitro platform 
to study the molecular mechanisms that regulate the 
development of the brain cortex, and could provide an 
innovative and complementary approach to the study 
of the VZ disruption that leads to hydrocephalus and 
abnormal neuro/gliogenesis in vitro.

Conclusions

Cell therapy has emerged as a promising therapeu-
tic alternative, and its importance goes beyond con-
trolling hydrocephalus, focusing on improvement or 
even prevention of neurological sequelae that so far 
are considered irreversible. NSC and MSC transplan-
tation efficacy to prevent congenital hydrocephalus by 
VZ disruption and neonatal post-hemorrhagic hydro-
cephalus, respectively, has been demonstrated. Its 
advantages include a once in a lifetime intervention, 
which would decrease complications arising from sub-
sequent interventions and long-term costs; it has been 
proven useful to prevent and reverse neurological 
damage, which entails a lower morbidity load in pa-
tients with hydrocephalus; these cells are easily ob-
tained, especially MSCs, and do not entail significant 
ethical limitations.

Some disadvantages are that, although the best 
time for NSC cell graft is at week 16, it is difficult to 
predict or diagnose at that stage of gestation whether 
the patient will develop hydrocephalus. Although most 
patients with spina bifida have been shown to develop 
hydrocephalus, there are no studies demonstrating 
this association and that allow assuming that every 
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patient with a neural tube defect will develop hydro-
cephalus, and thus justify transplantation. Umbilical 
cord blood is heterogeneous and the number of cells 
highly varies from one specimen to another, which 
makes dose standardization difficult.

So far, we don’t have an efficient treatment that of-
fers quality of life to patients with hydrocephalus, and 
that therapeutic alternative that we need will arise 
from a better understanding of the biological mecha-
nisms of brain abnormalities that precipitate congeni-
tal and neonatal hydrocephalus.
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