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The aim of human brain grafting is to deliver adequate amounts of

endocrine or neural tissue to neurodegenerated areas of the dis-

eased or lesioned brain for functional recovery. The many options

available make brain grafting and other neural grafting procedures

potentially applicable for the treatment of varied alterations of the

central nervous system, such as Parkinson's disease (PD), Huntington's

disease (HD), Alzheimer's disease, epilepsy, amyotrophic lateral sclero-

vous system, stroke, etc.

sis, spinal cord lesions, assorted traumatic lesions to the central ner-

Over the last twelve years, great
advancements have been made in the
development of brain grafting for the
treatment of PD. I With varying
degrees of success, autologous adrenal
medullary (AM) or human fetal ventral
mesencephalon (VM) have been grafted
to the striatum of PD patients using
open microsurgery2.3.4.5 or by stereotac-
tic implantation.vV The favorable out-
come of a significant proportion of
transplanted PD patients has not only
led to the further development of PD
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brain grafting as a therapeutic alterna-
tive, but has encouraged us in particular
to attempt the initial brain grafting tri-
als for the treatment of HD using
human fetal striatal (S) tissue. 9

The neurosurgical treatment of PD
by brain grafting has been especially
well-suited as a starting point for the
development of this procedure in
humans. The characteristic motor dis-
functions of PD mainly involve the
neurodegeneration of a defined set of
dopaminergic neurons of the pars



Human Brain Grafting: An Approach to the Treatment of Neurodeqen era tive Diseases
MADRAZO, CASTREJ6N, FRANCO-BOURLAND

compacta of the substantia nigra
(SN).1O Initially, and for the first 8 to
10 years, the disease can be treated suc-
cessfully with levodopa, which is taken
up by the remaining viable neurons for
the biosynthesis of dopamine (DA).
Over the years, however, patients devel-
op side effects that can be as disabling as
the signs of the disease, or they can
become less responsive to levodopa.
Thus, replacing the degenerated dopamin-
ergic neurons with DA-producing tissue
could be a more promising treatment.

The clinical potential of DA-rich
brain grafts for the treatment of PD was
realized with the marked improvements
seen in animal models (rats and non-
human primates) of the disease after
transplantation to the striatum of adult
AM tissue, or fetal mesencephalic neu-
rons.11,12,13

HD is an autosomal, fully dominant
neurodegenerative disorder that results
from the loss of function of gene IT 15
in the short arm of chromosome 4.14
Severe pathological changes in the cau-
date-putamen complex occur, which
result in choreiform movements, cogni-
tive decline, and personality distur-
bances. The disease is untreatable and
progresses relentlessly to death. IS

Experimental fetal S homotopic
transplantations in animal models (rats
and non-human primates) of the disease

have been effective in restoring altered
movement and behavioral func-
tions.16,17,18 Therefore the possibility
exists that fetal striatal brain grafting in
HD patients could retard the rate of
their mental deterioration, and improve
their overall functional capacity."

The substance of the present work is
based on our experience in human
brain grafting for the treatment of PD
and HD, using an open microsurgical
approach. We have found this proce-
dure to be adequate for the treatment
of PD, using either AM tissue or human
fetal VM, and are evaluating its useful-
ness for the treatment of HD using
human fetal S tissue.

OPEN MICROSURGERY FOR BRAIN
GRAFTING: AN ALTERNATIVE FOR THE

TREATMENT OF PO AND HO

Open surgery is a widely used
approach in neurosurgery. Using direct
microscopic vision, it provides a safe
and accurate access to almost any area
of the central nervous system. Under
controlled hemostasis, it allows for the
direct visualization of the structure
aimed as sole implantation site, or for
multiple-site grafting, and allows for
the recovery of biopsy specimens.
Using open microsurgery, it is possible
to achieve the rapid and accurate place-

Craniotomy and transcortical
ventricular placement of the nrafts.

Figure 1. Caudate nucleus is the site of placement of endocrine or neural grafts in the treatment of The non-dominant brain hemisphere is
PD or HD. chosen for surgery. A frontal U-shaped
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Nigra
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ment and attachment of living
endocrine and neural tissue fragments
with minimum manipulation to the
graft and receptor brain. Reducing the
time of exposure to anoxia and the
amount of time the tissue is without
nutrients should improve the quality
and survival expectancy for the
implanted graft. Also, the use of tissue
blocks, instead of manipulated cell sus-
pensions, could preserve as yet uniden-
tified active elements of the graft.

Surqical teams. For PD the successful
transplantation of autologous AM tissue
to the brain requires the precise
coordination of 3 surgical teams: the
neurosurgeons who implant the tissue,
the general surgeons who remove the
adrenal gland, and the team of surgeons
who dissect the AM from the gland.

The transplantation of fetal VM for
PD patients and of fetal S for HD
patients requires the coordination
between the team of neurosurgeons and
the team of surgeons in charge of dis-
secting the fetal tissues, respectively.

Preparation and positionitiq of the
patient. Patients are placed in the
supine position, and their skull fixed
with a pin head-holder in the primary
position. For the autologus trans-
plantation of AM tissue for PD, the
head and abdominal areas are prepared
with antiseptics simultaneously.

Anesthesia. Immediately prior to
surgery, patients are given via I.V 1 mg
sulfate atropine, 10 mg diazepam, and 2
to 3 ~g/kg citrate fentanyl. Anesthesia is
induced with 2 to 5 mg/kg sodium
thiopental, and neuromuscular relaxation
is usually induced using 80 to 150 ~g/kg
pancuronium bromide. Endotracheal
entubation is performed using a tube with
a low-pressure balloon. This is followed
by placement of a nasogastric tube, a
bladder catheter, an atrial, and two
peripheral I. V catheters, as well as a
radial arterial catheter. Throughout
surgery patients are submitted to
computerized monitoring of their vital
signs, blood chemistry, and levels of O2
and CO

2
, and are kept on a mixture of O2

(66%), Np (33%), and halothane (0.8
to 1.5%), enflurane (1 to 1.8%), or
isoflurane (1 to 1.8%).



skin incision (with a 6-cm diameter) is
made immediately above the hair-line,
and oriented toward the orbital region.
A frontal 4 ern" craniotomy is per-
formed, with 0.5 em precoronal and 1
ern off the midline. The dura mater is
opened in the cross-section.

A 3-mm bipolar coagulation is done
in the pia mater in the posterior third of
the second frontal gyrus (F2). A deflat-
ed double lumen balloon needle is
introduced transcortically to the right
frontal horn of the lateral ventricle,
anteriorly to the foramen of Monro.j"
Approximately 20 ml of saline are
introduced slowly into the balloon
catheter for an atraumatic fiber dissec-
tion, producing a 1.5 to 2.0 cm diame-
ter rounded tunnel access. The catheter
is then replaced by two self-retaining
retractors 1.0 cm wide, which are
introduced into the ventricular cavity
for the placement of the graft. The tip
of the medial retractor is placed in such
a way as to hold the corpus callosum,
and then the lateral spatula is placed just
over the head of the caudate nucleus
(C ). Under the surgical microscope,
the foramen of Monro" the choroid
plexus, and the thalamostriatal vein are
exposed. Once the CN has been clearly
identified (Figure 1), one cavity or mul-
tiple cavities are made for the place-
ment of the grafts in the ventricular
wall of the head of the CN with pitu-
itary forceps, in the avascular space
between the caudate veins, to avoid
bleeding.

Fetal material. Fetuses used for PD
or HD brain grafting are of a
gestational age of 9 to 14 weeks. Under
Mexican law, fetuses can be obtained
only after spontaneous abortions from
mothers who test negative for hepatitis
and HIV and who have no family
history of HD. Immediately after fetal
death diagnosis, the fetuses are
transported to the neurosurgical unit
on ice, and repeatedly cleansed with an
ice-cold antiseptic solution. The
dissecting procedures are performed
on ice and under the dissecting
microscope.

Immunosuppression therapy.
Patients with fetal brain graftings are
immunosuppressed. This therapy is
started immediately prior to surgery
with 10 mg/kg bw cyclorporine A
given intravenously. After surgery,
immunosuppression is sustained with
cyclosporine A 10 mg/kg per day for 8
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days, continuing with a descending
program down to 5 mg/kg per day
orally, and maintained indefinitely.
Patients also receive prednisone 50 mg
per day orally for 8 days post-surgery,
continuing with a 6 month descending
program to 5 mg per day. Steroid
treatment is then discontinued.

Brain Grafting for PD. Three groups
of PD patients received AM brain grafts
in the head of the CN, using different
transplantation strategies: patients (A-
E) received the grafts in a single pre-
cavitated site; in patients (F-J) the grafts
were placed in multiple sites within the
target area; while patients (K-N) were
co-grafted with peripheral nerve tissue.
The age, sex, years of evolution of PD,
and post-surgery follow-up time for the
three groups of PD patients are given in
Table 1.

AUTOLOGOUS AM BRAIN
GRAFTING FOR PO

Adrenalectomy. A left subcostal
laparotomy is made from the midline to
the anterior axillary line. The adrenal
gland is exposed. The gland is usually

situated on the higher pole of the kidney
near the spine and is differentiated from
the capsule of the kidney by its
consistency and color. It is important to
stress that the pancreas should be
managed with extreme care to avoid
post-surgical complications. Once it has
been clearly identified, the adrenal gland
is carefullydissected. The adrenal vein is
exposed, clamped, clipped, and severed.

Adrenal Bland dissection. Placed on a
cold plate and irrigated with iced saline,
the glandis cut transverselyin two halves,
and each half is then divided long-
itudinally.Under the surgicalmicroscope
the AM tissue can be identified as a soft
white-grayish structure. The usual
amount of tissue availablein PD patients
ranges between 0.4 and 1 g. The
medullary tissueis fragmentedinto 6 to 8
portions and delivered to the neuro-
surgeon on wet surgicalcottonoid strips.
This procedure should take no longer
than 15minutes,

AM brain BraftinB' AM grafts are
placed unilaterally in one pre-cavitated
site in the CN, and then fixed in place
with titanium clips.

Current PO
Condition··

Summary of Clinical Data and Current Condition of
AM Brain Grafted PD Patients

Sex/
Age·(y)/

PO evol.(y)
Follow-up
time (mo)

A
B
C
D
E

Unisite AM Brain Grafts
M/33/10 65
M/34/3 64
F/42/15 65
F/35/8 63
M/58/10 62

F
G
H
I
J

Multiple Site AM Brain Grafts
M/37/9 48
M/41/4 48
M/52/12 44
F/51/22 36
M/53/8 32

K
L
M
N

AM Brain Grafts Cog rafted with PNT
M/43/8 31
M/48/10 35
F/51/13 26
M/41/5 25

At the time of surgery .•• As compared to each patient's preoperative PD condition, AM: adrenal medullary;
PD: Parkinson's disease; PNT: peripheral nerve tissue; M: male; F: female; y: years; mo: months.

unchanged
unchanged

moderately improved
unchanged

moderately improved

unchanged
unchanged

moderately improved
unchanged
unchanged

improved
moderately improved

unchanged
unchanged

Table 1.
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Figure 2. ONand OFF, pre- and post-surgery UPRSscores of unisite autologous AM transplanted PO
patients (A-E).

Figure 3. ONand OFF, pre- and post-surgery UPRSscores of unisite autologous AM transplanted PO
patients (F-J).
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Figure 4. ONand OFF, pre- and post-surgery UPRSscores of AM transplanted POpatients (K-N) co-
grafted with peripheral nerve tissue.
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Alternate strategies for AM brain
grafting. Variations to the original
transplantation procedure have included
co-grafting AM tissue with autologous
peripheral nerves, with the purpose of
promoting neurogenization of the
chromaffin cells and enhancing
trophism, or placing the AM fragments
in multiple sites in the head of the eN,
without pre cavitation, in order to
increase contact surface and extend
dopaminergic activity to a greater area
within the diseased striatum.

Neurologic evaluations for PD. The
neurologic condition of all AM and VM
transplanted PO patients is evaluated in
the ON (with medication, levodopa)
and the OFF conditions (without
levodopa), before and after surgery on
the Unifed Parkinsonism Rating Scale
(UPRS),20 the Schwab and England
(SE),21 and the Hoehn and Yahr (Hy)22
rating scales. Only their UPRS scores
are presented here.

Clinical outcome after AM brain
grafting. Figures 2 through 4 depict
the 4- to 5-year and 2- to 3-year post-
surgical neurologic evaluations on the
UPRS of AM grafted PO patients of:

• 5 patients (A-E) in whom the AM
grafts were placed in a single cavi-
tated site in the CN (Figure 2),

• 5 patients (F-J) with AM grafts to
multiple sites in the CN without
pre-cavitation (Figure 3), and

• 4 patients (K-N) with AM
cografted with peripheral nerve
tissue to a single pre-cavitated site
in the eN (Figure 4).

After 62 to 65 months post-surgery,
PO patients with unisite AM brain
grafts show improved response in the
post-ON condition (in the presence of
levodopa medication); patients with
AM co-grafted with peripheral nerve
tissue reveal an improved post-OFF
condition 25 to 35 months post-
surgery, which suggests an improvement
in their basal PO condition, while 32
to 48 months post-surgery patients
with multiple-site AM grafts do not
reveal a uniform response to the surgi-
cal intervention.

Fetal VM brain graftingfor PD. Four
PO patients (O-R) received human fetal
VM grafts to the eN. Their clinical data
are shown in Table 2.



Fetal VM dissection. The skin and
skull are coronally cut open with
scissors. The cerebral hemispheres are
removed, carefully preserving the
thalamus. After bilaterally severing the
tentorium, the brain stem is retracted,
and the cranial nerves cut. Upon
visualizing the foramen magnum, the
junction at the medulla oblongata and
spinal cord is severed, freeing the
entire brain stem and thalamus as one
block and is placed on a wet cottonoid
strip. The cephalic flexure and the
various parts of the brain stem are
identified allowing to coronally slice
out the m e sen cepha.l on . The
mesencephalic coronal slice is placed
on its rostral side and the peduncles,
tectum, and medial aspect are
removed. The remaining untouched
blocks of tissue are the VM used for
human brain grafting. This procedure
should last no longer than 15 minutes.
The time elapsed between fetal death
diagnosis and implantation should be
no longer than 3 hours.

Fetal VM brain grafting. The
neurosurgical technique used is the
same as that described above for AM
brain grafting. Fetal tissue is embedded
into one site of the ventricular wall of
the head of the CN and fixed with
titanium clips. A patient's pre- and
post-surgical neurological condition is
recorded on the SE, HY, and UPRS.
Only the UPRS scores are presented.

Clinical outcome after fetal VM
brain grafting. At their neurological
evaluations 44 to 58 months post-
surgery, PD patients (OcR) with fetal
VM grafts show improvements in their
UPRS scores both in ON and OFF
(Figure 5), thus reflecting an improved
response to levodopa and suggesting an
improvement in their basal PD
condition.

Brain Grafting for HD
Unilateral fetal S implantations to the

eN were performed in two Mexican HD
patients. Their clinical data are summa-
rized in Table 3. Case 1 inherited the
disease from her father and at the time of
surgery her condition was rated as mod-
erate to severe. Her surgery was per-
formed on November 2, 199Q. Case 2
inherited the disease from his mother. At
the time of surgery his condition was
rated as mild. His surgery was per-
formed on June 25, 1992.
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Fetal S brain grafting for HD
Fetal S dissection. This procedure is a
simple and rapid enucleation technique
for the removal of both fetal striata,
with minimum manipulation to this
tissue; it was designed to be completed
within 15 minutes.

Fetal S brain grafting. The neuro-
surgical technique used is the same as
that described above for fetal VM brain
grafting. Fetal tissue is embedded into
4 pre cavitated sites in the ventricular
wall of the head of the CN. Grafts are
not fixed with clips. Patients are
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Figure 5. ON and OFF, pre- and post-surgel)' UPRS scores of fetal VM transplanted PD patients [O-RJ.

Summary of Clinical Data and Current Condition
of Fetal VM Brain Grafted PD Patients

Sex/
Agee(y)/ Follow-up Current HO

Patients PO evole(y) time (mo) Conditionee

a M/50/9 58 moderately improved
p M/45/16 50 improved
Q M/52/13 49 improved
R M/47/9 45 unchanged

At the time of surqery. As compared to each patient's preoperative PO condition. PO: Parkinsion's
disease; \1M: ventral mesencephalon; M: male; y: years; mo: months.

Table 2.

Summary of Clinical Data and Current Conditions
of Fetal Striatal Brain Grafted HD Patients

Sex/
Agee(y)/ Follow-up Current HO

Patients HO evole(y) time (mo) Conditionee

1 F/37/9 41 deteriorated
2 M/29/4 23 deteriorated

-At the time of surgery. --As compared to each patient's preoperative condition.
HO: Huntington's disease; F: female; M: male; y: tears; rho: months.

Table 3.
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immunosuppressed with cyclosporine
A. Surgery produces no adverse side
effects.

surgery is rated on the following HD
scales: the abnormal involuntary
movements scale (AIMS); the Marsden
and Quinn rating scale (MQ); the
Shoulson and Fahn rating scale (SF); and
the disability rating scale (Dis). 23

Neuroloqic evaluations Jor RD. The
patients' HD condition before and after
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FIgUre 6. Pre- and post-surget)' time course of evolution of HD for case 1 on the abnonnal involuntary
movements scale (AIMS), the Marsden and Quinn scale (MQ), the Shoulson and Fahn scale (SF), and the
disability scale (Dis).

i • , , i i i • , i 1 . 0 , -u i • , , , i • 'ii' i.' i c-.,. j" i' i 4 , i' i •••• i' i-I; I

25 ~~ 20
« 15

10

~~~020
~ 15

10

~1~:~
.!!l 80
Q 70

i '
-10

-10 -5 S 5 10 15 20 25 30

MONTHS
35 40

, i

25

• •

Figure 7. Pre- and post·surgery time course of evolUtion of HD for case 2 on the abnonnal involuntary
movements scale (AIMS), the Marsden and Quinn scale (MQ), the Shoulson and Fahn scale (SF), and the
disability scale (Dis).
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Clinical outcome aJter S brain
oraJtinoo The time course of the
neurological evolution for the HD cases
1 and 2, before and after surgery are
depicted on all four HD scales in
Figures 6 and 7, respectively. The
surgical intervention had no acute
damaging effect on either patient. After
showing minor signs of transitory
improvement, it is apparent that
surgery did not inhibit the progression
of the disease, although its impact on
the rate of progression of the disease
remains unclear.

CONCLUSIONS

The purpose of human brain grafting
is to attempt -to replace a lost neural
function with endocrine or neural tis-
sue, as sources of lost neurotransmit-
ters,' neurotrophic factors, or other
neural elements missing in the diseased
brain. Although there are many groups
worldwide devoted to the development
of human brain grafting as a therapy for
the treatment of PD and HD diseases,
the procedure is still in its infancy.
Fundamental issues that have still not
been decided upon, and are under
active experimentation, include:

• establishing which patients are the
best candidates for surgery; that is,
those PD or HD patients most like-
ly to benefit from brain gralling;

• determining the amount of tissue
necessary to Significantly improve
lost neuronal function and ame-
liorate signs and symptoms of the
disease or at least arrest their pro-
gression;

• establishing the preference to use
neural tissue fragments instead of
cell suspensions for grafting to
ensure the inclusion of factors
that might be lost during the
preparation of cell suspensions;

• determining if there is a real risk
of rejection of fetal tissue after
brain transplantation that war-
rants immunosuppression;

• establishing the optimum gesta-
tional age of the donor fetus;

• determining the requirement of
bilateral instead of unilateral
brain grafting;

• establishing the best area or areas
in the brains of PD or HD patients
for tissue grafting;

• determining if the graft will
become a target of the disease
process in the brains of PD or HD
patients;



• establishing the most adequate
means of assessing the effect of
the bral:ft"grafts on the disease
process in afflicted individuals.

An open interaction among the vari-
ous clinical and basic research groups in
this field will surely hasten our arrival
to a fully developed and versatile neur-
al-grafting technology for multiple dis-
eases and lesions that affect the central
nervous system. IiIlI
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